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SUMMARY: Eqmsure of S. typhimriwn strar$s TA 1530, TA 1535 and 646 to 
vinyl chloride increased the nunber of hi& rev./plate 16, 12 or 5 times 
over the spontaneousmutationrate. The mtagenic response for TA 1530 
strain was enhanced 7, 4 or 5-fold when fortified S-9 liver fractions fran 
humans, rats or mice were added. In TA 1530 strain, chloroacetic acid 
stied only toxic effects, while chloroacetaldehyde, chloroethanol and 
chloroethyleneoxide caused amutagaic response. The latter ampound was 
sb to be a strong alkylating agent. 

VCM is extensively used for the production of polyvinyl chloride, 

other plastic material, and as a propellant for aerosols. The systemic 

action of this carcinogen in rats 1, 2, 3 , mice2 and humans 4-7, follo- 

wing exposure to VCM, as well as its law chemical reactivity, suggest 

that the biological effects are dependent upon its metabolic activation. 

In these studies,we are reporting themutagenicity ofVcMand/orits 

presd metabolites in S. typhimrim strains, mediated by liver frac- 

tions of rat, mouse and human origin. 

-AND- 

chanicdls: VCM (purity 99.9%) was generously provided by Rh%e-Progil, 

Lyon, France. Chloroacetaldehyde (50% aqueous solution), and chloro- 

acetic acid (m.p. 61-63') (Merck-Schuchardt, Fed. Rep. of Germany), 

al&101 dehydrogenase (200 U/mg) (BoehringerMannheim,Fed. Rep.of 

Germany) wereobtained frcmthesources indicated. Allother carmercial 

productswereof thepurestgrade available. The structure and purity 

Towhanreprintrequests andcorresponlence shouldbeaddressed. 
Abbreviations: VCN, vinyl chloride nrxaner; PB, pherrkarbitone; S-9 
9,000 x g tissue supernatant; GLC, gas liquid chranatography. 
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8 of chloroethykneoxide , b.p. 65-67OC (prepared by chlorination of 

e~leneoxideinthegasphase)wasascertainedbyits~-spectrum 

in cEc13. The ccn-poundwhich containedtraces of chloroacetaldehyde 

(< 1%) and ethyleneoxide (< 5%) was stored in liquid N2 and rapidly 

used for mu&t&city assays. Underthese conditions,nochangein 

the NMI-spectnnn was noted after 12 days. The synthesis of chlorc- 

ethyleneoxick according to ref. 9 was unsuccessful. 

GIL: VCM concentrationswere determined in aPackardnodel417 gas 

chromatograph as described lo. 

Animals andpretreatment: Adult female E%D-IV rats (100-130 g), bred in 

our laboratories, and male OF-l mice (30-35 g, Iffa-Credo, France) were 

fed a Charles River C??F diet. Sate rate andmice reoeivedPB sodium 

in their drinking water (1 q/ml) for 7 days prior to the preparation 

of the tissue fractions. Hurfen liver sqles, with no pathologic 

lesions, cbtainedbybicpey f-four ad.ultpatients,werekindly 

provided by Drs G. Della Porta and U. Veronesi (Istituto Nazionale 

Cure e Terapia dei mri, Milan, Italy). 

bti@licity assays: TheS-9 microsomalor soluble fractionswe~ 

prepared from 3-5pcoled animal orindividualhuman tissues,bycentri- 

fugation of a hcmqenate (3 ml of 0.15 M KCl/g wet tissue), as described 10,ll . 

S. typhimurim strains TA 1530, TA 1535, G-46 and TA 1538, kindly provided 

by Professor B. Amas,wze grownovernightinnutrientbroth (Difco). 

If not otherwise specified, the S-9 fraction (or KCl), cofactors (NADP+ 

and glucose-6-phosphate), 3-8 x lOa bacteria/plate and substrate were 

arrbined in a soft-agar layer and plated in duplicate or triplicate on 

PetridisheswithDavisminimal agar, as described 10,11,12 when * 

microscanal fractions~eutilized, themadiumwas supplementedwith 

1.0 U of gluaxae-6-phosphate debydrogenase. Bacterial survival was 

-4 
determined in parallel by seeding bacteria (10-v6-10 dilutions) on a 

his enriched medium. Mutagenicity tests with V allo wereperfonxdby 
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S. typh. + MOUSE LIVER in vitro 

I PHENOBARB 
PRETBEATEO~UNTREATEO 

4 4 A A TA 1535 TA 1535 

i i B B G46 G46 

\ \ C C TA 1535 TA 1535 

D D TAIUO TAIUO 

BOG 

2oG 

loo 

3 -I 

%Vinylchloride in air (v/v) 
(48hrs exposure, 37” ) 

Chart 1. VCM concentration depsndent induction of reverse mutations. 

Strain TA 1530 (bacteria/plate in parentheses): 
TA 1535 (3.3 x 10'); 

(6.8 x-108); 
646 (5.8 x lo*) and TA 1538 (8.3 x lo*), were 

exposed to 0.2, 2 and/or 20% VCM in air (v/v) for 48 hrs at 37oC in 
the presents of a NADPH generating system and a S-9 liver fraction 
franeither PB treatedoruutreatedmice. Meanvalues are plotted 
frcm two series of experiments each utilizing a pool of 5 muse livers. 
Bacterial survival for each experiment was determined in parallel; 
man values for each exposure group are listed. 

exposing the Petri dishes to VCM in air in dessicators (lo-15 litres) 

for up to 48hrs at 37OC. in the dark. For shorter treatments, theVcM 

was remved under vacuum, replaced by air and the incubation was con- 

tinued up to 48 hrs at 37'C. The concentration of V(3M in Vogel-Honuer 

medium, as detemin ed by GLC after exposure at 37 to 0.2, 2 and 20% 

V(M in air (v/v) for 6 or 48 hrs, was 4 x 10B5M: 
-4 

4 x 10 M or 
-3 

4 x 10 M. 

RBJLTS AND DISCLJSSION 

Mutagenic response as a function of dose a& tine of VCM exposure: S. 

typhtiurim strains TA 1530, TA 1535 and 646, which are sensitive to 
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n-onofunctional alkylatingagents 12 ,were spacificallyrevertedbyV(M 

to his prototrqhy, following exposure to various concentrations of 

VCD in air, in the presence of a fortified S-9 muse liver fraction 

aart 1). Among the strains tested, the TA 1530 shawed the highest 

rm?tagenic response andthe -of II.&+ rev./plate increased appro- 

ximately 6, 12, or 28 times over the spontaneous mutation rate following 

exposure to 0.2, 2 or 20% VU'4 in air for 48 hours. With TA 1538 strain, 

which is Specifically reverted by frarneshift mutagens, no significant 

mutagenic responsewas noticed. For all S. typhimuri~ strains utilized, 

VUN at (4-400) x 10 
-5 

Mconcentrationskaclwedno strtxgcytotoxic effects. 

Bacterial survival, under these experimental uxditions,wasbetwaen 86 and 

131%. AtvariousVCMconcentrations and inallthreebacterialstrains 

(?a 1530, TA 1535 and G46), PB pretreatment caused a 15-40% enhancement 

of the nnkagenic response when S-9 liver fractions were ccnpared to 

untreatedcontrols (Chartl). 

When TA 1530 strain was exposed to 20% K&l in air for various 

lengths of time, VCM exerted a mtagenic action per se. Themxrberof 

his+ revertants increased as a linear function of the tima of expxure to 

VCM, reaching after 48 hrs, 20times thelevelof the spxtaneousmuta- 

tion rate (10 his+ rev./plate). However, after 1.5, 3, 6, 9, or 48 hrs 

of exposure to VCM and in the presence of a S-9 muse liver fraction of 

PB pretreated mice, the number of his+ revertants increased 4, 3, 2.5 

and 2-fold respectively as anpared to the assays without the liver frac- 

tions . Additionof 5.9 Uof alcoholdehydrogenase and 4 mt~lofNAD+ 

to either the fortified 9,000 x g or 100,000 x g liver supernatant tid 

not increase the mutation rate. 

Mutagenic response as a functionof animal species and tissues including 

hunans: Fortified S-9 liver fractions fran PB pretreated or untreated 

miceandrats showedanenzymatic capacityti OonvertVcMintomutagenic 

metabolites in vitro, which was similar in bth species (Table 1). With 
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TABLE 1. Hunan, rat and muse liver mediated mutagenicity of WM. 

SPECIES s-92 NO. of his+ rev./plate 2 

PB pretreated untreated 

mne 
MCUSE LiVS 

RAT Liver 

HUMANA Liver 
B 
C 
D 

53 2 32 c 
242 k 612 150 f 43 5 
203 L 13 d 183 + 6 c 

380 ?r 19 
174 ?r 41 
185 k 20 
157 + 4 

5 Fquivalentti 38qofwettissue/plate+ NADPHgenerating systxm. 
b Mutagenic&ty assays with !QI 1530; 6hrsofexposureto 2O%Vmin 

air at 37 C. No.ofspontmemsrm&ations/plate (10 + 3) frcmexh 
value subtracted. 

2 Mean values * S.D. of 3 or 4 different experiments, each utilizing 
pooled tissues fran 5mice. 

d Meanvalues + S.D. frcm3mutagenicityassays,utilizirsgpooled tissues 
frcm 3 rats or individual human mles. 

TABLE 2. Effect of various s&cellular tissue fractions on the mutagenic 
responsekyV0l. 

=P* 
No. 

Mcuse Liver fractionpl3 NO. of his+ rev./ b 
NADPHgenerating systen- PJ-ate 

1 None (KCl) 
2 9,000 x (S-9) g sup. 
3 Microsanal fraction 
4 cyto-1 
5 Micr. fraction+ cytosol 

96 k 38 2 
310 + 18 
175 -I 20 
138 + 12 
501 k 25 

5 EQuivalent to 38~~~ofwettissue/plate. 
b Mutagenicity asqys with strain TA 1530; 6 hrs of exposure to 20% 

Vc3l in air at 37 C. No. of spontanecxls mutations/plate (10 f 3) 
franeachvalue subtracted. 

c Mesn values f S.D. of 3 mutagenicity assays, each utilizbq pooled 
liver tissue fran 5PBpretreatedmice. 

367 



Vol. 63, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

S-9 kidney and lung fractions frcunmice or rats, a marginal or no mutagenic 

responsewasobservedwitheither PB pretreatedoruntreatedanimals. 

The S-9 liver fractions frun 4 adult humans sho,&. a great variation to 

convertv(1\1intomutagenicmetabolites (Tablel). SampleAcaused a 

mutagenic response which was 7 times higher than a control (Exp. No. 1), 

and twice as high as that obtained with rat or nouse liver. Samples B, 

CandD shumd merate activity. 

Attempts to characterise enzyme(s) and metabolite(s) involved in W 

mutagenicity: Fortified S-9 liver fractions frcm PB pretreated mice, 

but not the soluble proteins (100,000 x g supernatant), significantly 

increased the number of his+ rev. of TA 1530 strain, following exposure 

to VCM, as cuqared to a control (Table 2, Exp. No. 1). Ahepatic 

microsanal fraction fran PB pretreated mice increased the number of 

his+ rev. only in the presence of aNADPH generating system. Themuta- 

genie response, mer,was lowerwhenccanpared to the 9,000 x g super- 

natant, or to the recanbined microsaral and cytosol fraction (Table 2). 

Chloroacetaldehyde, apresumsdmetabolite, andchloroaoatic acid, a 

urku-yrf&abolite 0fVCM 13, 14 , shm a high toxicity in the bacteria 

(Table 3). In the presence of a S-9 nouse liver fraction, chloro- 

ethanolincreasedthenhrof his+ rev.10 times (Exp.No. 2), and 

chloroacetaldehyde 6timas @xp.No. 9) over the spontaneousmutation 

rate. The two cayomds also exhibited adirectmutagenic action 

(Table 3 and ref. 15). Chloroacetic aciddidnotcauseadirector 

tissue-m&iatedmutagenic response inTA1530 strain. Chlorcethylene- 

oxide, apresumed intermsdiaryn&abolite,causedamutagenic response 

(Exp. Nos 15-17), paralleled by a relatively ICW toxicity, when ccmpared 

with chloroacetaldehyde (Exp. Nos 12 and 13). 

We have alsodenonstrateil an alkylating activity of chloroethylene- 

oxide, butnotof chloroacetaldehyde, by its fastreactionwith 4-(p- 

16 niWobenzyl)pyridine . The half-life of the epoxide (0.32 r&l concen- 
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TABLE 3. MDTAGENICEE!FECTOFCHL0~ L, CHLQFUXCETALDEHYDE, 

CHLORDACETICACIDANDCHLORI3 EXWLFWOXIDE IN STPAIN TA 1530 

Exp- Compound wales/ml of 
No. soft agar layer 

No. of his+ rev./plates % bacteria$ 
fortified S-9 fraction survival 
addedc omitted 

1 none 10 f 2 d 10 + 2 100 
2 40 130 Lk 9 60 + 6 100 
3 ClH$XH20H 4 21 f 2 27 !: 1 100 
4 0.4 14 + 3 18 f 4 100 

5 40 0 0 0 
6 ClH,C-CODH 4 14 f 2 8+2 co.004 
7 0.4 13 f 2 16 f 3 100 

40 0 0 0 
ClH$XHO 4 62 f 4 0 co.004 

10 0.4 17 !: 1 30 f 3 co.004 
-------------------------------------- 
11 4 Oe 0 
12 clH$Ho 1 150 * 22 co.004 
13 0.4 37 !: 10 co.004 

14 4 0 0 
15 
16 

CIH v 2 1 90 f 11 co.4 
0.4 61 f 2 11 

17 0.04 10 f 2 90 

Mutagenicity assays following incubation for 48 hrs at 37'C. 
Determined in the absence of a fortified S-9 fraction, following 48 hrs 
expxure at 37OC. 
Equivalent to 38 mg of pooled wet liver tissue from 5 PB pretreated mice/plate 
mxp. Nos. l-10). 
Wan values i SE (Exp. Nos. l-17). 
Direct plating test in 2.2 ml of soft agar (EXp. Nos. 11-13) or in soft agar 
containing 4.5% acetone (v/v) (Exp. Nos. 14-17). 

tration) in acetone - O.lM Tris buffer, @-I 7.4 (30% v/v) - was deter- 

mined as 1.6 min., usingthe samecolorimetricnethod 16 after different 

times of preincubation at 37OC. These data support a high electrophilic 

reactivity of chloroethyleneoxide, an e.xaqle of halogen substituted 

aliphatic epoxides. The chemical andbiologicalproperties of this 

class of aqounds have not yet been reported in detail. 

Our studies lo and those of others l7 strongly support that a micro- 

scxnal mixed function oxidase of human, muse and rat liver, which is 
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the major target organ for the caxc' mogmicityofvminhmans,aswell 

asinanimals,efficientlyconvertthiscarcinogenintoa~~~c 

ltwabolite(s) in vitro. The role of these 

is uder study. 
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