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thalation Toxicity of Vinyl Chloride
nd Vinylidene Chloride*

r C. C. Lee,i J. C. Bhandari,t J. M. Winston,
. B. House,t P. J. Peters,i R. L. Dixon,}
d J. S. Woods:

Exposure of mice to 1000 ppm of vinyl chloride (VC), 6 hr/day, § deyy/'week, caused some acute deaths

with toxic hepatitis and marked tubular necrosis of the renal cortex. Starting the sixth month, mice
exposed to 1000, 250, or 50 ppm of VC became lethargic, lost weight quickly, and died. Only a few mice
exposed to 50 ppm survived for 12 months. Pulmonary macrophage count was clevated in some mice.
There was & high incidence of bronchiolo-al veolar adenoma, mammary gland tumors including ductular
adenocarcinoma, squamous and anaplastic cell carcinomas with metsstasis to the lung, and heman-

in the liver, and, to a lesser extent, {n some otber The incidence of these tnmors
quickly increased, and the severity was in direct proportion to the levels of VC and the length of exposure.
Malignant lymphoma involving various organs was observed in a few mice.

Rats were more resistant to the toxic effects of VC. Exposure to 1000 ppm slightly depressed the body
weight of the femailes. Exposures of 250 or 1000 ppm caused a number of deaths and hemangiosarcoms in
the liver starting the ninth month. Most rats with hepatic hemangiosarcoma also developed hemangiosar-
coma in the lung. Hemangivsarcoms occasionally occurred in other tissues of one or two rats exposed to
50 ppm or higher level of YC.

Exposure of mice to 55 ppm of vinylidene chloride (VDC) also cxused a few acute deaths and a few
hepatic h Inflammatory, degenerative, and mitotic changes occurred in the liver. No
mouse exposed to VDC developed any mammary gland tumors. Several mice had bronchioloalveolar
adenoma. Exposure of rats to 55 ppm of VDC slightly depressed the body weight. Hemangiosarcoma

occurred in the mesenteric lymph node or subcutancois tissue in two rats.

Introduction

Vinyl chloride (VC) was first prepared more than
a century ago, and its fire and explosion hazards are
well known. Acute toxicity of VC was first re-
ported in guinea pigs (/). As a possible anesthetic
agent in dogs, VC was found to cause incoordinated
muscular activity of the extremities, cardiac ar-

*Preliminary results were presented to the 1976 Fall meeting
of the American Society for Pharmacology and Expenmental
Therapeutics, August 15-19, 1976, Tulane Umiversity, New Or-
leans, Louisiana; published in the Pharmacologist, [8: No. 2, 245
(Fall 1976) and to the First International Congress on Toxicol-
03)’3. March 30-April 2, 1977, Toronto, Canada (Abstracts, 1977,
p. 32).
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$Environmental Toxicology Branch, National Institute of En-
vironmental Health Sciences, P. O. Box 12233, Research
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rhythmias (2), and sensitization of the myocardium
(3). Relatively high concentrations of VC (1040%
in air) for 30 min produced narcosis and/or death in
mice, rats, and guinea pigs (4). The guinea pigs
were found to be more resistant. The main lesions
were congestion of the lung with pulmonary edema
and hemorrhages in some animals, and congestion
of the liver and kidney. Failure of the blood to clot
was also observed. Detectable injury of the liver
and/or kidney occurred in rats exposed to 100, 250,
or 500 ppm but not 50 ppm of VC, 7 hr/day and 5
days/week, for up to 6 months (5). Changes in liver
and spleen weights, a decrease in leukocytes, and
an increase in erythrocytes were observed in rats
exposed to 2% VC, 8 hr/day for 3 months (6).
Carcinogenic action of VC was first reported in
1971. Male rats (Ar/IRE) exposed to 30,000 ppm of
VC, 4 hr/day and 5 days/week for 12 months, de-
veloped tumors of the skin, lungs, and bones (7).
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Furthermore, Zymbal gland carcinomas, nephro-
blastoma, hepatic and extrahepatic angiosarcomas
were observed in rats and pulmonary tumors,
mammary carcinomas, and liver angiosarcornas
were observed in mice exposed to as low as 50 ppm
of VC. 4 hr/day, 5 days/week, after 7-12 months
(8). Angiosarcoma of the liver and other hepatic
diseases, notably portal fibrosis, were identified
among VC polymerization workers (9-12). An
epidemiological study (/3) indicated that cancers at
multiple sites might be developed in VC and
poly(vinyl chloride) workers.

The present study was undertaken to determine
the toxic and carcinogenic effects of 50, 250, or 1000
ppm of VC in rats and mice and to define any possi-
ble biochemical changes relating to any histological
and neoplastic lesions. In addition, one extra
chamber was available and used to compare the ef-
fects of 55 ppm of vinylidene chloride (VDC).

Material and Methods

Inhalation Chambers and Monitoring

The inhalation chambers are cubical type and
made of stainless steel, with a volume of 3.5 m3.
Three chambers were used for 50, 250, or 1000 ppm
of VC; one chamber was used for 55 ppm of VDC,
and one chamber was used for uncontaminated
air as control. VC gas (99.8% pure, Matheson
Products) was metered with rotameters into the
chamber air supply. VDC (99% pure, Aldrich
Company) was heaied to 37°C to generate the
vapor. The VDC lines and rotameter were heated
10 40°C to prevent condensation. Chamber air was
initially sampled with a syringe and monitored using
a gas chromatograph (Varian-2700) with a flame
ionization detector. An automatic sampling system
was later used. Periodically, a sample was directed
to the gas chromatograph and the readout was pro-
cessed by a Varian CDS 111 electronic integrator.
The integrator was programmed to measure peak
area and to calculate chamber concentrations by
external standards.

Experimental Design

Albino CD-1 mice and CD rats {Charles River
Breeding Lab) about 2 months old were used at the
start in these studies. For each species, 360 animals
were divided into five groups, each consisting of 36
males and 36 females. Each group of both species
was exposed to 50, 250, or 1000 ppm of VC, 55 ppm
of VDC, or uncontaminated air for 6 hr/day and 5
days/week. All animals lived in the same stainless
steel cages with wire bottoms during exposure and

outside of the chambers. Mice were housed four to

six per cage and rats two per cage. Pulverized or ';;zm:
block laboratory chow (Wayne Manufacturing ~ody ~at
Company) was provided at all times except during son: s
exposure. Water was available ad libitum. A 12-hr adja
light cycle was maintained at all times. The temper- 3§ ‘he var
ature in the chamber and in the room averaged 24 = vionr <
1.3°C. The relative humidity ranged 25-60% at the AllY e
start of the experiment and was later regulated at 50 Imined
= 10%. Four animals of each species, sex, and ex-
posure level were terminated for vanrious laboratory
tests, gross and histopathologic examinations at the R
end of 1, 2, 3, 6, and 9 months; the surviving ani- eu
mals were terminated at the end of 12 months.
Mic~
Laboratory Evaluations G e
All animals were observed throughout the study gg?,&t:;{
for adverse signs. Feed consumption was recorded the gt
weekly and body weight biweekly at a uniform the it
time of day. Heart (mouse) or aortic (rat) blood exposec
from four males and four females of each group of rep" ce.
each species was collected under anesthesia {ether for ¢
for mice and sodium pentobarbital for rats) at in- mic. ar
terim and final terminations. Hematology (RBC, re- Durir
ticulocyte, platelet, WBC and differential counts, die mr
nucleated RBC, hematocrit, hemoglobin, Th ¢l
methemoglobin, and Heinz bodies) and clinical letharg:
blood chemistry (SGPT and BUN) were performed occurre
on all samples, For rats, prothrombin time, SGOT, to D¢
alkaline phosphatase, bilirubin, ¢reatinine, LDH, mc  hs
a-HBDH, immunoglobin 1gA, IgB-A, IgB-B, and VC det
1gM (14, total protein (/5), albumin (16), globulin domina
(by difference), and collagen contents in liver and na, ur
lung (17, 18) were also measured. Macrophage tr s
counts of pulmonary washings and cytogenic ' were n
analysis of bone marrow cultures (/9) were per- §
formed on the control, and animals receiving 1000 &
ppm VC and 55 ppm VDC animals. Limbs from the ¢ Ta L7
longest exposed animals were examined for os- ¥
teoporosis or malacia using a senograph x-ray & —_—
machine. They were examined for the presence of
any bone tumors, any changes in bone density, cor- )
tical thickness or striations within the bone cortex, Treatme:
any loss of bone cortex, or any unusually trabecular Co ol
pattern of the bone. Other specific studies including
"C-thymidine incorporation into DNA (20), he- N VC. %0
patic aminolevulinic acid (ALA) synthetase (2/), ' '
urinary ALA assays (22) and a-fetoprotein (23)
were performed in mice and /or rats. MRS
When moribund or at termination, all animals
were euthanized for necropsy afler the collection of Ve 1o
blood. Gross examination, especially for any ap-
pearance of abnormal growth or other lesions. was
carefully performed on all tissues including the Ve, 55
brain, pituitary, thyroids, respiratory tract, alimen-
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CMA 050772
- '-_-'-‘-Mnm




.
—

used four tg
ilverized of
facturing
cept during
m. A 12-hy
"he temper:

*raged 24 = 3
60% at thel

ulated at 50
2X, and ex.
laboratory’

tions at the S8

viving ani- 8

! months. ™

*

the study 3 3
s recorded 3
a uniform .

rat) blood *

1 group of &k
:sia (ether

ats) at in- N
.RBC,rc- -
il counts, '3

toglobin, "%

1 clinical

globulin
liver and
‘Tophage
togenic
ere per-
ing 1000
from the
for os-
h x-ray
sence of
ity, cor-
cortex,
becular
icluding
20), he-
se (21,
'in (23)

inimals
stion of
iny ap-
1§, was
ng the
ilimen-

ectives

¥

i nemh e A M A

L]

4"3

o

wry c.nal, urogenital organs, thymus, heart, liver,
panc:-us, spleen, mesenteric lymph nodes, and
pody cavities, The brain, liver, kidneys, spleen and
cone.  were removed and weighed. Tumors with
adjae 1 normal tissues and the whole or portions of
the ious tissues were fixed, processed, sec-
tior  and stained for microscopic examination.
All  :rnal and internal tumors were carefully ex-
am and identified histologically.

R its

M

‘ral Observations. There were five early
.apparently due to the acute effect of the test
unds. Two males and one female exposed to
-hest level of VC were found dead between
rd and ninth days of exposure; two males
:d to VDC died on the 13th day. They were
zd with healthy mice from the same shipment
: remainder of the experiment. Thereafter, all
appeared in good health.
-ing the sixth month, a few mice exposed to VC
;r were terminated before their imminent death.
clinical signs included rough hair coat,
rgy, anorexia and rapid weight loss. No death
iTed in the control group or the group exposed
‘DC. During the seventh through the ninth
ths, the general health of the mice exposed to
deteriorated. Additional clinical signs were ab-
+inal distention and/or the appearance of exter-
tumor masses, especially mammary gland
-ors in the females. As shown in Table I, there
.e numerous deaths or unscheduled termina-

T-hie 1. Number of deaths and unscheduled terminations of mice
exposed to VC or VDC,

Deaths or terminations
during exposure month

Treatment 6 7 8 9 10 1

— 1 1 —_

Control

1 !
2 4

VC, 50 ppm

VC, 250 ppm

VC. 1000 ppm

VC, 55 ppm

Mg M M MI TWx
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tions, proportional to exposure levels of VC. By the
end of the ninth month, all males and females in the
group exposed to 1000 ppm and all females exposed
to 250 ppm died or were terminated. Additional
mice exposed to 250 or 50 ppm died or were termi-
nated during the 10th through 12th months. In the
control group, two males died during the eighth and
ninth months. One death was due to injury from
fighting, the other mouse was found dead with au-
tolysis and the cause of death was unknown. Of the
mice exposed to 55 ppm of VDC, two males were
terminated during the ninth month and one female
]d.uring the 10th month. They all had tumors in the
iver.

Body Weight. The weight gains of the male and
female mice exposed to 1000 ppm of VC or 55 ppm
of VDC were comparabie to those of the respective
controls during the first 8 months (Fig. 1). Although
not shown, the body weights of the mice exposed to
50 or 250 ppm of VC were also not significantly
different from the controls. During the ninth month,
the body weights of both the males and the females
exposed to 1000 ppm began to decline, followed by
sudden death.

55
0
45
40
kL
]
%

Famale Mica

BODY WEVGHT {g}

! 1 1
12 16 20 2

WEEK

Ficure 1. Body weights of male and female mice exposed 1o VC
or VDC: () control; (A) 1000 ppm VC; (o) 55 ppm VDC.

Laboratory Tests. No persistent change was
found in the following laboratory results of the male
and female mice exposed to VC or VDC as com-
pared with those of the respective controls:
hernatology, clinical blood chemistry, cytogenic
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analysis of bone marrow cultures, x-ray examina-
tions of extremities, and serum a-fetoprotein.
However, the pulmonary macrophage count in the
male mice exposed to 1000 ppm of VC, but not at
lower levels, was greater than that of the control
mice at the end of the ninth month. The only female
mouse in the 250 or 1000 ppm of VC group that was
examined at the end of the ninth month also had an
elevation of pulmonary macrophage count. At the
12th month, one of two males exposed to 50 ppm
also had an elevated macrophage count. There was
no survival in the group exposed to 250 or 1000
ppm. The mice with elevated macrophage count
-also had bronchiolo-alveolar adenoma.

A study of DNA synthesis was undertaken to
.determine if the observation of an increased number
of mitotic figures in the liver of a few mice exposed
to VC or VDC c¢ould be confirmed at the biochemi-
cal level. DNA synthesis, as measured by

- 4C.thymidine incorporation into DNA, was sig-
nificantly increased in the livers of male mice ex-
posed 10 50 ppm of VC for 11 months (Table 2).
However, the livers of these mice did not show any
increase in the number of mitotic figures or any
evidence of neo- or preneoplastic lesions.

Tabie 2. "*C-Thymidine Incorporation into Hepatic DNA of male
mice exposed to VC for 11 months.

14 activity,
VC level, ppm dpm mg DNA*
] 2886 = 24((8)

50 4232 = 463(7)

“Mean = SE (number of observations).

’S]lgniﬁcandy different from the control [two-sample rank test
(24)].

Lesions in Early Deaths. Microscopic exami-
nation of the five unscheduled deaths (two males
and one female exposed to 1000 ppm of VC for 3 to
9 days, and two males exposed 1o 55 ppm of VDC
for 13 days) revealed a number of lesions. These
included an acute toxic hepatitis, characterized by
focal to marked congestion, and marked diffused
coagulation type necrosis of hepatocytes beginning
in the centrilobular area. Marked tubular necrosis
cha:acterized by pyknosis and eosinophilic granula-
tion of the cytoplasma in the rena) cortex was also
observed.

Lesions in Late Death. During the eighth to
ninth months of exposure, several mitotic figures
were observed in the liver of a number of mice ex-
posed to 50 or 1000 ppm of VC. This observation
was not apparent in mice terminated at other times,
Mice exposed to VDC for 6 to 12 months had sev-
eral changes in the liver. There were enlarged and
basophilic hepatocytes with enlarged nuclei, many
of which had large round eosinophilic inclusions;
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mitotic figures or polyploidy; microfoci of
mononuclear cells; focal degeneration and necrosis.
The incidence and severity of these lesions pro-
gressed with the lengths of exposure. Some of these
mice also had hemangiosarcoma.

Tumors. Nearly all the mice that died or were
terminated ahead of schedule and many mice that
were terminated on schedule at various times de-
veloped one or more types of tumors. Bronchiolo-
alveolar adenoma first occurred in mice exposed to
1000 or 250 ppm of VC during the second month.
The adenoma was characterized by papillary prolif-
eration of alveolar epithelium forming small and
well-demarcated, but not capsulated, round
nodules. The incidence (Fig. 2) and severity of this
tumor increased in direct proportion to the level of
VC and to the length of exposure. Only one control
male mouse had a bronchiolo-alveolar adenoma
during the ninth month. A few small nodules of
bronchiolo-alveolar adenoma occurred in six mice
exposed to 55 ppm of VDC.

-
M

40 &

e

0 3 4 5 & 7 & % W0 N 12
EXPOSURE TIME 1IN MONTHS

NO. OF MICE {CUMULATIVE )

Ficure 2, Incidence of bronchiolo-alveolar adenoma in male and
female mice exposed to VC or VDC: () 1000 ppm VC: (&)
250 ppm VC; (0) 50 ppm VC;(¥) 55 ppm VDC: (o) controls.

Hemangiosarcoma occurred in the livers of mice
exposed to 1000 or 250 ppm of VC starting the sixth
month. The hemangiosarcoma was characterized
by moderate to severe proliferation of endothelial
celis lining the sinusoids, dilation of the sinusoids,
focal hemorrhage forming small to large cavernous
blood spaces, invasion of the hepatic parenchyma
with neoplastic cells, and mild to severe necrosis.
In addition, hemangiosarcoma was occasionally
found in other tissues including mammary gland,
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femuic mice exposed to 1000 ppm of VC and all
fem. 5 exposed to 250 ppm died or were termi-
nate  Only a few mice exposed to 50 ppm survived
for - months. Two male control mice and two
mai. :nd one female exposed to 55 ppm of VDC
Jie. wring the experiment.

P onary macrophage count was elevated in
sor  ice exposed to VC. The macrophage count
Wit vated earlier in mice exposed to 1000 or 250
rr i inmice exposed to 50 ppm. The mice with
ele 1 macrophage count also had bronchiolo-
al r adenoma. However, not all mice with
b wlo-alveolar adenoma had the elevation of
m. “hage count. The relationship of macrophage
¢ ind this pulmonary tumor needs further in-
“w tion.

oderate number of mitotic figures were ob-
w in the liver of mice exposed to VC during the
n month. DNA synthesis, as measured by
” ‘midine incorporation into DNA, was sig.
n tly increased in the livers of male mice ex-
p. to 50 ppm of VC for 11 months. However,
i totic figures were not observed in the livers of
it mice, nor was there any evidence of neoplas-
i . preneoplastic lesions. Further studies are
way to determine if the histopathological ob-
.tion could be related to changes at the
2mical level.
aumber of lesions occurred in the liver of mice
-ed to 55 ppm of VDC. The lesions included
¢ed and basophilic hepatocytes. enlarged nu-
~ith eosinophilic inclusions, mitotic figures or
sloidy, microfoci of mononuclear cells, focal

« . neration, and necrosis. The significance of

. = lesions as related to the hemangiosarcoma or
ot rliver tumors may be of a *‘preneoplastic’’ na-
i, Since only a few mice. as compared to the
nu. .per of those with these preneoplastic lesions,
devcloped the definite neoplasms. further study
Wity mice exposed to high levels of VDC is needed
10 ¢stablish any definite conclusions.

Expasure to 50, 250 or 1000 ppm of VC. 6 hr/day
and 5 days/week, caused bronchiolo-alveolar
adenomas, mammary gland tumors. and heman-
glonarcomas. The squamous and anaplastic cell
carcinomas of the mammary gland metastasized to
the Jung. Hemangiosarcomas first occurred in the
hiver and then in other organs. The incidence of
these tumors quickly increased. especially in mice
€xposed to 1000 or 250 ppm. The severity was in
direct proportion to the levels of VC and the length
of exposure, In addition. a few mice exposed to VC
also developed malignant {ymphomas. Bron-
chioloalveolar adenomas and hepatic hemangiosar-
Comus also occurred in some mice exposed to 55
Pem of VDC. The pathogenesis of these tumors
Was described elsewhere (25).
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Rats

Rats were more resistant to the toxic and car-
cinogenic effects of VC or VDC. Exposure to 50.
250, or 1000 ppm of VC or 55 ppm of VDC did not
cause any acute deaths, or any persistant changes in
hematology or clinical laboratory results. However.
exposure to 1000 ppm of VC or 55 ppm of VDC
slightly depressed the body weight of the females or
both sexes. In addition. a number of deaths oc-
curred in the rats exposed to 250 or 1000 ppm of VC
or 55 ppm of VDC starting the 9th month.

Exposure to 250 or 1000 ppm of VC caused
hemangiosarcoma in the liver starting the ninth
month. In contrast to the mice, many of the rats
with hepatic hemangiosarcomas also developed
hemangiosarcomas in the lung. Two rats exposed to
55 ppm of VDC developed hemangiosarcomas in
the mesenteric lymph node or subcutaneous tissue.
The livers of most rats exposed to VDC had a mild
or markedly severe focal. disseminated vacuoliza-
tion, probably fatty change. The significance of this
change as related to the exposure of VDC is not
understood.

This research was supported by the National Institute of En-
vironmental Health Sciences under Contract No.
NO1-ES-2-2084. We are indebted to Dr. Robert D, Short. Jr..
Senior Toxicologist. Midwest Research Insutute. for his super-
vision of studies on '*C-thymidine uptake. hepatic ALA synthe-
tase and urinary ALA assays; to Dr. John R. Hodgson, Head.
Biochemicul and Developmentat Pharmacology, Midwest Re-
search Insntute. for his supervision of studies on collagen con-
tents and cytogeme analysis: to Dr Norman L. Martin, As-
sociate Professor of Dragnostic Radiology. The University of
Kansas Medical Center. Kansas City, Kansas. for his assistance
and interpretation on x-ray examination of extremities. to Dr.
Stewart Sell. Professor. School of Medicine. University of
Cabfornia. San Diego, Califormia, for hiy assisiance on
a-fetoprotein assay; to Miss Judith D. Girvin. M. T. (ASCP
certified), for her supervision on the hematology and clinical
laboratory tests: and to Mrs. Ellen R. Elhs, histologist. for her
supervision on the histology preparation.
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