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SUMMARY

Chemically non-reactive carcinogens require metabolization in order to
exert such biological effects as mutagenicity. The mutagenic activities of
dimethylnitrosamine (DMN), 2-aminoanthracene (2-AA) and 7,12-dimethyl-
benz(a)anthracene (7,12-DMBA) have been studied at the hypoxanthine
guanine phosphoribosyl transferase (HGPRT) locus in Chinese hamster lung
cells. These compounds induce 6-thioguanine (6 TG) resistance in the presence
of rat liver microsomes, but they do not induce 6 TG resistance in the absence
of rat microsomes. The frequencies of mutations induced by these compounds
are dose-dependent.

INTRODUCTION

Recent advances in mutagenesis have focused attention on the need for
activation of promutagens and procarcinogens [1, 3, 6, 10, 13—15, 17, 18].
The demonstration by Malling, that microsome activation provides an effec-
tive means for mutagenesis testing [14], has led a number of investigators to
apply the same and/or modified techniques for the activation of environ-
mental chemical agents [1, 3, 6, 10, 13, 15, 17, 18]. Currently, different
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tissue homogenate-mediated assays for mutation induction are widely utilized
[1,2,13,17,18].

Most mutagenic and carcinogenic chemicals require metabolic activation
fﬁ 1 R] It is likelv that mixed-function oxidase activity is responsible for the
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metabohc activation of most unreactive mutagenic and carcinogenic com-
pounds into their chemically reactive metabolites [3]. It is now clear that
bacterial cells [16] and many cultured mammalian cells lack mixed-function
oxidase [12].

Most of the mutation research that has employed microsome activation
has been carried out in prokaryotic cells. Little has been done, however, on
the mutagenicity of chemical agents after microsome activation in cultured
mammalian cells [13, 14, 17, 18]. In this paper we report our results from
mutagenicity studies in which we used an in vitro rat microsome activation
system and cultured Chinese hamster lung cells.

MATERIALS AND METHODS

Preparation of rat microsomes, cofactors, and mutagen mixtures

8 to 10 week-old male rats (Sprague—Dawley, Madison, Wis.) were used
in all experiments. Each 10 g of rat livers was homogenized in 20 ml of ice-
cold F10 [5] and then centrifuged for 20 min at 9000 X g. The collected
supernatant fraction ($-9) was stored overnight at -20°C. 125 mg KCl, 120
mg glucose -6-phosphate, 61.25 mg NADP and 85 mg MgCl,-6H,0 were dis-
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1 ml of this mixture, 4 ml of S-9 fraction, 0.1 ml! of dimethylsulfoxide that
contained mutagen, and 4.9 ml of F10 medium. In the control, F10 medium
was used in the place of microsomes or mutagen.

Mutagenesis assays

Two million cells (Chinese hamster lung (CHL) cells, CCL39, obtained
from the American Type Culture collection) in a 100 mm petri dish (P100)
were treated with microsome-cofactor-mutagen mixture for 3 h in an incu-
bator with 100% oxygen atmosphere. Then cells were inoculated into P100
dishes. Each dish contained 10° cells. A total of 7--16 dishes were used to
determine mutant frequency for each data point. Selection with 6TG (7.5 -
10-5 M) for resistant cells was begun 48 h after inoculation and lasted for a
period of 11 days. In order to estimate cell survival, 100 treated or untreated
cells were inoculated into a 60 mm petri dish (P60) and were grown for 9
days. The dishes were then stained for colonies and the colony numbers were
counted. This number was used to estimate cell survival in the calculation of
mutation frequency. Methylene blue 2% in citrate buffer (pH 6) was used to
stain the cells. Cells were rinsed with 0.9% saline, fixed with 95% ethanol
and stained with methylene blue.
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RESULTS AND DISCUSSION

An assay has been described for the measurement of mutation induction
at the HGPRT locus in CHL cells (ATCC, CCL39) [7]. Resistance to 6TG
has been used as the tool for this measurement. Optimal conditions for the
recovery of 6TG-resistant cells have been defined [7] and a variety of chemical
and environmental agents have been tested in this system [8, 9]. In this
study we added microsomes to the cultured cells during the mutagen treat-
ment.

Table I presents the mutation frequencies of different agents at different
doses with a constant amount of microsomes. DMN, 2-AA or 7,12-DMBA are
not mutagenic in CHL cells in the absence of microsomal activation. After
microsomal activation, however, the mutagenic activity of these compounds
becomes increasingly evident as the doses increased.

In order to provide convincing evidence for the nature of somatic muta-
tion, one must demonstrate a clear dose-—response relationship for induced
mutation at a specific locus. The experiments of DMN, 2-AA, and 7,12-
DMBA dose -response relationship to 6TG (7.5 + 10-5 M) resistance presented
in Fig. 1 have been conducted using a dose range from 25 pg/ml to 200 ug/mi
(of 2-AA or 7,12-DMBA) or 5 mM to 100 mM (of DMN). The data sets give
estimated slopes of 0.85 £ 0.30, 1.43 = 0.30 and 0.92 £ 0.06, respectively,
for DMN, 2-AA, and 7,12-DMBA. All slopes are significantly different from
zero at the 5% level.
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Fig.1. Induced mutation frequency as a function of chemical concentration. The straight-
line fit for the averaged induced mutation frequencies over the doses tested are as follows:
DMN: In(Y) = -2.3863 + 0.8488 In(X); 2-AA: In(Y) = -4.7905 + 1.4315 In(X); 7,12-
DMBA: In(Y) = -1.7759 + 0.9202 In(X); where Y is induced mutation frequency and X

is concentration.
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DMN, 2-AA, and 7,12-DMBA are known carcinogens {4]. We have con-
firmed the requirement of biotransformation by DMN and 7,12-DMBA for
mutagenic action in cultured cells [10, 13, 17, 18]. We have also demonstra-
ted that 2-AA requires biotransformation for mutagenic action in cultured
cells as it does in bacterial systems [1]. Through the use of Chinese hamster
cells and microsome activation, the mutagenic potential of carcinogens and
other chemical agents can be detected and quantitated.

TABLE I

CALCULATION OF INDUCED MUTATION FREQUENCIES AFTER TREATMENT
WITH DMN, 2-AA AND 7,12-DMBA

Mutation frequency was arrived at by taking the proportion of the number of mutants
observed to the total number of survival cells. Induced mutation frequencies were ob-
tained by subtracting the background mutation frequency observed in the presence of
microsomes from the calculated mutation frequencies. Cells were incubated for 3 h in
serum-free medium with a constant amount of microsome preparation (+) or without
microsome preparation (-). The mutation frequencies obtained from dishes without
microsomes and mutagen did not differ from those free of mutagen but containing
microsomes nor from those without microsomes but containing mutagen. Mutation fre-
quencies were increased with the increase of DMN, 2-AA and 7,12-DMBA in a constant
amount of microsomes and were statistically different from that of the control (mutagen-
free, microsome containing) at the 1% level or 5% level using binomial approximation [11]

Com-  Dose S-9 Survival Number of Number of Mutation Induced
pound surviving mutants frequency mutation
cells - 1078 observed <10° frequency
<105

0 - 61.1 9.17 19 2.07

0 + 50.8 7.62 17 2.23

50 - 64.0 9.60 20 2.08
50 + 36.8 5.52 18 3.26 1.03
25 + 51.8 7.77 19 2.45 0.22
5 + 52.8 7.92 22 2.78 0.55

0 - 73.2 10.98 12 1.09

0 + 75.2 11.28 10 0.89

50 - 71.0 10.65 14 1.31
50 + 42.0 6.30 12 1.90 1.01
25 + 46.5 6.65 11 1.65 0.76
5 + 74.3 10.40 15 1.44 0.55

0 - 98.0 14.70 63 4.29

0 + 100.0 16.00 60 3.75

100 - 90.0 13.50 66 4.89
100 + 33.6 5.04 64 12.702 8.95
75 + 37.0 5.92 48 8.112 4.36
50 + 51.0 8.16 46 5.64 1.89
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Com- Dose S-9 Survival Number of Number of Mutation Induced
pound surviving mutants frequency mutation
cells - 10°° observed +10° frequency
- 10°%
2-AA  ug/ml
0 - 59.1 8.87 10 1.13
0 + 66.3 9.95 11 1.11
100 - 51.3 7.18 10 1.39
100 + 47.2 7.08 34 4.80a 3.69
50 + 74.2 11.13 26 2.34 1.23
25 + 52.1 7.82 16 2.05 0.94
0 -~ 78.8 5.52 73 13.22
0 + 81.7 5.72 87 15.21
200 - 73.0 4.38 60 13.70
200 + 66.0 4.62 134 29.002 13.79
100 + 61.3 4.29 133 31.002 15.79
50 + 71.2 4.98 84 16.87 1.66
7,12-
DMBA ug/ml
0 - 59.7 4.19 11 2.63
0 + 62.5 4.38 11 2.561
100 - 42.8 3.00 8 2.67
100 + 40.9 2.86 40 13.992 11.48
50 + 44.1 3.09 20 9.392 6.88
25 + 45.2 3.16 18 5.70P 3.19
a 1% level.
b 5% level.
REFERENCES
1 B.N. Ames, W.E. Durston, E. Yamasaki and F.D. Lee, Carcinogens are mutagens: a

simple test system combining liver homogenate for activation and bacteria for detec-
tion, Proc. Natl. Acad. Sei. (USA), 70(1973) 2281—2285.

R.L. Capizzi, B. Papermeister, J.JM. Mullins and E. Cheng, The detection of chemical
mutagens using L5178Y/Asn-Murine Leukemia in vitro and in a host-mediated assay,
Cancer Res., 34(1974) 3073—3082.

A.H. Conney, Pharmacological implications of microsomal enzyme oxidation, Phar-
macol. Rev., 10(1967) 317—366.

D.P. Griswold, Jr., A.E. Casey, E.K. Weisburger and J.H. Weisburger, The carcino-
genicity of multiple intragastric doses of aromatic and heterocyclic nitro or amino
derivatives in young female Sprague—Dawley rats, Cancer Res., 28(1968) 924—933.
R.G. Ham, An improved nutrient solution for diploid Chinese hamster and human
cell lines, Exptl. Cell Res., 29(1963) 515—526.



214

6

10

11

12

13

14

15

16

17

18

C. Heidelberger, Chemical carcinogenesis, in E.E. Snell (Ed.), Annual Review of Bio-
chemistry, Vol. 44, Annual Reviews, Palo Alto, Ca., 1975, pp. 79—121.

S.L. Huang, Dilution of hypoxanthine-guanine phosphoribosyl transferase and other
factors affecting the frequency of 6-thioguanine resistance in Chinese hamster lung
cells, Mutation Res., 44(1977) 119—128.

S.L. Huang, D.N. Rader and C.-Y. Lee, The association between mutagenicity and
adduct formation of 1,2,7,8-diepoxyoctane and 1,2,5,6,-diepoxycyclooctane, Chem.
-Biol. Interact., 20(1978) 333—340.

S.L. Huang, D. Saggioro, H. Michelmann and H.V. Malling, Genetic effects of croci-
dolite asbestos in Chinese hamster lung cells, Mutation Res., 57(1978) 225—232.

E. Huberman and L. Sachs, Cell-mediated mutagenesis of mammalian cells with
chemical carcinogens, Int. J. Cancer, 13(1974) 326—333.

M.A. Kastenbaum and K.O. Bowman, Tables for determining the statistical significance
of mutation frequencies, Mutation Res., 9(1970) 527—549.

R.E. Kouri, R. Kiefer and E.M. Zimmerman, Hydrocarbon-metabolizing activity of
various mammalian cells in culture, In Vitro, 10(1974) 18—25.

D.F. Krahn and C. Heidelberger, Liver homogenate-mediated mutagenesis in Chinese
hamster V79 cells by polycyclic aromatic hydrocarbons and aflatoxins, Mutation Res.,
46(1977) 27—44.

H.V. Malling, DimethyInitrosamine: formation of mutagenic compounds by interaction
with mouse liver microsomes, Mutation Res., 13(1971) 425—429,

J.A. Miller, Carcinogenesis by chemicals: an overview, Cancer Res., 30(1970) 5659—576.
E.C. Miller, and J.A. Miller, The mutagenecity of chemical carcinogens: correlations,
problems, and interpretation, in A. Hollaender (Ed.), Chemical Mutagens: Principles
and Methods for Their Detection, Plenum, New York, 1971, pp. 83—119.

J.P. O’Neill, D.B. Couch, R. Machanoff, J.R. Sebastian, P.A. Brimer and A.W. Hsie,

A quantitative assay of mutation induction at the hypoxanthine-guanine phosphori-
bosyl transferase locus in Chinese hamster ovary cells (CHO/HGPRT system): Utiliza-
tion with a variety of mutagenic agents, Mutation Res., 45(1977) 103—109.

M. Umeda and M. Saito, Mutagenicity of dimethylnitrosamine to mammalian cells as
determined by the use of mouse liver microsomes, Mutation Res., 30(1975) 249—254.



