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Carcinogenicity Bioassays of Vinyl Chloride 
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tin sc him stin.ilions .nr lonceilift! witli tlclci iiiininn the oncom-nic potentialities 
of viinl chloinle (VI') m experimental animals. I lir elhit of this tnmpnimd is In-inn 
studied in M'lation In cartons experimental fin tins, Midi ns imiti' of ndiiiiiiistiJhon, 
dost- fusel, lenidh of licatment, species, strniii, nnd ujje of flic animals.

Pleltmin.ny lesiifls Hie pirsellled. Wlleil ejseii hv inhalation, Vti indntr.s III 
rats, Zvinhal jjLiik.! e.ucommas, uepliiohlaslomas, and aiigiosaieoiiias of tlie liver ami 
of otlier aii.itoinie.il sites, ami in mice, piiliiioiiai s adenounis, mammary eareiooimis 
and liv'ei aimiosaieoiii.is.

A dlteel ielidioiislup lias fieen ioond between dose and length of tiealment and 
neoplastic lesponse.

Vinyl chloride (VC) (CU. — (111(11) is a chemical t omp.uuul of im icttsiti^ 
iudu.sUial importance. If is used in flic piothielion ol pnlyxinyl chlonde tc.sin, 
as a copolymer in Saran ami other plastics, as a chemical infer■mcdiiitc, as a 
.solvent, and as a propellent, in the past, lor a short period, it was also used as 
anaesthetic. It is at present ptodueed at a rate ol near 12 million tons per xtwr.

The followun' population mmips may he exposed to VC: (1) wmkux cm 
jinked in the pmductinn ol pulxxinx! elilmitle i PYC t .mil of V( ! and in tin- 
use ol VC lot ollui mtltt.slt ittl pmp.ises; (2; workers mamilacfm mu, l’VC, (di 
residents about factories producinu PY(I and \ (!, and Id) to a imic'i lesser 
extent, people uutleiy.oiup eontael with tcxiiis uiatle with VC, with materials 
containing these resins or consumer piotliiels eont.i nin^ \ (as some piupell.mt 
spt ax s.

The picxcut leseateh ineliltles a senes ol touel.ited and iiileetaleil experiment . 
dealing with carcinn.ncmcity hiuassays ol this monomer. This leseateh billowed 
the prehmiii.uy tesults ol tin pumeeiimj, wotk ol lJ. H. V uila, presented at the 
X International Cancer C'iiil'icss (Houston, 1970) and publislied in 1971 ( \ tola 
et ui, 1971 ).

Viola’s results indicated that exposme to .>(),()()() ppm of VC, 4 hoots a clay, 
o times a week ior 10 months, produced tumours in rats, and that these occurred 
in skin, lunif.s anti hones.

Immediately altei the it pint in Houston, we communicated with Professor 
Viola, who kintllx pul at out disposal the m.muscnpl ol his exlensive tepoit 
then in press, ami sexetal slides ol the tumours.

On the basis of his results and mateiial, we teaehed (he following conclusions.

'This project hits hrm siippnitccl In- the l.iimpcan (aiopciative Crimp (fX'.C) xvhicli 
includes Montedison (Italy l, ICl ( C. k.), Sohay (Heljmnn), Rhone~Proyril (France).

:1st
faery rijfht (ft 1971 ttv Academic Press, Inc.
All rights of reproduction m nox- form re vised.
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388 mu.ioni and i.i.ii.mim:

(1) Under Professor Viola's experimental conditions, VC definitely showed 
a carcinogenic effect on rats;

(2 ) 30.000 ppm of VC was an extremely high level of exposure;
(3) The tumours dcsciibcd as cutaneous arose from Zymbal glands, which 

in rats aie responsive to a large' spectrum of carcinogens: c.g., 2-aeetyl- 
amiiio-fliioicne (Wilson ct til, 19-11), ben/idine (Spitz ct til. 1950), 
3,2-dimethy]-4-aminol>iphvnyl (Walpole ct til, 1952), 4-aminostilbenes 
(Ifaddow ct til. 1948), 9,]()-diinothyl-1,2-1>on/anthraccno (Ceyer ct til, 
1953), 3-mctIioxy-4-ammoazobcii/cnc (Miller and Miller, 1901), 
median (Tnimcillmimi Ct til, 1902), anil otheix.

(4) The pulmonary tumours were most likely metastases from Zymbal 
gland carcinomas. These lesions were in fact morphologically similar 
to the Zymbal gland carcinomas, and all were observed in animals 
bearing Zymbal gland tumours.

It appeared useful to further investigate the nature and extent of the carcino­
genic effect of VC, with particular emphasis on expeiimeutal factors related to 
exposure, such as route, concentration, duration, continuity or iutcrmittcucc, etc., 
which could give more direct information concerning the iixk of occupational 
and environmental exposure, and other factors related to the animals studied, 
such as species, strain, sex, and age. For these reasons, we were contacted bv 
Professor iiaitalini, Director of the Health .Services of Montedison who offered 
the support of his Companv for an experimental stndv of the biological effect 
of VC. Montedison was soon joined by SuIv.lv and Rhone-I’rogil.

M.\ I l-.HI.U.S AM) Ml.TIIOPS

The construction of an appai.ilns fm piogrammed and cuntinllcd exposure 
took several months. The eh,uubers uric designed to deliver coneeutraliom 
varying from 30.(KM) ppm to 50 ppm and to simultaneously treat nearly 1200 
expei imeutal indents, Ihistcall}, it is built of si.unless sin I mu! gbiss. The control 
i > f VC couei III I .il ii ms IS b\ g.e. c III i on 11 oft .1 pli V

VC lias been supplied bv Montedison txavh hatch has been anaiv/ed in the 
chemical research luboratorv nI Montedisoii before use to assess its degree of 
purity (99.99*).

Tin: expeiimetils largely ulib/ed S])iagtic-Davv lev lats, Wistai iats, Swiss 
mice, and hamsters have also been used. All (lie animals, except the hamsters, 
have been Ined in mu Institute foi ve.us and, vvb.ilevei tlieii use, are all 
examined at death bv complete antopsv, giving us extensive information con­
cerning their current p.iflmlogv.

The animals have been weaned and classified bv sex when 4-5 weeks old, 
at which time they have hern uumhered hy ear punch, and divided into groups 
!>y litter distribution hrom weaning, the animals have heon fed, titl libitum, ail 
adequate commercial diet. During the period of treatment, the animals are 
housed in groups ol 10 in stainless steel wiie cages with a solid bottom ol the 
same metal. After the period of experimental treatment, the animals are kept 
in groups ol ■> in inakrolon cages, with tops made ol stainless steel wire. A
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shallow layer of white wood shavings served as bedding. The animals were 
kept in a teinpeiuture eontiolled laboratory at 19-20°C.

Fourteen experiments have been started in sequence. Some, were programmed 
at the onset. 'I'lie need lor others appeared on the basis of initial experimental 
results. The plan ol tin- espeiintents is shown in table J,

Experiment 1

Fxpciimenf I was to investigate the elleet of the atmospheric exposure to 
10,000, 6000, 2300, 5(X>, 250, and 50 ppm of VC, 4 hours daily, 5 days weekly, 
for 12 months. 1 mi gioups of animals were added as controls: one untreated, 
as with all the following experiments, and one treated with vinyl acetate (VA) 
at 25(X) ppm, under the same- conditions, This dose of VA appeared to he the 
maximum possible dose1 lor a chronic exposure.

Experiment 2

F.xpeiimeut 2 was pcilormed to obtain data in a larger number of animals on 
the elleet of doses between 250 and 50 ppm, i.e., 200, 150, and 100 ppm, under 
the same conditions as in K.xpt 1. It was begun after it became clear that 250 ppm 
still showed oncogenic effects.

Experiment 'i

This was planned to study the efFccts of a shorte r period of exposure, keeping 
const,ml the other conditions of I'lspt 1.

Experiment 4

Fspeiimcnt 1 studies the effect ol the same type of exposure as in Fxpt I, 
in another spei ics, ie, uuee. I he tleuluiiiil lasted 7 months in Clew ol the 
lughei molt,iht\. and the shorter life spun ol the mice of our hue.

Fxprmnrnl 5

Tins was nuclei taken as a pilot investigation on (lie possible’ efleets ol the 
atmospheiic e xposure during pregnancy, on offspring.

E\i>erimenl t>

p.xpci ime nt 0 repioduced the conditions ol Viola’s experiments.

Experiment 7

This experiment was designed to study the c’lleels ol I he- same type ol oxposme 
as in Fxpt l in another strain of rats, i.e., Wistar.

Experiment H

Fxperimeut 8 studies the effects o| the same ..............  as in Fxpt I m a third
species, i.e., hamsters, for the same pci md as in Kxpt l.

Experiment 9

'Phis was planned to blither assess whether or not inhalation of VC lias any 
elleet at a dose’ level of 50 ppm m experimental animals.
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Ai.

No.
No. of
exjK.jri- -------------
mem limit?

HT1 Inhala­
tion

Treatment

Kenpth 
nf ex-

1 K IM'.' ilf \

10.0110, f> *htt 25tKI. 5i*> 
250, oJi ppm 

I'ntrealed control- 
Treateil tunings: VA 2500 

ppm

HTd

HTi

BTti

[nhala- 200, 1 10. 100 ppm
I 1 L 1 T 1 l "iilreate i cinlrul-

Inhala­ 10,000, ft "til. J-|i M). VlM.
tion 2 il), .11 ppm

Tntrcatcil cmitrm-
InhaLi- HI.OOll, ft *KI, 2KK) ,5>M

I ion 2,111, .It* ppin 
I'lomUed cimirtiU

Trait^- ltl,01)0, ft «X) ppm
pla­
cet! t;il

Inh&U- 30.000 ppm
ttoll

Inhala­ 10.000, ftnOO, 2100. .ic1.
tion 210, .10 ppm 

k'nt reined (mihp'Is

Ixnigl h

4 h utrs dalv, 5 day- 
weekly, 52 week**

4 1. urs di.ly, 5 da\" 
*eekl\ t Vi wi*ek^

4 h mis tliii ]y% 5 day*. 
■* ecklv r 17 weeks

4 h >urs dad\, 5 days 
weckh, 50 weeks

4 h mr' d'«:Y, 7 iyv-
, yn-4' t \

4 h mrs dally, 5 da\s 
weekly, 52 weeks 

4 h >urs daily, V days 
weekly, Vi weeks

JKTI-
A pi- To- Ker monk

fijX’l'il'S St r :iin iVlVt.'. 1 • t.-il pimip wee].

Km Sprague- 1 -1 2(> >011 577 01 00 l.il
1 );iwk'V

Kat Sprague 11 2MJ 265 545 120 HI 31
Hawley

Kat Sprague- 21 202 2 vs 110 <>U KNt 60
Hawley

Mouse Sis iss n 2.10 200 all) 00 -11(1 55

11,Hi Sprague- 10 Bteeiers 110 lift 140 30-14 00
Dnwley 12 days 

Kinbryu^
Kat Sprague - ’ “ lid :io (ill 60 55

1) a tv le v
Kat Wiatar n -- 220 220 30- 40 31

BT* InhaLi- 10,006, 60»Xh 2500. 500 4 heirs daili. 1 days
tl )|! 250, 511 rprn 

\ ntreated ooitrul*
weekly, ,'io aivks

Bni Inlmh- ■>o ppm U 4 h( 01-= (lull;. , 1 days
timi { ntre Oi*d rmilruK !r1 weekly, 12 weeks

BTill Inh.dn- ! Oy h i, 0u< *o ppm 1 Ik 1 or - il it 11 \, 1 davs
timi 1 novated iinun'b weekly, 1 week-: 4 

hi'tir- daily. 1 day 
weekly, 21 weeks; 1 
lio’ir dailt. 4 d.u s

Ham­
ster

(loMen 11 20's 208 32-71) 22

Kat Sprain:'
1 hm lev

H 200 21X) 400 100 (cl
noil if >

i

Kat Sj mpite 
Hawley

1 i 420 421) M0 120 7
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4 II HI

Inhnla- lit,000, 0000, 2500, .-,<10, 
tkm -oil, 50 ppm

Untreated controls

♦ ■ t-i.-K._t , <lw M l K-
4 hours daily, 5 days 

weekly, 52 weeks

. * E.M. i 'S1 . ‘--«W

HP. Illlltdu-
1 ll III

10,000, (iOOil. 25IHI. 2,011, 
250, 2,0 ppm 

l litre.Med omtrid-

4 hours daih, 2i davs 
weekly, 30 weeks

HP.) Inhala­
tion

50 ppm (/)
Uni rented emitroL- irt

4 hours daily, 5 day- 
weekly, 52 weeks

HTlt) In haln-
tinii

bUKhi. 6(MKl ppm
I'mie.itod com rob

4 hours daily, 5 ilav- 
week!., 5 weeks: 1 
hours daily, 1 dav 
weekly, 25 weeks. 1 
hour daily, 4 davs 
v. eekh , 22> weeks

UTI1 1nt;e>-
1 ion

Hub mg; 3,32 nig, Ml 
mg kg lately weight in 
olive ml

( ikilln*[' olive oil

5 times weekly, 52 weeks

BT12 f ,ndi»- 
pei ili>- 
ia-al 
iitje*-
t5i HI

4.25 n.c m 1,0 re olive oil 
'Ej 111 1- 1,11 c r tdive oil

4, 3t 2. limes by two 
month', ami onee

BTi i > ilini-
tane-
iiii'
inje. - 
turn

4,2'j mg in 1,11 rv olive oil 
(Ymio!- 1 rt> (r olive oil

1 injection

HT14 InhMa- 
t in

Hl.'tOO, 00!M) ppm 4 honn dailv, 5 davs 
weeklv. 5 weeks

W i-tar 220 220 50 10Hat ] I 35

411 t-■ * :• ...Ti- I " ■* - .4... . t- **■‘‘1uattk 4 ’' * !'■
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Experiment 10

Expeliiiiciil 10 studies (lie effect ol a Ini'll, but short iiiid/intennittent atino- 
spuciic exposme.

Experiment 11

This was performed to evaluate possible effects of VC by ingestion, Doses 
have been chosen on the basis of early data on the release of VC from food 
containers made of PVC, and following suggestions of EEC.

Experiment 12

This experiment studies a third geneial route of exposure namely the 
peritoneal cavity.

Experiment 13

Experiment 13 was started to assess whether the VC acts on tissues directly or 
through metabolites.

Experiment 14

This experiment has been included to study the responsiveness of newborn 
animals.

The animals are examined weekly, and weighed every 2 weeks during the 
period of treatment, and monthly after the treatment is completed. All de­
tectable gross pathological changes are recorded during examination. All ani­
mals aic kept under observation until spontaneous death. Moribund animals 
are isolated, in order to avoid cannibalism.

A complete autopsy is made of esery animal. Histological specimens include 
Zynibal glands, interseapnlar brown tat. salivary glands, tongue, lungs, liver, 
kiduess. spleen, stomach, different segments of the intestine, bladder, brain, 
bones of the legs and feet, and any other organ with pathological lesions. The 
tissues are fixed in alcohol, processed, sectioned, and routinely stained by hema­
toxylin and eoxin and with Van Ciesou’s method, in selected cases, other stain­
ing techniques have also been used.

All animals exposed to the highest doses (30,(XK) and 10,000 ppm) with or 
without tumours, are examined radiologieally, during treatment and/or at death. 
Moreover, radiological examinations are made of all animals bearing tumours, 
even il exposed to the lower doses.

HKSULTS

Preliminary results and other current data nt Expts 11T1, BT3, and BT4 are 
gisen in Tables 2—1.

Special'aspects of Expt BT5 and BT6 are discussed in the text. Insofar as the 
other experiments are concerned, results aie awaited.

In 1 able 2 are listed the observations on the nncngcuic effect of graded concen­
trations of VC within a range of 50—10,000 ppm. ft is evident that tfic overall 
occurrence of tumours decreases with decreasing concentrations from 39'£ tumour

vi

1\\warn 

Animals

l>uwiev rul*)

(troop* iiiid Survi­
tt'eallnehl Total vor*

T
v'a ‘..',700 pjHD on

n
VC 10,01(0 ppm 00

111
VC 0000 ppm *■>) __

IV
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\'
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VI
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VII
VC all ppm 04 .1

VIII
No (rentmenl tl.S 1
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incidence at 10,(K)0 ppm. 2OT at 6(XX) and 2300 ppm to 2.\% and 16" at 500 and 250 
ppm, respectively. Fifty (50) ppm did not cause tumour development in the 
limited number of animals so exposed, and no neoplasms weie found in untreated 
controls and in rats exposed to VA 2500 ppm. Zvmbal gland carcinomas, nephro­
blastomas and angiosarcomas of the liver anti oilier sites were the pievailiug 
tumours. The development of the hitter 2 neoplasms was not always dependent 

1 on the concentration of the toxic agent, but to a higher degree on the duration 
* of exposure. If exposure time was reduced from 52 weeks (Table 2) to 17 weeks 

'“S (Table 3) the number of tumours after tit) weeks is markedly smaller: their per-
''«
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b Ti.lal No. of 1 ll[lloiUN '"i

t*.-i it it J4«L is 5V at VC 10,000 ppm am! 1.7'* at 6000 ppm; at this time no tumours 
wore found alter administration of the lower eoneentiation.s. It is also worthy 
of note that all malignancies in this series were Zymbal '’land carcinomas. After 
.35 weeks of exposure to 30,000 ppm (Expt BTO) 2 Zymbal gland carcinomas 
have been observed among 60 i.its (53 survivors). In Expt UT5, two groups 
of 30 mature breeder rats were exposed to VC 10,000 ppm and 6000 ppm for 
7 da\s during pregnane)’. No tumours were obseived uttei Oil weeks among 
the 23 survivors ot each group. Angiosarcomas of the .subcutaneous tissue oc­
curred in theii offspring; one tumour m one ol (lie 54 rats ol tin- 10,000 ppm 
group at tin- age of 21 weeks, the other tumoi in one of the .36 animals of the 
6000 ppm group was found at 22 weeks of age. fifty ami 30 rats, respectively, 
of the litters are still alive and under observation

Table 4 indicates that mice lespond to VC inhalation ol 10,000-50 ppm in a 
similar manner as rats. While 50 ppm is again ineffective alter .35 weeks 
30V, 15V, and S.4V neoplasms were found after 10,000-6000, 2500-500, and 
250 ppm, respectively- It is peihaps not surprising that in mice, pulmonary 
and mammary tumors were more frequent than other localizations, but the 
presence of angiosarcomas of the liver also oecimcd in this genus.

At present, 5 distinct types of tumours induced by VC have been observed; 
i.e., angiosarcomas, particulaily of the liver (in rats and mice), nephroblastomas 
(m rats ), Zymbal gland i,niinii:ius (in i.ils ) and piilmnnai v adenomas, soiik; of
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in Figs. 1-25,
J I lie frequent Zymba! gland caicinomas can reach considerable size (Fig. 1®),- 
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(loinin.il ca\ 11 v (Fig. 17;, in tin- Milieu!,moons tissue (Kin. 22“ j in llie uterus 
(Fin. 1 -S), or in the limn (Fin- 19) Tlio ossifying angiosarcoma ( Fins. 20®, 21*) 
mid llie s.ihv.ny y'land lint umni.i ( Figs -2d mid 2 I) nmiunl imely (see Table 2, 
group VI). Finui'e 275 shows a liver niigiosaicomn of a mouse.

CONCLUSIONS *,M) DISCUSSION

l'loin llie lesulls piesenteil in die tallies, limn llie pathological and histological 
observations, the lollowinn earls eonelusions may lie drawn.

(1) VC is oncogenic under our experimental conditions. It induces, in rats, 
carcinomas of the Zymlial glands, nephroblastomas and angiosarcomas 
in liver mid other sites; in mice, livei angiosarcomas, pulmonary 
adenomas and mammary carcinomas.

(2) A duect relationship exists between the dose and lennlh of lieatmcnt 
and the neoplastic response.

(3) Zymbal gland carcinomas and nephroblastomas may be bilateral.
(1) Liver angiosarcomas are often mnlticentric.
("i) lllood vessel eetasias and endothelial hyperplasia, associated or not 

with cellular atypia, are often observed in liver and in other organs 
and tissues in treated animals, with or without angiosarcomas. There­
fore, the effect of VC on blood vessels and endothelia should be con- 
sideied systemic,

(f> 1 The onset of 2 ossifying augios.neomas suggests a new orientation in 
the pathogenetic interpretation ol aeroosteolvsis in workers exposed to 
VC.

(7) To the pieseiit no acroosteolytic lesions have been observed in our ex­
posed Ullihl.lls.

(N; No tumours have been observed in rats exposed to VA (27500 ppm I

Zymlial gland carcinomas, iicpbioblasloinas and liver angiosarcomas have 
ueser been observed to occur spout.mcmisly in our breed of Spraguo-Dawley 
rats.

Although Zymbal glands, in rats, are responsive to a large number of carcino­
gens, only 3 spontaneously occurring eases ol Zymbal gland carcinomas have 
been recorded in this species (Tanneubaum rt at., 1002), To oiu knowledge, no 
spontaneous nephroblastomas mid liver angiosarcomas of rats have been reported

I. Hat with /ymlu! j^LhhI Liircinobi l 
Fn; I. Xyinhul idand carcinoma solid poltem, in rat. II-Is X 158.

Fu; 0. Hut with nephroblastoma, melastases in liver 
Fio. 10. Liver metastasis from nrphiohlasfoma, in rat II F X 158.

1m(;. 11. Hat with liver angiosarcoma.
Ku:. 12- Hat \ulli hver an^iosarcotu.i with lung metastasis.

I'M- 13. Liver aiiKuiAdiioiiL, chaiacttii lie pitleiii; in rat * !-’■’ v' 158.
Fn.. 15. ■Pnhnonaiy metastasis of liver ambosau oma; in lal. I) F x 158.

Fio. 10. Livei aokpnsaiconia 4 nephroblastoma in lat.
Fu:. 20. Lafeiorrrvn ,il ossifvlmr ant'ios.m oma, in rat. If F, x |58.

I'm. 21. I’nlnmnary metastasis ol nssdvnn; uni'iosauonia, in rat I l-ls x -10.
1'io, 22. Hat with MihentaMeniis angiosarcoma.
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Hepatic auxins,ucomus have been etpenmeulaily induced m nils ( licubei 
ant) I .of. 1965, ! ludjiolnv, 1972 >. in mire ( lino anti -Salam.m, 1951- (laidesu vA <ll., 
197-31 and in humstcis (Toth, 1972,). In mict . ostruheputio uneiusarcomas have 
been induced In' n-aminuu/utnluene (Andeivout ct til., 1917, \ndni vont, 19-70) 
.mil In /idiinellit I nnmnber/i m i urn 2 uuplitliulcne (Millay and Nason, 19-7.3). 
in * 11 o rahliil, um'insui comas lute Inf ] i piudiiced by 11 mi nl l aat ( Zeitlholei 
and Spoisor. 195-1).

In man, unthosurcomus arc (|iut<‘ rare One liimdrednotonloon dnouinonlod 
oast s woio cnlloclod In 195.5 (I .aiitlolls, 197,5 ), ol which only 21 arose in the 
liver.

Induction of livor un'juosaicnmu.s ha\o Iioon jepurtod in Innnans, In one case, 
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Cases of liver aniziosaroonus hate Iioon lopoited foliowinu; administration ol 
thorotrast ( MaeMahon ct al., 1917 l.ndm, 19-7,3, liusorj'a cl til., 1900; Da Silva 
llorla cl dl,, 1905) and esposme lo nr mho (both, 1957).
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and epidemiological investigations, and to guide industrial hygiene measures 
needed for prevention of diseases which might be associated with VC exposure.

SUM MA11Y

1’his project ul investigations is concerned with delei mining (lie oncogenic 
potentialities of vinyl chloride (VC). The effect of this compound is studied in 
relation to various experimental factors, such as route of administration, dose 
level, length of treatment, and species, strain and age of the animals.

The preliminary results ate presented. When given hv inhalation VC induces, 
in rats, Zymbal gland carcinomas, nephroblastomas and angiosarcomas of the 
liver and ol other anatomical sites, and in mice, pulmonaiy adenomas, mammary 
carcinomas, and liver angiosarcomas.

A three! relationship between (lose and length of treatment, anti neoplastic 
response has been found.
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