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Popper about the reversibility of the phenomenon, particularly if caught ¢
If waorkers are exposed to maderate to low levels for relatively short
time, has there been any evidence that there is any irreversible ch
the progression that you were documenting take time?

Dr. Porrer: The only real experience we had was a case which Dr. Berk
presented. In this case, after discontinuation of the cxposure, fibrosis persisted
but other features were absent. The characlteristic disturbing activation of thc’
hcmecylcs was no longer scen. | am not surprised. From cxperience with
hepatic fibrosis in circumstances other than vinyl chloride, it is known that
fibrous tissue may not disappear once present.

I'suspect. but do not know, that the person may be left with innocent scars

in !hc liver which possibly may not interfere with his life expectancy. One
patient, however, is really no proof.
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ParT 1. CARCINOGENESIS ASSOCIATED wiTit VINYL CllLORIDE

A. Experimental Studien

CARCINOGENICITY BIOASSAYS OF VINYL CHLORIDE:
CURRENT RESULTS

Cesarz Maltoni and Giuseppe Lefemine

Istituto di Oncologia and Centro Tumori
Bologna, Ltaly

INTRODUCTION

Vinyl chloride (VC) has beea produced in many countries for more than
30 years. It is the constitucnt of polyvinyl chloride (PVC), which nowadays is
the plastic industrial material most used and dilfused in the world. Morcover, it
is used as a copolymer in Saran and other plastics, as a chemical intermediate,
as a solvent, and as a propcllant; in the past, for a short period, it was also used
as an ancsthetic. VC is at present produced at a rate of near 12 million tons per
year.

The following population groups may be exposed ta VC: (1) workers engaged
in the production of PVC and of VC and in the use of VC for other industrial
purposes; (2) workers manufacturing PVC; (3) residents in areas neighboring on
factorics producing PVC and VC; and to a much lesscr extent (4) people using
products containing VC, as some propellent sprays; (5) pecople having contact
with resins made with VC and with materials containing these resins; and (6)
populations consuming food contained in plastics made with VC. Bioassays on
the long term effects of VC were not available until 1970.

This situation reflects the limited consideration which has been, up to the
present, given to experimental bioassays in predicting the oncogenic cffects on
man of cnvironmental and occupational agents. In part this is due to industrial
and cconomical interests, in part to deficicncies in technical-scientific facilities, to
the dilettantism of many cxperimental workers, and to the inadequacy of nany
experiments performed in the past.

What is now happening with vinyl chloride and the story of vinyl chloride
carcinogenicity should bring about greater consideration of cxperimental bioas-
says and finally induce a new turn in the ficld of occupational and environmental
carcinogenesis. In other words, cxperimental prediction on the pathogenctic
poteatial of occupational and environmental agents before they are produced and
teleased on a large scale into the human environment should preclude the need
for later cpidemiological evidence.

History

In 1970 Professor Viola presented, at the X International Cancer Congress
(Hlouston), the results of a pilot experiment, which then were extensively pub-
lished in 1971." Professor Viola reported to have observed in 26 rats exposed by
inhalatory route to 30,000 ppm of VC 4 h daily, 5 days weekly, tor 10-12
months, surviving 10 months or more, 17 skin tumors, 7 pulmonary tumors,
mainly carcinomas, and § osteochondromas.
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_ln 1967 our Inslitute started a large investigation, among workers of s
ltnlm!\ industrial plants, to determine the effects of the exposure to dil(Tweral
chemicals on respiratory cpithelia. The pathological changes were sludicflrc[;“
sputum cytology. In 1970 this rescarch was extended also to workers in VC-PVé
industrics. A significant increase of cellular changes in bronchial cpitheli
such as marked squamous metaplasia and squamous dysplasia, were found '1nlum'
the workers more heavily exposed to VC. ‘ Hmene

. immediately after the Houston Congress, we contacted Professor Viola wh
kmdlly put some slides of his experimental tumors at our disposal. According xg
our interpretation, the malignant tumors observed by Prolessor Viola in the skin
were carcinomas arising from the Zymbal gland (a sebaccous gland of the ex-
(cr|9r acoustic duct), which is responsive to a large number of carcinogens. The
malignancics of the lung, in our opinion, were metastases from Zymbal gland
tumors.

At that time (cnd of 1970) we planned a project of correlated investigations
to (ur(hcr clarily the type and degree of the carcinogenic risk from VC. The
project was cncouraged and supported by Montedison (Italy), which later was
joined by other major European companies, that is, 1C1 (U.K.), Solvay (Belgium)
and Rhone-I'rogil (France). .

The Head of the Health Services of Montedison supplied us with all the
technical data dealing with occupational exposure; this made possible the repro-
duction in our cxperiments of the most important parameters of occupational
conditions.

PLANNING, MATERIALS, AND METHODS

This project included a series of experiments, which were started in sequence.
They were designed 1o study the effects of VC, administered through different
routes (inhalation, ingestion, and peritoncal and subcutancous injection), at differ-
cit concentrations, far varying periods of time, by continuous or intermittent
treatment, on animals of different species (rats, mice, hamsters), strains (Sprague-
Dawley and Wistar rats), sex and age (adults, newborns, embryos).

The planning of the program and the preparation of suitable experimental
conditions, particularly the building of an apparatus for inhalatory exposure,
took us until May 1971, In July 1971 we started experimenting. The chambers
of exposurc arc built basically of stainless steel and plass. They have been
designed to deliver concentrations varying from 30,000 to § ppm of VC, and
to treat simultancously nearly 1,500 rodents. The VC concentration in the
chambers is controlled by gas chromatography. .

The VC is supplicd by Montedison. Each stock is analyzed in the Montedison
Rescarch Unit. The impuritics and their maximal levels in the VC employed have
been as follows:

H,0 100 ppm
Acetic aldehyde 5 ppm
Acctylene 2 ppm
Allene 5 ppm
Butane 8 ppin
. 1,3-Butadicne 10 ppm
Chlorophene 10 ppm
Diacetylene 4 ppm
Vinyl gcetylene 10 ppm
Propin 3 ppm

Mecthyl éworidc 100 ppm

\
\,

N\

N

Maltoni & Lefemine: Carcinogenicity Bioassays ‘97

The experiments utilized mainly Sprague-Dawley rats; Wistar rats, Swiss mice,
and hamsters have also been used. All the animals, cxcept the hamsters, are bred in
our Institute for years and, whatever their use, are all examined at death by com-
plete autopsy, giving us extensive information concerning their current pathology.

The animals have been weaned and classified by sex when 4-5 weeks old,
at which time they have been numbered by car punch and divided into groups
by litter distribution. From wcaning, the animals have been fed, ad libitum, an
adequate commercial dict. During the period of treatment, the animals are
housed in groups of 10 in stainless stcel wire cages with a solid bottom of the
same mctal. After the period of experimental treatment, the animals are kept in
groups of 5 in makrolon cages, with tops made of stainless stecl wire. A shallow
layer of white wood shavings scrves as bedding. The animals arc kept in a
temperaturc-controlled laboratory at 19-20°C. '

Fifteen experiments have been started in sequence. Some of them were pro-
grammed at the beginning; for some others the need appeared on the basis of the
first experimental results. The plan of the experiments and the up-to-date situa-
tion is shown in TARLE 1.

Experiment | studics the cffcct of the atmospheric exposure to 10,000, 6,000,
2,500, 500, 250, 50 ppm of VC, 4 h daily, 5 days weckly, for 12 months, Two
groups of animals were added as control: one untreated, as for all the following
experiments, and onc treated with vinyl acetate (VA) at 2,500 ppm, under the
same conditions. This dosc of VA appcared to be the maximum possible dose for
a chronic exposure.

Experiment 2 was performed to investigate in a larger number of animals the
effect of doses between 250 to SO, that is 200, 150 and 100, under the same con-
ditions as in Experiment 1. It was started alter it was clear that a dose of 250
ppm was still showing oncogenic cffects.

Experiment 3 was planned to study the effects of a shorter period of exposure,
keeping ail the other conditions of Experiment ).

Experiment 4 studics the cffects of the same lype of exposure as in Experi-
ment 1 in another species (mice). The treatment lasted 7 months in consideration
of the higher mortality and the shorter life span of the mice of our line as com-
pared with rats.

Experiment 5 was undertaken as a pilot investigation on the possible effects
of the atmospheric cxposure, during pregnancy, on offspring. .

Experiment 6 was planned to reproduce the same conditions as in Professor
Viola's experiments.

Experiment 7 was planned to study the effects of the same type of exposurc as
in Experiment 1 in another strain of rats (Wistar).

Experiment 8 studies the effects of the same cxposure as in Experiment 1,
in a third species (hamsters) for the same period as in Experiment 4,

Experiment 9 was planned, before tumors were observed at 50 ppm in experi-
ment BT, 1o assess further whether inhalation of VC has any cffect at a dose

level of 50 ppm. ] o .
Experiment 10 studies whether a high, but limited and/or intermittent at-

mospheric exposure has any effect.
Experiment 11 was performed to evaluate the effects of VC by ingestion.
Experiment 12 studies the third gencral route of exposure.
Experiment 13 was started to assess whether VC acts on tissucs directly or

through metabolites. )
Experiment 14 has been included to study the responsivencss of newborns.
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TABLE |

PLAN OF THE EXPERIMENTS UP TO May 3, 1974

8¢

_ Treatment Apimals _
_ ] Length of the
mxnw _ No. : man:munuc >
Route Dases of VC Length Species Strain . :L»nﬂm ) umx”won :..”n.wvn <
, H : Per H =
_ i e d | Total group Wl
BT1 Inhalation 10,000, 6,000, 2,500, | 4 h daily, 5§ days weekly,| Rat Sprague- 13 268 ) 309 | 577 64-96 135 Z
500, 250, 50 ppm 52 wk Dawiey (Ended) m
Untreated controls
Treated controls: VA g
2,500 ppm m
BT2 Inbalation 200, 130, 100 ppm 4 h daily, 5 days weekly, | Rau Sprague- i 13 280 | 265 545 120-185 43 ol
Untreated controls 52 wk Dawiey ! >
BT3 Inhalation 10,000, 6,000, 2,500, | 4bh daily, $ days weekiy, | Rat Sprague- 21 262 | 288 | 550 60~190 68 o
500, 250, 50 ppm 17 wk Dawley 2
Untreated controls &
BT4 Inhalation 10,000, 6,000, 2,500, | 4 b daily, 5 days weekly, | Mouse Swiss 1n 250 | 260 | st0 60-150 43 M
' 500, 250, 50 ppm weekly, 30 wk
Untreated coatrols W.
BTS Transplacen- 10,000, 6,000 ppm 4 b daily, 7 days {from | Rat Sprague- 19 (breeders); 110 36 146 30-54 77
wal 12th 1o 18th day of Dawiey  |IZ days (em- ¥
pregnancy) bryos) &
BTé Inhalation 30,000 ppm 4 h daily, 5 days weckly,| Rat Sprague- 17 30 30 60 60 43 w
52 wk Dawley ﬁ
BT? Inhalavion 10,000, 6,000, 2,500, { 4hdaily, 5 days weekly,; Rat Wiswr 11 -— 220 220 3040 43
i 500, 250, 50 ppm 352 wk
Untreaied controls
BTS Inhalation 10,000, 6,000, 2,500, | 4 b daily, S days weekly,! Hamster Golden 11 bt 268 263 32-70 30
500, 250, 50 ppm 30 wk .
Uatreated controls
BT9 Inhalation 50 ppm 4 b daily, 5 days weekly,| Rat Sprague- 1 200 | 200 [ 400 | 100 (c) 1s
| Untreated controls 52 wk . Dawley 300 (1)
A -«
8Tio0 Inhalation 10,000, 6,000 ppm 4 h daily, 5 days weckly,| Rat Sprague- 11 420 20 840 120 15
Untreated controls S wk; 4 h daily, 1 day Dawley
weekily, 25 wk; 1 h
daily, 4 days weekly,
25 wk
BT11 Ingestion 16.6, 31.2, 50 mg/kg | S times weekly, 52 wk Rat Sorague- 13 160 160 | 320 80 15
body weight in olive Dawley Z
oil .v....l-.
Controls: olive oil o)
BT12 |Endoperitoneal | 4.25 mg in 1.0 cc olive | 4, 3, 2, imes by 2 Rat Sprague- 13 150 150 300 60 15 =3
injection oil months and once Dawley o
’ Controls: 1.0 cc olive
oil -
8T13 Subcutaneous | 4.25 mg in 1.0 cc olive | 1 injection Rat Sprague- 21 80 70 150 75 18 (=X
injection oil Dawley m
Controls: 1.0 cc olive =5
oil w
BT14 Inhalation 10,000, 6,000 ppm 4 h daily, 5 days weekly,| Rat Sprague- 1 day 43 4“4 89 4346 10 .o
5 wk Dawley a
BT1S Inhalation 25, 10, 5 ppm 4 h daily, 5 days weekly,| Rat Sprague- 13 240 | 240 480 120 Just started m
Untreated conurols 52 wk Dawley a.
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Experiment 1> s started as soon as we found 1 liver angiosarcoma 1
xtrahepatic angiosarcoma, and 1 ncphroblastoma in 3 animals of the first 'cx-
criment, exposed to 50 ppm of VC for | year, and surviving 135 weeks from
he beginning of the treatment.

The animals are controlled weekly and weighed cvery 2 weeks during the
eriod of treatment and monthly after the treatment is over. All the dctectable
ross pathological changes are recotded during the control, All the animals are
ept under observation until spontancous death, The animals, when moribund
re isolated, in order to avoid cannibalism. '

A complete autopsy is madc on cach animal. Histological examinations are
crformed on Zymbal glands, interscapular brown fat, salivary glands, tongue
ings, liver, kidneys, spleen, stomach, different segments of the intestine, bladdcr:
rain, bones of the legs and feet, and any other organ with pathological lesions.

All the animals exposed to the highest doses (30,000 and 10,000 ppm), with
r without tumors, arc examined radiologically, during trcatment and/or at
cath; moreover, radiological examinations arc made on all animals bearing
1imors, although exposed to the lower doscs.

! REsuULTS

The current results of scveral experiments arc shown in the TasLES 2-9.
ome others arce still not available.

Tumors of diffcrent types may be present in the same animals.

Zymbal gland carcinomas may be bilateral. Histologically they may repro-
uce, lo some cxtenl, the structure of the normal Zymbal gland (FiGure 1), but
ften they present squamous, glandular, solid, anaplastic, and polymorphous
atterns. Scveral of these different pictures may be obscrved in the same tumor.
fetastases of these tumors are sometimes found in the fung (FiGure 2), .

Nephroblastomas are often bilateral. Their histological picture reminds us of,
n embryonal kidney (FiGURE 3). They metastasize to the liver, spleen, lung, and
rain. Hyperplasia of nephroblastoma-like tissue is often observed in the kidney
£ teeated rats, with or without nephroblastoma.

Angiosarcomas and angiomas may be found at more than one site in the
ame animal. In liver they are often polycentric. Hepatic and extrahepatic angio-
arcomas are more or less differentiated (Fioures 4-9). They are morphologically

TanLe 3
ExPERIMENT BTG: ResuLts AFTer 41 WEEKS
Anli)'::lﬂ_;s :"(:;‘e' Animals with Tumors
Zymbal glaad Angio.
Groups and carcinomas sarcomas
Treatment Co’e'd s Nephro- Other
rect ur- t
Total n0.* | vivors Average b::l’m -n{l‘/,:r Total
(a) No.| % h‘lie'::y Liver (:g:,r site |
(wk)
: VC, 30,000 60 | 60 | 48 | 12120 35 12
ppm

* Animals alive after 24 weeks, when the first tumor (a Zymbal gland carcinoma)
vas obscrved. The pcreentages are referred to the corrected number.

Maltoni & Lefcnmine: Carcinogenicity  1si0assiys L1
Tante 4
Exrerivent BT2: Resucis Arrer 4) WrEks
— T T T L T L T I I L I I T e o

Animals (Sprague-

Tiawley Rats) Agimals with Tumors

Groups and Treatment Zymbal Nephro- . Other
Total  Survivors foep  blsta vt bpe
nomas site

i: vC, 200 ppm 120 s 1°
it: VC, 150 ppm 120 109
111: YC, 100 ppm 120 112
IV: No trcatment 185 7
Total 545 507 1

* One subcutlaneous fibroangioma.

similar in rats, mice, and hamsters. Angiosarcomas [requently metastasize; as far
as the liver angiosarcomas are concerned, the lung is the most frcquent site of
distant metastascs.

Blood vessels cctasias, endothelial hyperplasia, associated or not associated
with cellular atypia, are often observed in the liver and in other organs and
tissucs in treated animais, with or without local or distant angiosarcomas or
angiomas. Therefore, the effect of VC on blood vesscls and endothelia should be
considered systematic.

Angioblastic proliferation, angiomas, and angiosarcomas in the liver and in
other sites may or may not be associated with fibroplasia. From the histological
observations, the sequence of local changes in the genesis of malignant vascular
tumors appears to be as follows: cndothelial hyperplasia, angiomas, atypias of
endothcelial cells in hyperplasia (dysplasia) and angiomas, angiosarcomas.

Fibroangioblastic prolifcration undergoing fibrosis is frequently observed in
the splcen of the treated rats and mice. .

- Skin carcinomas in treated rats appear frequently to arise from sebaccous
glands, of which thcy may reproduce in some extent the morphological charac-
ters (FiGuRre 10). ] _

The hepatomas observed in treated rats are usually well differentiated.
Metastascs have been obscrved in the lung.

Brain ncuroblastomas are very similar to the human medulloblastomas .(FIG-
uRe 11). Since they may be quite small and therefore not casily macroscopically
detectable, we are now making serial sections of the brains of the treated rats, to
obtain more precise information on their real incidence. ) A

The lung adenomas in treated mice are usually multicentric: their number is
higher in animals trcated with heavier doses. Many of these tumors appear to
undergo carly malignant transformation.

Mammary carcinomas may be solitary or multiple. They are usually well
differentiated adenocarcinomas, with monomarphous or polymorphous arrange-
ment. The most distinct feature of these tumors is the frequency with which they
present arcas of squamous metaplasia (FIGURE 12).

Up to the present no acroosteolytic lesion has been observed on our treated
animals. N )

Several of the tumors produced by VC are quite rare or exceptional. To our
knowledge liver angiosarcomas, ncphroblastomas, and ncuroblastomas have
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arssa ~ TAnLE 6
i |o==3 2 ExperiMENT BT7: ResuLts AFTER 41 WEEKS
& 00 T vt oet vt —— O T I S
- (“,Ii:;';':""{:m Animals with Tumors®
-l
i, 8EE8ZE = )
E'E = ~ o Groups and Treatment Zymbal Nerh Angiosarcomas Other
oS Survi. gland | Y¢phro- type
o] =t o [ Tatal | 500 tei. [ biasto- {i" Total
O.é' ™ I - ' - " ¢ If:ml! mas Liver 0.}‘::: “;il/cm
$
~—~ ~ I: vC, 10,000 ppm 30 27 +— (1 — -
-1 \D ) v * D pp T ( ) “) (2)
:5 == 2 1: VC, 6000 ppm | 30 | 26 - )
48 | = Il - 11: VC, 2,500 ppm 30 21 | — (1) — )
5= ' IV: VC, 500 ppm 0|27 ] - — )
. Vi VC, 250 ppm 0 | 26 1t !
3 VI: VC, 50 ppm 30 28
E Vil: No trcatment 40 38
g A~ o~ —~
. .‘-g RERESS o Total 220 § 195 | — (3) — ML T 1
el = 1d(=11 | ! = =
o g gle - * In parentheses are recorded the tumors found in male Sprague-Dawley rats of
2 | (g % ., experiment BT, after 41 weeks.
" a . | €882 ) ¥ | Onc angioma of the ceccum,
gls en-e &
« .
,".' S (18 TABLE 7
< & EXPERIMENT BTS: ResuLts AFTER 75 WEEKS
5 s g A Animal
nimais
5 N ; E (Spraguc-Dawley Animals with Tumors
4 3. | =83 sz 2 "
o H g |7 = g 2 ' . Groups and Trestment - ; Zyl'nbal Neph-  Apgiosarcomas Other
.. |2 — ~IE = . Tota)  Survi- gland .. type o
& g (b g 3 ) o vens o carcis GRAY piver Ofher  andror TOR
~
- 3 -
& ] |a3az ~ls § I: VC, 10,000 ppm 2
s E.g o glig 2 . (breeders)
= 8 [ v ~lle B ; ll: VC, 6,000 ppm 30 24
2 N 3.3 (breeders)
% =g, Hl: VC, 10,000 ppm 54 48 I* i
o L6 {ofisprings)
Qo3 < IV: VC, 6,000 ppm 32 30 1t 1
by $ o = O ot :Easﬁ (oll'sp'rin'gs) ’
" : E g Al ] E o<t 8 g had l.o- 0
3%5| a £q2 Total 146 123 2 2
a a&.’ — © Eo
< £ 3 8838888 A 15':.9 bl * Subcutancous angiosarcoma on a 24-weck-old male.
< & - S'EE t Subcutancous angiosarcoma on a 22-weck-old female.
oe g
ueg !
K] § - never been described as spontaneously occurring in rats. Liver and extrahepatic
o o8 ,d g angiosarcomas have been induced only in a few instances in experimental rodents
g EE E = ﬁ'ﬁg E o (rats, hamsters, and mice) (for references sce Maltoni and Lefemine’). As far as
g &2°E§E ] £8 Eﬁﬁ we know this is the first time that nephroblastomas and neuroblastomas have been
g §§§§°&§ $3 2EE experimentally reproduced.
a X=k3 & SE a2~
. ool 53. Qe CONCLUSIONS
g GOU YZ £0000 ‘ . . .
& ¥572520 F |le +erense 1. Under our experimental conditions, VC produced tumors in the three
-.;:$§-§§ E animal species studied: rats, mice, and hamsters (as far as the last species is con-
e cerned, the data should stil] be considercd as preliminary).

A Py
]

V0L

s

e



TaBLE 8
ExXPERIMENT BT4: RESULTS AFTER <1 WEEKS

| Ammals i3wisy Muer Animals with Tumors

Groups and w Total Corrected number* sunnors “ H.mu.ﬂw,a““v . .;:a_..«.,.._.“.w:-uvw..c.. _ v a.."“n.: M _
Treatment . _— — P - ! ura.m_ﬂ ) vumors °' Other '
. W !
. I S .. pre O e and or ! Tour
2 % I - H T B : H : &7 1 Ne ~ litency No | ency . comas and ut skin site
C T oy Rt m
UV R RS S S P P S S T
I: VC, 10,000 ,muow.s_,_oc 208”00 1 7 81 4o 9 PR P VI
ppm ' ) : : , . | i
11:VC,6000 § 30! 30 60 26 28 4 4,12 16 22 0. D 8 IR TR N ~ TR
ppm | i : i . ! ) !
HIDVC, 2500 © 0° 0 & 23, .6“ S}9 45 M2 22038, s 3 oo Co13
ppm , ' ; _ M ; ! i : i _ i
1vV: VC, 500 _..s_wmo,_s_ufuf.,w TV 28016027 M 2 Kl 1 e ! Y
ppm ; . ; : : : ‘ i
V:VC,250ppm | 301 30| 60. 29: uc_ 80194 14 3.1 19 M6 3 1~ | | | 1s
VI:vC,50ppm{ 30! 30, 60 271 30 57 N, 18 Y . 7 PO ; | 8
VIl: Notreat- *© 80; 70:150: 73| 671131 S1. §7 108 1 07 29 _ ; o
ment i ' ! ' _ | , : , : ) : : :
u * i ! , _ : ' N i ! i | !
Total 1260250 510 2301231 1471 102 1H 6 89 36 7 8 1 o

s Alive animals after 16 weeks, when the first tumor (a3 mammary carcinoma) was observed. The percentages are referred to the
corrected number.

* Adenomas, some of which undergoing malignant transformauon.

< In females.

¢ Several ammals with 2 or more tumors.

¢ Three subcutaneous angiomas; 2 liver libroangiomas; | heart fibroangioma; | ossifying interscapular angioma.
/ QOne squamous carcinoma and | invasive acanthoma of the skin.

* One hepatic angioma.

* One squamous carcinoma and | acanthoma of the skin; | squamoys carcinoma of the nose.

+ One lymphoma.

» One renal angiosarcoma. .

& One squamous carcinoma and | acanthoma of the skin. M
i One subculaneous angioma.

=~ One acanthoma of the skin,

~ One hepatic angioma. .

* Two subcutaneous angiomas; 2 hepajic fibroangiomas.

Y%

Livomervema s

ot

. c—— . . -~
' - — S S 1
w3 |9 sssI==T 3
- — "...A....AnAJ g
Zae~*|l & < <e
Y- T o) ND.QDOAO: <
- 90 e o~ - - - -
\Vm.d ]_mlla I—r)n Zl9|0 “ !
8 el S 838g" g8 s
S sel?2 23 M b :
m T oas oov3 s
=03 ww Ty BT -
- a=B £3333s53 3
y wo- E duw F
o~g -~ 3~ X
=z oY=
e uu.uu-
= =z w
ES 3¢
g 553 3
S oS % g 18
— = L L o 3
Tae 3 own w (=P eI yvy » =
S R < 32
7 & 2
% o™ =3
|~} wn »
N as £ 2>
- — < 2
(<] BRI ) e ) e = )
M‘ WM- N OWOW OO m lul
© em. -
m £=
g =3 3
& =N 350
o c 883
8 EX - 272
w- 0‘ »
S -
M Ew. 52.5.:
2 g |~ -~ | 8552 2
15 u.l anlm“ M.
3 g0 5
ml.. 0.-“ &
- =
8 ws w = e e 23 2
* (-3 SN‘ -
= “M ‘ M«
: 22 ;5 | §
P g2 - - | |C
3 T g
“
5
8 e Il n o - —=|
& &
a?

.00

)
L R

G



LU0 LRI I R L RV N Myl y Ul OVl

s G
>,

i TN e AR
. - 2 Y -4 g
Vo R: o SRy -
‘".hb ..Q-‘. ‘ . ’ ) v
A 7 SRR a RS AP g «4
. :t: a3~ i .
M) -\\‘ .’ - - - 'u‘:‘.: - v L ]
) * L 4
R _‘T\ e d
» > . ‘ ~_ [ o} o] P
NEYSC SHPTE L Wit ot
- Q.. 1 .vtr"":ﬁ»’ ,‘4’ .
‘- o . Sl A o ~ PR Wk ] Q.L-A.Af."

Figure 2. Pulmonary metastasis of well differentiated bal gl i i
cat, 1o o, cd Zymbal gland carcinoma in

o

.

2. The range of induced tumors varies to some extent from spccics 10 specics.
When given by inhalation VC produced: in rats, Zymbal gland carcinomas, neph-
rgblns(omas, angiosarcomas, and angiomas of the liver and other sites, skin car-
cinomas, hepatomas, and brain ncuroblastomas; in mice, lung adenomas (fre-
quently undergoing malignant transformation), mammary carcinomas, of a
pecculiar type, angiosarcomas and angiomas of the liver and of other sites, skin
epithelial tumors; in hamslters, liver angiosircomas and, as carly cvidence seems
to suggest,-skin trichoepitheliomas and lymphomas. Incidentally, liver angio-
sarcomas have been observed in all three animal species.

3. In the BTt and BT4 cxperiments, YC shows a carcinogenic effect at 50

ppm.
4. From the BTI experiment (the only one complcted) a dose-response refa-
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FiGURE 3. Nephroblastoma in rat. H&E, X 470.

tionship clearly emerges, as far as angiosarcomas and ncphroblastomas are con-
ccrned, in the lower dose ranges: from S00 to 50 ppm for angiosarcomas and
from 250 to 50 ppm for ncphrobiastomas.

S. A comparison of the results available at the present moment in rats ex-
posed for 12 and 4 months (BT1 and BT3 cxperiments) shows that the neoplastic
responsc, as far as angiosarcomas and ncphroblastomas are concerned, is affected
by the length of exposure to VC,

6. The comparison of the results obtained in rats of two different strains, i.e.,
Spraguc-Dawley (BT1) and Wistar (BT7), at the present moment, scems (o sug-
gest that the strain factor considerably affects the ncoplastic response.

7. The onsct of two subcutancous angiosarcomas in the offspring of breeders

exposed during pregnancy for 7 days appears to indicate a transplacental effect
of YC.
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Figure 12. Mammary adenocarcinoma with squamous metaplasia in  mouse.
H&E, x 190.

~ May I recommend again that the VC carcinogenesis may serve as a convine-
ing example for urgently promoting experimental bioassays for all new industrial
compounds and for those compounds that are already widespread but whosc
effect we still ignore, to avoid occupational cancers.

Our Institute is now undertaking projects of carcinogenicity bioassays of
other monomers ecmployed in the plastic industry.
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I Viowa, P L, A, BicoTTt & A. Caruto. 1971. Oncogenic response of rat skin, lungs
and bones to vinyl chloride. Cancer Res. 31: 516-519.
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INTERIM RESULTS OF EXPOSURE OF
RATS, HAMSTERS, AND MICE TO
VINYL CHLORIDE

M. L. Keplinger, J. W. Goode, D. E. Gordon,
and J. C. Calandra

Industrial Bio-Test Laborartories, Inc.
Northbrook, Hlinois 60062

The following data are partial results of a study in progress at the Industrial
Bio-Test Laboratorics, Inc. The studics are being coordinated for sponsoring
companics by the Manufacturing Chemists Association. The data are very in-
complete but because of their significance were first presented to EPA, NIOSH,
and OSHA on April 15, 1974,

In this study which was designed to complement Maltoni's studies, 100 rats,
hamsters, and mice of both sexes (600 total per exposure group) are being ex-
posed to either 0, 2500, 200, or 50 ppm of vinyl chloride vapor 7 h/day 5 days/
week. Mice will be exposed for 9 months and kept for an additional 9 months.
Rats and hamsters will be exposed for 12 months and kept for an additional 12
months.

The rats arc COBS Charles River, mice are CDI Swiss Charles River. and the
hamsters are Golden Syrian from the same source. Food is removed during ex-
posurc, witcr is present and no bedding is used at any time.

Moribund and dead animals (when possible) receive gross autopsics and arc
photographed. The major organs of all animals are fixed for histological exami-
nation.

Only the tissues from a few animals have been examined so far. Tante |
shows the results to date (nbout 8 months cxposure). Note that no direct numeri-
cal comparisons can be made with the control groups as they have not beea se-
lected in the samc way. Only mice with tumors have been cxamined in the ex-

TanLe |

INTERIM SUMMARY OF TuUmMORS (N Mice Exrosep 10 VINYL CHLORIDE
For 8 MonTtis®

No. of Mortalities with Neoplasms

Type and Location of Tumor

Eaposure Adeno- Mclas'lasns

A Alveolugeni Angio- ama o
Group Total Male Female nd::mf\.\::c sarrfm(:a, cTr‘:‘::t‘m\:: mammary

lung hiver mammary tumor

gland 1o lung
Control t 0 N 2) 0 (0] 0 0
50 ppm t 4 1 K} 2 2 2 2
200 ppm § 15 3 12 12 11 3 1
2500 ppmi 30 6 pL} 28 28 6 1

¢ Preliminary findings from MCA Administered Study at Industrial Bio-Test
Laboratory, April, 1974, .

{ Scven male and 2 female control mice have been examined histologically. None
had tumors in spleen, liver, kidaneys, heart or lung.

t Only mice with grossly visible tumors have been examined histologically.
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