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SUMMARY

Rats (Ar/IRE Wisiar civain) exposed for 12 months to
vapors of vinyl chlotide develeped tumors of the skin, lunzs,
and bones. The cutaneous tumors, which zlwavs anpeared in
the area in which submaxillary and parotid plonds are located,
have been histolegically recaznized as epidermoid carcinomas,
papillomas, and  mucoepidermoid  carcinomas.  The
morphological characteristics of lung tumors, which occurred
in a lower percentage, were muinly of the adenocarcinema
type, with the exception of a single epidermuid wmor

originating from the epithelial covering cells. !a a minor.

nu'nbur of rats, 2 large proiiferation of cartilaginous tissue
diagnosed as os!co«.hondro:. a developed in the matiesrpal apd
metatarsat regions of the four limbs. .

INTRODUCTION

cncogenic  propertizs of somwe f"wn'?c*’ organic
comoounds wizd for the preparaticn of “piosties” have been
widely investigated. and their limits and eftectiveness bave

been well -established. Detxiled information on this subject
xmy be found i the literawre (5, 6, 8) however, all
information and references are exclusively retated to highly
solymerized compounds of ronghly the samie size as used in
various industries, .

Oncoygenic polymers produce sacconiatous tumors, with the
exciption of poiywethans wiich, 25 rencrted by Huepar (6),

also  fnduze  adenocarcinomas.  Recently, it has  been
demonstrated  that  sarcomutous  tumos (1-4, 7)) are
transplantable, and it has b2en sepzested Lhat they may
criginate from the tisswes of the capsuie that sradually covers
the pivrie flm. Thus, Grendd ot .‘::'. (2= nanve observed
piemalignunt srezs meode of p:.\o"\' Ulrennated fibroblasts
which were fiemily aitached to the o

Slastie film up 10 the
monnd ofinalizinant transformation, :

This mvi.\l.mox duinonsiraces that even the monomer
vinyl chlodde possesses oncozenic properties when used with

20 arprogdste modal (‘i"f':.-r-'m frem the moodels previously
1epoited by several suthors (Y--12). The carcinoyenic resnonss
e ————
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to vinyl chloride follows a singular pattern for the diffseant
tissues and organs of the rat,

MATERIALS AND METE 1oDs
performaed  with vinyl ciloiide

The c*p..nments wars
dogenaie derivative of cthylens) or'a

(C”~=C1'Cl, {ie MOnGM:

commercitl gtade (99% purity) sssumed  to ceniain
insignificant  amounts  of  various noncarcinogeuic
contaninants.

Three-menth-old Wistar (Ar/IRE} ma!
150 g bady weight) were axposad t s
4 hr a ¢oy, 3 days a woek, for 12 montihs, The animals were
kept in meotal or plastic, sir-tight caves in which 2 constane
flow of air, centaining 34 vfv (equal to 30,000 pomy) of vinyt
chloride, was introduced, l'.-."r.:v five tass of the jame strain
were the control proup. Al the end w!f the treaunen®, the
steviving aniinpls wer RFed at 20-Zay intervals, and the mest
nponant lsues and r:-rg.-..-n ware examined distologicstly Gy
stundard methods. Dwing the pariod of expomure, the aniinls
ware slighily soporific: howsver. montii
treatmanl were well toleruted 2nd no changes in grewth or
behavior wers noticed. Alter 10 months of treatinent, seme
am‘m*is h""'n to show 2 hard mass in the agraauricular region

progressively lareer until it 12ached the size ofa
w:\lnut of slichtly larcer. In most cascs, the seeeiling vwas
unilateral; it was bilatersl in only a2 few animzis. After L or 2
months, the growing masses begarns ui\.c...tcd and disghoroed
necrotiz dehns, winle 2 certain amecunt of wumorous tisyue
bepan to fonn on their suifaces. In additian, we obsarved that
the masses were an inteera! part of the parcauriculur regicn
and could not be distinpuished from the tosal tssues. Casrous

e aibino rats (shout
iy !c‘ loride vapors {or

tha firer fuw

necrotic zons were ifound, l" ura end pericondium often
showed diffusy inflammation of a fitvrous nature and, in muny

cases, 2 lungs were covered with oz
formations a5 large as grains of rice or eve
than Bines t!.c;:mi\ i.
cmo'.;‘.‘:.c with mitky, th d\ 1‘u

nember of whitk
on farger and hurder
lungs were

'n the pleural cavities. Tne
and very fragite. Vhe
{larent n-.mv.-ls
v control the stats

the fm 2 cases, the
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animals weee ;u‘mc.cd ] \ my analy
from the Lesinning of treatinent in
af the skalztaf Lenss.

Al the unm 115‘ that inhalad viznyl chioride showed 2
of parenchyrial lesons, Among |
the disuposaranes of granolac and Pa

s’. I ,cf
nust Dm"‘mc."n' wWiie

ringe cells, degeneratiun
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gy cendhélum, severe chionic  hepatitis teyetitial

4 sesuning the pattemn oi tubnane phyosis.

LTS 4
2 mt’f survival and the main findings are summarized
ks 1, Almost all the animals developed tumors of the
1ad lungs. Very few animals developed bene tumors: in
czses, the tumors were lncalized in the metacarpal and
tzrsal bones of all 4 extremitics. Skin tumors were by far
st frequent, amounting to 65 or 707.
s Tumars. The tuinor that develaped moat frequenily in
yeaurizular region was the epidenmord carcinom, but we
chserved  papillomas and  rarely  mucuvepidermuoid
qomas. In all cases, the newjfasms were of epithslial
o. The 3 patterns noticed cannot be compared to varions
types but rather (o a transition of one type into the other
ad which is more likely, to different stapes of the same

Warly subausiculr prowth
iy, widd gunderate cwalling of the Lidney ;7 ~oehyiea, histolagical piciure showed p
A - »

curred in some rats, The
wi epithelial proliferation,

with progressive increase in the thickness of the epidermis

(Fiz. 1.

The papillary warts of exophytic type had a fibrous vascular
stroma and various degrees of inflammatory Iymphocytic
in(iltration, marked hyperkeratosis, parakeratosis, acanthosis,
and arcas of individual dyskeratosis or pearllike horny

formations.

The epithetial cefls of the penctrating columans (Fig. 2) were
sirregularly arranged and were frequently accompanied by an
inflammatory mfltiation of the dermis. The typical features
of the Malpighian layer and of the stratum corneum of the
prickle cells and of germinal layers were easily recognized (Fig.
3). The horny layer was composed largely of cell nests, which
appeared at certzin points within the epithelial masses and
assumed the well-known appearance of “herny pearls™ (Fig. 3,
arrows); they were made of*{lattened and compressed prickle
cells without nuclei and were located around a central core of

feeative type. keratin, .
’ . . Tablc 1 . :
- Oncogenic offects af inkeled vinyl chloride as a function of time
The animals were exposed 1o vinyvl chlaride vapors for 4 he a day, 5 days a weck, for a total ..

of 12 months, in a2 constant {léw ol air containing 3% viv vinyl chivride,

Tumors
Rat Survival rate Skin Lungs Bones
1 - 300 Muccepideimoid Adenoacanthoma  Ostzochondroma
carcinoma :
2,3 280-300 Epidermoid No tuniot No tumor
. ~ carecineir, hefa-
. tinizing type . .
4 310 Epiderinoid Adenocurcinoma No tumor . .
carcinoma, kera- '
’ tinizing type . )
5 3313 Papitloma, keratotic  No tumor Osteochondroma )
type
6 337 Epidermoid No tumoe - Osteochondroma
: . carcinoma
7 347 Epidarmanid No tunor No tumnor
. carcinoma
8 347 Mucoepidormoid No tumpor Osteochondroma
. o carcinonia '
14 354 Epidermaid No tumor No tumor
carcinoma
16, 17 359 Epidermoeid Adcnocarcinoma No tumor
carcinoma
2] 380 Epidesmaond No tumor No tumor
' carcinoma ' !
22 k-1 Epideniaoid Adenocarcinoma  Osteochondroma ;
caicinnma -
23 330 Epidermoid No tumor No tumor
carcinoma .
24 380 Epidermoid Mucus-producing  No tumor
carciroma adenncarcinoms
(alveolar cell
. . csecinoma?)
25 330 Epidermoid No tumor No tuinor
caicinoma
26 180 Epidermoid Squamous cell No tumor
carcinoma carcinoma
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Kc.’a(ini/.atmn was irrepuiar m} LTIl PatnLEeT3tosis was
observed in the areas of the tumar in which the cells were
loowly aggregatad and undergeme an indovidnel rather than a

llestive type of keratimzation (Fie, 4), In ¢ykeratotic areas,

.’cw cpithelial cells tonded to form pezrls. The tumor seido:

showed  an  undiffereatated  prowth  with  cellular
pleomorphism and saverai mitotic tigures {Fig, 5). A few
tumors showed Iittle nests of isoizted pale celtz (Fivs. 6 and 7)
of 3 types: mucin-producing cells {originating rom the duct
cpithelivm of sweat glands or salivary .'!_":xm squamaus cells:
and intermediate colls  with minor tendencies towards
differentiation.

Respiratory Tract. These tumors, although occurring rarely,
were mainly adenocarcinomatous. Only in | rar did we obsarve
an epidermoid tumor originating fron the epithelium-covering
cells. Somstimes, the tumors were seen in heir cady
development and cousisted predominanily of cubic or
columnar cells arranged as regular or irrcgular tubular and
papillary elements (Fig. 8) and supported by poorly developed
fibrous strema (Fig. 9).

In other cascs, plandular siructures were often iinperfectly
formed and appzared as  sheetlike  proliferations of
undifferentiated or pleomorphic character, The colls showed a
tendency to extend into the pulmonary parenchyma, thus
simulating the microscopic features of the so-called alveolac
cell carcinema (Fig. 10). Sometimes, this was the prevailing
pattern, The pulmenary air sacs were limited by 1 or more
fayers of cubic, columnar, or polyhedral cells with abundant
cytoplasm that was faintly eosinopiulic (Fig, 11); frequently,

enopapillary excrescences spreading into the alveclar space

‘:c present. .

In some areas, fuci of cellulzy polymorp!:imu with
hyperchromatic nuclei were noticed; mucin vas produced in
vany'ing amounts and scoreted into the lumen of the tubules
and acini. There were small pools of mucin in which signet ring
cells oceurred, cither zlone or in smll clusters (Fig. 12). 'lhx,
alveolar walls were often quite thick and, at times, showed an
inflammatory infiliration.

As mentioned berore, a single tumor sho.n.d squamous
structures and appeared to have been formad mainly by
spindle and oval undifferentinted cells (Fig. 12).

‘Bones. In the mstacarpal and matate irsal regions of the y
linbs, 2 large proliferation of cartilaginous tissucs aross
outward from the periosteum and, from the appearance of its
cells, seumed to derive directly fam the corncal Sane (Fia,
14). The periosteurn also grew and in seme areas spread uas
fingerlike prolongations into the newly formed cartila ae (Fig.
15). In these places, 3 gradual transition between fibrous

cartiluge, periosteuny, 2aad bone could be noticed.

The nowly formed cartilage zpocared irregular with atypical
areas; the cells, which had nuciei Imger than the normal
chondrocytes, h}, in weil-lor med, cunsulated Tacunae. The cells
eccwrred singly, in pairs, or in tetrads and, sithough of
different size and shape, they usually contsined 2 single,
dakly stained nucleus, The cactiiaginons growth was not
homopencous, as shown by the extension of the fingsrlike

lonzativas into the boundary o newly fored tissue,
tdes the cheadioblastic, chondrocy tic, and anziomatous
arcas which indicated o rapid growth, there were also

LS

. deeper purtions of the trabeculae (Fig.

. in termms of a

_ The cutaneous system is the most suscaptible to the oncog,cnic

cartilaginous zones possessing repressive  (eatures, sueh 3t
fihrosis and hyalinosis. The perichondrium appeared often asa .
compressad and s(muurnlly altered tihrous tssue, ;

fn some cases, the tumor growih was related Lo the
the endochondral ossification oceurring below the “epiphysial .
plate.” Cusitication was irregular, so that osscous trabeculae .
varted greatly o thickness and ¢ontours. In other cases, fozi of
active cellular prolileration, cartlaginous areas, chondroid :

developmental nests, and calcificd bonss occurred in the
18).

The new formation appeared to be 2n osteechendroma and
consisted essentially of a bony protubsrance capped by -
cartilage and a fibrous layer, which represented the
perichondrium, -

The fibrous layer was continuous with the periosteum of
the adjacent cortical bone and extendad inward to form septa
separating and enciosing lohules of cartilage.

Control Animals. The control rats were kept under thc same
conditions as the c\perlrncnzal rats and at the appropriate time
were subjected to a censtant flow of air without vinyl .
chiorida. Nonc of these animals developed tumors or the types
of parenchymal lesions developed by the rats that injialed
vinyl chloride, In a very fow of the control rats, there was 2
swelling of the liver and kidneys.

stage of *

DISCUSSION

—ra b

As in many carcinogenesis studies in which mulitiple tumors
arise in different tissues and organs, e data must be evaluated -
more prompt positive response to be obtaiped :

with the ideal concentration of the carcinogenic cornpound.

effects of vinyl chloride. P
Qur experimenial data do not explain why the cutaneous
tumors developed in the same site, Le., the region including -
the area in which the submaxillary and parotid glands are
located. It is possible that the salivary glands may by involved
in the concentration or excretion of viny! chlorida or some of
its active decomposition products, This hypothesis is strongly
supported by morphological findings showing the specific .
tendency  of the developed tumor to  appear as 2 :
mucedpidermoid  carcinomg, which .ndicatcs ihe active
contribution of the mucus glandular c2lls to the tumorous -
growtn Such kinds of histotypes arz cien related o seme
ﬁun\.ulnr aperepaies, and, therefore, the histogenesis of human
mucoepidarmoid carcinoma has bess resir :c:cd to the cells of
intercaldied ducts. This hypotheticsi { n::rpruion must be
confirmed by future experimnents in which the action of the -
vinyl chilaride should he restricied salivary system, At
the concentrations used, sattuation wetting of the fut
might well be expected. Under c‘rcumsmnccs the

48 rl
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ingestiuon problem with subscauent .chc-:nh:f.-.on ol \-m,l
chlodde in the  salivary glanus. The local  extreme
concentration could 'L the result of the difficulty of 2
complete cleansimg by e rat,

The neophastic response of the
slthough of lesser mazninude,

My

lower respiratory tract
is of relevant interest, since some
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