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SUMMARY ' :

Rats (Ar/IRE Wisuar cinain) exposed for 12 months io
vapors of vinyl chloride develioped tumiors of the skin, Jungs,
and bores. The cutaneous tuniors, which always anpeared in
ths area in which submexillary and pzrotid plands aie located,
have heen histologically recopnized as epidermoid carcinomas,
proiflomas,  and  mucuepidermwoid  carcinomas,  The
matrhec logiczl characteristics of Jung tumors, winch oecurred
in a lower percentage, were macinly of the adenocarcinema
type, with the excertion of a single epidermoid umor
orizirzting from the epithelial covering cells. In a minor
number of rats, 2 large proliferation of cuanilavinous tissue
dizgnowd as osteochondroma devclored in the m: Hurpal and
mz1a:arsz] regions of the four limbs.,

INTROOUCTION

[ AIAN

i cncegenic properties of some  chemica!  erganic
crninoruds yead for the preparstion of *plastics™ have been
widely nvestigated, and their limiits and effectiveness luve
been well estandphed, Detoiled information on this subhject
ey b: fovnd s the lLterawure (5, 6, 8); however, all
in‘urmadion and references are exclusively selated to highly
Fe'yrmzeized compounds of roughly “the same sive as usad in
\'J!!DJS!’! Iusries,

Oucc:2nic polymers produce sarcontous tumors, with the
excepiion of polymethans wiuch. 25 reperted by Hueper (6),

alyy  insduce adenoczrcinomas.  Tiecently, it has  been
demnensirated  that  sarcomstous tumors. (P-4, 7) are

trenenlaqtedle, and it has been su._-csw hat they may
cr.zirnatz from the tissues of the ..apsuu thai yradually covers
the pintic Sim. Thwe, Brend @ al (21 nawve Gbserved
riemalizpant zreas made of poorly diffrentiated fibroblasts
wers fimily atrached 1o ihe pl.stie film up 1o the
man 2Rt of malipnunt transfermation,

This investigation Jdzmonsirates that even the monomer
viayl clloride possesses oncogenic properties when wed with
zn appeopriate modsl different fream the mode's previously
teparted Dy severad authors (U—12), The curcinogenic iesponse
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A piclimisiary report of the results reporte:! here was ziven at the
Torth bowenabonad Concer Covytess, Tlomvon~Teaas, May 22-24,
1870,

‘.—h:d Jobr 31, 1970; accenied Yanuary 12,
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to vinyl chloride follows a singular pattern for the diffcrc;lt /
tissucs and orpns of the rat,

MATERIALS AND METHODS
The experiments were performed with vinyl chloride
(C11;=CIICL, the monchialogenate derivative of clhylens) fa

commercial grade (99% purity) assumed to contuin |
insignificant  amounts  of  various  noncarcinogenic !
conlaminints, ’

Three-month-old Wislar (Ar/IRE) male albino rats (about
150 g bady weight) were 2xposed to vinyl chloride vapors for
4 hr a doy, § days a week, foc-12 mo=ths, The animals were
kept in metal or plastic, zir-tight cages in which 2 constant
flow of air, containing 3% v/v (cqual to 3¢,000 ppm) of vinyl
chloride. was mtmduced. Twenty-five rats of the same strain
were the eontrol proup, At the end of the treatment, the

surviving animals wer2 Litted ot 20-3ay dntervsts, and the mest
important tissues and organs were examingd bistulogicz!ly by
standard ngthods, Daring the period of expomure, tiie antimals
were slichinly soporific: howaver, the firrr few months of
treatment were well tolerated snd no chaages in grewth or
behavior were noticed. After 10 moaths of treatinent, some -
animals began to show a hard mass in the paraauricular region
which becime progressively larger until it seached the size of a
walnut or slightly larper. In most cases, the sw!llmg was
unilateral; it-was hilateral in only a few 2nimats. After 1 or 2
months, th2 growing masses became ulcerated and dischareed
necrotiz debris, while a certain amowznt of tumorous tissue
bezan to forin on their surfaces. In addition, we obsorved that
the masses were an integral part of the paraauricular regicn
and could not be distinguished from the ioual tissues. Cassous
necrotic zones were jound. Pleura and pericardium often
showed difivse inflammation of a fitrous nature aad, in many
cases, the lungs were - covered witk 'a number of white
formations as large as grains of rice or even lurger and harder
than the lungs themseives. In 2 cases, the lunps were
hemosrrhagic with miiky, thick fluid in the pleural cavities. The
liver was somelimss increased in size and very fragile. The
animal: were subjected to X.ray analy'ses at different intervals
from: the beginning of treatment in osder to control the state
of the skeletal bones, .

All the wnimals that inhaled viayl chloride showed 2 series
of parenchyma: lesions, Among these, most promindnt weare
the disappearance of granular and Purkinje celle, degeneration
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e cerebellum, scvere chironic liepatitis, inleretitial
onis, and moderate swelling of the kidney parenchyma,
sst ming the pattern of tubulonephrosis.

rates of survival and the main findings are summarized
le 1. Almost all the animals devcloped tumors of the
id lungs. Very few animals developed bene tumors; in
a2s0s, the tumors were Incalized in the metacarpat and
rsal bones of all 4 extremitics, Skin tumors were by far
st (1equent, amounting to 65 or 70%.

Tumors. The tumor that developed mort {requently in
sauricular region was the epiderinoid carcinoma, bt we
sbserved  papillomas and rarely mucocpidermoid
mas. In all cases, the neojiasms weie of epithelial
The 3 patterns noticed cannot be compared to various
p2s but rather t - a transition of one type into the other
| which is more likely, to different stapes of the same

rative type.

Warty subauticulr growths occurred in some rats. The
histulogical picture showed papillar epithelial proliferation,
with progressive incrcasc in the thickness of the epidermis
(Fig. 1).

The papillary warts of exophytic type had a fibrous vascular
stroma and various degrees of inflammatory lymphocytie
infiltration, marked hypeikeiatosis, parakeratosis, acanthosis,
and arcas of individual dyskeratosis or pearl-like horny
formations,

The epithelial cells of the penetrating columns (Fig, 2) were
irregularly arranged and were frequently accompanied by an
inflammatory infiltration 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 certain points within the epithelial masses and
assumed the well-known appcarance of “horny pearls” (Fig. 3,
arrows); they were made of-flattened and compressed prickle
cells without nuclei and were located around a central core of
keratin, .

L

Table )
. Oncogenic effects of tnheled vinyt e¢hloride as a function of time
The animals were exposed 1o vinyl chloride vapars for 4 hr a day, 5 days a week, for 2 total
of 12 months, in a constant fidw of air contuning 3% v/v vinyl chivride. -
Tumors
Rat Survival rate Skin Lungs Bones
1 300 Muccaepidermoid Adenoacanthems  Qstzochondroma
carcinoma
2,3 280-300 Epidesinoid No tumor No tumor
carcinoma, hera-
tinizing type
4 310 Epidermoid Adcnocarcinoma No tumor
carcinoma, kera-
' tinizing type
5 33 Papilloma, keratatic  No tumor Osteachondroma
type
6 kXY Epidermoid No tumor Osteochondroma
: carcinoma )
7 347 Epidermoid No tumor No tuinor ,
carcinoma \
8 k1) Mucocpidermoid No tumor Osteochondroma —
. . carvinoma
14 354 Epidermoid No tumor No tumor
carcinoma
16, 17 59 Epidermoid Adenocarcinoma No tumor - .. ._
carcinoma
21 3% Epideimoid No tumor No tumor — -_
: carcinoms - - -
22 380 Epidenaoid Adenocarcinoma  Osicochondroma _ —
carcinoma '
23 330 Epidermoid No tumor No tumor -
carcinoma .
24 380 Epidermoid Mucus-producing ~ No tumor
carcinoma adcnocarcinoma
(2lveolar celi
carcinoma?)
25 380 Epidermoid No tumor No tumor
carcinoma
26 380 Epidermaid Squamous cell No tumor
carcinoma carcinoma
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Kuratinization wes f{rregular 2nd often purikeratosis was
observed in the areas of the tumor in which the cclls were
loosely aggregated and undergoing an individual rather than a
collective type of keratinization (Fig. 4). In dyskeratotic areas,
a few epithelial cells tonded to form pearls, The tumor seldom
showed an  undifferentiated  growth  with  cellular
plcomorphism and several mitotie figures (Fig. 5). A few
tumors showed little nests of isolated pale cells (Figs. 6 and 7)
of 3 types: mucin-producing cells (originating from the Jduct
epithelium of sweat glands or SJllV:ry glands); squamous cells;
and intermediate eulls with minor tendencies towards
differentiation. .

Respiratory Tract. These tumors, although occurring rarely,
were misinly adenocarcinomatous. Only in | rat did we obsorve
an epidermoid tumor originating from the epithelium<overing
cells. Sometimes, the tumors were seen in their carly
development 2nd consisted predominantly of cubic or

columnar cells arranged as regular or irrcgular tubulyr and

papillary elements (Fig. B) 2nd supponied by poorly deweioped
fibrous stroma (Fig. 9).
In other cases, glandular structures were often imperfectly
formed and appeared as sheetlike proliferations of
. undifferentiated or pleomorphic character, The cells showed a
tendency to extend into the pulmonary parenchyma, thus
simulating the microscopic fzatures of the so-called alveolar
cell carcinoma (Fig. 10). Sometimes, this was the prevailing
pattern. The pulmonary air sacs were limited by 1 or more
layers of cuhic, columnar, or polyhedral cells with abundant
cytoplasm that was fzintly cosinophilic (Fig. 11), frequently,
adenopapillary excrescences spreading into the alveolar sp.nccs
weie present. T

In sdme aress, focj of cellul-r polvmomhism  with
hyperchromatic suclei were noticed; mucin voas produced in
varying amounts and secreted into the lumen of the whules
and acini There were small puols of mucin in which signet ring
cells occurred, cither 2lone or in small clusters (Fig. 12). The
alveolar walls were ofien quite thick and, at times, showed an
inflammatory infiltration.

As mentioned before, a single 1umor showed squamous
structures and appc"rcd to have been formed mainly by
spindle and oval undifferentiated cells (Vig. 12). -

Bones. In the mictacarpal and metatarsal regions of the 4 _
limbs, a large proliferation of cartiluginous tissies arose -
outward from the periosteum and, from the arpcnr.n sce of its
celle, sevmed to depive Sirectly fiom the cortic al bone (Fiz
14}, The periosteun also grew and in some areas spicad as
finger-like prolongations into the pewly formed cartilage (Fig.
15). In these places, a gradual transition hetween fibrous
cartilage, periosteum, and bone could be noticed.

The newly formed cartiluge appeared irregular with atypieal

* areas; the cells, which had nuclei larger than the nonmal
chondrocytes, lay in well-formed, capsulated tacunae. The cells
occurred singly, in pairs, or in tetrads and, although of
different size and shape, they usually contsined a single,
darkly stained nucleus. The cartilaginons growth was not
homogencous, as showa by the extension of the finger-like
prolongatiens into the bouadmy of newly fornmed tissue,
Besides the chondrobtastiz, chondrocytic, and angiomatous
areas which indicated a rpid giowth, there were abo
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" developmental nests, and calcified bones occurred In the ;

- contribution of the. mucus glandular cells to the tumorow

cartilaginous zones possessing regressive features, such as
fibrosis and hyalinosis. The perichondrium appzared often asa |
compressed and structurally altered fibrous tissue,

In somne ¢ases, the tumor growth was related to the stage of
the endochondral ossification occurring below the “cpiphysial ;
plate.” Ossification was irregular, so that osseous trabeculae i
varied greatly in thickness and contours. In other cases, foci of
active ccllular proliferation, cartilaginous areas, chondroid

decper portions of the trabeculae (Fig. 18).

The new formation appeared to be an osleochondroma and
consisied essentially of a bony protuberance capped by ;
cartilage and a fibrous - layer, whxch represented  the
perichondrium,

The fibrous layer was continuous with the periosteum of
the adjacent cortical bone and extended inward to form septa
separating and enclasing lobules of cartilage.

Control Animals. The control rats were kept under the same
conditions as the experimental rats and at the appropriate time |
were subjected to a constant flow of alr without vinyl ;
chloride. None of thesc animals developed tumors or the types *
of parenchymal lesions developed by the rats that inh*lcd )
vinyl chloride. In a very few of the control rats, there wasa !
swelling of the liver and kldncys

!
DISCUSSION l
As in many carcinogenesis studies in which multiple tumons §
arise in different tissues and organs, the data must be evaluated
in terins of a more prompt positive responss to be obteined
with the idesl concentration of the carcinogenic compouud
The cutaneous system is the most susceptible to the oncogenic
cffects of vinyl chloride.
Our experimental data do not explain why the cutanecous ;

ere wre - s

tuniors developed in the same site, ie., the region including -
the area in which the submaxillary and parotid glands are *

located. Jt is possible that the salivary glands rhay by involved

in the concentration or excretion of vinyl chloride or some df :

its active decomposition products. This hypothesis is strongly
suppoited by morphological findings showing the specifie
tendency - of the developed ‘tumor to appear as 3
mucocpidermoid . carcinoma, . which indicates the active

growth. Such kinds of histotypes are often related to some
glandular aggregates, and, therefore, the histopenesis of human
mucoepidermoid carcinoma has been restricted to the cells of

intercalated duets. This hypothetical interpretion must be *

confinmed by future experiments in which the action of the
vinyl chloride should be restricted to the salivary system. At
the concentrations used, saturation and wetting of the fur
ntight well be cxpecled Under these circumstances, the
natural cleansing habit of the rat might add a significant
ingestion problem with subsequent concentration of vinyl
chloride in the salivary glands. The Ilocal extreme
concentration could ! . the result of the difficulty of 3
complete cleansiug by the rat,

The ncoplastic response of the lower respiratory tract,
although of lesser magnitude, is of relevant interest, since some
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seeney we & mephologically simifa (o those deseribad
v .. tne hypothess that nucus-pmduci.\" cells may
e of reidnnring vinyl chloride or its_ticcompotition
s 10 b' relevant once more, Obviously, a

srpretatt n s required for the pathogenesis of the
nmoes ard for their simukaneous inciduence at the level
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