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Carcinogenicity Bioassays of Vinyl Chloride

{. Research Plan and Early Results!

Crsane. Mavrost asnp Guestavr, Ly sespsy
Dtitweo di Oncologaa UF. Addurdi™ and Cowdro Tununi, Bologna, {taly

Recewed March 11, 1974

These nvestigations Lte coneerned with detetunning the oncogenie potenticditios
of vand chlonde (V) s esperimental animabs, The ellect of this compound s being
studied e sehtion to vanons espermmental factons, such s voute of adiministiation,
duse level, length of beatiwent, species, strain, and age of the annals,

Preluvivay sesnbis e prosenteds When gaven by jpbadation, VO iduees
rats, Zvmbal gland carcinomas, wephoblastomas, and angioswconne of the liver and
of other anatonneal sites, and i mice, palmona v ademwsias, mammmary earemomas
and hver amiosicemas,

A dueet relationsing has heen lonnd between dose and length of treatinent
neoplastic esponse.

Vinyl chloride (VC)(CH. = CHCL) iy a chemical compound of increasing
indwstriad importance. Tt is used v the production of polyvinel ehilonde 1esin,
as a copolymer in Sarau and other plastics, as o chemical intermediate, us w
solvent, and as a propellent, in the pust, for w short period, 1t was also used as
anaesthetic. It is at present produced at a rate of newr 12 million tous per year.

The followig population croups may be caposed -to VO (1) workars o
gaged inthe production of polysimd ehlmide  PVEY and of VO and o the
wse ol VO Hor othar mdustiial puposes: 025 workers manutacturnig, PV, (30
residents about factories producing PVC and VC, and (8) 1o a0 muae’y Jesser
estent, people nudergomg contact with resims ade with VO, with naterials
containing these resing or consamer producty conta ning VCL as some propellan
SIS

The preseut sesearch inchides wosenes of canelated and integiated experiment
deahing with carcinogemeity hiogssaoes oi this monomer. This research followed
the preluminay tesults ol the pronceering work of 0L Vioky presented at the
N Iuternational Cancer Congress ¢ Houston, 1970) and published iy 1971 (ol
et al., 19713,

Viola’s results indicated that exposine (o 30,000 ppm of VC. 4 homns o day,
3 times a week lor J0 months, produced tumonrs in rats. and that these oceurred
fn shin, lnngs and hones.

Imnediately alter the woport ine Houston. we conmmmicated with Protessor
Viola, who kindhy pat at o disposd the wasusenpt of his extensive repott,
then in press, and several shides of the tuoones,

On the basis of hiy resalts and material, we reached the following conclusions.

"This project has beon sapported by the Luvopean Cooperative Group (FCG) which
includes Montedison (Italy 1, 1ICL (UL K Sohay {Belgin ), Rhone-Progil ( France)
ART
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MALIONL AND LEFLNINI

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

(2) 30.000 ppm of VO was an extremely high level of exposure;

(3) The tumours deseribed as cutaneous arose from Zymbal glands. which
in rats are responsive to large spectrum of carcinogens: (4L 2-'.1(‘c'tyl—
amino-fluorene (Wilson et al., 1941), benvidine (Spitz et al.. 19301,
3,2-dimethyl-d-aminobiphenyl (Walpole et al., 1952), 4-aminostilbenes
(1Taddow et al . 1945), 910-dimethyi-1,2-henzanthracene (Geyer ct al..
1933),  3-mcthovy-d-aminoazobensene  (Miller  and Miller, 1961,
urethan CFannenbaam et al., 1962), and otherns,

(4) The pulmonary tumours were most likely metastases from Zymbal
hind circinonis, These lesions were in fact morphologically similar
to the Zymbal gland carcinomas, and all were observed in animals
bewring Zymbal ghad o,

It appeared vseful to further investigate the uature and extent of the carcino-
genie effeet of VC with particntar cmphasis on experimental factors related to
exposure, such as ronte, concentration, duration, continuity or intennittence, ete.
which could ive more direet information concerning the 1isk of occupational
and environmental eaposare, and other factors related to the animals studied,
such as species, strain, sex, and aze. For these reasons, we were eontacted by
Professor Bartaling, Director of the Health Services of Mowledison who oftered
the sapport of his Company for an experimental study of the biologieal effect
of VC. Montedison was soon joined by ICL Solvay and Rhone-Progil.

MATEREALS AND METHODS

The construction of an apparatus far programmed and contiolled exposure
took several months, The chambers were desioned to deliver concentrations
varying froue 30000 ppm o 50 ppmy and to simultancondy treat neardy 1200
experimental rodents, Basically, it is huilt of staindess stecl and whass, The eontrol
of VO conerntoation, o by [EHEN l|uulvnlu‘.{|.nl)||\'

VC Tas been supplicd by Montedison teach bateh has been anaby zed in the
clicmical researcl Tnboritors of Montedison boefore use to issess ity degree of
purity (49.99% ).

The expesiments bargely utihized Sprague=Dasley rats, Wistio rats, Swiss
mice, and hamsters bave wso heen used. Al the animals, except the hamsters.
have been bred in ome Tnstitote for vears and, whidever their nse, are all
examined at death by complete itapa, giving s extensive information con-
cerning their current pathology

The animals have been weaned and clwified by sex when 4-3 weeks old,
at which timie they have been nmnbered by car punch, and divided into groups
by litter distribution From weaning, the auingds have beon focds ged libittem, an
adequate conunercial diet, During the period of treatment, the animals are
housed in groups of 10 in stainless steel wire eages with a solid bottom of the
same metal. After the period of experimental treatment. the animals are kept
in groups of 3 m nedhrolon cages, with tops made of stainless steel wire, A
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VINYL CHLORIDE AW INOGENT SIS RhY

shallow layer of white wood shavims served as bedding, The animals were
kept in o temparature controlted laboratory at 19-20°C.

Fonrteen experiments have been started in sequence. Some were progranimed
at the onset. The need for others appeared on the basis of initial experimental
results, The plav ol the expeviments is shown in Table

Experiment 1

Experiment | owas to investigate the effect of the atmospheric exposure to
10,000, 6000, 2300, 500, 250, and 50 ppm of VC, 4 hours daily, 3 days weckly,
for 12 months, Two goups of aninids were added as coutrols: one antreated,
as with all the following experiments, wand oue treated with vinyl acetate (VA)
at 2500 ppm, under the same conditions, This dose ol VA appeared to he the
nukit possible dose tor w chronie exposure,

Fxperiment 2

Faperiment 2 was performed to obtain data in a kger noomber of animals on
the effect of doses hetween 250 and 50 ppm, i.e., 200, 150, and 100 ppmn. under

the same conditions ay in Expt 1. It was begun after it became clear that 250 ppm
still show ed oncogenie effects.

Lxperiment 3

This was planned to study the effects of w shorter period of exposure, keeping
constant the other conditions of Fapt 1.

Experiment 4

Experiment - studies the effect of the sume type of exposnre as in Expt |
i another species, e

e, Thee freatmeot Listed 7 months i view of the
lueher mortahty - and the shovter Tite span of the mice of onr e,
Laperiment 5

This was andettaken as a0 pilot nvestivation o the possible eflects of the
atmospheric exposure during pregnaney, on offspring,

Ihaperiment G
Experiment 6 reproduced the conditions of Viola's esperiments.
Experiment 7

This experiment wis desiuned to study the efiects of the same type ol exposnmie
A in Expt §in another strain of rats, i.e., Wistar.

Experiment 8

Fxperiment 8 stadies the offets of the e expovdne as o Baxpt 1o a third
spreies, e hamsters, for the same penod as in gt A,
aperiment 9

This was planned to further assess whether or not inhalation of VO has

iy
clleet at a dose level of 50 ppurin experimental animals.,
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e 5
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pla- IR TR Iawley 12 davs
cental Emnbrvos
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392 MALTONE AND LEFEMINE
Experiment 10
Fapetiment 10 stuches the effect of a high, but <hort and/intermittent atmo-

Spuctic eaposmie,

Experiment 11

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

Eaperiment 12

This experiment studies a0 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 newhomn
animals,

The animals are examined weekly, und weighed every 2 weeks during the
period ot treatment. and monthly after the trcatment is completed. All de-
tectable gross pathological changes are recorded during evamination. All anj-
mals are kept under observation antil spontancous death, Moribund animaly
are isolated, in order to avoid caunibalism.,

A complete autopsy is made ot every animal. Histological specimens include
Zymbal glands, interscapular brown tat, salivary glands, tongue, Tangs, liver,
kidneys. spleen, stomach, different segments of the intestine, hladder, brain,
bones of the legs and feet, and any other organ with pathological lesions, The
tissues are fixed in aleohol, processed sectioned, and routinely stained by hema-
toxvhn and eosin and with Vin Gieson's method, in selected cases, other stain-
ing techniques have also beeu used.

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

RESULTS

Preliminary vesults and other current data ot bxpts BTL 313, and BT4 are
given in Tables 2—4.

Special'aspects of Expt BT5 and BT6 are discussed in the text. Insofur as the
other eaperiments are concerned, results e awaited.

In Tuble 2 are listed the observations on the oncogenic effect of graded concen-
trations of VC within a range of 50-10,000 ppm. It iy evident that the overall
oceurrence of tumours decreases with decreasing concentrations from 39% tumour

L S W o EAE A0S F SR MR T, il VT T e MR T kST W >TSS s St £ i ol i Ml i s BBt

vi

| ENTTYR

Annnuls
(Spragie
Dawley rats)

Grovups and Burvi-
Trentment Tomwl  vors
1
VA 2500 Lo oG
1T
v 10,0060 ppn, i
11
Y 6000 ppm V2 -—
v
V2500 pprg 71
v
VO KO0 pyn '
Vi
VO 230 ppm o7 1
Vi
VO 56 ppm t4 g
VI
No treatment (13 !
Total 77 b

¢ Metnstuses 1o Jung,

b Metustuses to liver and, or 4

© Metnstases 1o bing,

4 Angiosareomin s sabeuntaneo

< Twointrephdommal nngiosn
anteeana of nedl.,

“One palmonun s whigiosar o

SO0 mtra-nhdotnna s s

*Two Zymibal gland sdenon
adenoegrcinomn of ovary,

*Rebaceous ghind earcinoma o

+ Zyvmbal glnod adenoma,

£ Nmimal devinaon hepatonn

COne Zyvabad ghond adeno,

= Totd Noo ol timours,

incidence at 10,000 ppin, 29
ppin, respectisely. Fidry (7
linuted number of wnimals s
controls and in rats ¢xposed
blastomus and angiosarcom
timours. The development
on the concentration ot the
al exposure. I exposure tim
{Table 3} the number of o
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TABLI 2
Foarbiogent BT esvoes sernae 831 Wi e

"

mittent atmo-

:
1
‘?
i
k.
:
!

Antmnls Avinds with tamonrs R
(Rprague - e - — e e }
Duwley 1ntn) Zyuihnd Angiosnreatnps Other tyvpa )
- plands Nephroblus- - = —- — umdjor To-
oestion. Doscs . Girotps nnd VIS eureininsy Lonus" Livers Other sites ST 1l |
'Cofrom food A trentment Totul  vors No, No, No, Nn, Na. Nonm b
Yoo Q
8 VA D ppin g - -— — - — — :
: 1
namely the VO 000 ppm Gy 14 ) 6 — hh 27
H (
TV G000 ppin 72 i § i 1d IR 2] '
v ‘
- VO 2500 ppm 7 2 & ] 3 1 2] .
ey directly or v :
VCBU0 ppm (tr 3 ] 7 2 1% 16 :
Vi “
VO 250 ppin 67 I 5 2 2 2t gy :
Vit !
s of newborn V{50 ppm tid H - — - - -— i
VI !
No treatment ix | - — - - )
& during the ;
eted. All de- Tutal Y h RA 20 35 8 10 96

dion, All ani- S Metasteas to lung

bund animals EMetintises to diver and, ar G lang onl wplien
Moetustn ox to lung,

. : ¢ Angiosarcoma in subrimaneous fibrosing angioma
¢s includ SORE . : y
”“]Ln ITIC]" € »Two intrn-nbddominn! nogio=ueomns (1 contiguoga to spleca nnd o ovaey ), Uonsitving ningio- 4
L5 . . B
. ungs, liver, P arcoma of neck, ;
Iadder, bram, S One pulmonary angiosrcoma; 1 angiosarcoma of wieris, i
} lesions, The o vlOne intra-abdoninal ungiosareona (nenr to spleen); L imrathoracie ossfying angios cotma '
ned by hema- o A Two Zymbal gland adenomas, U nenvilenmomn of Yhe enr; Fanamumarey enremomn; 1 oeysto- '
, - wdenocareiiiomn of avary. !
s, other stain- , - . '
' Csehaceous ginnd enremoma of <kin. !
«Lambad gland adenoma,
pm) with or t Mininal devintion hepatoma
d/or at death, "One Zuinbad glnnd wdenomn 1 osalivary gt cucamons,
ring tumours = Total No. of tumonrs, .
. s, }
incidence at 10,000 ppri, 297 at 6000 and 2300 ppm to 24% and 167 at 500 and 250 '
ppm, respectively. Fifty (50) ppm did not cause tumour development in the '
and BT4 are limited number of animals so exposed, and no neoplasms were found in untreated j
controls and in rats exposed to VA 2500 ppm. Zymbal gland carcinonmas, nephro- i
Insofar as e hlastonims and aungiosarcomas of the liver and other sites were the pevailing '
tumours. The development of the fatter 2 neoplasims was not always dependent !
raded concene 1on the concentration of the toxic agent, but to a higher degree on the duration }
;ut the overall T of exposure. If exposure time was rednced from 52 weeks (Table 2) to 17 weeks
\m 39% tumour (Table 3) the number of timours after 60 weeks is markedly smaller; their per- ,
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TABRLYE O
Exrrnn st BES B=v s sk 60 Wi pae

I . - ———
Aninds Antals with tomom s
(Spririe e - -- ———
Dawley ratsy  Zymbal Nephro- Angiosarcomns Other type
—_—— elutuds blusto- —» —— - == —— andjur
Giroups antd SUrVI- enneiiolns mas Liver  Othersites nite Total
treatment Tatal vons No N Na. No No, Nod
I
VO 10,000 ppm . 60 36 3011 = (1 = (1) — — &) 307
11
VO GOU0 ppan fil) AS 1y (H () (s - 1 ()
1t
VCUS00 pp ) i Ly () (1) (y -
Iv
VO H00 ppin i) D th (1) ) — @
\
VO 250 ppm ) 44 (1 — (1)
A9
NS0 ppn [H1] A0 _
VIt
Nu treptmoent [ ALF R P - — —
Total a4l 4017y 0 (7) - (1) - (6) 4 (34)

—_—
< “Famours tound o experiment 1D after 60 weehs are reeordd ine purenthesis,

¢ Toral Nooof tumonires

contage is 2% at VE 10000 ppmecand 1L7% at 6000 ppm; at this time no tamours
were found after administratton ot the Jower concentrations. I is ulso worthy
of note that all malignancies in this series were Zymbal gland carcinomas, After
33 weeks of exposure to 30,000 ppm (Expt BT6) 2 Zvmbal gland carcinomas
have been observed among 60 aats (38 survivors). In Expt BT5, two groups
of 30 mature breeder rats were exposed to VO 10,000 ppmand 6000 ppm - for
Todavs dunng pregnancy. No tumours were observed after 69 weeks among
the 28 survivors of cach group. Angiosarcomas ot the subeuatancous tissue oc.
curred in thein offspring; one timour e one of the 54 rats ol the 10,000 ppm
gronp at the age of 24 weeks, the other tamor in one of the 36 animals of the
6000 ppm group was found at 22 weeks of age. Fitty and 30 rats, respectively,
of the ditters are still alive and ander observation

Table 4 mdicates that mice vespond to VO inhalation of 10,000-30 ppin in g
similar anper as rats. While: 50 ppme s awain ineffective abter 35 weeks,
304, 15%, and B8.4% neoplasms were found after 10,000-6000, 2300-300, angd
250 ppm, vespectively. Tt is perhaps not surprising that in mice, pulmonary
and mammary tumors were ore frequent than other localizations, but the
presence of angiosarcomas of the liver also occurred in this genus,

At present, 5 distinet types of tumours induced by VO have heen observed,
i.e., angiosarcomas, particularly of the liver Cin rats and mice). nephroblastomag

{1 rats), Zvmbal gland carcinoinas cinrats ) andd pulinonary adenomas, some of
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is also worthy . _
cinomas. After which undergo mal gnant transtormation ind panmary carcinonias (in mice ).
nd carcinomas Macroseopic and microscopic illustrations of the tumours induced are shown ;
n e o
3. two groups in Figs. 1-25,
6000 ppn for ['he h((l]\u.nt L.)H]l).l‘ pland circinomas can reach cousiderable sive (Fig, 19), '
weeks among s € sometimes bilobated and sh‘m\' a tendeney to !l(\nlnl)n'rllzlg(-s, Their structure ‘
ous tissue oe- ¥ catt show different patterns. The arrangenment of the normal Zymbal gland ,
ae 10,000 ppmn {Fig. 2) appuars (.)“(n in @ dhmg.una d form in the tumours, lh(‘ carcinomas
Lnimads of the prn\(-nt u\';uums diflerent ln«;tn?ngu'ul patterns, e, L',’];‘uululur (Fig, 3y, solid
o respeetively, PR 4%), squamons, zln;np]us‘!w, and pnl}ll_l()lph(llls,. “W, (!(-q\u-nl pulmonary .
mictastases carry the chaacteristios of the primary lesion, (Figo 3), The nepleo- :
_ ) Bl ; Sus . o dastases i Clhiver (I (e a '
550 ppm in a blastomas (1 S G-%) lead to nun rois i fastases in the lives (l‘ng\. ge, 1o )
ter 35 weeks, -bot can also involve splt'(;u u:\n(l lungs, The Breqoently found angiosiocomas ol
. ot ™ S v e . P EreuYm YT
2500-500, and ‘M Bver fnorats (Figs. l.l 2% 13 and l.l) i chiracterized by the vascular :
ce. pulmonary growth undl‘hemu:rhug!c appearance which i also present ' pulmonary ,
. . N XU ¥ s . Q1) CATC Lo livey v .
tions, but the metastuses ( Fig 15. ). Occ mnn.ln:\, lmlh‘.m,_(un o of the live “md nephro '
¢ blastoma occurred in the sawe andmad (F o 160 Ang asare nns of other sites ;
. ; } ' ;
jeen observed;  APBORE gens wlly as more or Jess hemoating ¢ masses developing in the ab-

phioblustomay
ons, some of *Figies marhed by astessks (% appear on the colon plates
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dominal covte (Fig, 17y in the subeutancons tissae (Figo 22°) in the aterus
(Fig, 18), or in the lung (Fig. 19) The ossitving angiosarcoma ( Figs, 20°, 21¢)
and the sabvary ghand vincmoma (Figs 28 and 28 ocomiedaely (see Table 2,

group V1), Figure 23 shows a liver angiosiwcona of 4 monse,
CONCLUSIONS AND DISCUSSHON

From the results presented in the tables, from the pathologieal and histological
observations, the tollowing carly conclusions may he drawn,

(1) VC is oncogenic under our experimental conditions. 1t induces, in ras,
carcinomas of the Zymbal glands, nephroblastomas and angiosarcomas
in liver and other sites; in mice, lives angiosarcomas, pulmonary
adenonas and manunary careinonsts. ’
A direet reltionship exists between the dose and Teneth of teatment,
and the neoplastic response.

—_
I
~

(3) Zymbal gland carcinomas and nephroblastomas may be bilateral,
{4) Liver angiosarcomas are often multicentric.
(5) Blood vessel cetasias wnd endothelial hyperplasia, associated or ot

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.
sidercd systeaie,

The onset of 2 ossifying angiosarcomas saggests @ new orientation i
the pathogenctic interpretation of acroosteolysis in workers exposed tg
VC.

To the present no acroosteolytic fesions have been observed in our ey,

(6

(7)
posedd aninals,

(8 No tumours have been observed inrats exposed to VA (2500 ppm).

Zymbal gland  carcinomas, nephioblastomias and liver angiosarcomas have
never heen observed to occur spontanconsly in our breed of S])mguo-l)nwlcy
rats,

Although Zymbal glands, in rats, are respomsive to a large number of éurcino-
gens, only 3 spontanconsly occurring cases of Zymbal gland carcinomas have
been recorded in this species (Fannenbaum et al., 1962), To om knowledge, ng
spoutancous nephroblastomas and liver angrosarcomas ot rats have been reported

—_—

Fieo 1. Rat with Zyoba! gland carcmona
Fre 1 Zymbal gland carcnoma sohd pattesn, in orat, 1- [ % 158,
Fie 90 Rat with nephroblctoma, metastases in biver
Fir.. 100 Liver metastins from nephroblastoma, in rit 11 F o~ 153K,
i, T Rat with hiver angiosarcoma,
Fia, 120 Bat wath hiver angiosarcoma wathy lung inetsbass,

Fuoo 13, Liver angisatcone, cluinactone Lie paticing an rat V10~ 158,
i, 15, -Pulinonary mctistasis of liver angiosarcomag inoal, 1O x 158,
I, 160 Liver angiosarconse 4 nephroblastoma i rat.

i 200 Laterocervieal osafying angiosarcoms, in rat, H I » |58,
g, 210 Pulmonary metastasis ol ossdving angiosarcoma, in el H=E x40,

P, 220 Rat with subestancous angosarcon,
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i diterature wnd s booae we konow, hidoey nephroblastomas have never been
i, repotted ay bemg experimentally wmduced,
e’ Hepatie apgiosarcomas have been esperimentadly indoced e vals ( Revher
& and Lee, 1965, Hadjiolov, 19720 in mice (Roe and Salaoay, 1951 Cuodesy et al.
i!i 1973 and in hansters CPoth, 197250 i niice, extrahepatic agiosarcomas have
s been induced by a-uninonzoteluese CAndervont ef al,, 1910 Andervont, 1950
and by dietin Lunmoberzone aso 2 naphthadene (M ulay and Saxdéin, 1953 ).
In the robbit, andiosacumas have heon produced by thorotiag (Zeitlhole
and Speiser, 1954,

In wan, angiosarcomas are guite rave One hindred-seventeen docsmented
cases were colleeted to 1935 (Landells, 1955), of which only 21 arose in the
liver,

Induction of Liver andgiosaicomas have heen reported in homans, In one case,

A a liver angiosarcoma followed the insertion of o radimn needle (Ross, 1932),
- Cases of Liver angiosarconus hine been veported tollowing administration of
‘_‘l" ’ thorotrast ( MacMahon ¢t wl, 1947 Ludm, 1933, Baserga ef al., 1960:; Da Silva

" Horta ef ql,, 1963) and exposire o aoome (Rath, 1957).
o The yesalts of our investigations huve been perodically Gansmitted to the
’ ..‘-’ members of the Fuopean Coapeyativee Chronp When apprositoately o yvear and
sy a halt ago, it bhecame definitels clear that VG was able o induee ansiosacomas,
o ll(‘P}ll'()]l'i\‘w‘()ll)ﬂ\' aned other mabeamcios o vesalts, were abso conmnnmnicated

o Neviean numudactirers of VO and PV CL o orient chiniceal obser vadions
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and epidemiological investigations, and to guide industrial hygiene measures
needed for prevention of discases which might be ussociated with VO exposure.

SUMMARY

This project of investigations is concerned with determining the oncogenie
potentialities of vinyl chloride (VC). The effect of this compound is studied in
relation to various eaperimental factors, such as route of adiinistration, dose
level, length of treatinent, and speaies, strain and age of the animals,

The preliminary results ae presented. When given by inhalation VO induces,
in rats, Zymbal glind carcinomas, nephroblastomas and angiosarcomas of the
liver and of other anatomical sites, and in nice, pulmonary adenomas, mammary
curcinomas, und liver angiosarcotuas,

A dircet relationship between dose wand Tength of treatment, and neoplastic
response has been found.
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