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HUMAN, RAT AND MOUSE LIVER-MEDIATED MUTAGENICITY
OF VINYL CHLORIDE IN S. TYPHIMURIUM STRAINS

H. BARTSCH, C. MaLAVEILLE and R. MONTESANO

International Agency for Rescarch on Cancer, Unit of Chemical Carcinogenests,
150 Cours Albert Thowmas, 69008 Lyons, France

Exposure of §. typhimurium strains TA 1530, TA 1535 aud G-46 10 viny! chloride

increased the number of His* reveriamsiplate 16, 12 or 5 times over the spomianeons
mutation rate. Afrer 64 of exposure to vinyt chlovide, the wwiagenic response for
TA 1530 strain was enhanced 7-, 4d- or 5-fold whe: fortified postmiiochandrial fiver
Jractions from humans, rals or mice were added, The cuzyme-mediated viuyl chloride
mutagenicity was dependent onan NADPH generating system and the enzyme activity
was localized in a fiver micresomal fraction; 9,000 ~ g liver supernatant was three times
mare aetive than suicresames, while liver eytasol or afcolol dehvdrogenase did nat affect
the mutagenicity. Phenobarbitone pretreatment of rats and wice increased the muagenie
response by up 1) 15-40% as compared 1o uwntreared contrals. The relarive pmtageme
activities of VCM, taking the value from mouse liver as 100, for TA 1330 strain
mediated by 9,000 ¢ lissue fractions were: rat fiver, 80; monse awed rar kKidney, 20
and 16; mouse and rat hung, tess than 7; Inuman liver (from four biopsy specimens),
170, 64, 70 and 6. Chloreaceraldeivde and chloroacetic acid, a wrinary merabolite of
VCM, showed ioxic effects, while chioroethanol was weakly mutagenic for TA 1530

Strain,

Vinyl chloride monomer (VCM}) is extensively
used for the production of polyvinyl chloride and
other plastic material, and also as a propellant
for acrosols. Carcinogenivity . rais aken

exposed to 30.000 ppmi VCM in air, was Ffirst

reported By Viala of af. {1971). Subscquently,
Maltons and Telfenvine (1974) showed that sneio-
sarconias of the liver, as well as other tumours,
were induced in rats and mice exposed (o various
doses of VCM by inhalstion. Recently, cases of
angiasarcoma of the liver have been Tound in
warkers exposed t¢ VCM during the polymeriza-
tion process and a csusal relationship between
YCM exposure und this type of tumour in man
has been established (Creech and Johnson, 1974
Heath ef al, 1974; Lee and Harry, 1974: JARC,

Reccived: Oclober 16, 1974,

1974). The systemic action of this carcﬁ:ogcn and
its low chemical reactivity supgest that the
biofogical effects of VCM are dependent upon
Hs mctabolic activation. lu these studics. we
report  the mutagenicity of VCOM and iss
presumed metabotites in S, typhimaritan strains,
mediated by liver and ather tissue fractions of
rat, mousc and human wigny.

MATERIAL AND METHOLS

Chewmticals

VCM {purity 99.997) waus generousty provided
by Rhiéne-Progil, Lyons, France, contaminated
with cthadol (30 ppm), water {20 ppm), methyl-
chioride (- .20 ppm) and non-volatile substances
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(-5 ppm). Chlorouccialdehyde (50%; agucous
solutivn), chloroacetic acid {mp 61-637 CY were
obtained from Fiuka Co., Buchs, Switzerfand
ant! chiorocthunol (hp 128-130 C) from Merek-
Sehuchardt, Darmstadi, Fed. Rep. of Germaay.
Atcohol dehydrogenase (200 U/me of proteind
amt glucose-6-phosphate dehvdrogenase (450 U/
mg of protein} were purchased from Bochringer
Munnheim, Fed. Rep, of Germany, or Sigima
Chemical Co., St. Louis, Miss., USA, All other
products were oblained commercially and were
of the purest prade available.

Gas clromatography

VCM concentrations were determined in a
Packurd model 417 gas chrommtograph, fitted
with a glass column (0.3 200 cm), which was
packed with Porapuck Q, 100-120 mesh {Packard
S.A.. Paris, France). A Bume ionization detector
with N, as carricr gas was used a1 a flow rate of
45 mi/min. "For routine use, the column, the
detectar and the injection port were waintained
A 100, 160 and 140° C, wherehy VOM had a
retention (ime of 28 min. A freshly preparcd
solution of VOM in methano! was used as &
standard.

Animals it preveearnent

Adult male BD-1V rots (100-130 g), bred in
our laboratories. und male OF-1 nuice (30-35 a1,
abtained from  Ha-Credo.  St. Germwin-sar-
L Arbreske, Frunce, were fed an o Chardes River
CRF dig. Some rats and mice received pheno-
barbiane sodim {PHY in their drinkiog water
{t mp/mb for 7 days prior to the prepacation of
the Uxsue fractions. Human liver samples, with
no pathologic fesions, pbtiuncd hy biopsy from
four wdull paticnts, were kindly provided by
Drs. . Della Portn and UL Veronesi (Isiauta
Navionale per o Stwdio ¢ la Cura dei Tumon,
Milan, Jtaly).

Alutagenieily asseys

The 9.000 & supernatants or microsoa] and
soluble fractions were freshly prepised  from
tssue pools fram 3-5 stnfmals, by cemrifugation of
it homogemibe (3l of G185 & KClHp wet tissue),
as duscribed clsewhere (Bartsch of al., 1975, and
atifized in the assave 32§ 0 fater. The 9000 ¢
hver supernatint from four humans was prepared
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under identical conditions, and storcd in tiguid
nitrogen for 3 weeks {Samplc A and D1, and for
! week (Sample B and C). The total and micro-
somal protein content per ml of the 9.000 - #
supernatants  from  PB-ircated  or  unircatcd
animals were: et and mouse liver, 29.7 1 3 {20y,
S EVEL {18 rat and mouse tung, 21.4 13 (9,
1.7 1 0.3 {8 rat and mousc kidney, 174 ¢ LT,
2.1 104 (7). {1 =sp; number of animal pools
analyzed shown in parentheses). S. taphinmriam
straips TA 1530, TA 1535, (346 and TA 1538,
kindiy provided by Professor B. Ames, University
of California. Berkelcy, USA, were grown over-
night in nutricn( broth and resuspended in saline.
Mutagenicity assays were performed in two ways.

Afethod A
If not otherwisc specificd, 9.000 - ¢ Ussue

supernatants, fortificd with the appropriate

cofactors (NADP ', 2 pmoles; plucosc-6-phos-
phate. 2.5 pnioles: MoeCl, 4 pmoles), phosphate
buffer pit 7.4 (50 smoies) and 3-6 < [0% bacteria
per plate were combined in a4 soft-agar layer and
plated in duplicate or triplicate on Petri dishes
with Davis mininal apae, s described ¢(Ames o7
al.. 1973). When microstmad fructions  were
utifized, the medivm was supplemented  with
10U of glucose-O-phosphite  dehydrogenase,
Bacterial survival wias determined m paralle! by
sceding  bacleria (10 10 ' dilutions) on &
histidinc-enriched mediony, _Mulilgenicity  tesis

with VCAM were nerformed by gxposing (i Petrr

dishes 1o VOM mmoair_in_dessicators (volume:

10750 Torup to 48 h 1 37 C i the dark, For

shoster treatments, the VOM was removed under
viscuum and rephiwed by air, and the incubation
was continued up to 48 b at 377 C. The concen-
tration of YOM i the Vogcol-Bonner medium was
deternuned by gas liguid chromaogeaphy of
6 and 48 b following exposure it 37" C o 0.2, 2
and 28°%, VOM in air {v/v).

Adethod 8

This was cacricd out by incubation in liguid
suspension (Bartsch or af.. 1975). The medium
{lhial volume 220 #1) comaincd 60 gt of 9,000 -
bver  sapernatant  from  PB-pretreated, mice,
1.6 amot MaCl., §pmol pglucose-G6-phosphate.
0.8 ol NADRP . 20 ot Sorensen phosphate
buller pir 7.4, 20 sl haeternd suspension G-46 or
TA 1530 ¢2-4 - 107 cellsy and an anitial concen-
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AT TS O

LAt 1 e mcditin o OOy VOML e
incubation was carsed out i 370 lor 380 mm
under O: and was stopped by dilution with
ice-cold saline, The number of His' mevertants
and survivors was delermined by plating on
selcctive media as previously described (Barisch
et al., 1975),

RESULTS

Auagenic response as a function of dose and time
of VCA! exposure

S. typhivnmrinn strains TA 1530, TA 1535 and
G-46, which arc scnsitive to monofunctional
alkylating agents. were specificaily reveried by
VCM 1o His protatrophy, following exposure to
various concentrations of VCA in air, in the
presence of a 9,000 & mouse liver supernaant
and cofactors as lisicd under Mcthod A (Tabie 1),
Among the strains tested, the TA 1530 showed
the highest mutagenic response and the number
of His" revertanis/plate increased approximately
six, §2 or 28 times over 1he spomtancous mulation
rate following exposure 10:0.2, 2 or 20°; VCM in
air for 48 h. The G-46 and TA 1535 strains also

N M TR N TR )

'Jh‘\\\‘x' KRR otavenn Jdowe reagnons, g
appeanted less sensinve than 8 TS st Wtk
TA 1538 strain, whivh is specitically reverted by
frameshilt motagens, no significant increase in
the number of His® reveriants after an exposure
to 207, VCM in air for 48 b was naticed. Under
these conditions, the concentrations of VCM in
the incubastion medium after 6 h of cxposure (o
0.2, 2 or 205, VCM in air werc 4 - 10 %,
40 10-* s and 400:.10 *a, and no further
increase wis abserved up (0 48 h. Under these
experimental conditions and for all S. 1yphinin-
rivem strains utilized, VCM showed no cytotoxic
ellects. Bacterial survivid, even at the concen-
tration of 207 VCM in air, was belween 86 and
L3177 (Tablc #).

In another series of experiments, TA E530
strain was cxposed o 207, VCM in air for
various lengths of time (Fig. 1). In the absence
of u 2,000 ¢ mousc liver supcrnatant, VCM
excried a mutagenic action per se in TA 1530
sirain. The number of His' revertanis increased
as o lincar function of the time of exposure to
VCM reaching. aflier 48 h, 20 times the tevel of
the spontancous mutation ratc. In the presence

TABLE 1
VOCM CONCENTRATION.DEPENDERNT INDUCTION OF REVERSE MUTATIONS

Na. of Hit* revertante * plate (*2 hacterint survival 1y

Cap. . VOM 9.0t g xap.  Phenoharhitane
No. 0 oair Zeotacrors ? pretreatment Serain
TA 1530 TA 3518 G-46 TA 153%
1 0 ; Yes or no 0 (100 R 2100 6L 300 237 (100)
2 - 4 Yes 627 441 44 - 20315
1 0.2 - Yes 41+ 2 (3D 23 4 (BO) O 1 (1R
4 =+ No 45:10 90 112
5 - No 27 ¢ 15 219 18
6 4, Yes Hig - 23 76 1L 284 2
7 2 -- Yes Y9 264116) 40 312 (86) IR LA
8 A N 106 19 64 122 9=~ 1
9 - No 0 8 2 151: t
10 1 Yes 278 16 179 6210 3
LK) 20 - Yes 13117 (123 98 i 36(129) d4t 0(119) 3248 (11K)
12 -t No 232 R 161 - GO 564 0
13 No 155 11 98 - M o 1o

YNtem TA TSR (haclerng plte i
exponcd 1a N2 7 £ OVON

liver saprrsaint Sroa erbrer plienstas b

prarentheses) €6 K - QY TA $53S (L1

catvd o wOLreated g,

U Gadfs (S X 40" and TA BRME (AL« 30%) wore
Flvoy o XD st 1T Coanthe povseiwe of an NADE) pencrilng symem and a RN o

P Uacieriad survrvad for cacl experment was determuned w pataticl: mean salues for cach expinure grovp arc Sisied.

* Cofucrars: NADP* il glucose-fephorphate,

4 Mean silues 250 from (ne serivs of evperimenis, cach wilicing u pool of five mause livers.
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(=5 ppm). Chloroacetatdebyde (507, agucous
solution), chiloroacetic acid (mp 61-63 C) were
obtained from Fluka Co.. Buchs, Switserland
and chloroethanol (bp 128-130° C) from Mcrck-
Schuchardt, Darmstadt, Fed. Rep. of Germany.
Alcohol dehydrogenase (200 U/mg of protem)
and plucose-6-phosphate dehydrogenase (450 U/
mg of protein) were purchascd from Bochringer
Mannheim, Fed. Rep. of Germany, or Sigma
Chemical Co.. St. Louis, Miss., USA. All other
producis were obtained commercially and were
of the purest grade available.

Gas clvomatography

VCM conceniriations were determined in a
Packard model 417 gas chromatograph, fitied
with a glass colummn (0.3 400 cm), which was
packed with Porapack Q. 100-120 mesh (Puckard
S.A., Paris, France). A fame jonization detesior
with N, as carrier pas was used at a flow vate of
45 mi/min. For rouline wuse, the column, the
deteclor and the injection port were maintained
at 100. 160 and 1407 C, whereby VCM had a
relention Jlime of 28min. A freshly prepared
solution of VCM in methanal was used as a
standard.

Animaly amnl preeatient

Adult malc BD-IV rits {100-130 ), bred in
our {abaratarics, and male OF-1 mice (30-35 pa,
obtained from Ma-Credo, St. Germainesur-
L Arbresle, Frunce, were fed an a Chiules River
CRF digl. Some ritts and mice received pheno-
barbitone sodium (P3) in their drinking water
(1 mp'md) for 7 days prior ta the preparaiion of
the tissue fractions. Human fiver samples. with
no pathologic lesions, abtaingd by biopsy {rom
four adult patignts, were kindly provided by
Drs. G. Della Porta and U. Veronesi (Fstituto
Navzionale per to Stadio ¢ la Cura det Tumon,
Milan, laly).

Mutayenicity assays

Fhe 9.000 ¢ supcrnatanis or microsomal and
soluble fraclions were freshly prepared rom
tissue pools from 3-5 animals, by centrifugation of
a4 homuogenaty b ol G108 s KR wet fissue),
as deseribhed elew here (Bariseh er af., 1975), and
utilized in the assays 3-5 h Lter. The Q.00 ¢
liver supernatant from four humans was prepared
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under identical conditions, and stored in liquid
nitrogen for 3 weeks (Sample A and D), and for
| week (Sample B and C). The total and micro-
somal protein conlent per o of the 9.000 - ¢
supermatants  Irom  PB-trcated  or  untreated
animals were: rat and mouse liver, 29.7 .03 (201,
5.1 UL I8 rat and mouse funp, 28.42 3 (9,
1.7 1 0.3 (8): rat and mouse Kiddney, 1741 .7 (7),
21104 (73, (4 =s»; number of animal pools
analyeed shown in parentheses). S. ryphinnwinm
strains TA 1530, TA 1535, G-46 and TA 1538,
kindly provided by Professor 8. Anies, University
of California, Berkcley, USA. were grown over-
night in nutrient broth and resuspended in saline.
Mulagenicily assays were performed in two ways.

Aethod A

If not atherwise specificd, 9.000 g tissuc
supernatants, fortificd with the appropriate
cofactors (NADP | 2 imoles: glucose-H-phos-

" phate, 2.5 emales: MeCly, 4 pmioles). phosphaic

bufler pit 7.4 (50 semoles) and 3-6 ~ 10" bucteria
per plate were combinesd in a soft-agar layer and
plated in duplicate or friplicate on Petri dishes
with Davis minimal agar, as deseribed (Ames or
al., 1973). When microsomal fractions were
utilized, the mcdium was supplemented winh
1.0U of glucose-6-phosphate  dehydragenise.
Bacterial survivad was deternmined in parallel by
seeding  bucteria (10 10" difutions} on a
hisiidinc-enriched medium.  Mutagenicity tests
with VOM were performed by exposing the Fetri
dishes to VCM in air in dessicanors (volume:
10-150) for up to 4% v at 377 C in the dwrk. For
shaorter treatments, the VOM was removed under
vacuum and replaced by atr, and the incubation
was continued up to 48 h at 37" C. The cancen-
tration of VOM in the Vogel-Bonner medium was
determined by pas liguid chromatography of
6 amd 48 h following expasure at 37°C 10 0.2, 2
and 207, VCM in air (v/v).

Alethead B

This was carricd out by incubation in liquid
suspension (Bartsch ¢f af, 1975). The medium
{linal volume 220 pl) contained 60 4l of 9,000 - ¢
liver supernatant  from  PB-pretreated  mice,
1.6 ol MeCly 1 pmol glucose-6-phosphate,
AR v NADP | 20 pmal Sorensen phasphale
buller pit 7.4, 20 g bacierial suspension G-46 or
TA 1530 (24 - 107 cells) und an inittul concen-
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" liquid‘

). and for
-u! micro-
2000~ ¢
untreated
T3 Q0N
413 (9.
TR,
nal pools
siritner s
1A 1538,
" niversity
wn OvVer-
I in saling.
"W O WaYS.

¢ tissuc
propriate
-6-phos-
hosphate

hacteria
fayer and
st dishes
{Ames ¢
NS WCrC
iwed  with
rogenase.
arallel by
b on a
vily lests
- the Petri
(volume:
Luk. For
vod under
neuhation
v congen-
dinoy was
wraphy of
1002, 2

in liquid
- medium
©9.000 - g
vd o omice,
“hosphitte,
Shosphate
1 (-46 or
I concen-

MUTFAGENICITY 01

trtion in the mediem of 0083 s VOCM. The
incubation was carried out at 37 C Tor 30 min
under O, and was siopped by dilution with
ice-cold saline. The sumber of His' revertants
and survivors was determined by piating on
selective media as previously deseribed (Bartsch
et al., 1975).

RESULTS

Alitagenic response as a function of dese and time
of VCAS expostire

S, typhivnrivm sirains TA 1530, TA 1535 and
G-46, which are semsitive to monofunctional
alkylating agenis, were specifically reverted by
VCM to His prototrophy. following exposure to
various concentrations of VOM T air. in the
presence of @ 9000 - ¢ mouse liver supernatant
and cofactors as listed under Methad A (Table 1),
Among the strains tested. the TA 1530 showed
the highest mutagenic response and the number
of His revertants/plite increased approximately
six, 12 ar 28 times over thie spontancous mutation
rate following exposurc to 0.2, 2 or 20", VCM in
air for 48 b, The G436 and TA 1535 sirains aiso

VINYL CUHLORIDE

showed & similar mutagenic dose response, but
appeared less sensitive than TA 1530 struin. Wih
TA 1538 strain, which is specifically reveried by
frameshift mutagens, no signilicant increase in
the number of His® revertants afler an exposure
10 207, VCM in air for 48 h was noticed. Under
these conditions, the concentriations of VCM in
the incubation medium after 6 h of cxposure (0
0.2, 2 or 20%, VCM in air were 4105 M,
4010 *m and 400 ~ 10> M, and no further
increase was observed up 10 48 h. Under these
experimental conditions and for all S, tephin-
ritn strains utilized. VCM showed no cytotoxic
cifects. Bacterial survival, even al the concen-
tration of 209, VCM in atr, wits between 86 and
1317 {Table .

In another scrics of experiments, TA 1530
strain was exposed to 20%, VCM in air for
various lengths of time (Fig. 1). in the absence
of a 9.000: ¢ mousc liver supernatant, VCM
excricd a mutagenic action per se in TA 1530
strain. The number of His® revertants incrcascd
as i finear funciion of the time of exposure to
YCM reiaching, after 48 h, 20 times the level of
the spontancous mutation rale. In the presence

TABLE |
VOM CONCENTRATION-DEPENDERT INDUCTION OF REVERSE MUTATIONS

wo. of Hiv? gevertams Vplae (7 bacierinl survinad 9)

Exp. *ZVCAE 9000 gsup. Phoeobarbitane
Na. in air Ecafuztors preircaiment

Strain:

TA 1310 TA 1535 -4 TA t5)8

! 0 . Ycs or no 10 37100 R~ 2(10m 6 300 231 {100
2 4. Ycs 62 7 44+ 40 20215

3 0.2 - Yes 4% 1 2{13H 231 4 (80) 105 V()

4 4 No 45:.10 90 1t 2

S - No 2718 2141 9 e B

6 4 Yes Mg Z3 7611 253 2

7 2 - Yes 39:26¢11a} 40 1 12 (86) 13: 1 (103)

8 r No 106 1- 19 64 : 22 19.£ |

9 — No 70: 8 302 154: 1

10 +- Yes 278 : 16 179 62) 3

1t 20 - Yes T3 17 (123 9831 36(129) 40} G119y 32 :8({118)
12 -+ No 232: 8 161 + 60 563 0

13 No 155 N1 98 .31 30110

CStram TA 1830 thacierae piate mpurentheses) (08
exposed an .20 2 amd of 2070 VUM i oar O for A8t
Jiver super

10°F FA 1538 (10 (0%): Grds {S.8 - 10 and TA 1S38 (X1 - 10%), were
32°C o the presence af an NADPIE generating &xsiem and a3 9,086 s ¢

st frnm ennhar phenobarbioncarecd o untrcated miee.

F Hacterisl curvival for cach expeniment was deternuned in paradled; mean salues Tor ench exposuse group arce listed,

P Cofactars: NAIP® aad glucose-6- phnsrhaic

* Mean vulues d st trom 1wo acries of experents, cuch utibizing a pool of five mouse livers.
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of a 9,000 » g liver supernatant of PB-pretreated
mice, the nummber of His' revertants increased,
aficr 3, 6, 9 or 48 h of cxposure to VCM, 4, 3,
2.5 and 2-fold as compared lo the assays without
the liver fractions (Fig. 1), When the number of
His’ revertants obtained with the liver fractions
werc correcled by those abscrved without any
mictabolic activation system, a plateau was
reached afier 9 h of exposure.

S.typh.TAl§30+MOUSE LIVER
n vitro

ZL 400

=200

—100

his*~his§ REV/PLATE

| DT S N SN B - B I A Y,
0 3 6 9 12 48

HRS OF EXPOSURE
TO 20% VCM IN AIR

Ficune 1

Mutagenic response of TA 1530 strain after VCM
exposure for varivus lengths of time.

‘Mutagenicity assays (procedure A) were performed
with TA 1530 and pooled liver fractions from five
phenobarbitone-pretreated mice, following exposure
to 209, VCM in air at 37°C in the presence of a
9.000 ~ g superpatant and an NADPH generating
system (), or a 9,000 - ¢ supernatant, an NADPH
generating  sysiem,  NAIDY (4 gmoles/plate)  and
aleohal dehydrogenase (5.9 Units/plate} (a) or a
100.000 - gsupcrastant.an NADPH generating system,
NAD' and alcohol dehydrogenase { x ), or KCl and
NADP*, oniy (e}).
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No increase over the spontancous matation 48 I,
rate with strains TA 1530. TA 1535 snd G-46 tainn
was detected when the incubation was performed of 5.
for 30 miin in fiquid suspension (Method B) in the of »
prescnce of a fortilicd 9,000 » g liver supernatant ' 100.0
from PB-pretreatcd mice and at an initind co wcen- muta
tration of 0.083 & VCM in the medium. genct

Alutagenic response as a function of animal species
and tissies, including human tissues

Rat or mouse liver, kidney and lung fractions
(9.000 - g supcrnatant) were assayed. following

exposure to 20%; VCM for 6 h at 37° C, for their —_—
Eap.

capability to generate VCM metabolites muta~ ol
genic for TA 1530 strain (Table 11). Fortified liver —_—
fractions from PB-pretreated or untrcated mice )
and rats showed an cnzymatic capacity to convert -
VCM into mutagenic metabolites i virro, which 3
was cqually high in both species (Table 11, exp. 4
Nos. 2 and 14). The mutagenic response in the 5
tiver of PB.preireated or umreated animals was, -_6
respeclively, four and three times higher than that 7
of the appropriate control (Table 11, exp. Nos. 2, 8
14, 4 and 16 versus No. 1). With Kidney and jung _9
fractions from micc or rats, only a marginal 10
mulagenic response, or none at all, was obscrved 1
with either PB-pretreated or untrcated ammals :2
(Table IT, exp. Nos. 6-13 and 18-25 versus No. 1). _i
Postmitochondrial liver supcrnatants from four :;
adult humans showed a great variation in their 16
capacily 1o convert VCM into mutagenic meta- 1?7
bolites {Tables II, exp. Nos. 26-33). Sumplec A I8
caused 4 mutagenic response which was seven ! 19
times higher than that of the appropriale control 20
(Table U, exp. No. 26 versus No. 1) and twice as 2
high as that obtained with rat or mouse liver. 22
Samples B, C and D showed modcrate activity 23
(Table 11, exp. Nos. 28, 30 and 32) and samples C 34
and D caused a mutagenic response which 3
appearcd to be indecpendent of the added co- 26
factors, NADP!' and glucose-6-phosphale 27
{Table 1, exp. Nos. 30-33). 28
29
Atreinpes to characterize cuzyme (s} amd meta- ;?
bolite (5) fmvelved in VCAL nuuagenicity 12
Fortifted postmitochondrial (9,000 g} liver 33
supernatant from PR-pretrcated mice, but not the D—
soluble proteins (100,000 ~ g supernatant), signi- ::
ficantly increascd the number of His® revertants from ¢
of TA 1530 strain by 7. 4, 3, 2.5 and 2 times, - -
foliowing cxposurc to VCM for 1.5, 3, 6, 9 or tal or
]
v I ]
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MUTAGEMICITY OF VINYL CHLORIDE

48 h, respectively, as compared o assavs con-
taining KCl and NADP' only (Fig. I). Addition
of 5.9 U of alcoho! dchydrogenase and 4 pmol
of NAD' 1o cither the fortified 9,000~ ¢ or
100,000 < ¢ liver supernatant did not increase the
mutation rate (Fig. 1. When the NADPH
gencrating  sysiem (NADP' and glucose-6-

phosphaic) was omitied from the 9,000 < g liver
supcrnalants, the number of His' revertants was
reduced 10 contro! leveis (Table U, cxp. Nos. 2.5
and 14-17 versus No. {). In another scrics of
experiments,  (he  subcellular  localization  of
enzyme aclivity(ies), which converis VCM into
mutagenic metabolites, v/as examincd. A hepatic

TABLE N
HUMAN, RAT AND MOUSE TISSUE-MEDIATED MUTAGENICITY OF VOM IN 8. TYPNIMURIUAM TA 1330

Cxp. : Phenoba Or ‘ No. of (13is* - Klisg*) ! 1
New Specics ..fi'ﬂm'::ﬁ?‘ 9000 £ sup. Eeofactors © :lfm'-'mupui.‘é‘ ! f:.'.’.';':
1 — — None Fa 53L32¢4) (100}
2 Yes + 242461 (})? 457
3 Mouse Yes Liver — 129 +88 (1) ? 243
4 No + 150 +43 (4) 283
5 No - 46L12 ¢ 87
6 Yes <+ 67+ | 126
i Yes - 62 9 117
8 No Lung + 633:15 H7
9 . No = 55+ 7 104
10 Yes + 04 8 170
t Yes - 9311 175
12 No Kidney + 67411 126
13 No - 80421 151
14 Yes . + 203413 3831
15 Rai Yes Liver - W+ 7 143
16 No + 1834+ 6 345
17 No - 47418 87
18 Yes + 66 |- 21 124
19 Yes Lung - 66 111 124
20 No + 5% 7 141
21 No - 421 9 92
22 Yes + 84120 158
23 Yes Kidney - FG-£23 162
24 No + 90413 170
25 No - 9219 M
26 A + 380419 ki
27 - 93+ 6 175
28 B + 174 £ 4) 328
29 - 994 4 187
0 Human C No Liver + 1853:20 349
3 sample - 234 ¢S 441
32 D + 1574 4 266
33 - 115429 217
' Equinalem 10 38 ing af wet lissusz/plate.
1 Mutagenieny assays {procedure A}, 6 b of exposurc 10 203, VOM in arrai 37° C. Numiber af 1y ous mL tplaie thisg)

from cach villue subtriacicd.

? Mcoan vidues 486 and numbice af ditferent enpeaments in pareathedis, each utilizamg peatod tissugs from five mice.
4 Mceasa values -+ feant three mutagenicity ussays for erpersments Nos. 3 Lo 1), vuiizing pooled tissues from five miice or three

rats or individual human samples,
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NARISCH ET AL.

microsomitl friction from PB-pretreated niice
increased the number of His revertants in the
presenee of an NADPH  generating  system
{Table 11, exp. Nos. 4-5). The mutiagenic
revponse, hawever, was lower when compared to
the 9.000 - g supernatant or 13 the recombined
microsomal and cytoso! fraction (Tables 11,
exp. Nos. 2. 3, 8 and 9}). Liver cytosol did not
increase  the mutagemic  response of VCM
{Tauble 111, exp. Nos. § and 7 and Fig. I).

Al various VCM concentrations and in all
three bacterial strains (TA 1530, TA 1535 and
G-46), a 15-407; enhancement of the mutagenic
response was observed when liver fractions
(9.000 - ¢ supernatant) from PH-pretreated mice
were compared to wnrcatcd controls (Table 1),
In rats, PB pretreatment caused a®imilar increase
of the mutation rate (Table i, exp. Nos. 14
and 16}. Chloroacctaldehyde and chlorocthanol,
two presumed metabolites, and chloroacetic scid,
a urinary ‘metabolite of VCM (Hefoer o af..
1974 ; Grigorescu and Tobi. 19661, were assayed
in equimolar concenirations for their mutagenic
action in TA 1530 strain (Table 111). Chloro-
acetaldehyde and chioroacetic acid caused a lngh
toxicily on the bacteria. Chlorocethanol, at the
highest concentration wvtilized (108 pmoics/plate)
increased the number of His™ revertants 10 times
over the spontaneous mutation rate (Table 1V,

exn. Nos. 26-28 versus No, 1), A five-lold increase
of the number of His: revertints over the spon-
tancous level was observed at 10.8 yrmoles of the
chlorvacctabdehyde/plate (Table 1V, cxp. No. 14),
Chloroacetic acid was toxic at all concentrations,
but did not causc a direct or tissue-mediated
nutavcnic response in TA 1530 strain (Table 1V,
exp. Nos. 2-10).

DISCUSSION

S. rephimuriton strains TA 1530, TA 1535 and
G-46 were reverted by VCM 10 His prototrophy
(Fig. 1). which indicates that the mutagenic cffect
15 induccd by base-pair substitution. For this
type of mutation, a covalent interaction of VCM
or its metabolite(s) wilth the bacicrial DNA s
tequired. The inability of TA 1538 strain (o revert
in the presence of YCM to His* confirms that

VCM or its metabolite(s) do not act as frameshift )

mutagens. The highest mutagenic responsc was
sccn with TA 1530 strain, which is excision-
repair-deficient (nvB-) and a much lower
response wias aoticed with G-46, which is snvrB*
(Ames ef al., 1973). During 48 h of exposure (o
0.2-20%, VCM in air, no cytoloxicity was noted
for any of the four strains (Tablc 1).

Expasure of TA 1530 strain 10 20°, VCM in
atr in the absence of any metabolic activation

TABLE Ut

EFFLCT O VARIOUS SURCLLLULAR TISSUL FRACTIONS AND COFACTORS
ON THE MUTAGENIC LEFIICT OF VCM

Cap. Noo Mause iser ! fracnion 4:coficiors No. :’:.‘L-',l.i.:,..m;l‘,:?.’ ' Relatéve aetivity
| None (KCh 9 38 * {100
2 9000 « g sup. MO 1K n
3 128 + 88 133
4 Microsomal fraction 1754 20 182
5 - 86 L 2 50
6 100,000 ~ ¢ sup. - 138 12 144
7 {cytosol} - 920 16 94
R Microsomal fraction - 500425 522
9 tevtasol 95: 10 100

P Lgquanalent (0 3R mig of mee sissoe plaig,

T Mutagenicity sssavs (aenceditre A 6 Il oxposure 10 2070 VUM in i i 377 C; numiber of spontancons mutationyplale (hisg)

from cach sabue subliagiad.

* Mcean values Lsp of three mutapeiugity assass, cach ublizing poaled diver tincue feom five phenoharbitong-pretreated mice.
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MUTAGERNITCITY O

system caused a lincar increasing mutagenic
responsc, 2s a function of incubation time, which
was 20 times the spontancous mutation rite af
48 h (Fig. 1} This mulagenic cflect could be
caused by a direct action of VCM or, more
likely, by one of its enzymic (bacteria) or non-
cnzymic break-down products.

A much higher mulagenic response was
observed when a 9,000 - g liver superatant from
mice or rats was added to such an assay, The
number of His* revertants increased, after 3, 6,
9, 12 or 48 h, by 4. 3, 2.5 or 2 times when
compared to the assays without a tissue fraction

VINYL CHLORIDE

(Fig. ). These resulls strongly support an
cnzymic formation of VCM intermediatces which
are mutagenic for TA 1530 sirain. To study the
subcellular localization of these cnzymes, various
liver fractions from PB-pretrcated animals were
assayed. A microsomal fraction in the p esence
of an NADPH gencrating system significantly
incrcased the number of His® ravertanis over
controls, where the co-factors had been omitied
(Table iI1). A 100,000 > g liver supernatant, in
the presence or absence of NADP*', did not
modify the mulagenic response. The recombined
microsomal and cytosal fractions gave a response

= TABLE IV

MUTAGENIC EFFECT OF CHLOROACETIC ACID. CHLORCACEVALDEHYDE AND CHLOROETHANOL
IN STRAIN TA 1530

Exp. No. /’ Compound {irMelcsfplae} iz;.ogo," +cofaciors fe::l-a.:::l::.:a:t . ./;'::f::; i;“
t Nonc -+ - 1444 (100)
2 Chloroacetic acid (.1} + + 134214
3 + - 1346
L] - - 1614 100
5 (10.8) + + 1442
6 + - 132
? - - 842 <0.004
8.9, 10 (108) ES + [ 0
1 Chloroacetaldchyde  (1.1) LS + 1613
+ - 2346
- - 3018 <0.004
14 (10.8) + + 6018
15, 16 + — o] «<0.004
17, 18,19 (108) T + 0 0
20 Chloro¢thanol {1.1) +- 4- 14-+4
21 + -~ 1741 ,
22 - - 186 100
23 {10.8) + + 2642
24 + - 28+6
25 - - 27+ 100
26 (108) + + 1554:8
27 + -— 12017
28 -— - 72 10 100

Y Lyaivalent 1o 19 my of panled wet livee tissue from five phenobasbhitnac-pretreated atice ror phae.
Y Mutagenicity assays (proccdurc A), fotinwing mcubation for 43 h at 7' C. Survival was deiermined wih 1.6 > 10 hacieria/plate.

* Direet plating tend in 2.7 enl of soft agar.,
* Mean values + 30 of (w0 mutagenicny assays.
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similar (o that obscrved with the original 9,000 -~y
supcrnatant (Table 111). These resulis Strongly
imply that the microsomal mixed function
oxidase plays a role in VCM biotransformation.
‘This is further supported by the requirement of

an NADPH generating system for the enzymic’

formation of mulagenic metabolites by liver
fractions (Table 11}, as well as by the increase of
His* revertants, whon mice and rats were pre-
ireated with PB. The addition of soluble liver
proicins to a micrasomal fraction significantly
increased the mutagenic response (Table 111).
Cons:quently. n two-sicp activation mechanism,
cach being localized in a different celf compart-
ment, could be involved. On the other hand, the
protcclive clfect of liver cytosol against lipid
peroxidation (Kamataki er al., 1974) may prolong
the viability of the microsomal enzymes and thus
increase the yickd of mutagenic VCM metaboliies.

When the liver-miediated mutiagenic response
was corrected” by the corrcsponding values
oblained without any tissue fractions (Fig. 1).
the resulting curve indicated a viabitity of the
cnzyme sysiem involved in VCM biotransforma-
tion up to 9 hafter incubation. Although the VCM
concentration was not rate-linmiting, the number
of His* revertaats caused by enzymic formation
did not increase further (Fig, ).

Our inability to find a mutagenic effeet, when
bacteria strains G-46 and TA 1530 were incubated
with an initial concentration of 0.083 » af VCM
in liguid suspension (Method B), may be duc to
the rapid loss of YVCM in the liquid phase by
diffusion into the aimasphcre, as well as 10 the
slowness Of the enryme-mediated formation of
mutagenic metabolites within the first hour of
incubation.

Chloroethylene oxide, a possible reactive inter-
mediaie, which may be formed from VCM by
the hepatic microsomal mixed-function oxidase,
rearranges spontancously (o chluroacctaldehyde
(Zicl and Schramny, 1964). Thus, two conceivable
metabolites, chloroacctaldehyde and chloro-
cthanol, and a urinary excretion product, chloro-
acetic acid (Grigorescu and Toba, 1966; Helner
ef al., 1974). were assayed for their mutagenic
action at cquimalar concentravons. Al the
concentration of 10.8 ymoles/plate, chloroacet-
aldehyde and chloroacetic acid showed a strong
toxicity in the TA 1530 sirain. Only chloroctivinol,
at o 40.ma concenteatian  (LOS panoles/plate).
caised o significant inciease in the number of

436

34is' revertants in TA 1530 strain (Table V).
Roscnkranz ¢f al. (1974) also reporied a weak
dircct mutagenic aclion of chloroethanol in the
same  strain. Chlorocthylene oxide caused a
mutapenic effect in the TA 1530 sirain and it was
shown la be 2 strang alkylating agent (Malaveitle
et al,, 1975).

Among the various tissues of mice and rats,
only hepatic postmitochondrial supcrnaianis werg
highly efficicnt in the prescnce of an NADPH
gencrating  sysicm in converting VCM  into
metabolites mutagenic for TA 1530 strain. One
human liver samipic showed an activity twice as
high as that of ral or mouse liver in converting
VCM into mutagenic metabolites. The three other
samples showed a moderate activity (Tablc 11).

The extrapolalion of the resufts obtatned in
our in vitro mutagenicity studies to the mechanism
of tumour induction by VCM in vive is difficult
to make at present. Although it beconwes more
evident that the majority of chemical carcinogens,
aficr mztabolic activation, show a mutapgenic
ellcct (Miller and Miller, 1971), it is not yet clear
which of the YVCM mctabolite(s) is(are) respon-
sible for the mwulagenic action and whether
n(they) is(arc) identical with those responsible for
the carcinogenicity of VCM. However, our
studies have indicated that human, mouse and
rat liver, which are the mijor target organs for
the carcinogenicity of VCM in humans as well as
in animals, cflicicntly convert this carcinogen into
mutagenic mctabolites. We have applied this mu-
tagenicity test (o a structural analogue of VCM,
vinylidenc chloride (1,1-dichlorocthylene), which
is used in the production of plastic materials, Our
results show that the mutagenic effect §s higher
than that obscrved with VCM, when (the com-
pound is metabolically activated by rat or mouse
microsomal liver enzymes (unpublished data).
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MUTAGENICITY OF VINYL CHUORWE -
e ‘ MUTAGENICITE DU CHLORURE DE VINYLE
b ueah C _DANS DES5 SOUCHES DE §. TYPHIMURIUM
. an the EN PRESENCE DE FOIE HUMAIN, DE RAT OU DE SOURIS

- ,1::‘:\.1: L'exposition an chlarure de vinyle des souches TA 1530, TA 1535 ot G-46 de
i talaeilie S. typhimurium fuit augmenter ke aombre de révertams His' hoite de Pésri respee-
H tivement de 16, 12 ¢t 5 fois par rapport an taux de mutation spomtance. Apri six
i cals. heures d'cxposition de la souche TA 1530 au chlorure de vinyle, Feflet mmtagene est
:.‘mu were multiplié par 7, 4 ot 5, lorsque I'on ajoute la fraction pastmitochondriale de foie humain,
NADPH de rat ou d¢ seuris et les cofactcurs enzymatiques reguis. Lenzyme impliquce dans
M into la transfarmation du chlorure de vinyle cun mutagéne requiert nn systeme genéraicur
-rain. One dc NADPH, ¢t sc situe dans la fraction microsomale. Le surnageant & 9,000 g pri-
1\ wwice as sente une activité enzymatique trais fois plus importante que celle des microsomes,
1 onverting tandis quc lo eytosal ou alcool déshydrogenase ' w'affecte pas la mutagenicite. Le
%6 I'vffet muta-

préraitement de rats et de souris an phenabarbital augimente de 15 a 40

1

. ;r::lg l:‘r; géne par cumpqmism: avee 'Ic: animaux 1émoins. .Lﬂ‘ activités mm::gém.s: rrln.lin:cs

pained in dit chiorure "'f‘ wu_r{:-. (‘.\‘{lri"l('l's on pau.rrrnmgt' (foic dz' :'onris = JOO%%), déterminces

nechanism par Iﬂ" :(raruom nsmimrzl': .pbrrnn?: a 9,000 g et révétées avee la sonrhf TA 1530
somt: Jaic de rat, 80%,; rein de souris et de rat, 20 ot 16%,; pounon de souris et de rat,

':c‘:“:'lcﬁ" <7%: foie humain (quatre biopsies), 170, 64, 70 ct 46%,. La chloroacéraldéhyde
_' N ore ef I‘afi:!c chloroacétique, un mdétabolite die chiorure de vinyle excriété dans [urine,
ircinogens, S¢ rdvélent (rés toxiques, tandis que le chloroéthanol est faiblement mutagéne pour

mulagentc la souche TA 1530.
W yet clear
) respon-
| whether
onsible for
cver, our
nouse and
argans for Ames, B. N., Durston, W. E.| Yamasaki, E., and
caswell as Lee, F. D., Carcinogens are mutagens: a simple

REFERENCES

KaMmaTaki. T., Ozawa, N., Kitapa, M., Kita-
Gawa, H., and Sat0. R., The occurrence of an
inhibitor of lipid peroxidation in rat liver sofuble

[L P

geninto test sysicm combining liver homogenates for acti-
this mu- vation and bacteria for detcction. Proc. nar. Acad., fraction and its cffect on microsomal drug oxida-
- of VCM Sci. (¥ash.), 8, 2281-2285 (1973). tion:. Binchem. Pharmacol., 23, 2485-2490 (1974),
4 .
“1e}, which BartscH, H., MaLaveiLLe, C., and MonTesano, R..  LEt, F. I, and Harry, D. S, Angiosarcomu of the
~rials. Cur In vitro metabolism and microsome mediated liver in a vinyl-chloride worker. Lancet, 1, 1316-
¢ is high mutagenicity of dialkylnitrosamines in rat, hamsier 1318 (1974).
lﬁ gner and mousc tissues. Cancer Res., 35, 644:651 {(1975).  Macaveire, C., Baatsen. H.,  Bakmn, A
| the com- e . Camus, A, M., and MoxTtesano, R., Mutagenicity
' or mouse Cll.F.Fcu..J. L..and Jouxsos, M. N, Angm'sarcom:} ol of vinyl chloride. chiorocthyicncoxide. chioro-
{ data) liver in the manulacture of polyvinyl chloride. acclaldchyde and chlorocthanol. Biophys. biachem
. _ § N q cthanol. . 3
J. occup. Med., 16, 150-151 (1974). ] res. Connnnn,, tin press (1975).
GRIGORESCUY, l..»vand Tona. Gu., Clorura !ﬂl vinil.  Martoni, C.. and Lerenine, G.. Carcinogenicity
Aspccie de toxicologie industriala. Rev. chim, rom., bioassays of viny! chloride. Envirowm. Res., 7,
17, 499-501 (1966). 387-405 (1974).
4 by the Heatu, C. W, Jr., FaLk, H..and Creecti J, L., Jr.,  MiLLER. J. A., and MiLir, E. C.. Chemical carcino-
iuct NOI- Characteristics of cases of angiosarcoma of the genesis. mechanism and approaches to its control.
tiver among vinyl chloride workers in the United J. net. Cancer fnst,, 47, 5-14 (1971).
o Drs. G. States. Aun, N.Y. Avadd. Sri., i press (1974). ROSENKRANZ, S.. Carr, H. 5., and Rosexkkanz, H. S..
wocchi for HernFR., R. E., Jun., WaTanane, P. G.. and 2-halocthanols: mutagenicity and reactivity with
wues. The Geurixa, P. J., Prehminary studies of the fate of DNA. Mutation Res., 26, 367-370 (1974).
¢ 6abct inhaled vinyl chloride monomer (VCM) in rats.  viaLa, P. L., BicorTl, A., and Capuro, A., Oncogenic
"s ‘ 1 Ann. N. Y. Acad. Sei,, in press (1974), response of rat skin, lunps and boncs 1o vinyl
N is grate- .
|'n fha ck INTERNATIONAL AGERCY FOR RESEARCH 0N CANCER, chloride. Cancer Res.. 31. 516-522(1971).
! an Internit Technical Report No. 74,005, Report of @ Zice, M., and Schranm, C, 1., Chiorocthylence oxidc.
upt. working group on vinyl chioride. Lyons (1974). Chen, Indnusiry, 660-661 (1964).

437

RSV 0016494

A o PR v pe

Sh L we des e

ra =y

BT R R

oaa,

[ I

- o



