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MUTAGENICITY IN VITRO AND POTENTIAL CARCINQGENICITY

OF CHLORINATED ETHYLENES AS A FUNCTION OF METABOLIC

QOXIRANE FORMATION

H.Greim, G.Bonse, Z.Radwan, D.Reichert, D.Henschley
Departments of Toxicology of Gesellschaft fur Strahlen-
und Umweltforschung, 8042 Miinchen-Neuherberg, and the

University 8700 Wilrzburg, Versbacher Landstr.9, West~Germany

{Recaived 10 July 1973; aceeprad 19 Avgust 1975)

All chlorinated ethylenes undergo biotransformation in mammalian organisms,

h‘l_-':t.he main pathway heing an oxidation to oxiranes, as the first step. The stability
e

5
L

of these oxiranes varies widely and depends on the number of chlorine substitu-

*tions and on the relative position of the substituents in the moleciule., Symmetr-

=

»

Qg"?.xcllly substituted oxiranes from the tetrachloro- and the iscmeric 1l,2-dichloro-

> athylenes seem to be rather stable ”'2). In the case of vinyl chioride and tri~ '

hlorosthylene the polarity of the unsymmetrical oxiranes exerts lesser stability

and inducas intramolecular rcmmgemnta)'“. Attempts to prepare the oxirzne

Howavey, no direct relationship exists between chemical reactivity and
iological effects because the thermal rearrangement of the oxiranes leads to

-‘dlffcrnnt chemical species: either acyl chlorides or aldehydes“ which are

2013
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activity of vinyl chloride (VCM) has been claimed to be cxarted by a direct

alkylating action of the oxirane® + 7).

i

8),9) and in man

VCM has been demonstrated to be carcinogenic in animals
{for references, sdc’o’).Quite recently, a carcinogenic activity of trichloro-
ethylene (TﬁI) has been reported in mice after long-term administration of
rather high daily oral doses (0.5 or 1.0 g/kg). This rcport”’ in connection
with the above considorations prompted us to determine the mutagenicity of the
whole series of chlorinated ethylenes with a metabolic activating microsomal
enzyme system in vitro.

Materials and Methods., Tetrachloroethylene, trichloroethylene, cis- and
trans-1,2-dichloroethylene, 1,1-dichlorosthylena were obtained from Merck & Co.,
Darmatadt, as a.g, reagents; vinylchloride as a purified gas (> 99,9%) from
BASF, Ludwigshafen. Mutagenic activity of the derivatives formed during micre-

scmal activation was tested in a metabolizing jin vitro system‘z)

with E coli

K 12, One can use this bicauxotrophic strain in four rutation systems to test
mitagenic agents: In the three back mutation systems gal*, qu*, and nad+, and
iﬁ the MTR system, where forward mutation leads to resistance to S-methyl-DL-

tryptophanc13) 8

. For the experiments 6 to 9 x 10" cells of an overnight culture
were suspended in 1.5 ml incubate containing 5 mg microsomal protein, isolated
from mouse livers, and tha NADPH generating system 5 mM Hquz; 16 mM DL-iso-
citrate-Na,, O.éé mM NADP~Na ., 20 yl isocitrate~dehydrogenase (20 milliunits/ul
in 0.1 M phoaphatc_buftcr.pﬁ 7.4, as well as Aifferent concantrations of the
test compounds. These concentrations were selected from preliminary experiments
so that they did not reduce cell survival by more than 20 per cent (Table 1).
After 2 hours of incubation in a shaking water bath at 37°, the reaction was
terminated in ice. The incubate was diluted in saline and plated on appropriate

1‘). Survival of the E coli K 12 strain

salective media as described previously
was determined by plating on the complets med{um. Mutagenicity is expressed as
éolony-!orning units (cfu) that wers counted on the apprcpriate selective media
per cfu counted on the complete medium. Liver microsomes were isolated from male
mice pretreated for 10 days with 0.1 per cent phencbarbital in the drinking

water to increase microsocmal enzyme activity12).

SL 066675

a

4

Ry

4

h:ifL.YL

prrl
.}:’l:l

e

&

R

PRPIG 9.
NERARSLE L




direct

iin man
trichl ro=
ion of
inection
ity of the

rosomal

is- and
ferck & Co.,
.) from
.ng micr -
1 E coli
3 Lo test
nad+, and
rthyl-DL=
't culture
isolated
DL-ig =
liunits/ul)
. of the
'Xperiments
‘able 1},
.ion was
ppropriate
12 strain
‘pressed as
tive media
4 from male

‘inking

© ot s e s AR

s

Tab.1: Mutagenicity of chlerinated ethylenes after incubation
in a metabolic activating microsomal system

concentra-

ssurvival ¢ of spontancous mutation
tion ip the of rate in different operons ’
medium ° bacteria of E colt K12
= at 377 @
. [m] gal* argt MR nad*
$¥ cl,c = col,
¥:. Tetrachlorcethylene 0.9 99%1 100 100 100 100
B-c1,¢c = cuel
'~ Trichloroethylene 3.3 7624 123223 23236 114%18 100
|
WX ¢1,C = CH,
% 1l.1-Dichlorcethylene 2.5 74%7 120714 229%26 100 100
# o c1
B O\ _.
= s
7 N .
gﬁ: cis-l.2-Dichlorcethylene 2.9 88-5 100 100 100 100
z°
e B
M. Cm=C
2%?“3 \\Cl
% - trans-1.2=-Dichloro- . ‘
o ethylene 2.3 s0%3 100 100 100 100
CICH = cH
2 + + + + *
nyl chloride 10.6 72-3 231=20 663=141172-35 148-24

} determined by GC analyses after injection of S pl of the ligquid cémpounds;
except vinyl Shloride where the gas was introduced by bubbling through the -
liguid at 15" ¢

- !

Results and Discussion. The results of the experiments are listed in Table

but 10 mM of vinyl chloride.

No mutagenic activity of the chlorinated ethylenes was detected in the test

=)

Qggflntabolicnlly active microsomas was used, conversion of VCM, l.1-DCE as well as

F'TRI induced mutations, the latter compounds being less mutagenic than VCM. The
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ty in the ga1+ and nad* systems and the forward mytation to MTR resistance were

less sansitive to the mutagenic effects of the metabolites. Tetrachlorcethylene

and the cis- and trans-{somers of dichlorcethylene were not motabolized to

mutagens at all,

Direct comparison of the mutagenic activity of the chlorinated ethylenes

is not possible since different substrate concentrations had to be used to

minimize cell death of the tester strain. However it is evident that mutage-

nicity of VCM is
Our results
stability of
chlorinated e
induce mutations

1.2-DCE) forming

several times higher than that of 1.1-DCE and TRI,

much mor stable oxiranea, do not.

are indicative of a conspicucus correlation between the
~xiranes, a3 outlined earlier, and the mutagenicity of all six
nes: those forming very unstable oxiranes (VCM, l.1-DCE,TRI)

in the test system, whereas the others (Per, cis- and trans-

Tha mutagenicity of trichloroethylene, though only slight in extent in the

qnl+ system, which is known as very sensitive, has not been anticipated. Tri-

chloroethylene is metabolized in vitro and in _vivo to the scarcely reactive

chloral hydrate and furtheron to trichloroethanol and trichloracetic acid

15).16).

The latter compounds are not known to induce cytotoxic or genetic effects. Con-

version of TRi-oxirane to chloral in vivo is a quite unexpected reaction because

thermal rearrangemsnt in vitro entirely forms dichlorcacetyl chloride

17)

. This

different bebaviocur should be further investigated. The results of such ex-

perimants may contribute to the bettar understanding of the mutagenic and

potentially carcinogenic properties of trichlorcethylene.
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Steinhilber is gratefully acknowledged.
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