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Summary

The mutagenicity of vinyl chloride, vinylidene chioride (1,1-dichloroethyl-
ene) and chloroprene (2<hloro-1,3-butadiene) was tested in V79 Chinese
hamster cells in the presence of a 15 000 X g liver supematant from pheno-
barbitone-pre-treated rats and mice. Mutations in terms of 8-azaguanine and
ouabain resistance were induced in a dose-related fashion by exposure to vapour
of vinyl chloride in the presence of liver supernatant from phenobarbitone-pre-
treated rats. Vapours of vinylidene ‘chloride and chloroprene induced a dose-
related toxicity in the presence of liver supernatant from phenobarbitone-pre-
treated rats, but these two compounds were not mutagenic in V79 Chinese
hamster cells under the present assay conditions. The results are discussed with
regard to the metabolic activation of the compounds and to the correlation
with their carcinogenicity in man and experimental animals.

Chlorinated hydrocarbons, such as VCM, VDC and chioroprene, are pro-
duced in large quantities and are widely used in the production of plastics and
synthetic rubbers. There is unequivocal evidence that VCM is carcinogenic to
man, as well as to a number of other animal species {15]. VDC, a structurally
related compound and a copolymer of VCM, is carcinogenic to mice and rats,
but no data are available on its carcinogenicity to man (15]. Chloroprene has so
far not been found to be carcinogenic in mice and rats, although some human
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studies revealed an increased cancer incidence and a high incidence of chromo-
somal aberrations in peripheral lymphocytes of workers exposed to this sub-
stance [15]. All three of these chiorinated hydrocarbons have been reported to
be mutagenic in microbial systems {1,5,6,10,11,22—24 26,28,30,31]. The
adverse biological effects of these compounds, as of many other chemical car-
cinogens, are attributable to the formation of reactive metabolites by micro-
somal mixed-function oxidases.

In recent years, several short-term tests using mammalian cells have been
developed: of these, the mutagenicity test in V79 Chinese hamster cslls has
been relatively well evaluated, using a series of direct-acting carcinogens and a
number of those requiring metabolic activation, e.g. N-nitrosamines [8,19,20],
polycyclic aromatic hydrocarbons ([13,17] and unpublished) and aflatoxins
([17,20] and unpublished). In mutagenicity assays of some ester derivatives of
N-hydroxy-2-aminofluorene [18] and of praziquantel, a new anti-schistosomal
drug [3], this system was found to be useful, when incorporatad into a battery
of short-term tests, in increasing the predictive value of these tests for carcino-
genicity. We now report on the mutagenicity of VCM, VDC and chloroprene
in V79 Chinese hamster cells in the presence of liver post.mitochondrial frac-
tion plus cofactors. The results are discussed in correlation with the carcino-
genicity of these substances in man and experimental animals.

Materials and methods

VCM (purity 99.9%) was generously provided by Rhone-Progil (Lyon,
France); it was contaminated with ethanel (30 ppm), water (20 ppm), methyl
chloride (<20 ppm) and non-volatile substances (<5 ppm). VDC, containing
0.3% d-methoxyphenol as antioxidant, was obtained from Merck-Schuchardt
(Darmstadt, Federal Republic of Germany). Chloroprene (2-chloro-1,3-buta-
diene; purity 99%) was provided by Distugil (Le Pont de Claix, France); it was
contaminated with 0.8% l-chloro-1,3-butadiene, crotylchioride at <200 ppm
and 2-<chlorobutene-1 and 2<hlorobutene-2 at 80 ppm. 8-Azaguanine (Pfaltz
and Bauer, Flushing, NY, U.5.A.), ouabain (Sigma Chemical Co., St. Louis,
MO, U.S.A.) and agar (special agar Noble, Difco Lab., Detroit, MI, U.S.A.) were
purchased. Autoclavable Eagle MEM was obtained from Flow Laboratories
(Irvine, Ayrshire, Great Britain). FCS was purchased from Grand Island Biologi-
cal Co. (Grand Island, NY, U.S.A.).

Mutagenicity in V79 Chinese hamster cells

Mutations in terms of resistance to 8-azaguanine, a purine analogue, and to
ouabain, a specific inhibitor of Na'/K .activated ATPase in cell membranes,
were recorded in V79 Chinese hamstar cells. Experimental procedures were a
modification of the assay system for nitrosamines reported previously [8,19].

V79 Chinese hamster cells were plated at 2 concentration of 1.5 X 10¢ cells/
60 mm petri dish and were cultured overnight in Eagle MEM, supplemented
with 10% FCS. They were then incubated at 37°C for 5 h or more in 2.5 ml of
the reaction mixture, either in liquid suspension or suspended in 0.3% agar. The
reaction mixture consisted of 0.75 ml S15 post-mitochondrial fraction from
the livers of BDVI male rats or OF-1 male mice, which had been treated with
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‘henobarbitone (1 mg/mil) in drinking water for 7 days; 0.7% ml modified
‘¢rensen phosphate butfer (0.055 M, pH 7.4, containing 0.9% NaCl and 1.6 mg
1gCl, - 6H,0 per ml); and 0.75 ml phosphate-butfered saline containing 12.5
xmol glucose 6-phosphate, 2 umol NADP®, amino acids, vitamins from Eagle
AEM and 0.25 ml FCS. (Components of culture medium, such as amino acids,
itamins from Eagle MEM and FCS, were included in the reaction mixture to
nsure survival of the cells for long incubation periods.) For agar suspensions,
.gar was added to modified S¢rensen phosphate buffer at 1.0%.

The petri dishes were then placed in a desiccator (10—151) and exposed to
he vapour of the chemicals being tested. For VCM, the gas was introduced into
he desiccator, which had been evacuated, with the aid of a manometer, at
evels corresponding to 5, 10, 20 and 30% in volume; after 20—30 min at 37°C
:he pressure was adjusted to atmospheric level. For VDC and chloroprene,
shich are liquids at low temperatures, the volume calculated to give a known
solume of vapour (on the basis of Avogadro's law) was frozen and placed in the
jesiccator. The desiccator was pertially evacuated and incubated for 2030
qin at 37°C to allow the compound to vaporize; air was then introduced until
imnospheric pressure was obtained. The desiccator, covered with aluminium
foil, was then incubated in a water-bath at 37°C for 5, 10 or 15 h. The concen-
trations of the compounds in aqueous phase under these conditions were deter-
mined previously, using gas-liquid chromatography [6,24]. After the exposure
period, the vapour was removed under vacuum and replaced by air; the ceils
were washed twice and incubated for 2=~8 h in fresh culture medium. The
control cells were treated in the same way, either simply in the absence of the
chemicals or in reaction mixture from which the S15 fraction or cofactors
(glucose 6-phosphate and NADP®) had been omitted. For some unknown
reason, controls for which cofactors were omitted repeatedly yielded a lower
plating efficiency as compared with cells incubated in the complete mixture or
those for which the 815 fraction was omitted (see Table 2).

The cells were then plated for the determination of the cytotoxicity and
mutagenicity induced. Cytotoxicity was determined by plating 100 cells/
60 mm petri dish (4 dishes for each point) and cultured for 7 days. For muta-
genesis, 2 X 10* and 10* cells/60 mm dish were plated for AZA® and OUA",
respectively (8 dishes for each point). After an expression period of 48 h, selec-
tion drugs were added to give final concentrations of 20 ug/ml 8-azaguanine or

1 mM ouabain. The media containing the drugs were changed once, 5—7 days -

later; for the 8-azaguanine medium, FCS was replaced by dislysed FCS and
non-essential amino acids were added to 0.1 mM. The cultures were fixed and
stained with Giemsa at 12 days for AZA’ and at 14 days for OUA", Mutation
frequency was calculated per 10° survivors, the number of cells plated and the
plating efficiency being taken into account. Reproducibility of the results was
confirmed by repeated experiments; 5 times with VCM, 4 times with VDC and
twice with chloroprene. Means and standard errors in the figures and tables
refer to the variability in a single experiment. The stability of the AZA and
OUA'’ colonies was demonstrated in 10 and 11 isolated colonies, respectively,
which wers cultured for more than one month in the absence of the drug
used for selection [8,19].
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Results
Mutagenicity of VCM

To determine the optimal conditions for detecting the mutagenicity of
these guseous compounds, V79 cells were composed to 20% (v/v) VCM in air
for 5, 10 or 15 h in the presence of liver S15 from phenobarbitone-pre-treated
rats; the cells were suspended either in liquid (left column of Fig. 1) orin 0.3%
agar (right column of Fig. 1). Agar suspension was used, since VCM has been
reportad to induce mutations in Seimonella typhimurium only when tested in
the agar-incorporation assay and not in the liquid-suspension assay [5]. Post-
mitochondrial fractions from phenobarbitone-pre-treated rats or mice have
been shown to increase VCM-induced mutagenicity in S. typhimurium over
that obtained with fractions from untreated animals [5,24].

As seen in Fig. 1, the reaction mixture, in either suspension, was not by itself
toxic to the V79 cells within 10.h incubation time; 15-h incubation in liquid
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saused a decrease in plating efficiency of about 50%; and 15-h incubation in
agar suspension caused only slight toxicity. VCM induced cytotoxicity and
mutagenicity when added in liquid suspension or in agar suspension. The time
courses of mutation induction were much more gradual in agar suspension than
in liquid incubation: with liquid incubation, the highest mutation frequencies
were observed at 5 h and were followed by a sharp decline; whereas with agar
suspension, mutation frequencies reached almost a platesu after § h, suggesting
that microsomal enzymes are stabilized in this suspension, as reported by
Malaveille et al. [25]. In both the agar and liquid incubations, the highest
number of resistant colonies per 10° survivors was about 30 for AZA' and 3 for
QUA?T, obtained at 5 h in liquid incubation and at 10—15 h in agar incubation.
Consequently, incubation for §h in a liquid reaction mixture was chosen for
the following experiments.

VCM induced dose-related mutations and toxicity when given at concentra-
tions of batween 5 and 30% (v/v) in air (Fig. 2). With a concentration of 30%
(v/v), mutation frequencies were 10~-20 times that of the spontaneous back-
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ground: 51 AZA’ and 4 OUAT’ colonies were obtained per 10° survivors.
Neither toxicity nor mutation was induced when the §15 fraction was omitted
from the reaction mixture (Fig. 2).

Mutagenicity of VDC

. The mutagenicity of VDC in V79 Chinese hamster cells was tested by
exposing them to 2.0 and 10.0% of the vapour in air for 5 h in reaction mixture
containing S15 fraction of liver from phenobarbitone-pre-treated rats and mice.
S15 fraction from mice was used because VDC was mutagenic in S. typhimu-
rium only when tested with mouse-liver homogenate and was almost inactive
when tested with liver homogenate from rats (6], although VDC has been
shown to be carcinogenic in both species {15]. These results are summarized
in Table 1. A dose-ralated toxicity was induced when cells were incubated in
reaction mixture containing S15 fraction from rat liver plus cofactors, but VDC
was not toxic with the S15 fraction from mouse liver; this suggests that a toxic
metabolite(s) was formed by rat microsomal.enzymes. However, no increase in
the appearance of AZA' and OUAT colonies was observed after incubation in
the presance of liver §15 fraction from either rats or mice.

Mutagenicity of chloroprene

V79 cells were exposed to 0.2, 1.0, 2.0 and 10% (v/v) chloroprene vapour in
air for 5 h in reaction mixture containing S15 fraction of livers from pheno-
barbitone-pre-treated rats, plus cofactors. The results are summarized in Table
2. Chloroprene was toxic to the cells, in the absence of a metabolic activation
system, at concentrations of more than 1%. This toxic effect could be a direct
action of chloroprene or that of one of its enzymic (from the V79 cells) or
non-enzymic breakdown products. An enhanced toxic response was observed
when the cells were incubated with 515 fraction plus cofactors; this suggests

TARLE 1

CYTOTOXICTTY AND MUTAGENICITY OF VDC IN V79 CHINESE HAMSTER CELLS IN THE PRES-
ENCE OF FPOST-MITOCHONDRIAL FRACTION (515) OF LIVER FROM PHENOBARBITONE-PRE-
TREATED RATS AND MICE

Concemration Incubation Crtotoxicity & Mutagemeity ¥
in air (%)
AZAT QUA!
+] compiete, with rat S15 63.0 4.3 0.4
2.0 143 4.2 0
10.0 2.3 0 0
0 . with m S15 8a.3 8.4 0.4
2.0 81.3 3.1 o
10.0 84.4 a.9 0.2
o L minu $15 (1% ] 1.0 0.4
2.0 49.5 a.s 0.3
10.0 80.3 2.1 0.8

4 Expresssd ax plating officency: the peresntage of calls that formed colonies.
b Mutation frequency is expremed as the ber of § per 105 survivors, the sumber of
ceils platad and pisting ¢{Bcency being taken inis sceount.
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2.0
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0.2
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2.0
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ABLE 2

YTOTOXICITY AND MUTAGENICITY OF CHLOROPRENE IN V79 CHINESE HAMSTER CELLS
N THE FPRESENCE OF POST-MITOCHONDRIAL FRACTION (S15) OF LIVER FROM FHENOBAR-
UTONEPRE-TREATED RATS 4

Joncsmraton lacubation Criotoxisity ® Mutagenicity ¢
n air (%)
AZAT QUAT
[¢] somplets 64.5 2.8 Q.3
0.2 28.8 2.8 1.4
1.0 ] 0 0
2.0 ) [ 0
10.8 0 0 ]
o minus ¢olactont 1.3 21 0.8
0.2 23.8 1.9 1.0
1.0 2.0 T.7 Q9
2.0 88 0 [\ ]
10.0 ] [+] [+]

3 The regults of two independent s¥periments sre combined: chloroprene was testad at 0, 0.2 and 1.0%
£xpt. | and at 0, 2.0 and 10.0% in Expt. [1. Valus for conwolis (0%) are taken from Expt. L although
simnilar values were obiained in Expt, I1.

b Expressed as pisting efficiency: the percentage of calls that formed colonies, i

¢ Mutation frequency is expremed as the number of ragismant coloniss per 10% survivors, the number of
cells plated and placiag efficiency being thken into secount.

enzymic formation of a toxic metabolite(s) from chloroprene. However, no
mutations, in terms of AZAT and QUAF, were induced by this compound in the
presence or absence of metabolic activation systems.

Discuszion

Table 3 summarizes the data on the carcinogenicity of VCM, VDC and
chloroprene in man and experimental animale, taken from the IARC Mono-
graphs [15], and juxtaposes these with data on mutagenicity in S. typhimurium
and, from the present study, with that in V79 Chinese hamster cells. VCM has
been shown to be carcinogenic in man as well as in experimental anirals: it
produced tumours at different sites, including angiosarcomas of the liver, when
tested by the oral route or inhalation exposure in rats, mice and hamsters.

TABLE 3
SUMMARY OF DATA ON CARCINOGENICITY AND MUTAGENICITY OF VCM. VDC AND CHLO-
ROPRENE
Compound Xvidunes of Evidenes of
carcinogenicity 8 in mutagenialty in

4 Mazn Animals 8. typhimurium v7e
VM - + - -
voC ] * - -
Caloroprens — 7 - -

S Carcinogenicity dats are taken trom [ARC Monogmph Vai, 19 (15]. See text for details,
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Epidemiological studies have shown that exposure to VCM results in an
increased carcinogenic risk to man, involving liver, brain, lung and the
lymphato-haemapoietic system. The data in experimental animals, also indicative
of a carcinogenic effect of VDC, are inadequate to allow an evaluation of the
carcinogenicity of VDC or chioroprene. Occupational exposures to chloroprene
have, however, been reported to be associated with a variety of toxicological
effects, inciuding chromosomal aberrations among exposed workers. In one
study, an excess of lung and skin cancers was related to occupational exposure
to chloroprene. These observations raise the possibility that chloroprene is a
human carcinogen.

The present study confirms previous resuits on the mutagenicity of VCM in
S. typhimurium [1,5,10,24,26,28], Escherichia coli K12 [11], Schizosaccharo-
myces pombe [22], Saccharomyces cerevisiae [22] and Drosophila meilgnogaster
[23,30]. This subject has been reviewed by Bartsch and Montesano [7],
Bartsch et al. [4], Fishbein [9] and the IARC Monograph [15]. Recently,
Styles [29] reported VCM-induced transformation in BHK-21 cells in the
presence of a microsome preparation. Although VCM induced mutations in .
typhimurium in the absence of a metabolic activation system, a much higher
mutagenic response was observed when a 9000 X g supernatant from rat liver
was added [1,5,26]. Pre-treatment of rats with phenobarbitone increased the
mutation rate over that with a fraction from untreated rats [5,24]. Mutations
have also been ohserved in the presence of liver homogenates from mice [5,10,
22.24] and from human biopsies [5,24] as well as in the host-mediated assay in
mice [22]. These results, together with those from the present study, indicate
enzymic formation of a mutagenic metabolite(s) from VCM.

Among the possible metabolites that have been tested, chioroethylene oxide,
an obligatory epoxide in metabolism by microsomal mixed-function oxidases,
was the strongest mutagen in V79 Chinese hamster cells [12)] as well as in
microbial assays [14,2],24,27]; chloroacetaldenyde was mutagenic [5,12,21,24,
26,271, but chloroacetic acid was not mutagenic, in such assays [5,12,24,26,
27}. The above data strongly suggest that chloroethylene oxide is the metabo-
lite of VCM that is principally responsible for the various adverse biological
effects of the parent compound. VDC and chloroprene may follow a metabolic
pathway similar to that of VCM {2,16].

VDC and chioroprene have been shown to be mutagenic in microbial assays:
VDC produced reverse mutations in $. typhimurium and in E. ¢oli in the pres-
ence of a metabolir activation system [“ETITI . chloroprene induced reverse muta-
fions 1n N, typhimurium in the absence of metabolic activation, but an increased
mutagenic response was observed when liver homogenate from mice was added
to such assays {6]. In Drosophila, recessive lethal mutations were induced by
feeding male flies with chloroprene [31]. In V79 Chinese hamster cells, how-
ever, these two chemicals induced a dose-related_toxicity in the presence of
liver 515 fraction from phenobarbxtone-pre-txeated rats but were not mutagenic
within the constraints of the present > ‘ay. condxtzons This suggests that there

is at least enzymic formation of toxi. tabohtes from VDC and chloroprers
by microsomal enzymes.

Acknowledgements

The authors thank Mu
with gaseous compounds
for editorial assistance;
the critical reading of t
NCI Contract 1CP-55630

References

1 Andrews, AW, 2.5 Zawisto
viayl chioride and methyl ¢l

2 Barbin, A., H. Brégl. A. C
misrosome-mediatad forma.
Biophyx. Res. Commun., 67 (

3 Barueh, H., T. Kurokd, C.
Rainaldi, E. Vogel and A,
schistesornsl drug in bacte
142,

4 Bansch, H., C. Malavsille, .
metaholimn of vinyl chlorid

S Barwach. H., C. Maiaveille a
vinyl chioride in 8. ryphims

& Bartseh, K., C. Malaveille, R.
shloride and 2-ahlorobutadier

7 Baruch, H.. aud R. Moniw
32 (1975) 93—114.

8 Drevon, C.. T. Kuroid and .
line by various chemicals, .
Toxicology. Flsevier /North-%"

$ Fishbain, L.. Industrial mu
doa Res., 32 (1978) 2672

10 Gamo, AJ. 1.B. Guttenplar
axtracts and free madicais, Mu

11 Gretm. H., G. Booss, A. R
earcinogenicity of chlorins
Pharmacol., 24 (1975) 201.

12 Huberman, E., H. Baruch ar
vinyl shioride maetabolites. cb
E39=844.

13 Hubwerman, E., and L. Sac
gens, Int. J. Canest. 13 (19 ~

14 Husmin, 8., and S. Ostarma
metabolites. Chem.-Biol. Inv»r

15 Intsrnational Agency for .
ganic Rizk of Chemicals to
Lyom. 1979,

18 Jones, B.K., and D.E. Hathw
act., 20 (1978) 27— 1,

17 Kmabn. D.F., and C. Heid
calls by palyeveu: nyrire

18 Euroid. T., an-
fluorene in V74

19 Kuroki T.. C. Drer
owils by various nitros

20 Langenbash, R.. HJ. F:

with liver carcinogens. Proc

21 Loprisno, N.. R. Barale. S,

Niarl, C. Lapornl D. Rom
vinyl chloride metabolites i

SL 066639




Ackn wledgements

_The authors thank Mr. C. Malaveille for his guidance concemning treatment
with gaseous compounds; Miss J, Mitchell for secretarial aid; Mrs. E, Heseltine
for editorial assistance; and Drs. L. Tomatis, R. Montesano and H. Bartsch for
the critical reading of this manuscript. This work was supported in part by US
NCI Contract 1CP-55630 and CEC contract No, 190-77-1 ENVF.

References

1 Andrews, AW, £.5. Zawistowski and C.R. Valenting, A compari of the mutagenic propertias of
vinyl ehloride and methyl chloride, Mutation R, 40 (1978) 273—276.

2Bnbu.A..H Brdudl, A. Croisy. P. Jacquignon, C. Malaveills, R, Monismno and H. Bartach, Liver

mediated { tion of alkylating sgents from viny) bromide and vinyl chloride, Biochem.
Blophys. Res. Commun., 67 (1975) 596-~803.

3 Bartsch, H.. T. Kuroki, C. Malavsille, N. Lopri R,"A.A‘-‘-“‘s‘ td. G.
Rainaldl, £, Vogel and A. Davis. Ab of ity of p l. & new, effective snti-
shirtosomnal drug in baciaria, yeasts, inascts and mamimalian cells, Munﬁon Reu, 58 (1978) 133—
142,

4 Bartsch, H.. C. Malaveills. A, Barbin. H. Présil, L. Tomatis and R. M Mutagenicity and
metabolitn of vinyl chloride and relsted compounds, Eaviron. Health Peryp., 17 (1976) 193194,

5 Barweh, R.. C. Malavaille and R. Montesano, Human, rat and mouse lUver mediated mutagenicity of
viay] chlonide in §. typhimusium straina, Int J. Canesr, 18 (1975) 429-—437.

8 Bartsch. H., C. Malaveille, R. Montemno and L. Tomatis, Tisuemedistad mutagenisity of vinylidine
ehioride and 2-chiorobutadiene in Sal ila ryphirgunium, Naturs (London), 255 (197%) 641643,

7 Barusth, H.. and R, Montepno. Mutagenic and carcinogenic sffscts of viny! chlorids, Mutation Re.,
32 (1975) 93—~114.

8 Drevon, C., T. Kuroki and R. M Mi me disted @ ut, wiz of a Chinese hamster cull
line by various chemicals, in: D. Scott, B.A. Rridgws and F.H. Sobels (Eds.), Progrems in Genetic
Toxicology. Elsevier/North-Holland, Anuudm 1977, pp. 207213,

$ Fishbein, L.. Industral mut and p t t 1. Halog ad aliphatic derfvats Muta-
tdon Ras.. 32 (1976) 267~308.

10 Garro, A.J. J.B. Guttenplan and P. Milvy, Vinyl chiopde depandent mutagenesis: effects of liver
extracts and fres mndicais, Mutation Res.. 38 (1976) 31—~838.

11 Greim, B., G. Bones. A. Radwan, D. Reichert and D). Heoschler, Mutagenicity in vitro and potantial
carcinogenicity of chlorinsisd sthylenss a3 & function of metabalic oxirane formadoa. Biochem.
Pharmaool., 24 (197%) 2013--3017,

12 Huberman, E. H. Bartsch and L. Sachs, Mutation induction in Chiness hameter V79 calls by two
vinyl chlodde metabolites, chioyoethyisne oxide and 2-shloroscetaldenyde, Int. J. Cansez, 18 (1975)
§39—b44.

13 Huberman, E-, and L. Sschs. Cell-mediated mutagesests of mammalian cells with chemical carcine-
gens. Int, J. Canonr. 13 (1974) 326333,

14 Husmin, §.. and §. Ostarman~-Gallkar, C t on the ic effectt of vinyl chlorid
metabolites. Cham.-Biol lateract., 12 (1978) 265287,

1% International Agsncy for Ressarch on Caocer, IARC Mosograpk on the Evaluation of the Qarcino-
fenic Risk of Chemiculs to Man, Vol, 19, Some sionomaers., plastics and synthetic slastnmery, seroiein,
Lyoum, 1978,

18 Jonms. B.E, and D.E, Hathwsy, The bialogical fats of vinylidens thioride in rats, Chem.-Biol Intar
act., 20 (1978) 3T=¢41,

17 Rmbp, D.F., and C. Heidalberger, Liver homogeaste-mediated mutagenads in Chiness hamster V79
calls by polyeyclic hydrooarbons and aflatoxins, Mutation Res.. 48 (1977) 27—,

18 Kuroki, T.. snd H. Bartash, Mutagenicity of some N- and O-acyl davivatives of N-hydroxy-2-antino-
Suagrens in V79 Chinese hamster oalls, Canosr Latt., § (1979) 6772,

19 Kuroki. T. C. Drevon and R. Montamno, Microsome-medistsd mutagenesis in V79 Chiness hamster
¢uils by variows nitrosamines, Canger Rex, 37 (1977) 1044—1080.

20 Laagenbach, R.. BJ. Freed and E. Hubemnan Liver call-mediated mutagenssis of mammalian caily
with livet careinogens, Proc. Natl. Aead, Sai. (U.5.A.). 75 (1978) 2684—2287.

21 Loprisno. N., R. Barale, §. Baroncsili, H. Bartach, G. Bronzettl, A. Cammaeiltal, C. Corsl, D. Frerza. R.
Nieri, €. Leperini, D. Rosllini and A.M. Rowsi. Induction of gene mutadons and gene conversions by
vinyl chlaride metabolites in yeast, Cancer Res., 37 (1977) 253257,

SL 066640




182

22 Loprieno, N.. R. Barale. 8. Barunceill, C. Bauer, G. Rronzetti, A. Cammeilini, G. Carcignani, C. Coral,

24

25

27

0

i

G. Gervas, C. Lepotini, B. Niex. A.M, Rosal, G. Stwtti and G. Turchi, Evaluation of the genetic
eoffects induced by vinyl ¢hloride monomer (VCM) under mammalian metabalic activation: ssudies in
vitro and in viva, Mutation Rea., 40 (1976) 858,

Magnumon, J.. and C. Ramel, Mutagenic etfects of vinyl chioride in Drosophils maeisnogoster, Muta-
tion Res.. 38 (1975) 115,

Malaveille. C., H. Bartach, A, Barhin, A.M. Camus and R. Montasano, Mutagsnicity of viayl chiorids,
chlorethylane oxide, chloroacetaidenyde and chloroethanol, Bioehern. Biophyr, Res Commun., 63
(1976) 363—370,

Malaveille. C.. G. Manche and H. Bartsch, Factors for efficietnicy of the Salinonalls/microsoms
mutagenisity assay, Chem, -Biol Interact., 17 (1977) 120—136.

MeCann, J.. V. Simmon, D. $traitwieser and B.N. Amas, Mutagenicity of chiornacetaldehyde, & pos
sible metabolic product of 1.2-dichlorosthans (ethylene dichlaride), chiorosthancl (ethyiene chlore-
Bydtin), vinyl chloride and cyclophosphamide, Proe. Natl Acad. Seb (U.8.A.), 72 (197%) 31903193,
Rannig, U, R. G3the and C.A. Wachtmeister, The mutagenicity of chloroethylens oxide. chloro-
acetaldehyde, 2«thioroethanal and chioroacetic acid, conceivahle metabolitas of vinyl chioride,
Cha.-Blol [nwetact., 12 (1976). 251—263.

Rapnug. U., A. Johanseon, C. Ramal and C.A. Wachtmaister, The mutagenieity of vinyl chloside after
mewbolic actvation. Ambio, 3 (1974) 194—197,

Styles, J.A., A msthod for detecting carcinogenic organic chemicais using mammalian cells in culture,
Bt. J. Canoez, 36 (1977) 558—583.

Verburgt, F.G.. and E, Vogel, Vinyl chloride mutagepesis in Drosophils r , Mutation Res.,
48 (1977) 327—338,
Vogal, E., Mutagenicity of carcinogens in Drosophils as & funetion of genotypecontrolled metabo-

bam, in: FJ. de Serres, 1R, Fouts. J.R. Bend and R.M. Philpot (Eds.). Ia vitro Metabolic Activation
in Mutagenesis Testing, Elsevier/North-Holiand, Amsterdam, 1976, pp. §3—79.

. Mutation Research, 67 (197"

© Elsevier/North-Holland 1

Short Communiecation

CHEMICALS WHICH k.
typbimurium TESTER ¢

- RICHARD H. McKEE, JAM
Litron Laboratories, Ltd.,

(Received 8 August 1878)
(Revision received 16 Janua
(Accepted 2 February 187

Previous uses of ary’
their photosensitive p
been synthesized for s..
4.fluoro-3-nitrophenyl :
inactivation of enzym
amino acid transport
azides can also photost
the mechanism of be
(DNPA) were tested
test system. The Ame.
bacteria which contain
the mutations carried
frameshift mutations,
tagenic event mediated
chemicals have been s
which induce reversio:
Ames strains could prov
experiments within the
ferent laboratories. V
DNPA induce the rev.
strains (TA98, TA100,

Materials and method:
The Saimonelia typr
tained from Dr. Bruce
testing with these strz
for plate-incorporatic.
cedure is that Vogel—:
concentration as in th




