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Vinyl chioride has recently been shown to cause a malignant liver tumor
disease In man alter occupational exposure in PVC olants. This actualizes the
problem of whether such hazards could be avoided or at least diminished in the
fulure by a screening for mutagenicily of chemicals used in industries. The
‘basis for such a screening procedure is the close correlation between
carcinogenic and mutagenic effects of chemicals. Experiments vath Salmonella
bacleria showed that the carcinogenic hazard ot vinyl chloride could have been
traced by means of mutagenicity tests, The data indicale that vinyl chioride is
‘not mulagenic per se but becomes mutagenic after a metabolic activation in the

tiver,

Vinyl chloride has attracred a consider-
able amount of public attention because
of the recent discovery of its carcinogenic
action in man. In several countrics cases
of the rare malignant disease angiosar-
coma of the liver have been reported
among workers who have been exposed
to vinyl chloride in plastic industries (1).
M;\hani has iunhcrmorc reporied an
exposure to ..50 ppm vinyl chloride (2).
Later results indicate carcinacenic etfects
at still lower doses (3). The hazard of
vinyl chloride primarily concerns workers
in the plastic industries, who get a parti-
cularly high exposurc in different con-
nections, but this occupational health
problem may have ramifications for the
general public, Vinyl chloride has, for
instance, been used as a propellant for
hair sprays and pesticides. Moreover, the
polymerized product of vinyl chloride,
PVC plastic, is used all over the world
for a variety of products, among other
things for the wrapping of various food-
stuffs. It scems inevitable that the pop-
ulation is exposed to the monomer via
- such sources, although the doses are most
likely small.

The carcinogenic effects of vinyl chlo-
ride focus atlention on the peneral and
fundamental problem of how such haz-
ards can be avoided or at least diminish-
ed in the future—and above alf how car-
cinogenic chemicals such as vinvl chlo-
ride can be spotted experimentally in the
first place. Cousidering the vast number
of chemicals used in industries, it is
hardly realistic to rely on ¢ancer induc-
tion tests on mice with measurement of
tumor frequency; such tests take at least
two years. The only feasible procedure
st present seems to be a system which
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makes use of the close correlation be-
tween the carcinogenic and mutagenic
propertivs of chemicals (4). This corre-
lation, as do other data, points 1o the
fact that changes in DNA are at feast an
essentiul cause of cancer induction. The
testing for mutagenicity is much cheaper
and far less time consuming, and further-
morc. the results can in many cases he
weaiall
spect to the chany.s mcurrmg n DNA.
This obviously is of importance tor a
better understanding of the biological
action of suspect compounds.

One major obstacle in using muta-
genicity tests with microorganisms for
a preliminary sereening of carcinogenic
effects is the fact that many compounds
behave as carcinogens only after an ac-
tivation in the mammahan body. This
activation, or in other cases deactivation,
of a forcign compound, is principally
performed by the liver and involves oxi-
dation, reduction, hydrolysis and con-
jugation. A wide variety of oxidative re-
actions eg C- and N-oxygenation, O-,
N-, and S-deatkylation and epoxidation
are mediated by the drug metabolizing
system located in the membranes of the
endoplasmatic reticutum  of the liver
cells (5, 6, 7, 8). This mixed-function
oxygenase mechanism can utilize reduced
nicotinamide adenine dinucleotide phos-
phate (NADPH) 25 an clectron donor
(9). These reactions also take place in
virre after the addition ot NADPH-pen-
erating system (o microsomal {ractions
(10, 11, 12). Although microorganisms
are particularly suitable from a practical
genetic point of wview for mutarcnicity
testing, they do not perform th: same
metabolic activation as marmals and
they will therefore not pick up such in-
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direct carcinogenic compounds. In ordar
to overcome that problem. combined
test methods have been worked out with
microorganisms and mammals, The mi-
croorgamisms are used for the actual
mntagenicity testing, but thev are ex-
posed to those metabohites of the com-
pound which are formed in an intact
mammal (host mediated assavy (13) or in
mammalian liver microsomal sysiems in
vitrao (12, 14).

The present investization of the gen-
ctic effect of vinyl chleride Has been
petformed on Salmonelia typhimurium.
The mutagenicity of the compound was
analyzed by mecans of reverse mutations
in the histidine locus. The effect of
metabolic activation was studied by add-
ing rat liver microsaomal sysiams to the
bacterial cultures according 1o the mah
22 workzd sul Uy Auinen (i

The objective of the present investiga-
tion has primarily been 10 use wvinyl
chloride as an example of a compound
carcinogenic to man, in ordec o study
the applicability of mutogenicity testing
for the detection of carcmogsns in the
human environment. We are hkely 10 be
conironted with this kind of problem
at an accelerated rate in the future and
the necessity of finding a sensible solu-
tion to the screening of carcinogenic
hazards of chemicals is imminent. Con-
sidering the vinyl chlaride problem, one
could raise the following question: Had
this genetic test method been available
and been used for screemng of vinyl
chloride when it was introduced for in-
dustrial production, would such a screen-
ing have given a warning of the carcino-
genicity of this compound?

MATERIALS AND METHODS

Four hisudinc-requiring strains of Salmeo-
nella syphimurium (TA 1335, TA 1536,
TA 1537, and TA 1538) were used for
this investigation. These strains have been
described in detail by Ames er af (13).
They are used in a back-mutation avstem,
where reversion to histidine independ-
ence occurs etther as a result of base-pair
substitution (TA 1535) or base-par ad-
dition or deletion (TA 1536—TA 1538).
Cultures were grown overmight in com-
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_plete medium {Difco, Antibietic medivm

3). Platings with the soft agar techniaue
were madc on complete medium (CA
plates) and on minimal medium (MA
plates) deseribed by Vogel and Bonner
(16) with supplements according to Ames
(17). The soft agar consisted of 0.9 per-
cent NaCl and 0.6 percent agar.
Undiluted bacteria (0.1 ml) were added
to soft agar (2 ml) and pourcd onto MA
plates and 0.1 ml of appropnate dilutiens
correspondingly onto CA plates. Dilu-
tions were made in 0.9 percent NaCl
Colonics on MA plates were counted
after two days’ incubation at 377 C, giv-
ing the number of mutants. The number
of wviable cells (surviving cclls) were
counted on CA plates afier one day's

-incubation.

Male rats (Sprague-Dawley, Antici-
mex) nmaintained on normal dict were
starved 16—20 hours before they were
sacrificed by decapitation and the liver
was homogenized. The homogenate was
centnifuged at 9000 g for ten minutes,
The supernatant containing the micro-
somes was mixed with a NADPH-gen-
crating system consisting of NADP,
glucose-6-phosphate, phosphate  buifer
(pH 7.4), MgCla and KCl in the pro-
portions given by Ames et al (14). When
microsomal systems are mentioned in
the text below or in the tables it includes
the 9000X g supcrnatant containing the
microsomes and the NADPH-generating
system. The negative control without
NADP is therefore designated “nmucro-
comal eycteme ~NANP" Y aminaanthra-
cene was used as a positive control. This
compound induces mutations afier mi-
crosomal activation in all the stramns
used (14).

The vinyl chloride used (AB Aerosol
Packing Co, Vallentuna, Sweden) has
been analyzed with gas chromatography
and mass spectrometry for impurntics
by S Jensen (18). The purity was very
bigh and only trace amounts of isopropa-

== ~nol were found, When nothing clse is

stated the procedure of Ames er al (14)

was [Olléwed in the experniments.

Three different types of treatment with
vinyl chloride were used in prehmunary
experiments with TA 1535, A water
solution of vinyl chloride was prepared
by bubbling vinyl chloride gas through
water in a test tube for a couple of min-
utes. This solution was added to the
soft apar together with the microsomal
system and bacteria before piating. An
attempt was also made to dissolve vinyl
chloride directly in the microsomal sus-
pension by bubbling it throuch for half
2 minute prior to the addition to soft
agar. In the third procedure the bacteria
were first plated together with the mi-
crosomal system and then treatea 75
minutes in a vinyl chloride-containing
atmosphere (11 pereent v/v) at room tem-
perature (23° C). This tast procedure was
adopted in the following main experi-

ments and will therefore be described in
some detil. After plating of the bacieria”
with and whithout microsomal systems
the petrt dishes were placed v a closed
vessel  (standard  vacuum  desiccator,
volume 10 1) cquipped with two teflon
tubes for inlet and outlet of gas. The
heavy vinyl chlonde pas was pressed into
the elass wvessel via one of the tubes
which ended near the bottom. This addi-
non caused an expuision through the
other tube (at the top) of a corresponding
volume of air, which could be measured.
The atmospheric concentratuon ot vinyl
chioride measured in this way was
during the main experiments 20 percent.
When all vinyl chioride bad been added,
the tubes were closed and a magneue
stirrer was started to cnsure homoge--
neous distribution of the gas. Three
different umes of exposure to the gas
were used, 30, 60 and 90 minutes. Two
experiments with TA 1535 werg made in
this way. An experiment with ali four
strains TA 1535—TA 1538 was finally
performed with a treatment time of 90
minutes.

RESULTS

The results of the preliminary experi-
ments with TA 1535 and liver micro-
somes 15 presented in Table 1. As can be
seen, no mutagenic effect could be traced
after the treattnent with vinyl chloride
dissolved in water or in the microsomal
suspension. After an exposure to 11 per-
cent vinyl chlonde pas, on the other
nand, there was a significant inctease of
mutants. It should be pointed out that
the survival of the bacteria was not
affected in any detectable way by the
treatment and therefore the results cannot
be due to a sclective survival. The fact
that only the treatment with vinyl chlo-
ride gas had any effect on the mutation
rate indicates that a continuous treatment

given directly to the bacieria with gase-
ous vinyl chleride brings about a higher
exposure dose than a treatment with vi-
vl chloride  previously  desobved
water or n the liver microsomal sus-
pension,

In another set of experiments (Table
2 and Figure 1), the treatment was given
with 20 pcreent gascous vinyl chlonde.
The results were 1n good accordance with
the previous ones. that s, a sigaticant
increase of mutants was obtained with
liver microsomal systems. Without liver

Figure 1. TA 1535 (base substitution) treated In
an atmosphere of air gontaning 20 percent
(v/v) vinyl chlende (VC). Experiment { In Table
2.
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Table-1: Tho—effect on-TA 1535.(basa substitution) alter different types of tresiment with vinyl
chloride (VC) at the presence of liver micrasomes, Series -2 and 15 respectively weca per.
{ormed simultancously. Statistical anaiyses with 1-test. Significance levels;

*0.01<p=<C0.05; T 0.001<Cp<CORl; *°" p<0.001.
Secies Type of treatment Number of  Number of  Number of
. viable cells  mutants per mutants per
. per plate plate 10" surviving
x10™* Mean value  cells =S E
Mean value  of 5 plates
of 2 plates
1 VC dissolved in water 19.2
2 Control 18.0
3 VC dissolved in microsomal
suspension 4.1 212 6.6+04
11°; ¥YC in atmosphere 4.5 78.2 17.62-2.6*
Control 4.3 230 5.340.2
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Table 2. TA 4515 (base subsiitution) treated In an almosphere ol alr contalnlng 20 percent

(v/v) gaseous vinyl chioride (VC). The etfect measured a3 number of mutants per 10" surviving

cells, Statistical analyses, see Table 1,

EXPERIMENT { EXPERIMENT 11

Type of treatment Number of Number of Number of Number of  Number of  Number of Time of
viable cells mutants. mutants per viable cells  mutants. mutants per treatment
per plate Mean value 107" surviving per plate Mean value 107 sunviving {minutcs)
x107* of 5 plates cells=SE x 107" of S plates  cells=SE
Mean value Mecan value
of 3 plates. of 3 plates.

VC+microsomal system 4.2 69.2 16.3+£2.0 38 49.8 13.241 1.0~ 30

vC kN 19.2 6.2+0.7 20 10.6 54409

Control+ microsomal

system c 41 450 109+1.1 3.7 25.0 6.7:£0.9

YC+ microsomal system 4.1 72.2 17.841.3%* 39 51.6 1344+ 10" 60

vC 34 18.4 5440.8 23 --18.8 8.1+£0.6

Control + microsomal

system 4.1 394 9.60.4 a9 204 52+07

VC+microsomal system 4.0 1198 29.0% 1.1%** 4.2 77.2 18.4£0.9**+! 90

vC 37 228 7.1+1.0 36 22.6 6.240.9

Control+ microsomal

system 4.1 374 9.0+ 1.0 39 -1 -

microsomes, vinyl chloride did not ex-
Wil any wuisgenic effect. Coaciriing
the survival of the eclls, as in the pre-
vious experiment there was no sign of a
toxic effect by vinvl chloride together
with liver microsomal systems. 1t may be
pointed out, however, that the data in-
dicate some toxic effect on the bacteria
by vinyl chloride itself without liver mi-
crosomes.
©In order to clucidate the activation of
vinyl chloride by the liver microsomes,
- a series without NADP was included in
this experiment. The results, presented
séparately i Table 3 together with the
relevant data from Table 2, show that
& mutagenic effect was only obtained
with the liver microsomal svstem and
NADP, but not without NADP, It
should be mentioned that because of
lack of space in the container used for
the treatment, the series measuring the
survival of the bacteria had to be omitted
for the treatment with the liver micro-
—sbmal system without NADP. However,
* "en the basis of the survival rate measured
in the other experimental series. it can
be concluded that the number of mutants
per plate should give a sufficiently accu-
rate estimation of the muation rate. In
particular, the similarity of mutation fre-
quencies between the series with liver
microsomal systems without NADP as
compared to the series with only vinyl
' chloride is indicative for the inter-
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1 The number of mutants from "Control + microsomal system™ in this series had to be
excluded because of infection. However. there 1s a good agreement between the control
serics within both experiments I and 11, and therefore the comparison of the senes with
90 minutes treatment has been made versus the pooled controls for 30 and 60 minutes of

experiment 11,

pretation of the mechanism of activa-
dwd of vingl chlonde. A mdntisacd
above, this lack ol mutagenic ettect
without NADP indicates that in the test
system used, an active metabolism by
the microsomes is required for the muta-
genic effect.

An experiment with all four strains
TA 1535—TA 1535 was f{inally perform-
ed, in order to throw some light on
the molccular mechanism behind the mu-
tagenic effect of vinyl chloride. The re-
sults are shown in Table 4. As in the
previous experiments a mutagenic cffect
was obtained with TA 1535, responding
to buse pair substitutions, but no increase
of mutations was caused in TA 1536—
TA 1538, responding to frame shift
mutations.

DISCUSSION

From the experiments reported above,
it can be concluded that vinyl chloride
induces point mutations, but onty after a
metabohic activation. It can further.
more be established that vinyl chlonide
causes base pair substitution, but appar-
ently no insertion or deletion of base
pairs in DNA. The latter kind of efiect
is hardly to be expected wuith a com-
pound like vinyl chloride,

It is evident that viavl chloride re-
sembles many other carcinogens in the
respect that it acis as a mutagen via a
metabolite, which seems to be formed in

the liver. It is reascnable to ussume
ihat il CalCingéiud aciion i3 Ao ai-
pendent on the same metabolite.

Alkenes, cycloalkenes as well as a
varicty of aromatic compounds are
known to be metabolized. eg in the rat
liver, via intermediate cpoxides, formed
in the NADPH-dependent oxygenation
by microsomes (3, 19). Furthermore, tri-
chloroethylene is metabolized in the rat
to trichloroacctic acid and tnchloroctha-
nol, which compounds are assumed 10 be
formed via an intramolecular rearrange-
ment to trichloroacetaldehvde of a pri-
mary metabolite, trichloroethylene oxide
{5). The most plausible primary meta-
bolite from vinyl chloride (1) in the
present system hence would be chloro-
cthylene oxide (II). This compound has
been synthesized by several methods
from ethylene oxide (20, 21) and is de-
scribed as a liquid, bp 65—677 C (21),
which is rapidlv hydrolysed by water and
cven at room temperafure slowly re-
arranges (o chloroacetaldehyde (111).

H
N
ClCH=CH, SC——CH,
cr” No/
I n

Cl CH,-CHO
n
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Table 3. TA 1535 (base substitution] (reated ln an atmosstere of alr containing 20 percent
{*/v) paseous vinyl chiande (VC). Numbper of mutants per plate, mean value of 5 plales = S E

Type of treatment

Time of trecatment

30 minutes 60 minutes 90 minutes
Caperiment |
VC4-microsomal system 69.2-8.6 722153 115.5=42
VC+microsomal system — NADP 206-3.5 18.6=0.7 308=1.3
vC 19.2:2.1 184=26 22831
Control+ microsomal system 45.0-4.7 39.4~1.7 37443
Experiment I
VC+microsemal system 49.8-39 51.6+39 77.243.6
VC+microsomal system—NADP 12.4~1.9 16.42-0.6 20.2=-22
vC 10.6-1.8 18.8£1.5 226234
Control + microsomal system 35.0--3.5 20,4127 —_

Chloroethylene oxide can be expected
to rcact as a bifuncuonal alkvlaung
agent. Moreover, it belongs to the proup
of highly reacuve «-chlonnated aliphatic
cthers, among which. ¢g, chloromethyl
methyl cther (CMME) and bis(chloro-
methyl) ether are recognized as strong
carcinogens (22).

Mutagenicity tests of the metabolites
discussed are under way.

‘The fact that vinyl chloride needs a
metabolic activation before it acquires
a rutagenic property focuses atenuon
on the necessity of using a test system
witicls Lakes imo consideration ang as 1ar
as possible mimics the metabohism per-
formed in the mammahan bodv. The
liver microsomal svstem with Salmonclia
is a very useful tool in this respect, It
should, however, be ponted out that the
way of distributing the compound is
essential. False negative resulls can easily
be brought about by a low water solu-
bility and a high volatility as in the

...present case with viny! chloride. The

mutagenic property of this compound
would have heen undetected if only wa-
ter solutions had been tested.

There is an increasing wealth of data
which indicate that potential carcinogens
can at least be pomted out by means of
mutagenicity tests (4, 14) and the pre-
sent findings with vinyl chloride are in
good accordance with such a view. The
queston peacd above, whether the car-
cinogenic effect of vinyl chlvride could
have been indicated earlier by means of
mutagenicity  tests, can  therefore  be
answered with “yes™. The actual se-
quence of cvents with this comnound
was. however, the reverse—the carcino-
gente ctfect was discovered before any
mutagenicity tests had been performed.
This s elearly unsatisfactory. If a rea-
listic testing procedure for chemicals with
respect to mutagenic and carcinogenic
effects is to be buit up, it scems that
cooperation hetween governmental au-
thoriues, scientists and industry i5 cssen-
tial.

Table 4. Stralns TA 1535 (base substitution) and TA 1536-1533 (frame shift) treated for 50 minutes
& an stmosphere of air containing 20 percent (v/v) gaseows vinyl chloride (VC). Statistical

ansiyses, see Table 1.

References and Nates

1 I L Crecsh and M ON Johnson, Jowrna! of
Occupational Medictne 16, 150 {1972}

2. C Mahom and G Lifesvne. Kewdicuntu
delia Clesie dv Saen-e fracdn,
tcre e natealt Seec % LV fases 3 tivTH)

3. Tezhnology teview, New Sciennsr 620 53y
{1574).

4. E C Miller and ] A Miller, tn Chenucal
Mutagens, Prncigles  and Afotdinds  far
therr Derecniont, Vol 1. A Holizender kd,
{(Menum Press, New Yorh—Loadun, 1971)
pp 8l—119,

£ D V Parke, The Brochenucry of Foreion
Compounds (Pergamon  Press. Owford
196%).

6. H G Mandel. 1in Fundamentals of Diue
Mewahatism and [rug Dopounen, BN
La Du. H G Mandel, £ L Wav bids,
(Waverly Press. Inc, Baltmore, Y71 pp
{49186,

7. B B Brodwe. J Avelrod, J R Cooper, L
Gandett, B ™ La Du. € Muoma and §
Udenfriend. Scrence 121, 603 1935),

8. O Hayushi, Pioceedings of e Fourth
Internavonal  Concress of  Bwchenusiry
J U B, 3) p 3l (1964).

9. E Arrhenwus, Yenobionca 10487 (19710,

10. G C Muceller and 1 A Milter, Jowonal of
Biological Clhenmuspry 180, 1125 11949),

1. E Arrhentus,  Chemico-Biclooual
acaons 1, 261 (1969 70V,

12. H V Maliing, Muwcanon Researcit 13, 425
[RLRRE

13. M G Gabndge and M § Lesator, Pro-
ceedgs of the Society por Expermiental
Biviwyy und Medicire 130, 831 (19691

4, B N Ames, W E Durston, £ Yamasak
and F D Les, Proceedings of the Nuenooul
Academy of Scences, USA 70, 22x}

At -

luier-

(1475 '

1. B N Ames. F D Lee and W E Durston,
Proceedings ef the Naponal Academy of
Seiences, USA 70, 782 (197200

16. #H J Vogel and D M Bonner. Journal of
Bitogral Crenustiy 218, 97 (1956

At Mdeea o oo Bl o

e ob o0
RSN

A Hollaender. ed. (Plenum Press.

LN IR I W TIVIT

Vol 2,
New York—London, 1971) pp 267—232,

18, Personal comtnmtuencanen, § Jemen. Wal.
tenberp Laboratory, Environmental Tovwis

cology  Unit, University of Stockholm,
Sweden.

19 3 W Daly, D M Jerina and 8 Witkop.
Expenenna 28, 111 (1970,

0. Ch Walling and P S8 Frederich. Journal
of Amencan Chenncal Sociere 84, 3326
(1963).

2L, H Gross and ] Freiberg, Jowrnal fiir
Prakiische Chenne INL, 506 (1969).

22. B K J Leong, H N Macfartand and W

M —Reese, Arcluves of Envirommental

Health 12, 663 (1971).

23, Thie investigation has been supported by
grants from the Swedish Hoard for Tech-
nical Development. The authors are prate-
ful to Dr B N Ames, Universuv of Cali-
forna.  Berkeley, for supplying the §
tvphunurivm steans and for valuable ad-

Type of treatment Strain Number of Number of Number of
viable cells  mutants per nwtants per
per plate plate 10" surviving
x10™! Mecan value cells.~S E

) Mean value  of 5 plates
O of 3 plates

YC+ microsomal TA 1535 4.1 412 1014044

yitem TA 1536 1.2 0.8 0.7+£0.3

TA 1937 1.7 13.6 19411

TA1..8 37 20.4 5.5+0.6

Control+microsomal TA 1535 4.3 15.2 3.540.7

Iystem TA 1536 11 0.8 08104

N TA 1537 1.9 14.4 7.7+09

TA 1538 4.0 232 . 3.6-£0.1

AMBIO, 19714

24.

vice and to Drs E Arrhenas, § Jensen
and D Jenssen for helplul discussions,
Recewved June 13, 1974,

8€9000 SBH

L At




