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BY TWO VINYL CHLORIDE METABOLITES.
CHLOROETHYLENE OXIDE AND 2-CHLOROACETALDEHYDE
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Chloraethylene oxide and 2-chiloroacetaldeins de, twa possibly carcmogenic mefu-
holites of vinvl chloride in nmammals . canved a dose-dependent induction of 8-azagvanmne-
and oughain-resistant wtants in Clrese hanieer 179 colls i vitro. Up to one-handr ed-
Jold hivher concentrationy of 2-cliorocthanol o monochivroacene acid, a urinary viond
chloride wetaholite in rarsy amd man, were inactive. ;

The various adverse brological etfects of vipyd
chlorde (I, Fig 1), s tosicity (Patty er al., 1963
Tribukh er al., 1949) and carcimogenicity in
experimental animals and i man (Creech and
Johnson, 1974, TARC, 1974u. 1975; lLee and
Marry, 1974; Mualtoni and  Letenune, 1974
Viola et al.. 1971). i1y mulagenic action tn micro-
bial systems (Bartseh er wf.. 1975 Bartseh uand
Montesano, 1975 Malavedie  er al.. 1975
Loprieno ef af,, 1975 Runnug ¢r af.. 1974) and
perhaps its chromosomal breaking activity in
human cells (Ducauman er ol . 1975, Funes-
Cravioto ¢t al.. 1975) appear 10 be largely
dependent upon its metabolic conversion into
chemically reactive metabolites. In vitro studies
have shown that microsomal hepatic miaed-
function osidases of rats, mive and bumans are
equally effective in metabolizing vinyl chioride
mto reactive metabohites (Bartsch er al., 1975,
Bartsch and Montesano, 1975).

2-Chlorocthanol heen
possible intermediate in vinyl chloride meta-
bolism in rats (Hefner er al.. 1975) and exhiings
@ weah mutigenic activity in bacteria (Bartsch
eral, 19750 Malaveille er al.. 1975, Rosenhrany

has sugpested  as a
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eroal, 1974 2-Chlojoacetaldehyde (111) and
chioroethylene oside (1D have been wlentined
as vinyt chloride metabolites by o virro tech-
mgues (Bartseh and Montesano, 19750 Gothe
croul . 1973); monochloroacetic acid (1V) 1y a
urinary mctabolite in rats and man eaposed 1o
(Grigorescu and Toba, 19662
Hetfner er al., 1975). Because the relattonship
between  carcinogenicnty  and  mutagenicity s
becoming more formally established (Miller and
Midler, 1971), we have studied the mutagenme
cifect of these compounds in mammahan cells,
We have used Chinese hamster V79 cells, a
mammabian cell system that has already been
suceessfully  used Tor the detection of other
chemical curcinogens and/or therr metabolites
s mutagens (Huberman er of., 1970 Hubermun
et al., 1972 Hubermun and Sachs, 1974),

vinyl  chloride

MATERIAL ANIDY ME LIS

Chemicals

Chloroethylene oside (bop., 65-67  C) was
prepared by chlonnation of ethylene oxide in

the gas phuase (Gross and Frerbery, 1969) by
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Dishes were seeded with 200 cells per dish

Alter 161X h, various congentrations o the
compounds 1o be tested were added tor 3 b
after which fresh medium  wus added  Afer
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Bio-trinstormation ol
. which rearranges to 2-chloroacetaldehvde ¢l
o monochloraacetie aaid (V) o urman
Follow g therr esposure to vinst Chlorde
Drs. A Craisy and P oJucquignon, ONRS.
Catf-sur-Yheue, France  The compound. which
contamed traces of 2-chloroacetaldehsde ¢ 17,
and ethylene oxide ¢ 5370 was stored at betow
60 Co Under these conditions no change m
the NMR spectrum Gn CDCL was noted after
12 days. 2-Chloroacetaldehyde (30", aqueous
solutiony and - monochloroacene  acid  (mop.,
61-63 ) were obtamed from Fluka Co., Buchs.,
Switzerland  and  2-chloroethanol  (h.p.. 120-
E 30 C) from Merck-Schuchardt,  Darmstade
! Federal Republic ol Germany,  8-Azaguampe
' and  ouabam were purchased  from Snuma
i Chenncal Col, St Louis, Moo, USA
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Cell cultures

The V79 cells derved from o clone solated
from the muale Chinese hamster cell line V79-4,
kindly supplied by Dro oMUY Chu, Unuversity
ol Michigun, Ann Arbor, Mich . USA. Cells
were grown e bagle’s medium containing o
four-fold  concentration  of  aminoe and
vitamins and 107, Toetal call serum: 5 mil medium

acids

ware used per SO mm plastic Perry dish (Nuncton.
Nunc-A'S. Roskilde, Denmark), and the cultures
were incubated at 37 05 Coanoa humiditied
meubutor supplicd with a constant ow of 10",
CO, mowr. No detectable mycoplasmic con-
tamination was found when the cultures were
mycoplasma agar (Chanock 1 af..
1962). Stock solutions of 200-Told concentrations
ol 8-azaguanme in dimethylsulphoside (DMSO)
were prepared and stored for up 1o 4 weeks

tested on
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were st snple cells T8 houars Later,

MVtagenic ity assas

Selection of S-uzaguamne- or wuabhan-resistunt
moutants was nerformed oo sinuhar manner o
that 16-18 h
20 O eells dish for S-azaguanming resistance amld
[
cells were treated for 3 boswath dolerent coneene

deseribed above: dafter seeding,

cellv'dish for ouabaim resstance, the
trattaons ol the canpounds 1o be tested. |resh
miedium then and  the

meubited for an additional 48 .

Wty added el were
For selecthion
ol S-azaguanime-resistiant colomes, the cultures
were te-ted every 2 days swaith medunm contaming
02 mst S-azaguamine, usually for 10-12 days,
for selection of ouabaim-ressstant colonies, the
cidtures were teated once waith Tomst ouabuin
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of cells was determined from 10-12 dishes pet
value for R-azaguanine resistance  and  from
32-40 dishes per value for ouabain resistance,
The heritability of this resistance was shown
i from experiments with nine solated ouabain-
resistant colonies (Huberman and  Sachs, un-
published) and 17 isolated B-araguanine-resistant
colonies (Hubcrman er al., 1971, Huberman und
Sachs, 1974), all of which remained resistant
to the drug used for selection after growth for
1 month in the absence of R-azaguaning, Mutation
frequency was caleulated for 107 or 10% survivors,
taking into account the number of cells seeded
und the cytotoxic effect of the mutagen.

RESULTS

The mutagenic  activity  of  chloroethylene
oxide and its rearrangement product 2-chloro-

and Schramm, 1964) was assayed in Chinese
hamster V79 cells. Mutation  frequency
scored with two different genetic markers cither
by resistance to S-azaguanme (Chu and Malling,
1968) or by resistance to the sterordal compound
ouabain (Baker ¢ «of., 1974). The mutation
frequency has been expressed as the number of
S-azaguanine- or ouabain-resistant mutants per
10" and 10® survivors, respectively.
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acetaldehyde (Gross and Freiberg, 1969; Ziet

TARLI

MUTAGENIC LEHLCTS O CHIEOROP FHYLESNE ONID]

CHIORIDE MESAROLELES

The mutagenmie response increased as a function
ol the concentration ol chlorocthylene oxde
and  2-chioroacetaldehyde  in the medium
(Tablc 1. AU o concentration of 6 s, chloto-
ethylene oxtde or 2-chloroacetuldehyde mutation
frequency of S-azaguanine resistance reached 4
or 13 tmes that of the control. At the same
concentration, the number of owubuain-resistant
matants per 10% survivors wias 10 times higher
than in the control with chloroethylene oxide
but only twice as high as in the control with
2chloroacetaldehyde. At a concentration  of
13 s chloroethylene oxide, the mutation fre-
quency, determuned with K-azaguanine or ouahain
resistanee, reached 8 or 23 times. respectively,
the spontaneous mutation frequency, while the B
comng  ofliciency  was  45°,. 2-Chloroacetal- 1
dehyde, however, at 13 pnm, had strong eyvtotoxic-
ty, and cloning ¢fliciency was less than 0.1° 0
thus, no mutagenic effect was detectuble. Below
a concentraton of 2.5 ms, 2-chloroethanol or
monochloroacetic acid had no activity in inducing
N-izagiinine- and ouaham-resistant mutants,

PINCEISSION

cells, contirm

Muldgenicity

The data, with mummailian
previous  results concerning  the
of 2-chloroethylene onide and  2-chloroacetal-
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dehyde in 8. ryphupgriven strain TA 1530 (Budisch
eral.. 1975 Malaveille eral., 1975). As s evident
from Table |, chloroethylene onvide caused a
mutagenic response with a much lower toxicity
as compiared 1o that of 2-chloroacetaldehyde at
cquimolar congentration: the same result wis
obtained with microbial indicators (Malaveille
et al., 1975). Thus, 2-chloroethylene oxide acts as
a mutagen per ose and not exclusively v ity
spontancous  rearrangement  product  2-chloro-
acctaldehyde (Gross and Freiberg, 1969 Ziell
and Schramm, 1964). The strong mutagenicity
of these two compounds, as compared to that
of 2-chloroethanol and monochloroacetic acid,
points to a possible role for chloroethylene
onide and 2-chloroacetaldehyde in vinyl chloride
carcinogenesis, since it is now recognized that
the majority of ¢chemical carcinogens, some of
which cause cancer 1w man, have been found
10 be muiagens when tested as their ultimate
reactive forms or when the parent compounds
were combined with an i vitro or i vivo metabolic
activation system (Miller and  Mitler. 1971
Huberman and Sachs, 1974).

The genetic activity of chloroethylene ovide
can be ascribed (o its strong alkylatung poteney
which can be shown in assays with d-(p-nitro-
benzyl) pyridine (Bartsch and Montesano, 1975,
Malaveille er al., 1975). This property, as well
as ity short half-life in aqueous solution at
neutrality (tLy =~ 1.6 min) links this compound
to the group of highly reactive a-chlormated
aliphatic ethers, among which /s (chloromethy)
cther (112 2 min [Van Duuren o ol 1972))
is carcinogenic i animals and in man (JARC,
1974h).

2-Chlorouacctaldehyde is also a  chemucally
reactive compound, although its rute of hydrolysis
in agueous solution differs from that of chloro-
cthylene oxide by a factor of 1,000 (1'5 24 h
[Van Duuren er af., 1972]). and under conditions
whereby chloroethylene oxide reacts with 4-(p-
nitrobenzyl)  pyridine,  2-chloroacetaldehyde
shows no detectable rate of reaction (Bartsch
and Montesano, 1975; Malaveille ¢r af., 1975).
At acidic pu, it reacts slowly with adenosine or
eytidine to give cyclic fluorescent  derivatives
which have been characterized as 3 J-D-ribo-
furanosyl-imidazo-(2,1-i)purine or 5,5-dihydro-5-
oxo-5-p-D-ribofuranosyl-imidaso (1,2-¢) pyrimi-
dine (Barrio er al., 1972). Alicrations of this kind
in DNA activity may explain the effect of 2-

642
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chioroacctaldehyde as o mutagen in bacterial
(Malavedle er al,, 1975) and mammualian celis
{Tahle 1), The role of 2-chloroacetaddehyde m
caramnogenesis stitl needs o be studicd.

Although we have oblined, evidence that
chioroethylene oxide is Tormed as a primary
metabolite of  vinyl chloride by  microsomal
cernzymes in vitre (Bartseh and Montesano, 1975),
the sigmificance  of this campound in vinyl
chloride carcinogenesis can be indicated only
by circumstantial evidence: chloroeihylene ovide
is o strong mutagenie and alkylating agent, and
cponides are now recognized as obligitory mter-
mediates in the metabolism of many olefins by
hepatic microsomal  mixed-function  oxrdases
(Daly et al., 1972). Compounds structurally
related 1o chlorocthylene oxide, such as 1,2-
cpovybutene-3 or epichlorhydrine, are hnown
to be curcinogenic, while 2-chloroacetaldehyde
Grssayed as diethylacetal) and monochloroucetic
acid have been reported to induce no tumouts
(Van Duuren ¢er al, 1972, 1974).

Alternative pathways of metabolic activanion
ol vynil chloride to ultimate carcinogenic forms
cannot be extended, e an enzymie dechlornin-
ation (Gandolli and Van Dyk, 1973) of vyl
chloride to produce cthylene which may ke
further oxidized to cthylene oxide, & mutagenic
compound (Ehrenberg and Gustalsson, 1957)
Studies on the nature of the binding products of
vinvl chloride and/or s metiabolites 1o cellular
nacromolecules are in progress.

NOLE ADDHD) N PRESS

Sice completion of this work, McCann er al.
(1975) have reported a pronounced mutagenic
effect of vinyl chloride and 2-chloroucetaldehy de
i S.opldnrivem TAT00, while the coneept of
involvenent  of chloroethylene  oxide in the
covalent binding of "C-lubelled vinyl chloride
to cellular macromolecules mediated by a rat
liver micrasomal  system hus been  strongly
supporied by the results of Kappus er af. (1975).
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MUTAGENICITE DE DEUX METTABOLITES
DU CHLORURE DE VINYLE,

CHLORIDE

METARGHITES

LE CHLOROETHYLENE OXYDE

ET LA 2-CHLOROACETALDEHYDE, DANS DES CELLULES V79

Lex cellules V79 de hamster cliinois pewvent éire nutées eflicacement et deveni?
résistantes @ la B-azaguanine on la ouvabaine, en fonction de la dose wiilisée, par le

DE HAMSTERS CHINOIS

clhlaradthyléne oxyde et lu 2-chloroacétaldéhyde, deux métabalites du chlorure de vinyle
chez les manuniféres. Avee des concentrations cent foiy plus fories, le 2-chloradéthanol
ou laclde monachloroacétique, un métabolite wrinaire du chiorure de vinvie chez le
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