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Abstract—A lifespan oral toxicity study of vinyl chloride monomer (VCM) was carried out in Wiscar 
rati uiing five groups each of £0-80 males and 60-80 females. VCM was administered by incorporating 
polyvinyl chloride (PVC) powder with a high VCM content into the diet or by gastric intubation of a 
10% VCM solution in soya-bean oil. The VCM doses tactual exposures) were 0 (control), 17, 5-0 and 
14’! mg/kg body weigfat/day provided by diets containing PVC powder, and 300mg/kg body weight 
given by stomach tube at a solution of VCM in oil on Sdays/wfc. The death rate was higher in all 
VCM-treated groups than in the controls and increased with increasing VCM doses. The 14-1- and 
300-mg'lcg treatments were associated with shortened blood-clotting times, slightly increased a-foeiopro- 
tein levels in the blood serum, liver enlargement and an increased haematopoietic activity in the spleen. 
A variety ol neoplastic and non-neopiasdc treatment-related liver lesions was found at each of the VCM 

‘ levels. The changes varied from swollen and irregularly-shaped mitochondria in hepatocytes to hepato­
cellular carcinomas and hepatic angiosarcomas. The tumour response of the liver appeared to shift from 
a predominance of angiosarcomas at the highest dose level via a mixture of angiosarcomas and hepato­
cellular tumours at the intermediate levels to the exclusive development of hepatocellular tumours at the 
lowest VCM leveL Tumours attributable to VCM exposure and found at other sites included pulmonary 

i angiosarcomas, extrabepatic abdominal angiosarcomas and tumours of the Zytnbal glands; these neo­
plasms occurred at VCM levels of 50 mg/kg and above. In addition, there was some evidence that VCM 
exposure enhanced the development of abdominal mesotheliomas and of adenocarcinomas of the mam­
mary glands. Thus, the present study showed that orally administered VCM » a carcinogen in rats, and 
that the “no-observed-adverse-effect level" in rats was lower than t-7 mg/kg body weight/day under tba 
rigorous conditions of continuous oral VCM exposure resulting from rite release of VCM from PVC 
powder present in the gastrointestinal tract

i

INTRODUCTION

Industrial exposure to vinyl chloride monomer 
(VCM) has been associated with disorders such as 
acro-osteolysis, lion-malignant liver disease, angiosar­
coma and carcinoma of the liver, and tumours of the 
brain and lungs and of the lymphatic and haemato­
poietic systems (Haley, 1975; Hopkins, 1980; Mon- 
son, Peters St Johnson, 1974; Rawls. 1980; Thomas St 
Popper, 1975; Vale, Kipling & Walker, 1976; Wax- 
weiler, Stringer, Wagoner, Jones, Falk St Carter, 
1976). In addition, various types of tumours, such as 
hepatic and extrahepatk angiosarcomas, hepatocellu­
lar tumours, mammary-gland carcinomas, Zymbal- 
gland tumours, nephroblastomas, brain tumours, pul­
monary adenomas and nasal olfactory carcinomas, as 
well as a series of non-neoplastic lesions in several 
organs, have been found in a number of animal spe­
cies after prolonged exposure to atmospheres contain­
ing VCM at sufficiently high concentrations (Basa­
laev, Vazio St Kolchetkov, 1972: Feron St Kroes, 
1979; Lee, Bhandari, Winston, House, Dixon & 
Woods, 1978; Maltoni St Lefemine, 1975; Suzuki

•The study was sponsored by a group of co-operating 
European industrial concerns, including Vetband ICunu- 
stofferzeugende Industrie e.V. (ERG), Shell Nederland 
Chenue, Dutch State Mines, Akzo Zout Chemie Neder­
land B.V. and Dow Chemical Europe S.A.

r.o.r. iv j—c J

1978; Torkelson, Oyen & Rowe, 1961; Williamson. 
1976; Winell, Holmberg St Krooevi, 1976).

Residual VCM present in extruded polyvinyl chlor­
ide (PVC) has been shown to be liable to migrate into 
PVC-packed foods and drinks (Daniels & Proctor, 
1975; Fuchs, Gawell, Albanus & Slorach, 1975; Pot­
ter, 1976; Randolph, 1973; Williams St Miles, 1975). 
There is still only a small amount of data on the oral 
toxicity of VCM. In a 13-wk toxicity study, in which 
the monomer was dissolved in soya-bean oil and ad­
ministered to rats at levels of 0, 30, 100 or 300 mg/kg 
body weight, once daily on 6 days/wk, the no-effect- 
tevel was conservatively placed at 30 mg/kg body 
weight, but was probably higher sine* the effects at 
the higher doses were of doubtful toxicological signifi­
cance (Feron, Speek, Willems, van Battum & de 
Groot, 1975). From preliminary observations it 
appeared that a more practical method for chronic 
oral exposure of rats to VCM is the feeding of diets 
containing PVC powder with a high VCM content 
(Feron ef al. 1975), Therefore, in the present lifespan 
study, PVC powder containing VCM was incorpor­
ated in the diet at levels to give planned daily intakes 
of 1, 3 or 10 mg VCM/kg body weight. This meihod 
does not allow dietary VCM intakes much higher 
than 10 mg/kg body weight/day, a dose that is, how­
ever, very high in comparison with a recent estimate 
of the maximum likely oral daily intake by man, i.e. 
0-0017 pt VCM/kg body weight/day or 0-11*g VCM/
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man/day (Ministry of Agriculture, Fisheries end 
Food 1978). On the other hand 10 mg VCM/kg Jjody' 
weight/day is low when compared with the doses used 
jntht aforementioned 13-wk study (Feron et al. 1975). 
Since a chronic toxicity study should include at least 
tine effect-producing level a group of rats given VCM 
in soya-bean oil by gavage at a level as high as 
300 mg/kg body weight/day (on S days/wk) was in­
cluded in the present experiment despite the disad­
vantages of gastric intubation.

EXPERIMENTAL w„..

Test materials. Vinyl chloride monomer (VCM) was 
obtained from Akzo Zout Chetnie. Rotterdam, in 
pressurized stainless-steel cylinders. The product had 
the following standard specification: vinyl chloride 
monomer >99-97% w/wj acetylene <2. monovinyl- 
acetylene <15. 1.3-butadiene <10. methyl chloride 
<75. ethyl chloride <50. chloroprene <1. 1,1-di- 
chloroethane <1 and 1.2-dichloroethane <20/i1/litre 
(gas): acetaldehyde <5. hydrochloric acid <1. iron 
<0-5. water <100 and evaporation residue 
<IOmg/kg.

PVC powder (Carina S 65-02) was supplied by 
Shell Nederland Chemie, Pernis. The particle-size dis­
tribution (by weight), was max 0-1% > 300, max 
4*0 > 200. max 90% > 88 and max 95% > 40 pm. 
The VCM content of a portion of the PVC powder 
was raised to approximately 4000 ppm by mixing the 
powder with a calculated amount of liquid VCM in a 
closed steel barrel. This PVC powder was stored in 
tightly closed steel containers in a refrigerator at 4°C 
until a few minutes before being mixed with the diet. 
Part of the PVC powder obtained from Shell was 
freed from VCM by being kept in thin layers in a 
vacuum oven at 60'C for a period of 3-4 days. After 
this treatment the VCM content of the PVC powder 
was found to be Ices than 0*3 ppm.

A 10% solution of VCM in soya-bean oil was pre­
pared by injecting liquid VCM into the oil. The VCM 
concentration was checked by gas-liquid chroma­
tography according to the method described pre­
viously (Feron et ai. 1975). The solution was stored at 
4’C for a maximum period of 4 wk.

Preparation and administration of PVC-containlng 
diets. Each diet contained 10% PVC powder, with 
varying proportions of VCM-containing and ‘VCM* 
free' (i.e. <0-3 ppm VCM) powders. Thus the control 
diet contained 10% VCM-free PVC powder and the 
high-dose diet 10% PVC powder containing 
4000 ppm VCM. while the diets for the low- and mid­
dose groups contained, respectively, ] and 3% VCM- 
containing PVC~powder with the balance of 9 and 7% 
PVC made up with powder without VCM. The 
various diets were prepared daily by mixing appro­
priate amounts of PVC powder (with or without 
VCM) with the Institute's rat stock diet just prior to 
their being offered to the rats. The diets were avail­
able to the rats each day for a period of four consecu­
tive hours (generally between 0900 and 15.00 hr): 
thereafter, the rats had no rood until the 4-hr feeding 
period on the next day. The rats had constant access 
to bottled, unfluoridated tap-water.

Calculation of the oral VCM exposure levels. To cal­
culate the actual oral exposure levels of VCM pro-

-vided by VCM«mtaining PVC powder in the diets, 
the following information was needed: (a) the amount 
of VCM evaporating from the diets during the 4-hr 
feeding period; (b) the speed with which the animals 
consumed the food during this period; and (c) the 
amount of VCM excreted in the faeces.

The rate of evaporation of VCM from the diets was 
determined by measuring the VCM content of the 
diets at the beginning of the feeding period and after 
I. 2 and 4 hr. Samples to be analysed were taken at 
random from the feeders in the cages, without hom­
ogenization of the diets in the feeders. Each lest diet 
was lampied in this way on 11 or 12 different days 
and analysed for VCM content by gas-liquid chroma­
tography (Feron et al. 1975). The average VCM con­
tents of the various diets at the different times are 
depicted in Fig. 1.

The eating-speed was determined by measuring the 
amount of residual feed in the feeders after periods of 
1. 2 and 4 hr. Since no appreciable variations were 
enoountered in the rate of food consumption by the 
animals in the various groups, average rates of food 
consumption were calculated for males and for 
females (Fig. 1).

The VCM intake (mg/kg body weight/day) by male 
and female rats of each group was calculated from the 
graphs representing the rate of evaporation of VCM 
from the diets (Fig. I) and the rate of food consump­
tion over the 4-br feeding period. Both graphs were

4S0r

Feeding period,hr

Fig. t. Average VCM levets of (he high-dose { x L mid-dose 
(A) and low-dose (■) diets and average amounts of food 
consumed by males (Ol and females <•] at different times 
during the 4-hr feeding period.
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assumed to consist of three Anight lines, one line for 
the first hour of the feeding period, one for the second 
hour and one for the last two hours. The VCM intake 
during cadi of these three periods was calculated by 
multiplying the amount of food eaten during a certain 
period with the average VCM content of the food in 
that period. The total VCM intake, the sum of the 
VCM intakes during these three periods, was subse­
quently expressed as a percentage of the theoretical 
intake, calculated from the average total amount of 
food consumed and the VCM oontent of the diet at 
the initiation of the feeding period. This figure was 
found to be 82*4,79*1 and 79*1% for male*, and 61-3, 
79-3 and 79 0% for females of the low-, mid-.and high* 
dose groups, respectively. The overall range for 
males and females of the various test groups was cal­
culated to be 80%.

To measure faecal excretion of VCM, freshly pro­
duced faeces from a representative number of rats of 
each test group were collected at 09.00 hr (1 hr before 
the start of the feeding period), at 14X10 hr (at the end 
of the feeding period) and at 18.00 and 23.00 hr (4 and
9 hr after termination of feeding). Fresh faecal samples 
were obtained by squeezing the lower part of the rat's 
abdomen. The droppings were weighed, submerged in
10 ml ethyl acetate, and stored at 4eC in a closed 
vessel prior to analysis of the supernatant liquid by 
gas chromatography. Within a particular test group 
there were no appreciable differences in the VCM 
levels of faeces collected at the various times, 
although the optimum value was invariably obtained 
from faeces collected 9 hr after termination of feeding 
(at 23.00 hr). The average amount of VCM found in 
the faeces, expressed as a percentage of the VCM 
intake, was found to be 8, 10 and 17% for the low-, 
mid- and high-dose groups, respectively.

The VCM content of freshly prepared test diets was 
determined regularly, some twenty determinations for 
each dosage level being carried out during the study. 
Daily determinations were not considered necessary 
because the VCM content of the PVC powder stored
at 4'C in a closed barrel was found to remain con­
stant. and the VCM content of the PVC powder used 
appeared to correspond very well with the VCM con­
tent of the various diets. From these VCM determi­
nations, the average VCM contents of the various 
diets were calculated as 46, 139 and 424 ppm for the

low-, mid- and high-dose group*, respectively, Since 
both tbe lots of VCM from the diets before consump­
tion and the VCM content of the faeces were known, 
the actual oral exposure levels of VCM could be cal­
culated. They were found to be 1*7, 5*0 and 
14-1 mg/lcg body weight/day for the low-, mid- and 
high-dose groups (Table 1).

VCM in oil administered by gavage. One group of 
rats received VCM in oil by gavage. The approximate 
dose was 300 mg/kg body weight, administered daily 
on S daya/wk for 83 wk, in caJcutttad volumes of a 
10% VCM solution in soya-bean oil. The volumes 
were adapted to the mean body weights once every 
week if necessary. These rats were offered the Insti- 
tattle Mode diet for rats and bottled unfluoridated 
tap-water ad lib.

. Animals and housing. Newly weaned albino Wistar 
rats (Cpb: WU; Wistar random), obtained from the 
SPF colony of the Central Institute for the Breeding 
of Laboratory Animals TNO, Zeist, were allocated 
randomly over live groups of males and five groups of 
females in such a way that the mean body weights 
were virtually the same. The control group and Ihe 
two highest dosage groups each consisted of 80 males 
and 80 females. The two lowest dosage groups each 
consisted of 60 males and 60 females. During the 5 
days before the start of the experiment, the rats that 
were to be fed the PVC-containing diets received 
dock diet without PVC for 4-6 hr each day, to adapt 
them to the daily feeding period of 4 hr. At the start of 
the study the rats were 5 wk old. The study was ter­
minated when about 75% of the control rats were 
dead, a point reached for males in wk 135 and for 
females in wk 144.

The rats receiving PVC powder in their diet were 
housed under conventional conditions, in groups of 
five in suspended stainless-steel cages with a wire- 
screen bottom in a well-ventilated room maintained 
at 24 ± 1°C. The rats given VCM in oil by gavage 
were housed in groups of two in suspended, tinned 
wire-screen cages in a weil-ventilated cabinet main­
tained at 25-28*0 Animals in bad condition were 
housed individually in separate cages until they died 
or were killed in extremis.

Conduct of the experiment. The rats were individu­
ally weighed, initially, at wk 1, 2, 4, 6, 8, 10 and 12, 
and at 4-wk intervals thereafter. Food consumption of

Table 1. Designed and actual dosage cfVCM (a rets maintained on diets containing PVC powder

Designed VCM treatment

Dietary Intake Actual initial
level (mg/kg body dietary VCM 

(ppm)- weight/day) level <ppm|*

Orel intake of VCM Actual oral exposure 
(mg/kg body weight/day) level of VCM;
— — — . ■ ■■ ■ {mg/kg body

Theoreticalt Actual weight/day)

0 0 0 0 0 0
20 I 46 2-3 M 1-7
60 3 139 7-0 56 5*0

200 10 424 21*2 17-0 14-1

‘Average dietary VCM contents determined immediately after preparation of the diets, 
tAssuming no loss of VCM by evaporation from the diets (see Fig I).
JOrti intake of VCM diminished by the faecal VCM, which was found to be 8, lOsnd 17% of tbe 

actual oral VCM intake for the low-, mid- and high-dose groups, respectively. The VCM 
excreted in the faeces was considered to be still enclosed in the PVC granules and thus not to 
have been in contact with the body.
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30 rats/tex/group was measured during wk 1-4. 
iQ-11, 24-25, 36-37. 60-61, 72-73 and 84-85.

Blood samples were collected from the tip of the 
tail of ten rats/iex/group in wk 13, 26. 32, 78 and 94. 
All samples were used for determinations of haemo­
globin concentration (eyanmethaemoglobin method 
of van Kampen & Zijtetra, 1%11 and packed cell 
volume (microhaematocrit). and for thrombocyte and 
red and white blood cell counts (Coulter Counter), 
and differential white cell counts by direct visual 
count of smears after Pappenheim staining (Goner A 
De Cnaff, 1955). Fasting blood glucose (Technicon 
AutoAnalyzer method N-9a) and blood-urea nitrogen 
(Ceriotti A Spandrio. 1965) were determined in wk 13. 
26, 52 and 106. The analyses were conducted upon 
blood from the tip of the tail of ten rats/sex/group 
after the animals had been fasted overnight. During 
wk 13. 26, 52 and 106. samples of blood were col­
lected from the orbital sinus of ten rats/sex/group. 
The following measurements were made in the serum 
after centrifugation at 3000 rpm for 20mm: alkaline 
phosphatase (Bessey. Lowry A Brock. 19461. gjuta* 
mic-oxalacetic transaminase and glutamic-pyruvic 
transaminase (Reitman A FrankeL 1957). total pro­
tein (biuret reaction), albumin (De Leeuw-IsraeL Arp. 
Neefjes A Hollander. 1967) and serum-protein pattern 
(Wteme. 1965).

Individual urine samples, collected from ten rats/ 
sex/group in wk 13. 26. 52, 78 and 94. in each case 
during the Iasi 16 hr of a 24-hr period of deprivation 
of food and water, were measured for volume (in cali­
brated tubes), specific gravity (by an Abbe-type 
refraclometerj. uric acid (Gorter & De Graaff, 1955) 
and glutamic-oxaiacetic transaminase activity (Reit­
man A FrankeL 1957). Semi-quantitative measure­
ments were made of pH, protein, sugar, occult blood 
and ketones in pooled urine samples, using Labstix 
from Ames Laboratories. Deposits obtained by centri­
fugation at 3000 rpm for 3 min were examined micro­
scopically for erythrocytes, leucocytes, epithelial cells, 
amorphous substances, phosphate crystals, casts, bac­
teria. worm eggs and sperm cells.

All males still alive in wk 135 and all females sur­
viving to wk 144 were killed by decapitation, autop- 
sied and subjected to a careful gross examination. A 
thorough autopsy was also performed on rats found 
dead or killed in extremis. Samples of the following 
organs were fixed in 10% neutral formalin: heart, kid­
neys. liver, spleen, brain, testes, ovaries, pituitary, thy­
roid. adrenals, thymus, pancreas, epididymides, pros­
tate, coagulating glands, seminal vesicles, preputial 
glands, mammary glands, lungs, skeletal muscle, spi­
nal cord, sciatic nerve, urinary bladder, parotid, 
sublingual and submaxillary salivary glands, axillary 
and mesenteric lymph nodes, nose, oesophagus, 
stomach, duodenum, jejunum, ileum, caecum, colon, 
skin, lemur with joint and bone marrow, trachea, 
aorta, exorbital lachrymal glands. Zymba! glands, 
cervix and uterus. The organs to be examined micro­
scopically were processed through paraffin wax. sec­
tioned at 5j/m and stained with haematoxylin and

*The a-foetoprotein determinations were carried out in the 
Laboratory of Pathology of the National Institute of 
Public Health. Bilthoven. under the supervision of Dr R. 
Krocs.

eosin. Microscopic examination of all organs pre­
served was carried out in 20 males and 20 females of 
the control group and of each of the two highest 
dosage groups. For the control groups these 20 males 
and 20 females comprised all animals killed at the end 
of the experimental period, supplemented by the ani­
mals that had lived longest before they had to be 
killed in a moribund condition. In the two highest 
dosage groups the rats subjected to detailed histo- 
pathology comprised the 20 males and 20 females that 
had lived longest before being killed in a moribund 
condition. Histopathologjcal examination of all other 
rats was restricted to the liver, Zymbal glands, lungs, 
kidneys, spleen, pituitary, thyroid, adrenals, grossly 
visible tumours and organs containing gross lesions 
suspected of being tumours,

Batches of ten males and ten females from the con­
trol group and the two highest dosage groups were 
killed by decapitation and subjected to a thorough 
autopsy after 26 and 52 wk (interim kills). At these 
tunes, the following were recorded: blood-clotting 
time (Normotest reagents from Nyogaard and Co., 
Oslo. Norway), serum electrolytes Na, K, Ca, Mg 
(Paschen A Fuchs, 1971) and Cl (coulometric 
method), serum alkaline phosphatase, serum gluta­
mic-oxaiacetic transaminase, serum glutamic-pyruvic 
transaminase, total serum protein, albumin and 
serum-protein patterns (determined by the methods 
mentioned before), lactic dehydrogenase (Wrtibiewski 
A LaDue, 1955), serum c-foetoprotcin* (Boekestein- 
Tjahjadi A Kroes, 1976), liver function (bromosul- 
phophthalem-extinction test and barbiturate sleeping- 
time method), kidney function (phenol-red excretion 
test; Sharratt A Frazer. 1963k activities of aminopyr- 
ine demethylase (Gram, Wilson A Fouts. L968) and 
aniline hydroxylase (Gilbert A Golberg. 1965) in liver 
preparations, and weights of liver and kidneys. Histo- 
pathology of the liver, kidneys and Zymbal glands 
was studied and the liver was also examined by light 
microscopy of semi-thin Paragon-stained plastic 
sections and by electron microscopy. For the latter 
the liver was fixed by perfusion with 1-5% glutaralde- 
hyde buffered with 0-067 M-sodiura cacodylate con­
taining 1% sucrose (pH 7-4) at 4:C for 17 hr and this 
was followed by post-fixation in cacodyiate-buffered 
1% OsO* dehydration in graded acetone/water mix­
tures, and embedding in Epon 812.

Additional control group. One extra control group 
of 60 male and 60 female rats was housed in a room 
separate from that used for the other rats fed PVC- 
containing diets, thus preventing any possible contact 
of these control rats with VCM by inhalation. The 
diet containing 10% PVC containing no VCM was 
fed to the animals in this group ad lib. instead of for 
the restricted daily feeding period of 4 hr used for the 
real control group. Body weights and mortality were 
recorded, and all the animals were autopsied. The 
organs and tissues were preserved, but no slides were 
prepared.

RESULTS
Behaviour and appearance

During yr 2 of the test the general condition of the 
rats in the 300-mg/kg group gradually declined and 
administration of VCM by gavage became increas­
ingly difficult. Many rats grew lethargic and filthy

■ t
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before they died or were killed ia a moribund con­
dition. Since most of these rats had severe lesions, 
including tumours, of the liver and lungs, die VCM 
treatment of this group was discontinued at wk 84.

After month IS the number of unthrifty rets in the
3- 0 and 14-l-mg/kg groups gradually increased, more 
rapidly in the latter (high-dose) group and more 
rapidly in females than in males. The poor condition 
started with a humpbacked position and slight ema­
ciation followed by pale eyes, lethargy, filthiness and 
often severe emaciation. Liver masses could be 
detected in many of these rets by abdominal palpa­
tion. Swollen abdomens were occasionally seen, 
generally associated with multiple intre-abdojgjnal 
tissue masses detectable by abdominal palpation. In 
addition, animals with breathing difficulties were 
fairly common in these groups; their lungs were in­
variably (bund to contain multiple nodules, which 
appeared microscopically to be primary angiosar­
comas or metastases from either hepatic angiosar­
comas or hepatocellular carcinomas. External tissue 
masses occurred fairly often, mainly after month 18; 
most appeared to be mammary-gland tumours, but 
there were also other types of tumours originating 
from the skin, subcutis or dermal adnexa.

Randomly distributed major abnormalities, not 
attributable to VCM, included staring coats, a bloody 
discharge from the nose, wet stools, focal alopecia, 
focal dermatitis, blood around the muzzle and eyes, 
paresis of the hind legs, loss of one or both eyes, and a 
white opaque cornea.

Body weights and food consumption
Body weights (Fig. 2) and food intakes of the rats 

led the VCM-treated diets were very similar to those 
of the controls. The rats of the additional control 
group were much heavier than those of the other 
groups receiving diets containing PVC powder. This 
difference was undoubtedly due to the fact that the 
extra controls had constant access to their food, 
whereas diet was available to the other rats only dur­
ing a period of four consecutive hours each day. The 
rats of the 300-mg/kg group bad constant access to 
stock diet and had much higher body weights than 
the animals fed PVC-containing diets for a limited 
period each day, but their body weights were lower 
than those of the additional control group.

Mortality
Mortality was low in males and females of the

4- hr-fed control group during the first Syr of the test, 
amounting to 10% after 2 yr (Table 2). At this time the 
mortality among rats of the additional control group 
was some three times higher (about 30%).

About 40% of~ the males and females of the 
300-mg/kg group bad already died by month 18 of 
treatment. Thereafter, mortality rapidly increased, 
and by just after month 24 alt the animals in this 
group had died, mainly from pulmonary or hepatic 
insufficiency resulting from neoplastic or non-neo­
plastic lesions in these organs. A striking and dose- 
related increase tn death-rate was also found in the
5- 0- and 14'1-mg/kg groups, with females dying earlier 
than males. In the low-dose group (1*7 mg VCM/kg 
body weight), the mortality of males was comparable 
to that of the male controls, and the death rate of

females was only slightly higher than that of female
controls.'

Haematobgy, iflochemi3try, urine analysis and organ 
function

No relevant changes were found in any of the par­
ameters studied, except for a shorter blood-dotting 
time and an increased content of cr-foetoprotein in the 
blood serum of animals in the group fed the highest 
VCM dose and in the intubated group (Table 3).

Gross pathology
, Uver-to-body weight ratios were higher in the 14-1- 
and 300-mg/kg groups than in the control group after 
both 26 and 52 wk (Table 3). Many rats exposed to 
VCM had severe liver lesions. Pronounced swelling, 
discoloration and altered consistency of one or more 
lobes, often with varying numbers of cysts, were com­
mon findings, as were nodules and nodule-like pro­
cesses, varying widely in size (up to 4 cm in diameter), 
appearance and consistency. Many of the nodules 
were solid and pale; others were cystic and haemorr­
hagic. The larger firm and pale nodules with central 
necrosis appeared, upon microscopy, to be carci­
nomas. These were found mainly in completely dis­
torted livers. Angiosarcomas were most often seen as 
multiple soft dark cystic nodules, containing Mood 
and granular necrotic material. Nodules, which were 
later classified as *neoplastic nodules', were relatively 
small, firm and compact; they were either pale or had 
the same colour as the adjacent normal liver tissue, 
and never contained necrotic material. These liver 
changes were most pronounced and occurred earliest

Fig. 2. Average body weights of the extra control* Ted the 
10",’PVC diet ad lib. (—) and of the rat* given 300mg 
VCM/kg body weight in oil by gavage (—V The weight 
curves of the rats receiving 0. 1*7. SO or 14'I mg VCM4tg 
body weight/day from the 10%-PVC diets fed for 4 hr each 
day all lie within the shaded area.

■w

AP00011851



322

r

V. FERON, C. F. M, KENCXUUEN, A. I. Speek, H. F. Til tod B. J. Spit

Table 1 Cumulative mortality of ran rstpotad orally to VCM for up to 2-7 yr

Treatment group 
(mg VCMAff body

weigh i/day)

Number of deathst by end of wk:

12 36 52 80 92 10S 120 128 134* 143*

0 0 0 0 0
Make

2 6 IS 40 46
1*7 0 0 1 1 3 6 13 37 40
5-0 0 0 0 1 ••2 12 30* 49 60”

141 0 1 2 22*** 40*” 56*** 60”* 60”
3006 0 6 6 S3 60 60 60

OK 0 0 0 ..VtfrsSrV - 19 28 46 46

0 0 0 0 1
-Females
5 6 22 27 32 41

1-7 0 0 1 2 4 13 26 32 34 55”
5-0 0 1 2 7* 16” 31*** 55*** 60”* 60*** 60*”

14-1 0 0 1 7* 43*** 60*** 60*** 60”* 60*” 60*”
3004 0 3 7 24 47 58 60 60 60 60

Oil 0 0 1 4 10 17 27 42 43 52

♦Initial number of rats: 60/aex/group.
{Surviving males were killed in wk 135 and surviving females in wk 144.
♦The figures for this group were not evaluated statistically, because no corresponding control group was included in the 

study.
K Additional control group housed in a separate room and having constant access to the diet containing 10% PVC without 

VCM.
Values marked with asterisks differ significantly from those of the controls aecordisg to the chi*square test: *P < 005; 
”P <001 ; ”»P< 0001.

and most frequently in the 300- and 14-1-mg/kg 
groups. Angiosarcomatous nodules were not seen at 
all in the low-dose group.

Pulmonary alterations that could be ascribed to 
VCM treatment consisted of small haemorrhagic or 
greyish nodules, often located at the edge of a pul­
monary lobe. These changes were not observed in 
oontrols or low-dose animals.

Rats with a swollen abdomen due to aacites and to 
numerous pale firm nodules (diameter 2-15 mm) in 
the peritoneum were encountered slightly more fre­
quently in each of the three lowest dosage groups

(maximum incidence 15%) than in the control or 
300-mg/kg groups (maximum incidence 5%). Micro­
scopically the nodules appeared to be mesotheliomas.

Many other types of gross changes, both neoplastic 
and non-neoplastic, were seen either frequently or just 
in a few animals, but there was no indication that any 
of these changes were related to VCM.

Light microscopy of the liver
The type and incidence of treatment-related histo- 

pathological changes found in the liver are given in 
Table 4. The incidence of feci of cellular alteration

Table 3. Mean prothrombin times, tt-fottoprottin contents of the blood serum, end fiver weiphls of ran 
txposrd orally to VCU for 26 or 52 wit

Treatment group 
(mg VCM/kg body • 

weigh t/day)

Prothrombin 
time (sec) 

at wk

e-Foetoprotein 
Otg/mJ) 
at wk

Liver weight 
(gnoog 

body weight) 
at wk

26 52 26 52 26 52

Malt*
0 41-3 41-6 75 30 2-54 2-63

14-1 38-9* 38-8* 74 SI* 291* 300
300t 35-2 37-3 84 55 331 3-38

Females
0 37-2 32 8 99 53 2-60 2*57

14-1 34-1”* 30-7 91 109** 308” 3-31*
300t 31*7 305 93 56 386 3-44

♦The figures for this group were not evaluated statistically, because no corresponding control group was 
Included in the study.

Values marked with asterisks differ significantly from those of the controls according to the test of 
Wilcoxcn (prothrombin time and e-foetoprotein) or Student’s t test (liver weight): *P < 005; 
mmP < 001; *”P < 0001.

I
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Table 4. Type tmJ Incidence of treatment-related kistapmkobpkal changes bt the Hrer of rats exposed orally to VCM

* Incidence of change

Type of 
changet f

Treatment group 
(mg YCM/kg/dayk..

Males Females

0 1-7 5*0 14-1 3Q0J 0 1*7 50 14*1 300t

No. of rats examined..
Animals tiled after 26 wk
.10-1 - 10 9 10 10 (0

Clear-ceil fed 0 — — 1 1 0 — — 5** . 2

No. of rats examined..
Asian* UM after 52 wk

9 — 10 9 9 10 8
Clear-cell Tod _ _. 0 0 _ 8** 0
Basophilic fod 0 — _ 0 0 0 -1% _ 4 1
Eosinophilic foci 0 — _ 2 0 0 _ 5** 0
Neoplastic nodule 0 — — 0 0 2 0
Hepatocellular carcinoma 0 — — 1 0 0 —* Jf-S _ 1 a
Cystic proliferation of bile duds 0 — — 0 0 0 - — 4* 0

Mauls f—ad fitad as Mil In srimafi m irrwd—>j 
No. of rats examined... 55 51 56 59 35 57 si ; 59 $7 54

Clear-cell foci 0 9** 16*** 21*** 9 4 24*** * 22*** 36*** 10
Basophilic foci g n 21* 22** 12 0 33*** • 17 28*** 19
Eosinophilic fod 3 23*** 27*** 33*** 11 8 35*** V 20* 29*** * •- o
Neoplastic nodule 0 1 7** 23*** 3 2 26**; " 39*** 44***
Hepatocellular carcinoma 0 1 2 8** 1 0 4 19*** 29*** - *'r,Angiosarcoma 0 0 6* 27*** 27 Q 0 2 9** n , -
Proliferation of atypical 

sinusoidal cells only 2 a 4 7 6 4 6 3 4
* t

i
Eilensive necrosis 4 4 8 23*** 21 5 6 19*** 27*** 24
Cysts 2 3 4 16*** 3 9 30*** 41*** 49*** 3
Ltvcr-ce! polymorphism 4 16* 28*'* 42*** 36 34 51* 38 41 41
Ccnlrilobular degeneration 0 0 0 1 1 1 2 3 1 18
Focal haeaialopoicsu 0 1 0 10** 8 l 3 » 6 12

^Specific hepatocellular lesions were classified according to Squire & Levitt (19751
Jllte figures of this group were not evaluated statistically, because no corresponding control group was included in the study.
$Not examined.
(The initial number of animals wax 60/sex/group. A number of rats could not be examined because of cannibalism or advanced aufolysis.
Values marked with asterisks differ significantly from those of the controls according to the cht-cquarc test: *P < 005; **P < 00); ***P < OOOI.
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wu much higher in each of the three test groups 
receiving VCM-contiining PVC powder <the 1-7-, 5-0- 
and 14-l-mg/kg groups) than in the control group, 
and in addition, was nearly always higher (ban m the 
group receiving VCM in oil by gavage (300-mgfcg 
group). Similar differences also existed for neoplastic 
nodules and hepatocellular carcinomas. In the test 
groups receiving VCM-contaiiung diets, the inddeoce 
of both neoplastic nodules and hepatocellular card- 
nomas was positively related to the VCM dose, and 
was much higher in females than in males.

Angiosarcomas of the liver (Figs 3 cad 4) were 
found in males and females of the three highest 
dosage groups, but did not occur at all la controls 
and low-dose animals (Table 4). In both the 5^- and 
14-1-mg/kg groups the incidence of angiosarcomas 
was three times higher in males than in females. This 
difference between the sexes did not exist in the 
300-mg/kg group, in which an angiosarcoma inci­
dence of about 50% was found in both males and 
females.

In the 300-mg/kg group, the average latent period 
for the detection of liver tumours (almost exclusively 
angiosarcomas) at death was found to be 84 wk for 
males and 83 wk for females. In the 14-1-mg/kg group 
these average latent periods appeared to be 104 and 
88 wk for males and females, respectively, clearly indi­
cating an earlier appearance of liver tumours in the 
former group especially in males.

Several rats bearing angiosarcomas or liver-cell 
tumours also showed focal proliferation of atypical 
sinusoidal cells, often accompanied by distension of 
sinusoids. In addition, similar changes were observed 
in several rats not bearing a tumour in the liver. 
Large areas of necrosis were found in the livers of a 
fairly large number of rats of the three highest dosage 
groups. Cysts, very probably lined by proliferated 
bile-duct epithelium, were seen in a relatively large 
number of males of the 14-l-mg/kg group, and in 
females'of the 1-7-, 5-0- and 14-t-mg/fcg groups. The 
size and multiplicity of the cysts varied widely in indi­
vidual animals. Cellular and nuclear polymorphism of 
hepatocytes was much more common in the test 
groups than in controls. Ccntrilobufar liver degener­
ation was a frequent finding in females, but not in 
males, of the 300-mg/kg group. Focal haematopoiesis 
was encountered more often in males and females in 
the 14-1- and 300-mg/kg groups than in those of the 
other groups.

Electron microscopy of hepatic parenchyma
In semi-thin sections, foci of hepatocytes and also 

isolated hepatocytes with a finely ‘vacuolized* cyto­
plasm were found in rats of the 14-1- and 300-mg/kg 
groups after both 26 and 52 wk. Ultrastructurally the 
'vacuoles' appeared to represent swollen mitochon­
dria with a pale matrix and short cristae (Fig. 5). The 
abnormal mitochondria closely resembled those 
found in rats following inhalation exposure to 
5000ppm VCM for periods of 4-52 wk and already 
described by Feron, Spit, Immel & Kroes (1979b).

Foci of hepatocytes, each containing numerous 
highly swollen, irregularly-shaped mitochondria with­
out cristae and a matrix widely varying in density, 
were encountered alter 26 wk. An increased amount 
of tubular smooth endoplasmic reticulum (SER) was

invariably present among the swollen mitochondria. 
Occasionally scattered individual hepatocytes were 
found to contain a few extremely swollen mitochon­
dria but were otherwise normal, as were their other 
mitochondria. After S2 wk, large areas of hepatocytes 
containing numerous swollen mitochondria were 
found, mainly in rats of the 141-mg^kg group. These 
hepatocytes had large nuclei with pronounced nuc­
leoli. Tubular SER and whorls of SER were occasion­
ally found together with mitochondria containing 
lucent areas in which a membranous or flocky 
material was often encountered. Single membranes of 
rough endoplasmic reticulum surrounding these mito­
chondria had partially lost their ribosomes.

Light microscopy of organs other than the liver
A wide variety of alterations was found, nearly all 

apparently related to the normal ageing process. An 
exception may have been the very marked haemato­
poietic activity found in the spleen of six out of 40 
males and ten out of 40 females from the two highest 
dosage groups, while in controls only slight to moder­
ate splenic haematopoiesis was observed.

The site and type of tumours observed in organs 
other than the liver and their incidence in the different 
groups are presented in Table 5. Angiosarcomas were 
frequently found in the lungs at the two highest dose 
levels, end also occurred in a few rats of the 5-0-mglcg 
group. They were most often seen as multiple small 
fod of tumour ceils with an angiomatous growth pat­
tern. Their appearance was highly suggestive of meta- 
stases. On the other hand, in several cases, the histolo­
gical appearance of the neoplasms did not permit the 
exclusion of their being diagnosed as primary pul­
monary angiosarcomas. In addition, in three rats with 
a pulmonary angiosarcoma, no angiosarcoma was 
encountered outside the lungs. In four rats from the 
300- and 14-1-mg/kg groups an angiosarcoma was 
found in the sbdcnnmal cavity outside the liver, while 
the (iver showed no signs of angiosarcoma formation. 
Therefore, these tumours were considered to be
primary extrahepatic angiosarcomas.

Pulmonary metastases of hepatocellular carci­
nomas were not uncommon. A total or five tumours 
of the Zymbal glands (ceruminous glands) were 
found—two squamous-cell carcinomas in the 
50-mg/kg group, and two squamous-cell carcinomas 
and one adenoma in the 300-mg/kg group. Abdomi­
nal mesotheliomas were observed in each of the 
groups, including the control group. In several groups 
their incidence was higher than in controls, but a 
positive dose-response relationship with respect to 
incidence was absent. On the other hand, the latent 
period for detection of abdominal mesothelioma at 
death was found to decrease with increasing dose 
levels for both males and females. The histological 
appearance of the peritoneal mesotheliomas varied, 
but two main types could be distinguished, a fibrous 
type in which sarcomatous areas predominated and 
an epithelial type consisting mainly of tubulo-papill- 
ary formations. In several tumours both the sarcoma­
tous areas and the tubulo-papillary structures 
occurred to the same extent. Mitotic figures were 
never abundant

Fibroadenomas of the mammary glands were much 
less frequent in females of the 5-0-, 14-1- and
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Fij. 5. Hepatocytea containing normal and highly swollen mitochondria with a pale matrix and short 
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