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SUMDMARY

A thirty-day cooperative study designed to examine the pulmonary eifects
of viayl chloride (VC) inhalation cxposure in male CD-1 mice, Golden
Syrian hamsters, and Sprague-Davley rats vas cerminacted after only 4
exposurcs due o unexpected early mortality in male mice., Animals weras
exposed to 0, 1000, or 5000 ppm VC (aice and hamsters only), 6 hours/day.
By the fourth exposure, % of 30 mice exposed to 1000 ppm were dead and 2
more were aoribund., There was no mortality in either of the other
groups or species. VC-induced hepati: necrosis was determined to be the
cause of death based upon viral serology, gross, and histopathologic

examination.

A second study utilizing only five male CD-1 mice at each of the same
exposure levels for 5 exposures produced similar results. Clinically,
several mice exposed to either 1000 or 5000 ppm VC were lethargic and
had distended abdomens. Gross necropsv examination disclosed ascites, a
variable degree of subcutaneous edema, and liver lesions. The livers
wvere generally swollem, congested, and had variable sized necrotic
areas. Hisropathulogical exazircation disclosed centrilobular to assive
hepatic necrosis. Laesions considered secondary to the hepacic necrosis
were noted involvipng the lymphoid and cireuylatory systems. Mice sur-
viving the exposures and alloved to recover for up to 13 days had

evidence of hepatic reparative a1 . regenerative processes.

Generally, the hepatic lesions were more severe in mice exposed to 1000
?pr than ia mice exposed to 5000 ppm VC. However, there was wide vari-

ability withia each exposure group.

In contras- to mice, there were no significant lesions noted in either

hamsters or rats.

The resulcs of these two studies should be considered when evaluating

results rom experiments with vinyl chloride utgilizing mice.
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INTRODUCTION

As part of a cooperative study on the pulmonary efiects of inhaled vinyl
chloride (VC), male mice and hamsters were exposed to concentrations of
0, 1000, or 5000 ppm VC by the Inhalation Toxicology Section of the
Toxicology Research Laboratory. To make efficient use of the inhalation
chacbers, male racs from a study on molecular mechanisms of carcino-
genesis were included in the 0 and 1000 ppm exposure groups. The
exposures vere originally scheduled to last for 30 days but early
mortality and other adverse effects were noted, necessitating the

premature termination of the study after 4 exposures.

Because preliminary investigations imdicated that the mortality was
possibly due to unexpected acute hepatoto:.:ic effects of VC at these
exposure levels, a second small probe study, utilizing only wmale mice at
each of the above exposure levels, was performed. This second study was
designed to test the reproducibiliry of the previous observations and to
obtain better necropsy specimens for histopathological characterization
of acute lesions induced by VC inhalation.

This report will present. the results of these rvo studies. Emphasis

will be placed upen che histopatholeogical description of the lesions.
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MATEIRIALS AXD METHODS

- ——
*

General Studv Design

. "-—"‘..-

The initia)l study reported herein was a continmuation of collaborative
Tesearch pursued joincly with Dr. Yasunosuki Suzuki, Research Proiessor
of Comrunity Medicine, Mt. Simai School of Medicine, lew York, New York
under a grant he received from the KNIH. The grant was for investigation
into the pulmonary effects of vinyl chloride exposure in oice and
hansters. This was a cooperative effort wherein the exposures to VC
were to be conducted at the Dow Toxicology Research Laboratory and the -
ani=als were to be shipped alive to Dr. Suruki ac the completion of the
exposure period for specimen collection, processing and evaluation.
This study contained 30 male mice and 10 male hamsters at exposure
levels of 0, 1000, or 5000 ppm VC. In addition, 10 male rats were
included in the 0 and 1000 ppm exposure groups as part of a separate
study on molecular mechanisms of carcinogenesis (Stotg, 1979). For
purposes of chis report, this cooperative study wili be ctermed Study A.
This study was scheduled to last for 30 days but was terminaced after 4

exposures.

gas1c0 S8d

The second study, hereafter termea Study 8, consisted of § male mice ac
vach Jf che three above exposure levels. This study was scheduled, and

lasted, for 5 consecutive daily exposures.
S

=

Test Material

The v:iavl chloride was supplied by The Dow Chemical Company and assayed
for purity by gas chromatography by The Dow Chemical Company Analytical
lLaboratories, Midland, Michizau. The sa=ple was found to. be 99.9Z pure
{Corzes, 1979). Traces of mechyl' chloriae and vinylidene chloride were
found to ba the only impuricies,




Anisals

The mice used in both Study A and Study 8 were male CD-1 mice, 5-6 weaks
old (Charles River Breeding Laboratories, iInc., Porrage, Michigan).

Hamsters were 4-6 week old male Golden Syrian hamsters (Engle Laboratory
Animals, Inc., Farmersburg, Icdiana). The rats were male Sprague-Dawley
rats weighing about 225 grams (Spartan Laboratories, Haslect, Michigan).

The animals were acclimated to the laboratory for at least 1l days prior
to the inftial exposure to VC. The animals were randomized from a
single lot for each species (separate lots for mice in Study A and Study

B) by use of a ceomputer generated randomization procedure. The mice and
rats were individually identified by a numbered metal ear tag. The
hamsters wvere individually identified by cage and rack numbers. The

animals were housed (and exposed) 1 animal/cage in stainless steel mesh
cages. The anizals were housed in rooms designed to maintain a controlled
envirorment of humidicy (40 to 60%), temperature (2222°C), a 12 hour
photocycle, and 12 air changes/hour. Food (Ralston Purina rodent chow)
and wvater were availablg ad libirum excep: during exposure,

The animzals in Study A were all weizheld the day prior to the initfal
exposure to VC bul subsequent weights were not taken. All animals were
observed for signs of toxicity as well as changes in appearance and

demeancr.

Chaxzbers, Vapor Generation, and Analvsis

The exposure chambers were 1 =3 stairless stael and glass Rochester-type
Xp g ¥p

chambers. Afrilow through the chazbers was maintained atr 150 lizers per
minute. The air supply system is designed fo provide chambar temperatures
of approximately 21°C and 50% relacive humidicty. The VC gas was metered
through a calibra~sd flowmerer at a controlled rarte into the main

chamber air supply and further diluted to the desired concentration,
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The analvtical concentration of VC Ln each chamber was deterz=ined by

infrared spectophotometry using a Miran I infraved spectrophotometer
equipped with a variable pathlength gas cell. Analyses were performed
2T a wvavelength of 10.9. at least 10 Ei:es dailvy for each exposure
chazber. Standards for the analyses were made by injecting a xknown
volume of VC gas into a 100 iizer Saran gas sampling bag filled with a

«aewn volume of air.

Exposure Regizen

The groups of anizals as detailed in the general study design were
exposed to 0 (comntrol), 1000, or 5000 ppz= VC for 6 hours per day. These
exposures were to be performed 5 days/veek. However, in Study A, the
exposures were terminated after 4 consecutive days. In Study B, the

animals vere exposed for 5 consecutive days.

Microbiological Decerainacions

Blo>d samples were collected from anesthetized animals from Study A for
serological determination of antibodies to several murine viruses
commonly found in laboratory rodents. Samples from representative
animals {rom each exposure level/species vere taken 5 days after termi-
natior of the erxposures. Additional (convalescent) serums were collected
trom mice 13 days after the rermination of exposures. The serums were
sent to Microbiological Associates, Secthesda, Maryland for their standard
panel of murine virus antibody decerminizctions. Included in this panel
were pneumonia virus of mice, reovirus 3, encephalomyelitis virus,

K virus, polycma, mimute virus, ectromelia, Sendail, mouse adenovirus,
mouse hepatitis, lymphocyric choriomeningitis, and rodent corona.

Necropsvy and Gross rwtholocv

All aninals presented to necropsy alive ware anesthetized with methaxy-
flurane and the ani=a) vas xilled by decapitation. Immediately after
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decapitation,
slide against

1llumination.

the eyes were exaxined in situ by gently pressing a glass
the cornea and examining the eye under fluorescent light

A gross necropsy exaxination, both externally and intermally, was

performed with all alzerations recorded.

Representative portions of the

following organs and tissues werc preserved in 10:; neutral, phosphate-
buffered formalin from each mouse:

adipose tissue

adrenal glands

accessory sex glancs

aorta

bone with bone zarrov
{thoracic vertebral
column)

brain

epididymides

esophagus

eves

gallbiadder

heart

kidneys

lacrimal (Harderian)
gland

large iotestine:
(cecum and colon)
larynx

liver

lower jaw

lungs

lymph nodes {thorzcic,
mesenteric)

am=ary tissue

pancreas

peripheral nerve
(sciatice)

pituitary giand

salivary gland
(subnandibular)

skeleral musgcle
skin
small intestire
snicz)l cord (thoracic)
spleen
sternus
stomach
testes
thymus
thyroid
(wich purathyruid)
tongue
trzilea
urinary bladder
all grexs lesions

Only livers and kidneys were preserved Irom three i the noosters and

Yats.

For Study A, two =ice/exposure group were sacrificed chr:e days after

terzination of exposures.

grou, were sacrificed.

Two days lster three animals/vpecies/exposure

Ihe rezaining anizzls were held uyatil! 13 days

after the terzimation of expow.uares, a* which time they vere sacrificed

by decapitatinn following merthoxyviluvrane anethesia.

Because of the

lack of further clini:zal signs of disease or mortalizy considered due teo

VC exposuyre, necropsies were not periormed on these arimals.
the abdominal and

ined and the livers fro= six mise were retainec

tharazic viscera Irom all nlic:o

However,

were exposed and exarm-

:n fryrmalin,
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An external and internal necropsy examinacion wvas periormed for all
anizals that died spontaneously during the course of the studies. This
consisted of four mice exposed to 1000 ppm VC dying after the third or
fourt: axposure in Study A, one mouse ex-.sed to 5000 ppm dying 13 days
after terainacticn of exposures in Siudy A, and one mcuse exposed to 1000
Ppo éving after 2 exposures in Study B. These animals were refrigerated
from the time death was noted until necropsy. The tissues and organs

listed above were retained in 10%, neucral, phosphate-buffered formalic.

Bistelogical Preparations

Hematoxylin and eosin~stained sections of paraffin-embedded tissues were
‘prepared by the standard operating procedures of the histology laboratory.

_An extensive set of tissues, intended to include all che major sof¢
tissue ovrgans, was prepared from the six moribund or dead mice after 3

or 4 exposures in Study A.

The liver, gallbladder, thymus, and kidneys were prepared for histopatho-
logical examination from all mice from both studies except those mice
from Study A verminated at 3 and 13 days following the final (fourth)
‘gxposure. From these Qice, only the livers with gallbladders were
prepared for histopathological examination. The four largest lobes of
the liver (left lobe, right lobe and boch portions of the medial lobe)

Jere routinely prepared for histological examination.

The livers, gallbladders (hamsters), thymus, arnd kidneys were prepared
for histopathological examination from all rats and hamsters necropsied.

For selected tissues, special-stained histological preparations (Giemsa
stain, Von Kossa calcium stain, Dahl's calcium stain) were prepared by
standard hisctopathology laboratory procedures (Manual of Histologic
;taining Methods of the Armed Forces Institute of Pathology, 1968).

Z.lS120 SBH
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RESULTS

Chamnber Analysis

The daily mean analytical concentrations of VC were calculated from
multiple daily chazber analyses. For Study A, these analytical concen-
trations were 968233 ppm and 5137:165 ppm VC for the 1000 and 5000 ppm
groups, respectively. For Study B, these values were 999:45 ppu and
51122173 ppm VC.

Animal Observations

The morbidity and mortality data from these two studies are summarized
in Table 1.

Study A: After 3 exposures, some of the mice exposed to either 1000 ppm
or 5000 ppm VC were lethargic. Their coats were roughened and some had
distended abdomens. On the morning following the third exposure (prior
to the fourth equsure) 3 mice exposed ro 1000 ppm were dead and 3 more
were moribund. During the fourth exposure 1 of these moribund mice

died. The hamsters and rats appeared normal. At this time, the expo-
sures were terminated and all animals were held fcr further observation.
The two moribund and four dead mice exposed to 1000 ppm VC were presented
for necropsy examination. Three davs after termination of the exposures,
two more mice from each group were nacropsied. Clinically, these animals
were all active but one mouse exposed ro 5000 ppm VC had a distended
abdomen. Five days after termination of the exposures, three more zice
and three rats and hamsters Irom each group were necropsied. These xice
were active but two of the animals exposeq to 5000 ppz= VC had distended
abdomens. The rezaining animals were observed Ior 13 days. During this

interval, clinical abnormalities were no:t nored; however, one mouse

exposure.
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The racs’'and hazsters zezained mormal througzout the 2 week observation
period. Three anizals/exposure level/species were sacrificed five days

after the fourth exposure.

Study 3: The clinical observations of the mice in Study B were simjlar
to those noted in Study A. One zmouse exposed to 1000 ppm died after
two exposures. Some mice exposed to 1000 ppm and 5000 ppm VC were
lethargic and had roughened pelage after cthree exposures. Distended
abdomens were noted after three or four exposures for 3 of the o
remaining mice exposed to 1000 ppm and 2 of cthe 5 mice exposed to 5000
ppa VC.

Microbiological Determinaticns

To ianvestigate the possible presence of viral infectious disease,
serological examinations were performed on specimens collected from
aice, rats, and hamsters from all exposure groups in Study A five days
afrer the last (fourth) exposure. Convalesceat titers from mice were
analyzed on samples taken 13 days after the last exposure. The titers
are presented in Table 2,

Antibo fies to 12 diff;rent zmurine viruses were not detected in mice at

any exposure level at either sampling ctize.

Hamsters and rats had antibodies to pneumonia virus of mice (PVM) and
Sendai virus. The antibody level in rats to these viruses was low. In
hamsters, antibody titers to Sendai virus were high, whereas those to
PVM were low. ' '

Gross Pathology

The gross lesions noted in Study A are presented in Tables 3 (mice), &

(hamsters), and 5 (rats). The gross lesions noted in mice from Study B
are presented in Table 6.

$.15120 S®Y
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The only gross lesions considered to be directly related to the inha-
lation of vinyl chloride were noted in mice from both studies. Because
of the irregular schedule of termination with the accompanying variable,
but small, group size and 2lso because the lesions noted were similar in
both studies, the results of the gross pathologic examination will be
presented without regard to study but with interpretation allowing for

the temporal responses of the recovery period.

Externally, a low number of mice exposed to either 1000 or 5000 ppm VC
D developed distended abdomens. This was noted in animals presented alive
- I to necropsy after 4 or 5 exposures and was still present in some animals

3 to 5 days after termination of exvposure; however, this was not noted

k.
1
z

SR in animals dead or moribund after 2-4 exposures. One of the five animals
exposed to 5C00 ppm VC for 4 exposures and allowed a 5-day recovery

AL

]ffL ‘ period also had ventral subcutaneous edema noted externally. The

animals dying spontaneouslr after 3 or 4 exposures to 1000 ppm VC had

reddened rares considered to represent aronal congestion. gz

. wn

3 mi}_»\ Internally, some mice exposed to either 1000 or 5000 ppm VC had gross §3
Eoe N

N lesions suggesring toxic'ty to the liver, lymphoid system, and possibly &2
‘ “?'f‘_ o cardiovascular svstem. .n the affected mice, the livers were usually o

enlarged and had a variety of color changes. Frequently there was

hepatic congestion ttat varied from generalized to a unique paitern of

central or hilar congestion with pale or blanched margins. The hepatic

lobular pattern was often accentuated, apparently due to congescion. ;@;
Focli compatible with acute necrosis weve noted. These varied from large jﬁf
e

focl up to several mm in size, occupying most of a liver lobe and

il duias

varying in color from pale to red, to multiple pinpoint pale foci.
These necrotic—-appearing areas were generally larger and involved more
of the liver in those nmice dyinz or moribund after 2-4 exposures to 1000

ppm VC than in mice surviving the exposure periods.




Claar ro yellow ascizic fluid and subcutineous edema was also generally %%
notea in the nice having liver lesfons. The mice exposed o 1000 ppm VC
had, generally, slightly nore severe fluid accimulacions than those ’ :

exposed to 5000 ppm VC.

The animals dying spontaneously frequently had pulmonary lesions charac- &:
terized by slight pulmonary edema and slight to moderate sccumulations

of serous fluid in the thoracic cavity. Since this was not noted in

animals surviving the exposure period, “t is believed that chis repre-

sents agonal cardiovascular collapse.

A slight decrease in the size of the thvmus was noted ia all four mice
surviving five exposures to 1000 ppm VC (Study 3) and 3 of 5 surviving
ive exposures to 5000 ppm VC. i

The other gross lesions presented in Tables 2 and 5 are cousidered to be
either secondary non-specific lesions commonly noted in moribund animals,

changes associated with the necropsy procedures, or spontaneous lesions
frequently noted in mice of this age and strain. The one mouse found
dead 13 days following terzination of exposure to 5000 ppm VC was

nmoderately autolytic but no other lesions were noted.

The gross observations noted in hamscers (Table 4) and rats (Table 5)
from Study A were all comnsidered to be artifacts induced by necropsy

procedures or spontaneous lesioans frequently noted for these species.

95120 S®Y

Histopathology

The histopathologic observations =ade in Study A are presented in Tables
7 (mice), 8 (hamsters), and 9 (rats). For tae mice from Study B, the
histopathologic observations are presented in Table 10. '

The histopathologic examinacion of tissues from these animals confirmed

the grogs observations of liver, lymphoid, and possibly cardiovascular

toxicity in mice. As was doce in the section on gross pathology, the

vy




histopathologic observations will be discussed by combining both studies.
The lesions were similar in the ctwo studies when allowance is made for

the varying time period from termimation of exposure until necropsy.

Mice dying spontaneously or moribund aZcer 2-4 exposures to 1000 ppm VC
wvere characterized by acute hepatic necrosis affecting a large portion
of the liver. In the seven mice with this exposure histery, about oune-

fourth of the liver area was necrotic in one mouse, between onefourth
and one-half was necrotic in four mice, bertween one~half and three-
fourths was necrotic in one mouse, and the remaining mouse had necrosis

f over three-fourths of the liver as judged from histologic sections of
the four major liver lobes. When the necrotic areas were small, they
were centrilobular; however, they were Irequently massive aud involved
conflueat lobules with only a thia riz of viable hepatocytes around the
portal triads. Frequently, minute basophilic intracellular granular
structures were noted in swollen necrotic hepatocytes as well as viable
hepatocytes ar the margins of the necrotic areas. These were demon—
strated to contain calcium by special staining techniques, There wvas
minimsl inflammatory reactiion noted at the margin of the necrotic areas
in these mice dying spontaneously. Ihg few inflammatory cells present
were predominantly macrophages. There were zarked hepatic vascular
changes nored in this group of mice. There wis usually intense con-
gestion within and at the margins of tne necrotic areas. In the areas
of viable hepatic parenchyma there was oI ten severe dilatation of the
centrilobular vein with compression ol adjacent parenchyma along with
focal areas of sinusoidal dilatation scattered throughout the hepatic
lobule. These areas often appeared as vascular "lakes" amoung the
parenchyma. The viable areas in the livers of these animals had centri-
lobular or pezrinecrotic hepatocytes generally characterized by swelling
with vesicular or vacuolated cytoplasz. In some livers, these centri-
lobular or perinecrotic hepatocytes had increased cytoplasmic homogen-
eity and basopnilia wich occasional zizotic figures. A low number

of szmall, eosinopnilic, sinusoidal masses were frequently seen
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among these cells. WYhile this material could resresent necrotic cellu-

lar debris, these masses were considered zore lixely to be microthromboses.

The livers of mice surviving 4 or 5 exposures to 1000 or 5000 ppm VC had
marked histopathological variabilicy. The four =ice sacrificed izmediately
after completion of 5 exposures to 1000 ppn VC (Study B) had acute
centrilobular hepactic necrosis. While this was quélicatively similar to
that noted for those animals dying spontaneously at this exposure level,
it was much less in degree -- being about one-tenth of the liver in
three of these mice and one-fourth in the other one. These necrotic
foci were often present in a subcapsular locatfcz. The reaction to the
necrotic foci was similar to that described for those animals dying
spontaneously but the vascular reaction was less dramatic and the
inflammatory reaction included slight cOnneccivé tissue proliferacion.
In centrilobular areas lacking necrosis, the hepatocytes often were
enlarged with increased cytoplasmic homogeneity and basophilia and
occasionally cytoplasmic vacuolization and aitotic figures. Hyaline
sinusoidal masses consistent with microthrombi vere seen in some of the

centrilobular areas.

The five mice sacrificed immediately after completion of 5 exposures to
5000 ppm VC (Study B) had marked variation in histopathologic changes.
Three of these mice had only microvesiculation ¢f the centrilobular
hepatocytes but lacked any significant amount of necrosis other than the
scattered microscopic foci typically noced also in comtrol animals. The
other rwo animals were simjlar to those aninals dying spontaneously in
thact they had large areas of acute necrosis (between one-fourth and
one-half of the liver in one mouse and berween one-half and three-fourths
in the ocher). The inflarmatory and vascular eveats roughly paralleled

those noted in the mice dying spontaneously with comparable liver lesions.
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With 3 to 5 days of recovery Zollowing completion of four exposures to
vinyl chloride, there was again variatilicty in the histopathologic
changes in the liver. Three of five nice exposed to 1000 ppm VC and 2
of 5 mice exposed to 5000 ppm VC had changes of the centrilobular
hepatocytes with either enlargement and cytoplasmic vesiculation or
cytoplasmic homogeneity, basophilia, and occasional mitotic figures. In
one mouse in eacﬁ exposure level this rraction was more severe with
marked cytoplasmic swelling and vesiculation, scattered necrotic indi-
vidual hepatocytes and sinusoidal thrombi and dilatation. In one mouse
exposed to 1000 ppm VC and 2 =mice exposed to 5000 ppm VC, there were
multifocal areas of centrilobular hepatic necrosis involving about one-
tenth of the liver parenchyma. These were surrounded by a slight
subacute inflampmatory reaction in which Iibroblasts were noted. In one
mouse exposed to 5000 ppm VC, some multinucleate giant cells were noted

in the reaction.

By 13 days after cozmpletion of the exposures, the livers of 4 of 6 mice
in each exposure group were similar to controls or had only slight
microvesiculation and enlargement of centrilobular hepatocytes. One
oouse in the 5000 ppé VC exposure group had marked centrilobular hepato-
cyte enldrgement with occasional mitotic figures and sinusoidal micro-
thrombi. Two mice exposed to 1000 ppm VC and one mouse exposed to 5000
ppm VC had wmultifocal areas of Iibrosis with mononuclear inflammactory
cells and, characteristically, multinucleate giant cells containing a
deeply basophilic structure. This was identified as calcified material
by appropriate staining techniques. These fibrotic areas were centri-
lobular and often subcapsular. These livers also had slight periportal
accumulations of mononuclear inflammatory cells and slight bile duct
hyperplasia was noted in one mouse exposed'to 1000 ppm VC. Foeil of
dilated sinusoids surrounded by thin fidbrous connective tissue walls

were noted throughout the liver, particularly subcapsularly.

The thymus had histopathologic lesions that closely paralleled the
degree of hepatic necrosis. Mice that were moribund or died sponta-

neously had loss of the thymic lymphoid cells that varied but was
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usually moderata t¢ marked in severity. These also had karyorrhectic

nuclear fragments in the medulla of the thymic lobules. The thymuses of
aice that survived the exposure period were frequently normal. When
depletion of thymic lvmphocvtes was noted in surviving mice it was
present in the mize having hepatic necrosis. The severity of thymic
lymphoid depletion roughly paralleled the severity of hepatic necrosis.
In the mice dying spontaneously, che other lymphoid tissues examined
(spleen and lvaph nodes) had decreased lyzphoid cells similar in degree
to that rnoted in the thymus.

Histepathologically, the kidneys of mice dving spontaneously frequently
had tubules with sloughing epithelium, pyknotic nuclei, and hypereosino-
philic cytoplasm. As these changes were not noted in properly fixed
kidneys from sacrificed mice thev were atiributed ro autolysis. Three
of the five mice exposed to 5000 ppm VC (Study B) had slight to moderate
cytoplasmic microvesiculation of the renmal cortical tubules. All other
histopachologic observacions made on the kidneys of treated or contrel
aice were considered to be spontaneous entities and not due to exposure
to viny! chloride.

The hearts of 3 cf the 6 mice moribund or dead after &4 exposures to 1000
?pm VC (Study A) had isolated focal areas of minure basophilic strucctures
within degenerating cardiac myocytes. This was shown to be calcified

material by use of special histologic staining cecnniques.

Other organs examined from mice dying spontaneously (Study A) had occa-
sional lesions. These were generally considered to be either secondary
to the agonal condizion of the mouse or spontaneous encities not due to

VC exposure.

The hiscopathologic observacions noted for the liver, gallbladder,
kidneys, and thymus from hamsters (Table 8) and racs (Table 9) exposed
to vinyl chloride were considered to be spontaneous lesions with no

lesions ascribed ce VC exposure.
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Histologic examination of the liver and kidneys from the one mouse fcund

dead 13 days after termination of exposure ro 5000 ppm VC disclosed
No lesions similar to those present in the

moderate autolytic changes.
Although a cause of death was not determined,

affected mice were noted.
it was felr that this mouse did not die from VC-irduced hepatotoxicity

and ir was oot included in the gross and histopathology tables (Tables 3

and 7).
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JISCUSSION

The acute deaths in mi¢ce exposed to 1000 ppm VC were first suspected to
be of infectious origian. Zarlyv results from histopathological exam-
ination combined with results of viral serology failed to support this
presumption. Neither virai inclusion bodieg nor bacteria were noted on
histopathological examinacion. Mice failed to have citers to numerous
viral pathogens, including those commonly associﬁ:ed with hepatic
necrosis (ectromelia, mouse hepatitis virus, and reovirus). Alchough
ancibody titers to two viruses were present in both racs and hamsters,
the titers were relatively low and the viruses both produce pneumonia
rather than hepatic disease. These f.ndings s:ggested that VC may be

acutely toxic to the male mouse.

Although hindered by the low numbers of mice, the marked variation in
severirty of lesions, and the variable degree of aucolytic change, the
staggered necropsy tizes following termination of VC exposure allowed a
worphologic assessment of the nature and progression of lesions in mice

following shore-term inhalation exposuvre to VC.

The major organ aifected was the liver. The first histological changes
appeared to be vesiculation, vacuolaction and swelling of the centri-
lobular hepatocytes. This was noted in most of the animals exposed to
either 1000 ppm'or 5000 ppm VC. In a low proporction of animals cthis
lesion was zarkedly more severe with zarked centrilobular and midzonal
cellular enlargement and vacuolizacion and compression of the sinusoids.
In these areas small hyaline masses were frequently noted among the
swollen cells. These masses could represent necrotic hepatocytes but

are considered more likely to be microthromboses.

Following che initfal cytoplasmic changes, the centrilobular and midzonal

hepatocytes in some livers had homogeneous eosinophilic cytoplasm with

changed staining affinity characterized by a slight basophilic tinge.

s

&

e
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These cells were enlarged, somerires markedly, and mitotic figures were
fren noted. As this change was more prominent in the animals sacri-
ficed after several days of recovery, this was considered a regenerative

response.

Next ia the apparent progression of lesions was centrilobular necrosis.
This was characteristically coagulacion necrosis with only a very slight
peripheral Lnfla'matory reaction. The ianflarmatory reaction that
ensued consisted primarily of macrophages and fibroblastic elements.
The progression Ifrom the centrilc wlar hepatocyte swelling to necrosis
was unclear. Frequently the perinecroti: hepatocytes were either
vacuolated or conrained eosinophilic incracyroplasmic mas: .3 assumed to
be degenerated cystosol proteans. However, these changes in the
hepatocytes adjacent to necrotic areas wvere of no greater severity than
those present in cells in non-necrotic centrilobular areas., Thus,
degree of vacuolar change aione did not appear to correlate with the

necrosis.

0f interest are the minute basophilic s:irucz<ures noted in some of the
necrotic hepatocytes and perinecrotic hepatccytes. These were demon-
scrated to contain caicium via the use c¢f special histological étains.
1. is speculated tnat these sctructures represent minevalized mito~
chondiria. Mitochrondrfal calcification is commonly noted by agents

prim,rily attacking the cell membrane (Truzp and Arstila, 197 .

In all mice dying after 2--4 exposures to 1C00 ppz VC, there was
progression from multiple small centrilobular necrotic areas to massive
confluent areas of necrosis. Most animals dving spontaneously had
necrogis of abour 50% o? :hg hepartic arez oa the four liver sectiowus.
exanined., Survivors generglly had racrosis of 255 or less of the liver
area. With mice exposed to 5000 ppm VC, there were no deaths rnscribed
to VC and the amount of liver nacrcsis wvas generally less. Fowever, in

cwo aice exposed to 5000 ppm VC Zor 5 exposures (Study B), there was

massive recrosis (up to 75%) and it Is specularted that death may have

been imminent had the animal not been sacrificed.
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The role of the vascular systes in the pathogenesis of the liver necrosis
is uncerzain. 1In the anizals dying spontaneously there was dramatic
congestion in and adjacent to the necrotic areas. There was frequently
marked congestion of the cenrral vein and focal afeas of éinusoidal
dilataticn with compression of adjacent hepatocytes. There was slight
to zmoderate pulmonary congestion and edema; however, other abdominal
organs (spleen, «idnevs, gastrointestinai rract) had liccle evidence of
vascular congestion to suggest generalized hear:t failure. Although
sinusoidal microthrombi were present, larzer thrombi were not noted.
Survivors f{requently had small sinusoidal dilatations surrounded by
fibrous connective tissue, but lacked other vascular changes. The
dramatic vascular congestion noted in the livers of moribund or dying
aninals was considered é& be a probable secondary reflection of the
liver necrosis as well as terminal heart failure.

In a recent paper reviewirg human hepatic angiosarcomas due to vinyl
chloride and ocher causes, Popper et al. (1978) note a precursir stage
characterized by hepatocellular proliferation along with sinusoidal
dilatation and sinusoidal lining cell proliferation. Theilr early
lesions are similar to those described in this report; however, their
report does not'note hepatic neecrosis, butr rather the progressive
atrephy and disappearance of the hepartccevtes with increasing prolif-

eration of the siznusoidal lining cells leading to angilosarcoms.

Also prominently affected by short-term inhalation exposure to VC was
the lyzphoid system, partlcularly reflected by the degree of thymic
lymphoid necrosis and atrophy. The degr:e of thymic lymphoid depletion
generally paralleled the degree of liver necrosis but appeared to lag
temporally slighcly behind the liver necrosis. This was noted espe-
clally in survivors in which there were slight thymiec changes in spite
of liver necrosis. It is speculated that che lymphoid depletion is
secondary to the liver necrosis, possibly due to elevated levels of

sdrenal corticostaroids produced in response to systemic stress due to

the massive hepatic necrosis.
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There were several changes suggestive of possible disturbed mineral
wmetabolisxz in the mice with liver necrosis. In adiition to the intra-
cytoplasmic mineral noted in and adjacent to the necrotic liver areas,

oineral deposits were noted in foci in the myocardium and larger bodies

" in necrotic areas of the thymus. t 1is speculated that che mineral-

ization is dystrophic due to cellular injury rather than a reflection of

calecium-phosphorous imbalance.

The kidneys had only slight changes considered to be insignificant in
cauvsing the death of these mice. The tubular changes noted in the mice
dying spontaneously were regarded as artifacts due to autolysis. With
sacrifice and prompt fixation, the only lesjon attributed to VC exposure
was slight to moderate microvesiculation of the cortical tubular epithe-

lium,

Surprisingly, the acute hepatotoxic effect of VC in mice has apparently
not been generally recognized, Early snhort-term inhalation experiments
noted that 30 minute exposures to 300,000 ppm VC were lethal to mice and
rats, but 100,000 ppm produced only narcosis (Mastromatteo et al.

1960). Prodan et al. (1975) caiculared the LCSO for white mice as
11.755 VC in a veatilated chamber.

A dozinant lerhal test in CD-) =ale zice (the same strain as that used
in this report) éxposed by inhalation re 3,000, 10,000, or 30,000 ppm VC
fer 5 daily 6-hour exposures was reported by Anderson et al. (1976).
These doses were selected on the basis of their unreported probe tox-
ieity studies which determined 3C,000 ppz to be in the toxic range (the
criteria of roxicity were not stated). 1In the published work, Anderson
et al. had significanc mortalicy (35%) at che 30,000 ppm exposure level
and 5% and 107 morrtality at the 10,000 ppm and 3,000 ppm exposure

levels, respectively. The cause o death was not stated.
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There have been several subchronic or chronic foxicity studies utilizing
aice exposed to VC at levels close to those used in this report, Winell
et al. (1976) exposed NMRI (albino) nice to 50 or 500 ppm VC. After 40
weeks the serum levels of lactate dehydrogenase and alkaline phosphactase
were increased. Although these enzymes may indicate liver damage, they

were apparently increased only afiter liver tumors were present. There

is no indication of any acute deaths due to VC exposure in their report.

Carcinogenesis studies on VC ia aice have been reported by Malctoni and
Lefemine (19735), Keplinger et al. (1975), and Lee et al. (1977). 1In

all these studies, the mouse was markedly more sensitive than the rat.
Maleoni and Lefemine exposed Swiss mice 4 hours/day, 5 days/week for 30
weeks to levels of 50, 250, 300, 2500, 6000, or 10,000 ppm VC. Although
no acute lethal effects of VC were presented, there appears to be slight
excess mortality in male mice at the higher exposure levels as judged by

the nu=per of survivors at 16 weeks.

Keplinger et al. exposed CD-l =ice to 50, 200, or 2500 ppm VC for 7
hours/day, 5 days/week for 9 zonths. The interim data reported after 8
months oI exposure iandicacred several mice with tumors but there was no

indication of acute hepatoxicity.

The only published report noting acute hepatotoxicity in mice is that of

Lee et al., in which CD-1 mice were exposed to 50, 250, or 1000 ppm VC
for 6 hours/day, 5 days/week Zor 12 months. They report observations
strikingly similar to those nmoted ir this report. Iwo maies and one
female (from group size of 36/sex) were found dead between the third and
ninth exposure to 1000 ppm VC. Histopathology disclosed acute toxic
hepatitis characrerized by diffuse coagulation necrosis beginning in the
centrilobular areas and focal to marked congestion. They also reported
renal tubular necrosis characterized by pyknosis and eosinophilic
granulation of :he‘cytoplasm. Their research protocol included the

sacrifice of 4 mice/sex atr the end of 1, 2, and 3 months. Review of
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their progress report (No. 8 submitted to NITHS) discloses no reported

ié_ histological lesions for these 24 mice other than minor lesions also

T presant in the control animals.

The studies reported herein confirm the acute hepatotoxicity of VC to
CD-1 mice as first noted by Lee et al. and present a more detailed
histopathological description of the associated lesions. Several note-
worthy aspects of this response are presented including:
1. VC appears to be acutely hepatotoxic at these relatively low
concentrations only in the mouse, particularly the CD-1

strain of mice.

2 There is a consistent association of greater severity of

: ‘ toxicity by vircually any of the parameters effected

L " (wortality, gross lesions, or histclogic lesions) in the
lower exposure level of 1000 ppz VC as opposed to thosa
in the higher exposure level (500C ppm).

- 3. There is wide variability within a treatment group; i.e., up to

. 75% of the liver necrosis and death in some mice exposed to
1000 ppum VC while others survive with virtually undetectable

s
fo
w
(=]
N
b
an
(2]
-

histological lesions.

It is concluded that the observations reported herein need consideration }E

when evaluating research involving vinyl chloride exposure of mice.
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QUALITY ASSURANCE STATEMENT

VINYL CHLORIDE:
TITLE OF STU2Y: SHORT-TERM INHALATION STUDIES
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in compliance with Good Laboratory Practice Regulations, the study phases

were inspected by the Quality Assurance Unit and the results of these

inspecsicns reported to Management and the Study Director on the dates

listed below. The report accurately reflects the data generated in

accordance with the regulations and standard operating procedures of the

laboratory. All data and the reports are located at the submitting

laboratory.
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1 Nov. 1979
31 Jan., 1980
3 June 1980
16 Jan. 1981

2,) F z/ =z
b’d < - 5":"’,—/{,"\.., 3/—7//-&44&.1 /?'?/

Report Issued Date:

Date of Report:

3 Feb.

1981

' m?"’ [ 1L -

T

e

9 Oct.

1979

2 Nov.

1979

5 Feb.

1980

5 June

1980

22 Jan.

1931

W, I

. Eoover

Quality Assurance
Toxicolegy Research Laboratory

-

Dfte

Healtn i Environmental Sciences
1803 8Building

Dow Chemical U.S.A.
Micdlanz, Mi 38640

685120 SBY

.




Anderson, D., Hodge, M.C.E., aad Purchase, I.F.H. Vinyl Chloride:
Dominant Lethal Studies iz Male CD-1 Mice. Mur. Res. 10:359-370,
1976.

Cortes, H. J. Purity of Vinyl Chloride for Animal Inhalation Study.
Analytical Report, 1979, Midland Analytical Laboratories, The Dow
Chemical Co.

Xeplinger, M. L., Goode, J. Ww., Gordon, D. E., and Calandra, J. C.
interim Results of Exposure of Rats, Hamsters, and Mice to Vinyl
Chloride. Ann. N.Y. Acad. Sci. 246:219-224, 1975.

Lee, C. C., Bhandari, J. C., Winston, J. M., House, W. B., Peters, ?. J.,
Dixon, R. L., and Woods, J. §. Inhalation Toxicity of Vinyl Chloride

and Vinylidene Chloride. Enviroa. Health Perspect. 21:25-32, 1977.

Malroni, C., and Lefemine, G. Carcinogeaicity Bioassays of Vinyl Chloride:
Current Results. Aan. N.Y. acad. Sci. 246:195-218, 1975.

Manual of Yistologic Staining Methads of the Armed Forces Institute of
Pathology. L. G. Luna, editor. McGraw Hill Book Co., New York.
3rd ed., 1968.

Masrromatteo, E., Fisher, A. M., Chriscie, H., and Danziger, H. Acute
Inhalation Toxieity of Vinyl Chloride to Laboratory Animals,
Am. Ind. Hyg. Assoc. J. 21:394-398, 1960.

Popper, H., Thomas, L. B., Telles, Y. C., Falk, H., and Selikorfi, I. J.
Development of Hepatic Angiosarcoma in Man Induced by Vinyl Chloride,
Thorotrast, and Arsenic. Am. J. Pathol. 92:349-376, 1978.

e
:

065120 S2?H




REFERENCES (Continued)

Prodaa, L., Suciu, 1., Pislaru, V., Ilea, E., and Pascu, L. Experimental
Acute Toxicity of Vimyl Chloride. Ann. N.Y. Acad. Sci. 246:154-158,

1975.

Stott, W. T. Protocol for the Investigaction of the Mechanism of Tumcr
Initiation by Vinyl Chloride, 1,4-Dioxane, and 1l,3-Hexachloro-
butadiene, 1979. The Dow Chemical Co., Midland, Michigan.

Trump, 2. F., and Avstila, A. U, "Cellular Reaction to Injury” in
Principles of Pathobilology., pps 9-96, 2nd ed., (1975). Edited by
Lavia, M. F. and Hill, R. B. Oxford University Press, New York.

Winell, ®., Holmberg, B., and Kronevi, T. Biological Effects of Vinyl
Chloride: An Experimental Study. Environ. hHealth Perspect,
17:211-216, 1976.

AN

o vrarcs I




w b I

TABLE 1

VINYL CHLORIDE: RESULTS OF TWO SHORT-TERM INHALATION SIUDIES

Morbidity and Mortalicy

265120 SBH

Ixposure Level (oom)

STUDY A = 4 exposures

Mice - Number Exposed
Number Died
(Number of exposures before death)
Number moribund or with discended
abdomens
(Number of exposures)

Hamsters - Number Exposed
Number Died
Number Moribund

Rats - Number Exposed
Number Lied
Number Moribund

STUDY 3 - 5 exposures

Mice - Number Exposed
Number Died

(Number of exposures before death) -
Number with distended abdomens

{(Noted at necropsy after 5 exposures)

a.. ; -
This animal was found dead 13 days after exposures were terminated.

b‘rhese animals were noted with distended abdomens 3 and 5 days after the
exposures were terminarced.
- Indicates not agplicable,
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TABLE 7

VINYL CHIORIDE: AESILYS OF YW SIKIRT-TENM IXHALATION STUDIES
Vical Antibody Titers From Hice, Hansiezs, and Rals

Antlbody Titer to:

Hir « Hat tope

Expesute Time of ‘ Hepatictn Rodent
foevel Appm} Sample!  TYM  Reo ) GW IT K Polyoma  Hirule  Fxtremells  Sends!  Adeno House 1M tovons
] - - - - - - - - - - -
(AL 1] 5 - - - - - - - - - - -
B2 H 5 - - - - - - - - - - -
¢ 13 - - - - - - - - - - -
1enttts 11 - - - - - - - - - - -
SEHM L - - - - - - - - - - -
. o b - - - - - - - 280 - - -
1000 5 40 - - - - - - >80 - - -
5000 5 20 - - - - - - L0 - - -
0 5 &0 - - - - - - 10 - - .
1000 S 20 - - - - - - 10 - - .
teeminal Jon of expunuren,
- hdlcates no aut lbndles 1o the stated vigus were present,




TANE )

VINYL CuloxinE:  RESULTS OF TWO SOAT-TERK ENMALATION STWIILS
Gruus Patlologle Observallon « Study A Hice

fepramie bavel e} et L SO U L, D .
. Mar lband or
Jor % Days Dead aftue b Jour 3 hays 1) Bays Joor 3 bayw 1)ty
Nuviupey E'.‘_"Jlf_ . e Revouvery J-4 Exposures Recovery ~ Revuvery Rucovery Acvuvery
Woebor of Wice fn Crowp . __ G T 5 3 ¢ _ —y T TR
"
EXTEKHAL OBSFRVAYIONS
N viglble Testons 5 2 5 [] 2 b
Dlwtenley abdosen . 1] , o 0 1} 3 u
Sublutammn odvmag 0 0 0 0 ] 1}
Ruddened narus 0 & fi 1 0 0
Focal camiabalise 1] ] D] 0 a L]
INTERNAL DBSENVATIONS
W viallbde leslons H 0 . a 5 1 b
Ceneial
Vuenlral sebcutancouy edema
e modetaty Lo matked 0 L] 1] 0 2 T}
Awvitew - cleae aldoatusl Fluild
- moderate Lo matked [+] [+] ] )] 2 1]
Db [+] ! 1 0 ] ]
Liver
Generat lea) cabarzoment or swelling t b 1 u f 0
Lobar vt litge arean of color chonge,
suggesting nccrosis (elther pale or reddencd) 4] 2 . 0 0 . 1 1
Piopulot pale tocl, sultiple, suggeslling
tocal aecrouls Ii] [1] H ' u
Congentlon vt Fuddeind 1 ’ H 1 0 (H a
Accentnatod roddenlog ot Willor areas ot
. wultiple loboes 0 [1] 1 0 1 u
Pade tobar aurglne, tocal v it [+ ? i o 0 u
Maltiple smill red Boul 0 1 3 o 0 a
locrvased Jubular paticin 0 s 2 0 1 o
h Cenuralinnd paleacss ! 0 0 o 0 v

liata presented are nusber of mloe having e stated ohaervalion,
a
Grouped Ly days slter final {fourth) eaposurs when necropeied.

N
Includes § dead after cheee expovures and | dead and 2 mortbund after four eaposures.
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TABLE 3 {Contlinucd)}

YINYL, QUORIDE: RESULTS OF TWO SUORT-TERY IRHALATIONR STUNIES
Crus# Putlwloglc Observalion - Sindy A Mice

— JEUp—— ... I
Mor bl er
Y or 3 Bays Pead aller Jor 5 Duys 11 Daym Jor 3 bayw 1) Bays
1opuy Cronps R Rutovery l:i-!:r:_-_e!r.-., Bocovery  Revovery Recuvery | Aerovery

o

......... ——— - ——— et o — oy s

te In Growp —— - —

langs
Congexlud, dilluse
Eduvms - ntight
Focal avear of cmphiysnens
Baltiple ted Focl comadutent with
asplrasted htood
Thotacte, Coviny
Clear Thuld - slipht to mderate

Hesentery
Fluome
Stoeach

Caseuvun dintenl lon
Congestod ur 1eddeisd

Cungerted or reddemsd
Beereanad Digesta

Fiducy
Covgested o resldirsed

Thywun

Petechlal bhewor chage

Daty presented ote pomber of slce haviog the stated obacrvation.
o
Crouped by dayw efter Hinad ffourth) exposure swiwn nccropaied.

|'Im:lmlca }odead aftee thres capasies ond ! dead st 2 moribund after [our exposures.
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TABLE 4

VINYL CDORISE: RESULTS OF Tw0O SHORT-TERM INHALATION STUDIES

Gross Pathologic Observations = Hamsters®

Zxposure Level c 1000 5000
Numper Examined 3 3 3
EXTZRNAL OBSERVATIONS
No visible lesions 3 3 2
. Firz enlarged boney prominence oa
) lower left rear leg 0 0 1
IWTZRNAL OBSZRVATIONS
No visible lesicns 1 0 1

Lungs

Multifocal red areas consistent
with aspirated Slood at necrapsy 1 2 1
focal, depressed, dark red area,

{solated 1 0 0
" . Liver

. Slight accentuation of lobular pattern Q 2 1
‘ Tibia
! Tira smeoth boney mass, distal cibiag
H consistent with healed fracture 0 0 1
4

JData presented is number of hamsters with stated observation.

a, - - .
damsters were necropsied 5 days after fourth exposure to vinyl chloride.

)

1

- ——

wohers,
v
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TABLE 5

VINYL CHLORIDE: RESULTS OF TWO SHORT-TERM LNHALATION STUDIES

Gross Pathologic Observations - Rats”

Exposure Level (pom)
Number Examined

EXTERNAL OBSERVATIONS

No visible lesions

INTERNAL OBSERVATIONS
No visible lesions
Thvmus

Mulriple petechial hemorrhages

Lungs

Multifocal red areas consistent
with aspirated blood

Data presented is number of rars with staced observation.

a . - .
Rats were necropsied 3 davs after the fourth exposure to vinyl chleride.
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TASLI 6

VINT, CTORISE: AESULII OF TUO SEORT-TIAM DNHALATION STUDILS

Cross Pathologis Obsarvatisns - Scudy 8 Mize

5000

: . Sr=csure Lavel (ae==) 0 1999

Gecrzoey Group iigal Termizavion

sures Final Teraination

jumber of Mice in Grogs 2

-

Tinal Tersioaciso
3

IXTERNAL OBSERVATIONS
W9 visible lasions

coraaa) cloudiness, fical
- unilsceral
~ stlataral

P

Sistended abdoman
. 5asll size
Ciinlcally depressed

QOO Q
[R=N=-F<N-]

IZTIANAL OBSERVATICNS

T3 visibie lerzions

(=)
o

: GCenaral

2 Vaatral subcutareaous ecena
~ =aried
~ zodaracs
~ slight
Ascites, cleatr abdomti=al fluld
~ zarkad
~ modarate
Sacreassd abdowinal fat

. rivar
Genaralized eclargecenc 0

Lober of larze areas of color change
(elcter pale or reddeced) ’ o] [1]
Plopoint pale foci, mulzipla 2
Accentuacad readaning of hilar ares of
multiple lobes wvith jale loabar margins
C Accentuatad lobular jatters
Sageralized paiscane

(<N
OO O

oo
SO O

OQ O
S e

ML

Congested, consistent wvith hypostatic
congestion

Pinpoint pink foci, few, indistizct

Multiple red focl couasiscant wvith
aspiracad blood

o
O

b
[v]

Stomach
ERS-L -t g

Suboucosa. edenmix, jlamcular pertion
~ slighe 0 b}

Myleifocal pinpoint dark bdrowm foci,
glanaular sucosa . 0 Q

incesting

f=all

'

TacTeased ingesta 0

Cecus

-

iacreased consistecqy of izgesta o}

- Ty
EEhaci i 3

Jecrezseq 1ize - slighs o] Q

Vertesrae

Prominent thoracic ilacervertescal discs 9 9

24Ca prasented are rumbar of anlasls haviag the stated observation.
“.tccrupuad aftar {ive exposuras.

b
anfeal died following Two aXpOBLTES. -

e
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TAMLE 7

-

VINYL {HIORILE:  RESULTS OF TWO SHORT-TERM INHALATION STUDIES
Nistopalhaloglc Dbeervationa « Study A Mice -

3000

nre Ivv,'] (|'|lhl]> e e .2

Hor lbund or

, 3 or 5 bays Bead after Jer 5 Daya 13 Daye Yor 5 Days 1] Dayw
Nucropsy Group”’ e Hecovery 3-§ Exposures Recovery  Recovery Recovery Recovery
Nusber of Wice (u Croup 3 6 3 ¢ 3 3

Llver [nusber vasmined sfocosroplcal ly) b & s 6

Ko vigible Jeslong o

Acute coapnlatton necrosls,

« focal, centrflobular, ahout 0 of
arca of secllons examlned, olten
wubcapnular
focal, contrilobular to conlluent,
fuvolvlvg 15-35X ul area of sectlone
expnlnesd .

= Jucal, centrllohular to conl buent,

Iavalving 26501 of
exJmined

- tocal, centrllobular
tovolving 51-752 of
exsmined
masplve, larpe arcas
than 1Y ol ares of

arva of sectlons

to conflJuent,
arvn ul sectlona

of llver, greater
arviions examined

Hinote, Inttacetlular basoplidl e airucturen
al saglng ol vectotle ancay
Fettneerntle lul Limmstory cella, mined,
= wery slight tn alight
Ferlneciot lc wabacute Jaf lammatosy and
compective Lissue cells - slight
Peglnecrotle swellea, vacuolated hepatocyles
Contrilvbular hepatucyles, mivroveslcular chauge
- very slight to wllghe 2
- marked 0

Data preuvnted are mmber of anlwale having the slated ohservation,
.lhouped by days after [lnai {fourth) exposute when necropsied.

l'lm-hu.l.-s 3 dead ofter three exposurce and | dead and 2 morlbund after four exposures.




TARLE 1 (Contimued)

VINYL CIHOHEBE:  RESDITS OF 1WA SHORY-TEMH IHDALATION SINBTES

tirein Pathologle thacivatlon - Stwly A M

Eaposiee buewel Qpped o L o . L S = Lo
Hor lbund or ’
) N Jur 3 bays Dead after b Jor 3 Buys 1] bays Joc 5 Days 1) Buys
Hecrupuy Group” Becovery 3-4 Baposuren  Necovery  Recavery Recovesy _ Besovery
Bisber of Hice in Croup — 6_.. 6

Liver {(Continued)
Ceatol lulular and eidzonal hepatocyren endarged, 1 2 4 A b ] }

lomsagencous cytoplasm of slightly Increased
Lasophiltla, occanlonal mitoses

Fucal mubcapsular hepatoryto degenecat lun with 1 H 1 1 1] u
vavualization und hyaline material
Heltimucteate glant cvebis coutalning 1] ' 0 n 2 ) 1

calvitled matetlal
Slousaldal cougautlon and Lhemarshage, Iy and

near necrollc avcaw - misberale [1} 1} i 1 H 1]
- matbed 1] b ] L[] 1]
Centullobular veln cungestiog, marhed, 0 4 o [t} i 0
tompresslon of adjacent hepatocytes
Vascular ectasle, apparently midronal, with [+] 2 0 n n u
compressfon of adjacent liepatocyten
Focal telac~lectands 4] 0 2 o 2 u
Small hyaline masues In sinusolds, margine of 0 1 H | 1 2
neciotic focl or In aveasn nl swollen hepatocyles
Hicrovesicular change of periparta) hepatvcyies '
- wifgn 2 0 ! b L H
Balt 1 Tucal sferoncople Juc) of heputocytla
degencration or necrueis with menomclear
Inflammatury cel? resctlon .
= very sifght or wllght [ [ 2 3 ' 2
-~ moderaty 0 0 1 0 ’ 1 1
Perd ot cal moenvnuclear Infllamsatory cella
- nligin i 0 [t} | 0 ]
Blle duct hyperplasia - slipht 1] o 0 | o u

Data presented are mushier of suleals baving the stated vhservatlon.
..
l-ll;upt:d by duys attee flnal (foarth) exposure when nectopsted,

Includes 3 dead after three eaposnres and 1 dead aml 2 wotlbund alfter four exposures.

_ - ... 0O0Sl20 S%BH , o
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TABLE T {Continued)

VINYL (MIORIDE: RESULTS OF TWO SHORT-TERM INMHALATION STIDIES
Hintopathologlc Observatlons - Study A Hice

Dok ezl

‘4‘,- "

"3

Eupe A it
,.'1{5.5({ Py

- v An —— e -~

Exposure bevel Spped L -0 —— S 1., 3000
g 1bund or -
3 ur 3 Bays bead after Yor 5 Duys 13 laye Jor 3bays 1) Daye
— e e e e e Becovery 3=4 Exposures  Recuvery Recovery Recovery Recuvery
u Group 5 . & b [] - 5 T8
Gallbladder (nomber exsmlned microscopically) 4 1] & 0 [y
B viwbhile lenlons b | .3 3 - 1
Submuyrusal edema = wlight 1] n o - i n
Snbssicomal ol lammatory celle, mirved, '
Tocal - very alight 1 0 1 - 0 )
Klduey {number examinged microscopleally) 3 [ ] 0 3 m
Bo vielhle fesfons 2 0 1 - 1 -
Incicascd cytoplaumlc granularity,
cottical tubules - weey slight 1o alight 0 F 4] - 0 -
Hicrovesiculntlon, cortical tubulea
- slight 0 0 1 - ] -
Tulmilar eostnophitlia or microvesliculatlon 1] 4 0 - o -
and nuclear pyknosla; consfatent with
sutelytlc change
Tululsr casts, Seolated - very alight 0 1] 1 - a -
Cottical tubuler cymt, tuolated !
~ wury alight 1] i 1 - 0 -
Facus af basophllic tulmles
- very slight 0 0 [} - o -
Toverstintal samawrlear Inllammatory cells,
{focal - vety slight ] 0 0 - 1 -
Felvle dilaration - wllght . f - ] ) - 1 -
Data presented are musher of anilmala having the stated cheervat lon.
.l:rnuped by days after fionl (fourth) exposure when necropsied.
lucludes 3 dead slter thres vxposures and 1 dead and 2 mortband alter four eXpoares,
= tndlcates oot applicable,
- - 1
o e - oo T i,
. . e B e




TABLE 7 (Cond lmued)

VINYL QHORIDE:  XESVLTS OF TWO SHORT-TERM THUALATION S10GTES

Histopathologic Observations - Stuly A Mice

Egposute Level {ppm)

J or 5 bays
Recovery
Kusber ol Mice in Cioup . 5

Thywos (nushier vaamlined sicivucopicslly) ]
Ho wilwible lestoas )

Atrophy, tows of cortical lymphocytes,
whih batyortlwectle vuclet
= wlight
- mnlerats
- marked
baryosihectic nuchel tn wedulla
- whighe
- mlerale
- marked
Bawophillc round budicy In cortex
(minerallzed dcbrlu)

Spleen {vumber examined microucoplcslly)
Mo vieible lewlons

iy-'g:lluhl depletion - wlight
’ - slerate
- marbed
Extramedullary hesupolesln
~ allight 1o soderalo

Hescuteslc |1:¥|I Node {number exambied
a

" T aictoscopic

(¥

Ho visible leslons
Lymphold deplet Son - moderate
- marked

Bata prosentcd wre number of ainlwale baving the stoated shservatlow,

l't:n:mpu:-l by days after flnal (Lourth) exposure when necropeled,
b

1000

Moribuod orf
Dead after Y or 5 Days
3-4& Eaposures Recovery

) 3

]
3

Inchudes 3 dead after three caposuies snd ! dead and 2 moribund slter four caposutes,

= Indlcates nul applicable,

209120 SBH

k3 Dayn
Recovery
&

L[]

__Sung

Y ur 5 Duys 1Y Baya

Rucovery Kevuvery
5

4
b

—— e

1




TABLE T {Contlinued)

VINYL. CHLORIDE: RESULYS OF TWO SHORT-TERH IMMALATION STUDLES
Hiatopsthologic Observationa - Stidy A Mice

Eaposure bevel {ppa) N 1000 . 500
Horibwad or - ; T T
Y or % Days Dead after Y or 3 Days 1) Days Yor 3 Dayn 11 Daya
Neciuvpay (:rnu[-. . Becovery -4 Exposures Recovery Recoyery Recovery Recovery
Nusber_of Hice In Group 5 [ . 5 [3 Iy

Thorscle Lysph Node {number cxamined
microucopically) 0 1 P ) 0 o

Ho vislhle lesions . - [+] - -

Acute subcapsular hemorrhage - 1 - -

Heart (pumbec examloed microncopicsily) [ I 5 0 0 0
Ho vistble Jusluns - 2 - -

luolated [ocal stear of winute granular
«hasvphl)ta {winerallzatlon) of myocyte
oyleplasn, microscople .
- wvery slight - b] - -

fangu {nusber cxamloed mlcroucopleally) 1] [} 0 [+ 0
He visible leslony - 0 Y- - -

Fdeman - very wlight to alight

= perivaacular and pertbronchlal - i b ] - - -

- alvcalar - 1 - - -
Alveolar macruplagen, incresscd

-~ very slight - 2 - - -

Cecom (mmdier vxamined microscopically) 0 1 0 0 0
Ko viaible lealonw - - 0 - -~ -
. Subsucosal cdemr, di{fuse
« moderate - 1 - - -
Depletion of cells of "Lwmina propria
. - wery sulight - 1 - - -

Colon (mmber examined microscopically) [] [1 ] 0 . 0
Ho vialble lesions - s - - . -

Sutsacosatl cdema - wlfgin - 1 - - =

Data preseated an’nu-ber of animals having the stated observation,
'crnupm! Ly duys atter tinal (fourth) exposure when necropated.

includes 3 doead after theve eaxponnren snd | dead and ? moribend sfter four exposutes.
=~ Indiiatea not appllicable,

€09120 S®BH




Exposure level (pps) ot e

Moctupuy Graup”
- Busber of Hice Ju Croup

Pancieas {nusher exsmlned sicroncopleally)
Bo wisible lealonw

locresued lobular separation, suggcative
ol Sdvmz

Teuten (nuvsber exonined -lcr-outoplu‘lly]
No viwible leslons
co Scattered spermatid glant cells

Epldidysiy (nuwber vxamined mlcroscoplcatly)
Ko viwihile lestony
Focal noecrouls of mucoss - very slight

ecressed spermatozoa In jumen

For the fo)lowing thuwuus, no vivikle fealoon
{nmber examined nicroscopliealiy);

Avrta

brala

Coagulat ing Cland
Esiphague

Imiynn

Farathyiofd Gland
Pociphers]l Nerve {uctatic)
Pituliary Cland

oo Froslate

' Sullvary Clandy

Sealnal Vesicles

Skeletal Huscle B
Swall Intentine
Stomach
Thyrold Glanda
I Trachea

M lfnary Bladds;

s

N

P

R
Y

Y3

[
wt N _“‘

= Wdlcates not applicakle.

v09120 S%®H

YINYL CHIORILY

TABLE 7 {Countinued)

Histopatiwloglc Okuervalions ~ Study A Hice

————— -

Y ur 5 Days
Recovery
S

—————pe et

- N-N-N-N-N-N-N-E-N-- -]

Dats presvnted s1e mmber of anfmaly having the atated vheervatton,
'crwp-d hy dayn afier Hinal {fourth) expasirs vhon pucropuled,

KESULYS OF THO SHORY-TENH INHALATION STINHES

3 ur 5 Daye

30

13 Days
Recovery

. e

Hor {bund or

Dead after Jor 3 bays 1) Days

2-4 Exposures Recovery = Recovury
[ 5
[ ] 0
s - -
1 .- -
6 o ‘o
4 - -
2 - -
[3 0 0
§ - -
‘ - -
I - -
& 1] (1]
] 0 a
b} [} 0
3 o o
3 0 [
2 o ]
4 ] 0
4 . @ (1]
6 0 0
[ o 0
5 L+ ]
1 o 1]
[ 1] 0
[ a 0
[ 4] ]
4 o o
b o 0

tucludan ) duad aftur thrue wnposurce and % drad end 2 soribund after four exposures.

Recovery

3

°

- X-X-N-B-B-E-E-E-N-N-N-N-N-R-5-N]

]

R - E-F R AR EB-E-E-N-N-N N




TABLE 8

RESULTS OF TWO SHORT-TERM INHALATION STUDIES

VINYL CHLORIDE:
Histopathologic Observations - Hamsters

1000 3000

Exposure Level (ppm)
Liver (number examined microscopically) 3 3

No visible lesions
Hepatocyte microvesicular change,
lobular and midzonal - very slight to slight
Multifocal microscopic aggregates of mono-
nuclear and reticuloendothelial cells
- very slight
Isolated small focus of subcapsular
coagulation necrosis with mixed

inflammatory cell reaction

Periportal inflammatory cell accumulation,
mixed type -~ = 5light
~ moderate

Hemosiderin-laden macrophages, periportal
' - slight

ceagtri=-

Gallbladder (number examined microscopically)

No visible lesions
Submucosal mononuclear cells, primarily

lymphoid, focal ~ slight
diffuse - very slight

Adventitial monmonuclear cells
~ slizht

Kidneys (number examined microscopically)

No visible lesions
Dilatation of multiple cortical tubules and

epithelial vacuolization
- very slight

Eosinophilic hyaline casts
- very slight

Thvmus (number examined microscopically)

No visible lesions

Data presented is number of hamsters with the stated observation.
%Hamsters necropsied 5 days after fourth consecurive exposure to vinyl

chloride.

09120 Sy




TABLE 9

Histopathologic Observations - Racs®

o

Exposure Level (ppm) o
] Liver (number examined microscopically) 3
- %o visible lesions 0
37
,”“ Microscopic mononuclear and reciculo-
- endothelial cell aggregates, multifocal,
occasjonally adjacent to isolaced
degener:.ted hepatocytes
-~ gslight 1
I’ Peviportal inflarmatory cells, xixed tvpe,
: - slizhc 2
. - moderate 1
Kidnev (number examined microscopically)
No visible lesions
A :. Scattered tubules wich eosinophilic casts
o - s}izght 1
' Cortical iaterstitial mononuclear cell
accunmulation, focal ~ very slight 2
Focus of fibrosis and chronic inflammation
- slight = 1
Focus of mononuclear cells, primarily
. lyaphoid, beneath pelvic¢ epithelium
’ - very s=light 0
Isolated cortical focus of hypersrophied,
3 basopnilic t:bules - very slight 1
Thvmus (number examined microscopically) 3
Yo visible lesions 3
Petechial hemorrhsge of medulla
- very slight 0
Anterior Mediastinal lvmoh Node (number
exanined microscopically) 0
B Lymphoid hyperplasia and sinusvuidal -
. heworrhage
G
Ry Data presented is number of ratvs with stated observation.

3Rats were necropsied 5 days after the fourth consecutive exposure to

vinyl chloride.
- Indicates not applicable.

VINYL CHLORIDE: RESULTS OF TWO SHORT~TERM INHALATION STUDIES

1000

8]

909120 S%H
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TAILE 10

YIOITL QRORIDE: RESULTS OF TWO SHORT-TERY INHALATION STUDILES
' Histopathologic Observarions = Study B lMice

T sure Leval [ ) 0 1000 5000

Figal Fin 1 Finsl * Q’;
Nagropsy Group Terminxrion 2 Txposurss Tarmination Tarmtoation wn
Muabsr of Mics in Croup b] lb 4 3 o
Liver (oumber sxsmined microscopically) H 1 4 5 N E
No vistble lLastoss 1 0 0 0 : g
Acuts coagulacion nacrosis, . -J
- focal, centrilobular, about 103 of ares 0 0 3 0
axamined, oftsn subcapsular
= focsl, cenrrilobular ts coufluant, . 0 0 1 0
tovelving 231 of area 0f sections
axamined
- focal, cencrilotular to confluaat, ‘ ° 1 0 M .4
involving 26-30% of area of sections «
axamined .
=~ focal, cencrilobular to confluenc, 4] 0 0 1
involving 31~75% of area of esctions - ;
axaniped E
Isolatad focal necrofit area '
' = slight 1] [+] 4} v 1
Miouce, intracellular basophilic structuras 0 1 G 2 . *
At margius of secrocic araas ]
Perinecrotic inflammacory cells, mixad 3
= vary slight to alighc 0 0 0 1l ks
Perinecrotic subacuta inflamsarory and - ;
connective tissus calls . 5
. . ~ slight 0 0 A 0 . F.
o Parinmirotic swollen, vacuolated hepatocytas 0 1 1 1 i
1 Centrilobulsr hapatocytas, microvesicular change ik
; - wvary slight wo slighr 1 0 0 2 ik
- = markad 0 Q 0 1 1
Canrrilobular and nidzonal bepitocytas eglavged, n 0 [ 2 13
howogeneous cyzoplasm of slightly increased - “
basophilia, occasicosl mitoses 1
focal subcapsular bepatocyts degenaration with 0 0 1 0
vauolation and bysline saterial 3
Simusoical congestion sand bhemorrThage, in and Dear
- oacrotlc aArsas - moderate [+] [+] 1 o i
‘- - BATkmd 0 1 [+] 2 1
. Centrrilobular vein congestics, compression
of adjazent hepatocytes
; - BATkad 0 1 0 3 g
2. Tocal ctalangisccasis 0 0 3 0 y
e Ssall hyalins masses in slsmusolds, sargios o . 0 2 0
R of nacrotic focl or in aresas of swollan -
" hepatocytas
Multifocal atcroscoplc feci of hepactocyta -
. dagenaration or nezrosis wvith sooooucleay 3
o inflamnatory cell rasccion X p
- very slight o slight 3 0 0 2 7
‘ Callbladder (mumber examined micrescopically) 3 1 3 2 3
X 1 b) 2 g

No visible lasiwors 3

Daca presanted are pumber of anizals having the siaced observatrion.

lNlcz’mu:.ud after f{ive axposuras. v
b

Aniotl died 4Zfer two exposuras. ’ .
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. VINTU CloRsoE: | AISTLTS OF TS0 SHOKZ-TERY LVALATION STUDIZS LT
’ ‘ Histopathologic Observatioss = Study 3 Mice o .

x e 0 1000 R ":_.
N A - e Timal N P— Tisal - .
‘ucrapw Group ¢ Co Termtaatfozm 1 Exposufes Tarminacios Iarzigscion
‘Nusber ‘of Mice = ero . : 3 ) ® G 3

N N
No vuum lestons N g '«" S : 1
tmnﬁ cells, u:a:utd. uur cot:uu. mhulu B .
= alighe . .- . 0
R ‘u:rwnuuuuoa. cortical tubulas
D - = 3light to soderate ] 0
P Focu: ol baupbu.i.r. tubules . .
N i 1 = vary slight L [+]
:nun :..‘.A.I. mooomiclear iaflasmacary ccu.s. focal )
- ~ vary slight : S 0
Muuu.u'y casts, isolated, occ.uuuuy S
smcauun - :L ight .y 10 0
T ihymus (maber mi.md u.:rotcop:.ul y): . 5
' .. %o wisidle lasicna '\,, g 3
© . . Atrophy, lose of corcical l.raphocycu. wizh | ¥
s _ karyorrbexic ocuclef - slight ; . 0 0
PR © - markad . 0 1
Bascphilic rouad bod as in coruz (ainarals 0 0
dabris)
'n:rrcglanul duct r.yn:. Lloluu. oicroscoplc g 0

Dita prasenced ire tunber of Au_nl.- havicg the suud observation,

"“n:ronud aftar five uvowru. . - .

b-\.l'u.:n.m& diei afzar two upomru._.




