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SUMMARY

A life~span oral toxicity study including interim kills after 26 and

52 weeks, was carried out with vinyl chloride monomer (VCM) in Wistar
rats. VCM was administered either by incorporating PVC-powder with a
high VCM content into the diet or by gastric intubation of a 10 per

cent VCMY solution in soya bean oil.
~The diets containing PVC -powdar were provided daily for a period of
four consecutive hours, whereas food was withdrawn during the other

20 hours. The use of this way of oral VCM administration resulted in

the following oral exposure levels: 0 (control group), 1.7, 5.0 and

14.1 mg VCM/kg body weight/day.

Since a) the feeding of PVC-powder in the diet did not allow the use

of dietary VCM levels much higher than 14.1 mg/kg body weight/day, and
b) it was deemed desirable to include at least one dose~group that would
show overt signs of VCM toxieity, one group of rats was treated with

VCM in soya bean oil by gavage at a reasonably high dose, viz. 300 mg/kg
body weight on five days a week.

Observations were made of general appearance, mortality, growth, food
intake, hematology, biochemistry of the blood, urine and liver, organ
weights, gross and microscopic pathology and electron microscopy of the

liver.

Growth-retardation was seen only in animals of the 300 mg/kg gTOuUp.
Death-rate increased with increasing VCM levels. At the lowest dose
level mortality was slightly increased only in females towards the

end of the experimental period.

Blood~clotting time was slightly shortened in animals of the 14.1 and
300 mg/kg groups. There was also a slight increase in a-feto-

protein content of the blood serum in these groups.
Slignht liver-enlargement and an increased haematcpoietic-activity in

thespleen occurred in males and females of the two highest dose

groups.
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SUMMARY (continued)

A variety of neoplastic and non-neoplastic VCM-related liver lesions were
found in each of the test groups. Hepatic angiosarcomas occurred at levels
of 5.0 mg/kg and higher. Hepatocellular tumours (neoplastic nodules
carcinomas) were found in all dose-groups. Their incidence was high i

both sexes of the 14.1 mg/kg group and in females of the 1.7 and

5.0 mg/kg groups, low in males of the 5.0 mg/kg group, and marginal

males of the 1.7 mg/kg group.

Pulmonary angiosarcomas (mainly metastases) and a few extrahepatic intra-

abdominal angiosarcomas were observed at levels of 5.0 mg/kg and higher.

A few Zymbal gland tumours occurred at the 5.0 amd 300 mg/kg levels,

There was some indication that VCM may enhance the development of both

intra-abdominal mesotheliomas and adenocarcinomas of the mammary glands.

Mitochondrial alterations were the earliest and most charactaristic

VCM~induced ultrastructural changes in hepatocytas,

The ultrastructure of angiosarcoma cells in the liver was suggestive of
the tumour cells being derived from sinusoidal endothelium. Clear fibrosis

was not seen to precede angiosarcoma-formation in the liver.

Main conclusions were:
= VCM is a carcinogen in rats when administered by the oral route;

= the tumour response of the liver of the rat to oral intake of VCM seems
to shift from almost exclusively angiosarcoma at very high lavels to

exclusively hepatecellular tumours at low levels;:

- the "no-toxic effect level" was lower than 1.7 mg VCi/kg body weight/
day under the rigorous conditions of continuous oxposure (24 hours a day)
resulting from the continuous release of VCM from PVC-powder in the

gastro-intestinal tracec.
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cud» of lPVl chloride in rats

INTRODUCTION

Industrial exposure to vinyl chloride monomer (VCM) has been
associated with several disorders such as acro-osteolysis, non-
malignant liver disease, angiosarcoma and carcinoma of the liver,
and tumours of the brain and lungs (Anonymus, 1976; Zerk et al, 1976; Delorme &
Makk, 1976; Falk and Maxweiler, 1976; Haley, 1975; Juhe et al, 1973;

- Makk et al, 1976; Monson et al, 1974; Thomas and Popper, 1975;

Vale et al, 1976). In additiun, various types of malignant tumours
as well as a series of non-necplastic lesions in several organs have
been found in a number of animal species after prolonged exposure to
atmospheres containing VCM at sufficiently high concentrations
(Bartsch and Montesano, 1975; Basalaev et al, 1972; Ferom et al, 1977;
Jaeger et al, 1974; Keplinger et al, 1975; Lee et al, 1978; Maltoni
and Lefemine, 1974; 1975; Malconi et al, 1974; Muller et al, 1975;
Suzuki , 1978; Torkelson et al, 1961; Viola et al, 1971;
Williamson, 1976; Winell et al, 1976).

Residual VCM present in extruded polyvinyl chloride (PVC) has

been shown to be liable to migration into PvC-packed foods and drinks

(Daniels and Proctor, 1975; Fuchs et al, 1975; Potter, 1976; Randolph,

1973; Williams and Miles, 1975). There is still only a small amount of
data on the oral toxicity of VCM. In a [3-week toxicity study of VCM
conducted in this Institute the monomer was dissolved in soya bean oil
and administered to rats at levels of 0, 30, 100 or 300 mg/kg body
weight, once daily for six days a week. Several haematological, bio-
chemical and organ weight values differed ro a statistically signifi-
cant degree from those of the controls, but these differences were con-
sidered to huve only minor, if any, toxicological significance. In addition, 2
slight increase in liver-to-body weight ratio occurred at the highest
dose level. This increase was not accompanied by merphological liver
changes. The no-e¢ifect-level in this 90-day study was conservatively
placed at 30 mg/kg body weight, but was probably higher since the
effects occurring at 100 and 300 mg/kg body weight were of doubtful
toxicoiogical significance (Ferom et al, 1975). From preliminary
observations Lt appeared that an alternative and more practical mechod
for chronic orallexposure of rats to VCM is the feeding of diets con-
taining PVC-powder with a high VCM-contemt (Feron et al, 1975).
Therefore. in the nresent [ife-span vral toxicity study of VCH in

rats, JVo-powder containing a hien level of VOM was incornurated in the
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diet at levels resulting in planned daily intakes of 1, 3 or 10 mg VCM/kg
body weight. This method of feeding PVC-powder in the diet does not allow
the use of dietary VCM levels which are much higher than the top-dose
level of 10 mg/kg body weight/day which was chosen for the present experi-
ment. However, this level is high when compared with the maximum likely
oral daily incake by man, which has been estimated to be |.7 ng/kg body
weight (Van Esch and Van Logten, 1973), and even very high in comparison
with a more recent estimate of the maximum likely intake by man, viz.
0.0017 ug/kg body weight/day or 0.1 ug/human/day (Anonymus, 1978). On the
other hand the level of 10 mg/kg body weight/day is low in comparison
with the dose of 300 mg VCM/kg body weight (given daily by gavage for six
days a week), which was not an obvious toxic-effect-level in the I3-week
study mentioned above (Feron et al, 1975). Since the dose levels to be
used in a chronic toxicity study should include at least one effect-
level, it was deemed desirable to include one group of rats in the present
long-term study receiving VCM in soya bean o0il by gavage at a reasonably
high dose, viz. 300 mg/kg body weight, five days a week, despite the

disadvantages of gastric intubation.

MATERIAL AND METHODS

Materials

Vinyl chloride monomer (VCM), from Akzo Zout Chemie, Rotterdam,

o o S . . e L Al 7 S g S S o e T

The Netherlands. Physical chemical constants:

Mw = 62,50; m.p, = -153.8°C; b.p. = -13.37%: density = 0.9106;
n

D 1.3700. The product (colourless, clear, free of suspended
matter) was obtained in pressurized stainless-steel cylinders,

and had the following standard spucification, which was

provided by the supplier:

Vinyl chloride monomer > 99.97 wt I min.; acetylene € 2 ul/l (gas);
mono-vinylacecylene ¢ 15 ul/1l (gas); !,3-butandiene ¢ 10 pl/1
(gas); methyl chloride ¢ 75 u1/1 (gas); echyl chloride < 50 21/1
(gas); chloroprene 5 t ul/l (gas); !.,l-dichloroethane + | ul/1
(gas): 1,l-dichloroethane z 20 ul/l (gas): acetaldehvde ¢ 5 mg/kg:
hydrochloric acid < | mg/kg; iron < 0.5 mu/kg; water z 100 mg/kg;

evaporation residue ¢ 10 me/kg.
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PVC-powder, commercial name Carina § 65~02, was supplied by
Shell Nederland Chemie, Pernis, The Netherlands, in closed
steel barrels. The particle size distribution (by weight),
provided by the supplier, was: 0.1 Z max. > 300 um;

4 7% omax. > 200 um; 90 % max. > 88 um; 65 7 max.> 40 um.

Three different batches were used : 180 kg (VCM content 1800 ppm)
received on 10 July 1974, 1000 kg (VCM content 13500 ppm)
received on 14 April 1975, and 500 kg (VCM content 3 ppm)

received on 13 January 1977,

The VCM content of the PVC-powder was raised to approximately
4000 ppm by mixing the powder with a calculated amount

of the liquid VCM in a closed steel barrel, containing
approximately 30 kg PVC,

This PVC-powder was stored in tightlyclosed steel containers
in a refrigerator at 4°C until a few minutes before mixing
with the diet.

Part of the PVC-powder as .obtained from Shell was freed from
VCM by keeping the powder in layers of 4 to 6 c¢m thick in a
vacuum oven at 60°C for a period of 3 to 4 days. After this
treatment the VCM content of the PVC-powder was less than

0.3 ppm.
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A_10 7 solution of VCM in_soya bean oil was prepared by injecting
liquid VCM into the oil. The VC!-concentration was checked by gas-
liquid chromatography according to the method described previcusly
(Feron et al, 1973). The solution was stored ar 4°C for a

period of, at most, % weeks.

2,2. Dosage levels of VCU

PVC-containing diets

— s mar e e A Ama T em e A

2.2.1.1. breoaratlon and adﬂlnlscratlon of the diets

o . e g o e g S e T e D i S

. o

Each of the diets contained 10 Z PVC powder as specified below:

= PVC-powder in diet

PVC-powder con- PVC-powder
groups Faining approx- without
iratelv 4000 pam VCM vemb)
control group 0 10
low dose group ] 9
mid dose group 3 7
high dose group 10 0

) PVC-powder freed from VCM. The VCM-content was lower than 0.3 ppm

The various diets were prepared daily - by mixing appronriate
amounts of PVC-powder (with or without VCM) with the Institute's rat
stock diet ~ just prior to offering the diets to the rats. The
composition of the stock diet is presented in table 1. The levals of
nutrients and centaminants in stock diet are determined pericdically
(see annex ). The diets were available to the rats each dav ot &
period of four hours (zenerally between (0.0 a.m. and 02.00 ».z),
in such quantities that the animals did not consume all the feed.

At the end of the feour=nour feeding-period the fecders were removed
from the cages and the remainder of :the dicts was destroved.

The rats had constant access to bottled tap water.
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2.2.1.2. Actual oral exrosure 1
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When PVC-powder containing, say, 4000 ppm VCM is incorporated in
the diet of rats at levels of 1, 3 and 10 percent, and an assumed
average loss of 50 per cent of VCM from the diet before ingestion is
tzken into account, the dietary VCM levels would be 20, 40 and
200 ppm respectively. This corresponds with exposure levals of
approximately 1, 3 and 10 mg VCM/kg beody weight/day. The actual
oral exposure levels will very probably be somewhat lower than
the design levels, because it is unlikely that the VCM present in
the powder is released completely during the passage of the powder
through the gastro-intestinal tracct.

In order to be able to calculate the actual oral exposure
levels of VCM, the following information is needed: (a) the amount
of VCM evaporating from the diets during the four-nour feeding-
period; (b) the speed with which the animals consume the Zood
during this period; and (¢) 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 | hour, 2 hours and 4 hours. The diet samples to be
analyzed were taken at random from the feeders in the cages, without
homogenizing the diets in the feeders. In this way samples of each
of the test diets were taken on 11 or 12 diffarent davs, and were
analyzed for their V(M-content. The analvses were carried our by
means of gas-liquid chromatography according to a method described
in a previous report (Ferom et al, 1973}. The average VCl!-contents
of the various diets, found at the different points of time, are
graphically depicted in Fig. |, on page 79.

The eating~speed was determined by measuring the amount of
residual feed in the fceders after perieds of | hour, 2 hours and 4 hours.
This was performed for each of the diets on rfour diffcrent days. The
number of rats invoulved in these duéerminations varied frem 10 to 0/
sex/group. Since no apnreciable variavions were cncountersd Ln the
rate of food consumption of the animals in the various groups, an
average rate of food consumption was calculated for both males and
females (Fiyg. 1).

The VCM intake (mg/kg body weight/dav) was calculated from the
graphs representing the rate of evaporation of VCM from the diets

(Fig. 1) and the rate of food consumption over the four-hour teeding-
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period for male and female rats of each group. Both graphs were assumed
to consist of three straight 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 each 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 V(I intake
was obtained by adding the VCM intakes during the first and second
hour, and the last two hours of the four-hour feeding period. The V(Y
intake was subsequently expressed as percentage of the theoretical
intake, calculated from the average total amount of food consumed and
the VCM content of the diet at the initiation of the feeding period.

It was found to be 82.4, 79.1 and 79.1 7 for msles, and 81.3, 79.3 and
79.0 % for females of the low, mid and high dose groupé respectively.
The overall average for males and females of the various test groups
was calculated to -be 80 7.

To measure the amount of VCQM excreted inm the feces, freshly produced
feces from three to five males and three to five females of each of the
test groups were collected at 9.00 a.m. (one hour before the start of the
feeding period), 2.00 p.m. (at the end of the feeding period), 6.00 p.=.
(4 hours after termination of the feeding period) and 11.00 p.m. (9 hours
after termination of the feeding period). Fresh feces samples were
obtained by squeezing the lower part of the rat's abdomen. The droppings
were weighed, submerged in 10 ml ethylacetate, and stored at 4°C in a
closed vessel until analysis of the supernatant liquid by gas chromato-
graphy. This procedure was repeated twice during the study, for each of
the groups and for each of the sexes, and each time using different rats.

No appreciable differences in VCM content of the feces were found
within a particular test group, between the various points of time at
which the droppings were collected, although the optimum value was invari-

ably obtained from feces which were c¢collected 9 hours after termination

of the feeding-pericd (11.00 p.m.). Nor were there appreciable differences

in VCM content of the feces between males and females.

The average amount of VCM found in the feces, expressed as a percen-
tage of the VCM intake, was found to be 8, 10 and 17 % for the low, mid
and high dose groups respectively.

The VCH content of freshly prepared test diets was regularly deter—

mined. During cthe course of the study sore twenty determinatisns per
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dosage level were carried out',
The results of these VCM-determinations formed the basis {or cai-

culating the average VCM-contents of the various diets, which
appeared to be 46, 139 and 424 ppm for the low, mid and high dose
groups respectively. Since both the loss of VCM from the diets be-
fore consumption and the VCli-content of the [aeces were known, the
actual oral exposure levels of VCM could be calculated. Thew were
found to be 1.7, 5.0 and 14.1 mg/kg body weight/day for the low, mid
and high dose groups respectively (see also table 2),.

The actual VCM-levels were clearly higher than the designed
levels of 1, 3 and 10 mg/kg body weight/day. The differences are
due to the fact that the loss by evaporation of VCM from the diets
before ingestion was found to be much smaller,viz. 20 per cent, than

the assumed loss of 50 per cent.

VCM in oil administered bv gavage

One group of rats received VCM in oil by gavage. The approximate
dose was 300 mg/kg body weight administered once a day, five days a week,
for a period of 33 weeks, in calculated volumes of a 10 72 V&I solution in

soya bean oil. The volumes were adapted to the mean body weights once every

week 1f necessary. These rats were offered the Institute's stock diet for

rats (table 1) and bottled tap water ad libitum.
For practical reasons a comparable control group receiving soya

bean oil without VCM was not included in the study.

Animais and housing

360 male and 360 female newly weaned, albino Wistar rats (Cpb:il;
Wistar random), which were obtained from the SPF colonv of the Central
Institute for the Breeding of Laboratory Animals TNO, Zeist, Nether-
lands, were allocated randomly over 5 groups of males and 5 groups of
females in such a way that the mean body weights were virtuallv the
same. Three of the groups, viz. the control group and the two highest
dose groups, each consisted of 80 males and 80 females. The two lowest
dose groups each comprised 60 males and 60 females.

During a period of § davs prior to the stare of the experimen:,
the rats wnich were to be fed the PVC-containing diets received stock

diet wichout PVC for four to six hours each day. This was done to give

Daily detvrminations were not considered necessary becduse a4l the
VCM~content of the PVC-powder stared at <°C in a ¢losed barral .
found to remain constant: and b) che Vir-content of zho vV0enone,
used appuared to correspond verr well with the YCi=cenrent
various diets.
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the animals some chance to adapt to the daily feeding-period of "axacr-
ly" four hours which was to be used during the entire test period.

The study was started on I3 January 1975 and terminated wnen ahout
three fourths of the concrols was dead. This point of time was reached
for males in week 135 (date of termination 12 August 1977) and for females
in week 144 (date of termination |3 October 1977).

At the start of the study the racs were 5 weeks old, and the average
body welghts of the animals which were to be fed the PVC diets were: for
males 92:0.5 g (range 7!-115 g), and for females 86:0.3 g (range 61=-105 g).
The average initial body weights of males and females whigh were to be
treated with VCM in oil by gavage (and thus not adapted to a reduced daily
feeding-period) were 113%1.0 g (range 94~132 g) and 96*0.9 g (range 74~
118 g) respectively.

The rats receiving PVC-powder in their diet were housed under con-
ventional conditions, in groups of five in a suspended type of stainless
steel cage with a wire screen-bottom ()7x44x32 cm), in a well-ventilated
room maintained at a temperature of 24x1°C, The rats given VCM by gavage
were housed in groups of two in suspended, tinned wire-screem cages (!9x
19%x32 cm) in a well-ventilated cabinet (1.45x2.15x1.20 m) maintained at a
temperature od 25-28°C. Animals which were in bad condition were housed
individually in separate cages until they died or were killed because
their condition was so bad that they were not expected to last out the
night, or, when observed on Friday, the weekend.

In order to get an idea of the VIM concentration in the atmosphera
of the room containing the rats fed the PVC diets, sampies of the air
taken at different sites in the room (i.a. irmediately above one of the
feeders containing the diet with the highest lavel of VCI-containing
PVC-powder) were analyzed for the presence of VCM. In no case cculd V(i
be detected, indicating that the VCM concentration in the atmosphera was
lower than the detection limit of 0.2 ppm.

Attempts were made to determine the concentration of PVC=particlies
in the awmosphere of the animal room. Air was collectod during a period
of 24 hours. The total dust cencentracion in the atmesphuere of the roem

was found tao be 0.1 mg/m’ of air.

Conduct of the experiment

. Body welphts_and_food_consumption
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The rats were individually weighed, inicially, and at weeks |, 2,

4, 6, 8, 10 and 12, and at 4-week intervals thereafter.
foud consumprion of 20 rats/sex/group wdas measured Juring weess | -a,
10=11, 24=25, 36=37, n0=nl, 71«73 and 842=83. )
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{ 2.5.2. Haematolozy
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Blood samples were collected from the tip of the tail of 10 rats/
sex/group in week 13, 20, 52, 78 and 94. All samples were examined for
haemoglobin concentration (Hb) by .the cvanmethaemoglobin method of
Van Kampen and Zijlstra (1961); packed cell volume as micro-~
haematocrit; thrombocvee and red and white blood cell counts
by Coulter Counter; and differencial white cell count ' bv direc:
visuél count of smears after Pappenheinm staining according :o

Gorter and De Graaff (1955).
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Fasting blood glucose and blood urea nitrogen (BUN) were deter-
mined in weeks 13, 26, 52 and 106 using the Technicon Autosnalyzer
method N-%a for glucuse, and the automared phenazone/diacetvl mornoxime
rechnique of Ceriotti and Spandrio (19635) for urea. 7The analvses were
conducted upon blood from the tip of the tail of 10 rats/sex/group
after the animals had becn fasted overniche.

In the course of weeks 13, 26, 52 and 106 samples of blood were
collected from the orbital sinus of 10 rats/sex/group. The following
measurements were made in the serum after centrifugation at 3000 rom
for 20 minutes: alkaline phosphatsse {SAP). by the method of Bessey et
al (i946), using a Technicon AutoAnalyzer; glutamic~oxalacetic trans-
aminase (SGOT) and glutamic-pyruvic transaminase (SGPT), according to
the method of Reitman and Frankel (1937), using a Technicon Auto-

Analvzer; total protein (TSP}, by hiuret reaction: aibumin according

I}

to the method of De feecuw-Istracl et al (1907): serum protein pattern
by the agar-pgel electrophoretic muthod on microscope slides of Wieme
(1965}, staining with nigrosin and quantitative cvaluatien of the

electropheroerams by tramswission densitometry of the strins.

-

2.5.4. Urinalvses

Individual urine samples were coliected rrom 10 rals sex’group
in weeks 13, 26, 52, 78 and Y4.1.e. during the last 1o hours or o

24=paur period of deprivation of faod and water. The tollowing

measurements were made: volume tin o calibrared Tupes s ospog Lt L
sravity (he an Abbe=tope rorrociame oo e acid aecording Lo
Gorter and e Geaart 105 0 v Db amie=oxii e e, Lt s
actiwyty (EGDT ), aceardingy S it medhod ot tacroan ane Tram e
PINT0 . usmanye reaprents from Boaeer Shemc, o UL dewenten o ot ner aus
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[ Seml-quantitative measurements were made of pil, protein, sugar,
occult blood, ketones in pooled urine sampies, using Labs:iiz from
Ames Laboratories and microscopy of sediment deposit - after centri-

( . fugation at 3000 rpm for 3 minutes. Deposits were examined for:
erythrocytes, leucocytes, epithelial cells, amorph substances,

pnosphate crystals, casts, bacteria, worm eggs and sperm cells.

2.3.5., Pathology

[

(_ All males still alive in week 135 and all females in week |44
were killed by decapitation, autopsied 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

zt were fixed in a 4 7% aqueous, neutral, phosphate-buffered formalde-

hyde solution: heart, kidneys, liver, spleen, brain, testes,

iw ovaries, pituitary, thyroid, adrenals, thymus, pancreas, epididymides,
prostate, coagulating glands, seminal vesicles, preputial glands,

! mammary glands, lungs, skeletal muscle, spinal cord, sciatic nerve,
urinary bladder. parotid, sublingual and submaxillary salivary glands,

axillary and mesenteric lymph nodes, oesophagus, stomach, duodenum,

———

jejunum, ileum, caecum, colom, skin, femur with joint and bone
marrow, trachea, aorta, exorbital lachrymal glands, Zymbal's glands,

cervix and uterus.

—
i

The organs which were to be examined microscopically were
processed through paraffin wax, sectioned at 5 um and stained with
haematoxylin and eosin.

Microscopic examination of all organs preserved was carried out

[ e~

on 20 males and 20 females of the control group and of each of the

two highest dose groups. For the control group these 20 males and

.,

20 females comprised all animals killed at the end of the experimencal

period (14 males killed in week 135 and 19 femaies killed in week 144),

—_——

supplemented by the animals which nad lived the iong2st before rhey
had to pe killed in a moribund condition. For the tw: highest dose
( groups the rats subjected to detailed histopathology comprised the
20 males and the 20 females which had lived the longest berfore being
| silled in moribund ceondition.

Histopatholepical examination of all other rats, except for those
xilled after 26 and 32 weehs (see § 2.5.6.0 entitled: “lnterim kalis™),
was restricted to the liver, the glands of Zymhal, the lungs, kidoevs,

spleen, pituitarv, thyroid, adrenals, grossly visihble rumours anu

QTEATS containine gress lesions suspected of being tumours.
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In order to be able to study the ultrastructure of an hepatic
angiosarcoma, multiple liver samples were collected for electron
microscopy when, on the basis of the gross autopsy findings, the
liver was expectad to contaln an angiosarcoma. The samples were
fixed by immersion in a fixative the composition of which is
described in detail in § 2.5.6. on page 12. After verification
of the presence of an angiosarcom: by light microscopy of paraffin-
embedded, haematoxylin-eosin stained material, tissue samples from
one male rat of the 14.] mg/kg group were post-fixed and embedded
in plastic, and semi~thin sections were prepared according to the
methods described on page 12. Thereafter, ultrathin ssctions were
prepared and viewed with a Philips EM 201G electron microscope at
60 kV.

Ten males and ten females of the control group and of the two
highest dose groups were killed by decapitation and subjected to a
thorough autopsy both after 26 and 52 weeks. Thae following obser~
vations were made in these rats either during the three weeks

preceding their death or at post-morcem:

- bload~-clotting=time using Normotest reagents from Nyogaard and Co.,
Oslo, Norway;

- serum electrolytes Na, K, Ca, and Mg, according to the method of
Paschen and Fuchs (1971), and Cl according to a coulometric method;

~ SAP, SGOT, SGPT, TSP, albumin and serum protein pattern, according
to methods mentioned in § 2.5.3 on page 9;

~ lactic dehydrogenase in the blood serum (LDH), using the method of
Wrablewski and La Duc (1935);

~ serum a-fetoproctein, according to a radieo-immuno-assay described by
Bockestein-Tjahjafi and Kroes (1976);

~ liver function, using the bromosulphophthalein (BSP)=extinction
test and the barbiturate sleeping~time method.
Bromosulphophchalein (8SP) was injected intravenously (25 mpg/kye body
weight) and after exacrly ten minutes blood was collected from tne
orbital sinus. The BSP-concentiration in the serum was determined
colorimetrically by measurine the absorbance at 530 nm.

Sodium pentobarbital was injected intraperitoneilly (25-48 mp/k
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{ body weight) and the sleeping-time was recorded according to
Balazs and Grice (1963).

4 - kidney function, by means of the phenol~red excretion test, which

- was carried out according to a modification of the procedure
described by Sharrat and Frazer (1963). Each rat was given an
intramuscular injection of 0.1 mg of phenol=-red (in saline)

per kg body weight. The total urire which was produced in

was estimated colorimetrically by measuring the absorbance at

558 nm;

- mixed function oxidase activities, aminopyrine demethylase (APDM)

iﬂ 60 minutes was collected, and the concentration of phenol-red

and aniline hydroxylase (AH), in liver-preparations (after 52 weeks

~——
L

only). Immediately after killing the animals by decapitation a
{- sample of each liver was taken and an 5-9 fraction (=supernatant of
homogenate centrifuged for 20 minutes at 9000 x g) was prepared.

The $-9 fractions were stored at -20°C for 5 weeks before the

==,

enzyme activities were determined. APDM=~activicy was determined
according to the procedure of Gram et al (1968) using the method
of Nash (1953) as described by Cochin and Axelrod (1959) for

measuring the amount of formaldehyde produced. AH-activity was

determined by Gilbert and Gbldberg (1963). Protein was determined

———r—
‘

by the method of Lowry et al (1951);

weights of the liver and kidneys;

——~
1

~ histopathology of the liver, kidnevs and glands of Zymbal;

~ electron microscopy of the liver

r.——"

Liver samples of 2 males and 2 females of the control group, the
14.1 and 300 mg/kz groups were collected after 26 and 52 weeks for

electron microscopical examination. The livers were fixed by perfusion

i

through the portal vein under Nembutal anaecsthesia. The fixative
{_ consisted of 1.5 % glutaraldehyde, buffered with 0.067 M sodiumcazody-

ate (pH 7.4), supplemented by | % sucrose. The perfusion flow was

5 ml/100 g/rat/minute. The perfusion of the liver with the fixative

—

o

was started after perfusion with 0.9 4 NaCl soiution. The liver

was removed from the body and a few slices from the left lobe wera
; irmediately cut in | mm? Llocks, which were stored in the fixative
overnight at 4°%C. The blocks were post-fixed in | % 0s0,,buffared

with 0.067 H sodiumcacodylate (pil 7.4) at AUC, for a period.af 17 hours.
7 t




Dehydration in graded aceton/water mixtures was followed by
embedding in Epon 812.

One-micron sections were stained with Paragon.

The preparation and examination of ultra-thin sections were
restricted to | female control rat, killed after 52 weeks; one
male and one female of the 300 mg/kg group, killed after 216 weeks;
and one female uand two males of the 14.1 mg/kg group and two
females and one male of the 300 mg/kg group which were Killed after
52 weeks, Ultra=-thin sections were stained with uranyl acetate
and lead citrate and viewed with a Philips EM 200 or EM 2Q1 ¢

electron microscope at 60 kV,.

Statistical analyses

Statistical apalyses were carried out usiag Student's t-test
for the changes in body weights and organ-to-body weight ratios;
whereas' haematological and biochemical values were evaluated by
means of the test of Wilcéxon. The chi-square test was used for
evaluating changes in mortality and in incidences of histopatho-
logical alterations.

The values cbtained from animals of the highest dose
group (300 mg/kg group) were not subjected to statistical analyses

due to the fact that no proper corresponding control group was in-

cluded in the study for practical reisons.

Additional vontrol group

+

One extra control group of 60 male and 60 female rars was housed
ln a room separate from that used for the other rats fed PVC-ceontaining
diets; thus preventing any inhalatory contact of the extra control
rats with VCM. The racs in this additional control group were
initiated a couple of wecks later (7 February 1973) and were from
another (later) batch than the rars used in the ocher groups. In

.
addition, the animals of the additional vontrol group were fed the
PVC-dict (the lnmstitute's rat stock dice containiong 10 7 PVC-povder
without VO ad Vibitum: this in contrast to the Hmited foedin:-
period of four hours cach day which was emploved tor che other (real)
contral groun.,

fody weiphits, foed consumpiron and mortality were recovded, and
the fivures are vaven in the oresent resort. Al animals were sutonsicd

and A wide range o orens wore vreserved o (07 burtered tormaling




{ but no slides were prepared.

. 3. RESULTS

L 3.1. Synmptomatology

{; The behaviour of the rats during the first year of the experimental

pericd was unremarkable, except for some respiratory difficulties in a

few animals of the 300 mg/kg group. Most of these rats appeared to have

!

severe and often necrotizing tracheitis and bronchopreumonia, which

were probably the results of faulty dosing. During the second year the

ey

general condition of the rats in this group gradually declined and the

administration of VCM by gavage became more and more difficult. Many

"

¥k

rats grew lethargic and filthy before they died or were killed in a

.

moribund condition. Most of these rats appeared to have severe lesions,
including tumours, of the liver and lungs. It was therefore decided to

terminate the VCM-treatment of this group in week 84,

After 13 months the number of unchrifty rats in the 5.0 and 4.1

mg/kg groups gradually increased; more rapidly in the l4.1 than in

the 5.0 mg/kg group, and more rapidly in females than in males. The

——
[

poor condition started with a humpbacked position and slight emaciation
followed by pale eyes, lethargy, filthiness and often severe emaciation.
Liver nodules could be detected in many of these rats by abdominal
palpation. Animals with a swollen abdomen were occasionally seen;

most of them appeared to have multiple intra~abdominal tissue masses
which were always detected upon abdominal palpation. In additionm,

snimals with breathing difficulties were seen quite often in these

— A

groups. Their lungs were invariably found to contain multiple necdules,

—

which, upon microscopy, appeared to be orimary angiosarcomas or

- -

metasctases of either hepatic angiosarcomas or hepatocellular carcinomas.

f External tissue masses were fairly often found; mainly after a

{ test period of |8 mencths. The greater majority of the masses appearad

to be mammary gland tumours, but there were also otiher types of

\ tumours originating from the skin, the subcutis or Jdermal adnexa.
Randomly distributed major abnormalities in appearance, not

{ attriburable ro VCM, included staired coats, a bivody nasal dischar:e,

wet stools, focal alopecia, foval dermatitis, bloud around the auczle

and eyes, paresis of hind lees, loss of one or both eves, and wnite

opaque cornea.




{ 3.2. Sody weights

The mean body weights of the rats of the [.7, 5.0 and !4.1 mg/kg

—,

- groups were very similar to those of the corresponding controls,
indicating that the 1incorperation of VCM-containing PVC-powder in
the diet did not adversely affect body-weight-gain (tables 3 and 4).
dowaver, the average body weights of the rats of the additional con-
trol group were clearly higher than those of the other grcups re-
ceiving diets containing PVC-powc... This difference is undcubtedly

due to the fact that the extra contrel animals

— — ——

had constant access to their diet, whereas the other rats had access

'} to their diet only for a period of four consecutive hours each day.

[N

The rats of the 300 mg/kg group which received VCM in oil by
gavage had much higher body weights than the animals fed PVC-containing
i diets for a limited period of time daily (tables 3 and 4). An

obvious explanation for this difference can be found in the fact that
{ . the former rats had constant access to stock diet, whereas the

latter animals were allowed to eat stock diet containing 10 7
{f (indigestible) PVC-powder for only four hours each day.
. On the other hand, rats of the 300 mg/kg group had lower body
weights than those of the additienal control group, which points to an
unfavourable effect of prolonged administration of VCM in oil by stomach
tube (tables 3 and 4).

3.3. Food consumpcion

Food intake of rats red the differen: PVC-diets for a limitad

period of time each day was similar (table 3). Food efficiency in

these groups was also very similar (table 3).

o ———

In comparison with the racts fed the PVC-diets for four heurs each
, day, the focd consumption figures of the animals of the 300 mg/kxg group
{ were relatively low during the first period of 3 (females) to 9 months
(males), and relatively high at later stages of the cxperimental period
(table 35).

Food intake of the additional control rats receiving PVC-diet
ad libitum was most often higher than that of the animals of the other

groups table 3).
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Morzalicy

Mortality was low in males and females of the control group
during the firsc two years of the experimental period; it amounted
to 10 per cent after 2 years(able 6). This figure isonly valid for the
"real" control group, receiving the PVC-diet for a limited number
of hours each day, because after 2 years the mortality among rats
of the additional control group (fed ad libitum) was not less
than three times higher (about 30 per cent). In females of the latter
group death-rate remained relatively high during the final nine
months of the test period; whereas in males, the differences in
cumulative mortality between the two control zroups gradually de-
creased and finally disappeared (table 6). This earlier mortality
in rats of the additional control group is very probably connected
with the higher body weights, and the higher and undoubtedly more
frequent intake of food in this group.

A mortality of about 40 % occurred in males and females of the
300 mg/kg group, already after an experimental period of 18 months
(table 6). Thereafter, mortality in this group rapidly increased,
and shortly after 2 years all animals of the 300 mg/kg group were
dead. Most of these rats died from pulmonary or hepatic insuffi-
ciency as a result of neoplastic or non-neoplastic lesions in these
organs.

A striking and dose-related increase in death-rate was also
found in the 5.0 and 14.1 mg/kg groups. Females of these groups
died earlier than males (table 6).

In the low dose group (1.7 mg VCM/kg body weight), mortality of
males was fully comparable to that of male control rats, and death-race
of females was only slightly higher than cthact of female controls
{(table 7).

3.5, Haematoloey

Haemoglobin-concentration and packed ceil voiume were founda to
be relatively low in the 14,1 mg/kg group after 78 and 94 weecks (table 7).
At carlier stages of thi experiment both parameters were similarly
affected in the 300 meg/kg group: uspecinily in males.

A relatively high number of winite blood culls accompanied by
a decreasc in the percentace of lymphocvtes and an increase in The

percentage of npeutropiiils was observed in males ¢f the 5,0 and le.] m~/kg
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groups after 94 weeks (table 7). The same effects occurred in males
and females of the 300 wmg/kg group after 26 and 78 weeks, and in males
of this group after 57 weeks. In contrast to these findings, the
total number of leucocytes in the 300 mg/kz group was low after 13
weeks,

Blood of males and females of the 14.] mg/kg group appeared to
clot slightly more rapidl: than that of controls (table 7). Blood-
clotting-time vf rats of the 300 mg/kg group was also relatively

short.

Blood biochemistry

SGOT-activity showed a slight
decrease in males of the 3.0 and 14.1 mg/kg groups and in females of
the 14.1 mg/kg group after 13 weeks only (table 8).

The activity of GPT in the blood serum was slightly decreased
in males of the 14.] mg/kg group after 13 weeks, and slignhtly in-
creased in females of this group after 26 and 52 weeks (table 8).

SAP-activity was slightly decreased in males of the 14.1 mg/kg
group aiter both 13 and 26 weeks (table 8). Such a decrease in SAP-~
activity was also found in males and females of this group which were
killed after 32 weeks (table 9). On the other nand, in the females
of this group which wera killed after 26 weeks, SaP-activity was
slightly higher than in controls
(table 9). A strikingly low SAP-activicy was found in femaies of the
300 weg/kg group after 26 weexs (table 8).

A relatively low SGOT-activity, and fairly high SGPT~ and SAP-
activities occurred in the 300 ng/kg group after 13 weeks. At chis
stage of the experiment, the toctal serum protein and alburin contents
were also relatively nigh in this group (table 8).

The urea nitrogen level\of the blood wus decreased
in males of the 14.1 me/ky group after an experimental pericd of 106

weeks (table,d).

The :~feroprotern level in the dleod serum was
)

increased in males and ferales killed after weeks (tadle ¥).

Males of the 300 mufike group which were nilled after 32 weeks -2lso
had a relavivelty lnen s~fetorroterncontent of the ~icod serum.

Tleciroivte=vantent: o7 the hlood serum ure rresented in table i,

-

No ocififerences were found Setween the wrouns witlien wore of teaisclicgical
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3.3,

3.9,

significance.

Urinalyses

No changes in the composition of the urine were found in rats fed
on VCM-containing PVC-diets (table 11).

In general, the pH of the urine was fairly low in rats of the
300 mg/kg group (table 11). The amount of crystals in the urinary
sediment of these rats was alsc relatively low from week 52 onwards.

Slightly increased UGOT-values were found in females of the
5.0 and 14,1 mg/kg groups after 13 weeks, and in females of the
latter group after 52 and 94 weeks (table 12). Fairly high UGOT-
values were also found in females of the 300 mg/kg group after
13 weeks, and in males and females of this group after 52 weeks.

Specific gravity of the urine was statistically significantly
decreased in females of the various test groups receiving PVC-diets.
There was, however, no dose-response relationship; and the
differences are very probably the result of an unusually high
specific gravity of the urine of controls.

Occasionallﬁ, high uric acid contents were found in rats of the
300 mg/kg group (table 12).

The phenol-red excretion test did not produce evidence of oral

VCM exposure adversely affecting the kidney function (table 12).

Liver function

The results of the BSP-retention test and of the sleeping-time-
determinations are presented in table 13. There were no clear indi-
caticns that the ingestion of VCM resulted in a diminished function

of the liver after experimental periods of 26 and 52 weeks.

Mixed funetion oxidise activities in the liver

No signicant differences in actlivity of APDM or AH in the liver
were found between test groups and centrels {(table 14), Wich respect
to the specific activities determined, this ilndicates thac no in—.
duction of mixed function oxidnse activities occurred following oral

exposure to VCM.
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3.10. Liver and kidnev weizihits

{ Liver-to-body weight ratios were slightly increased in males and
females of the 14.1 mg/kg group both atter 26 and 52 weeks {(table 13).

In the 300 mg/kg group, relative liver weight was always higher than

—_———
[

in the other groups. These findings suzgest that ingestion of VCY
may lead to a slight but definite liver enlargement.
Relative kidney weights were slightly increased in females of

the 14.1 mg/kg group after 52 weeks ounly (table 15).

oy —

3.11. Pathology

3.11.1. Gross examination

— e e S — -

'*

Many rats exposed to VCM had severe liver lesiouns. Pronounced

5? swelling, discolouration and altered consistency of one or more lobes,
often containing varying numbers of cysts, were common findings.

i Nodules and nodule-like processes in the liver, widely varying in
size (up to 4 c¢m in diameter), appearance and cousistency, were fre-—

’ quently observed. Many of the nodules were solid and pale; others

were c¢ystic and haemorrhagic. The larger, firm and pale nodules with

central necrosis appeared, upon microscopy, to be carcinomas. These

b

—n

were mostly present in completely distorted livers. Angiosarcomas were
most often seen as multiple, soft, dark, cystic nodules, containing
blood and granular, necrotic material. Nodules, which were later on
classified as '"neoplastic nodules' were relatively small, firm and

compact; they were either pale or had the same colour as the adjacent

r-i-'-a r—

normal liver tissue, and never contained necrotic material.

The abdominal cavity of several rats found dead concained blood,

M

most preobably derived from a ruptured cvst-like structure in :he Liver.

The above mentioned liver changes were most pronounced and occurred

—_—

earliest and most frequently in the two highest dose groups. Angio=-

-

sarcomatous nodules were not se2n at all in the low dose group, and

{ occurred more frequently in males of the 5.0 and 14.1 mg/kg groups than

in females of these groups. The incidence of this tvpe cf nodules was

high at the 200 amg/kg level, but there was no cbvious differcence in this

respect between the sexes. Solid nodules occurred more frequently and

{ were more often multiple in females of the 1.7, 5.0 and 4.1 mg/ky groups
than in males of these groups. Actually, in miles of the lowest dose
sroup.  liver nodules were scen in oniv a few cases.

: Alterations in the lungs which could he ascribed to VCM-treatment

censisted of smail haemorrhagic or grevish nodules, or slighely pfo-

trucing areas. The neaules were often located at the edue of a2 pulmonary

' SL 041962




lobe. These changes were not observed in controls cr low dose

animals,

Rats with a swollen abdomen which centained free blood or

haemorrhagic fluid, and numerous pale, firm nodules (diameter

2 to 15 mm) in the peritoneum were encountered slightly more
frequently in each of the three lowest dose groups (maximum
incidence 15 per cernt) tii.n in the control or 300 mg/ky group (max-
imum incidence 5 per cent). Upon microscopy the nodules appeared to
be mesotheliomas. 1In a few cases nodules with a similar gross
appearance, occurring in the mesentery, were found to be an

advanced stage of periarteritils nodosa. However, in contras:

to the mesotheliomas, the arteritic nodules nearly always were

seen, upon incision, to contain blood.

Other frequently occurring gross alterations were:,slight
to marked chronic respiratory disease; testicular atrophy; dis-
tended uterine horns; focal alepecia; large kidneys with a
granular surface; white spots on the exorbital lachrymal glands;
splenomegaly; ovarian cysts; mammary gland tumours; and tumorous
enlargement of adrenals, thyroid and pituitary gland. Lesioms
seen in a relatively small number of rats included: enlarged
seminal vesicles; haemorrhagic fluid in the urinary bladder;
gastric haemorrhages; enlarged lymph nodes; and pale, enlarged cardiac
auricles. In addition, a wide variety of pathological changes,
including tumours, were observed in just one or a few rats. There
was no indication that the occurrence of any of the neoplastic and
non-neoplastic changes mentioned in the last paragraph were related to

VCM.

3.2,

J.11.2,1. Rats killed afrer 26 or 52 weaks (Interim kills)

Liver changes that could be attributed to VCM were found in
rats which were killed after treatment periods of 24 or 52 weeks.

The hepatic alterations comprised foci of cellular alterations,
neoplastic nodules, hepatocellular carcinomas and cvstic bile duct
hyperplasia (cable 16). The heratocellular lesions were classified
according to the system described by Squire and levitc (1975).

Onlv a few small, clear cell focl were found in a limiced number
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of test animals arfter 26 weeks (table 16). After 5.2 weeks the
number of rats with foci of cellular alterations as well as the
number of focl per liver had clearly increased. In addition,
one male and two females of the l4.1 mg/kg group had a neoplastic
nodule, and in one male and one female of the same 3=oup a
hepatocellular carcinoma was found (table 16)., It is remarkable
that neither neoplastic nodules nor carcinomas were observed in
the 300 mg/kg group. In this group the incidence of foci of
cellular alterations was also clearly lower than in the 14.1 mg/kg
group.

Cystic bile duct proliferation was only found in four out of
the ten females of the 14.1 mg/kg group. Alterations attributable

to VCM were not observed in the kidneys or glands of Zymbal,

3.11.2.2. Rats_found dead or killed in moribund condition or_termirnally

e T g e e T S e Sk ag A ——— -

The type and incidence of histopathological changes found in
the liver are givepn in table 17, which shows that lesions attributable
to VCM included foci of cellular alterationms, neoplastic nodules,
hepatocellular carcinomas, angiosarcomas, proliferation of atypical
sinusoidal cells, extensive necrosis, cysts, liver cell polymorphism,
centrolobular degeneration and extra medullary haematopoiesis.

The incidence of foci of cellular alteration in each of the three
test groups receiving VCM-containing PVC-powder (the 1.7, 5.0 and
t4.1 mg/kg groups) was much higher than in the control group, and
also, nearly always higher than in the group receiving VCM in ¢il
by gavage (300 mg/kg group).. Similar diiferences also existed for
neoplastic nodules and nepactocellular carcincmas.

In the test groups receiving PVC-powder the inci-

dence of borh neoplastic nodules and hepatocellular carcineomas was
{a) positively reclated to the VCM dose, and (b) much higher in
females than in males.

Angiosarcomas of the liver were found in males and females of

the three highest dose groups., but did not occur at all in concrols

and low dose animals (table 17). In both the 3.0 and 14, mo kg group

the incidence of angiosarcomas was three times as hich o males than
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in females. This difference ba2tween the sexes did not exist in

! the 300 mg/kg group, in which an angiosarcoma incidence of about
50 % was found in both males and females (table 17).

i“ ' The probabilities for observation of liver tumours (neoplastic
nodules, hepatocellular carcincmas and angiosarcomas) at death of
the animals fed the various PVC-diets (viz. the 0, 1.7, 5.0 and

I- 14.1 mg/kg groups) are plotted in figs. 4 and 5. A clear dose-

, response pattern is demonstrated by the considerable lengthening

[ of the "latent period” for tumours of the liver with decreasing
doses of VCM.

{3 In the 300 mg/kg group, which for reasons of incomparability
with the other groups was not included in figs. &4 and 5, the

{ average latent period for the detection of liver tumcurs (almost
exclusively angicsarcomas) at death was found to be 84 weeks for

[ - males and 83 weeks for females. For males and females of the 14,1

l ' mg/kg group these average latent periods appeared to be 104 and 88 weeks
respectively. The differences in the latent period between the two
groups are clearly indicative of anearlier az;rearance of liver tumours
in the 300 than in the 14.1 mg/kg 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 (table 17).

Large areas of necrosis were found in the liver of quite a high
rumber of rats of the three highest dose groups (table 17).
L Cysts, which were very protably lined by prolifzraced bile duct

epithelium, were seen Iin a relatively high number of males of the

——

14.1 mg/kg group, and in females of the 1.7, 5.0 and 14.1 mg/kg
groups (table 17)., The size and multiplicity of the cysts varied

widely among tne individual animals.

Liver cell polymorphism was seen much more’ frequently in males
ot each of the test groups than in controls (taole 17). 1In females,
a slight degree of polvmorphism was also observed in quite a number
of controls, but the polymorphism was more pronounced in many ruats

from test grouns than in controls,
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f Cantrolobular liver degeneration was a frequent fianding in

females, but not in males, of the 300 mg/kg groun (ctabls 17).

—

Small foci of haematopolesis in the liver were encountetred

.
-

more often in males and females of the two highest dose groups

than in those of the other groups (table 17).

The non-neonlastic histopathological changes obserred in orzans

other than the liver are presented in table 18.

Pty
125

A wide variety of alterations were found, Nearly all of them are
considered to be related to the normal ageing process. An exception
might be the very strong haematopoietic activity found in rhe spleexn
of & out of 40 males and 10 out of 40 females of the two highest dose

groups (table 18, SPFLEEN, 1). Whether this strong activity was

—— Pra——

related to the oral VCM exposure is doubtful, because marked haema-

topoiesis in the spleen is a quite common finding in old rats.

L ll.‘

Several alterations were found clearly less frequently in each

T

of the two highest dose groups than in controls. These included i.a.
bronchiectasis in the lungs of males (table 18, LUNGS, 3), an in~
creased amount of brown pigment in the red pulp of the spleen of
females (table 18, SPLEEN, 2), focal infiltration of mononuclear in-
flammatory cells in the kidneys of females (table 18, KIDNEYS, 3).

dilated mucosal glands in the stomach of females (table |8, STOMACH, 1),

el e I aan

and endometritis or pyometra (tadble 18, UTERUS, !). The lower incidence

of these age-connected changes in the test groups can undoubtedly be

{ ascribed to the fact that the test animals examined were much vounger
when killed (in extremis) than were the controls at the time or

| autopsy.

g

The site ind trpe of the tumours ovbsorved, Jnd their incidence in

the diffcerant groups are presented in table 19.

The different aspects of the vecurrence of tumours in the [iver have
already been described in this chapter (sce alsce table (7).
Angilosarcomas werc frequently found in the lungs at the cwoe highest

dose jevels, and ulso occurred fn g few rats of the 5.0 me/ ke -Toun

hd !

ttable 19, They were most often seen as multinle very small o small
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( foci of tumour cells with an angiomatous growth=-pattern. Their
appearance was highly suggestive of metastases. On the other
hand, in several cases, the histological appearance of the neo-
plasms did not permit the exclusion of their being diagnosed as

primary pulmonary angiosarcomas. In addition, in three rats with

gP———n,

a pulmonary anglosarcoma, no angiosarcomas were encountered out-
side the lungs.

In four rats of the two highest dose gfoups an angiosarcoma
was found in the abdominal cavity cutside the liver (table 19,
ABDOMEN, 2). In each of these rats the liver did not show signs

of angiosarcoma—-formation. Therefore, these tumours are con-

s

sidered primary extrahepatic angiosarcomas.

-~

Pulmonary metastases of hepatocellular carcinomas were not
i uncommen (table 19). A total of 5 tumours of the glands of Zymbal
(ceruminous glands) were found: two carcinomas in males of the
‘ 5.0 mg/kg group, and two carcinomas and one adenoma in rats of the
t - 300 mg/kg group (table 19). Abdominal mesotheliomas were observed
! in each of the groups, the control group included (table 19). In
several groups their incidence was higher than in controls, but
a positive dose-response relationship with respact to incidence
t was absent. On the other hand, the latent period for detection of
an abdominal mesothelioma at death was found to decrease with in-
1- creasing dose levels for both males and females.
The histological appearance of the peritoneal mesotheliomas

was quite variable, but roughly two tvpes could be distinguished,

poen

viz. a rfibrous type in which sarcomatous areas predominated, and
an epithelial type which mainly consisted of tubulo-papillary for-

{ mations. In several tumours both the sarcomatous areas and the
tubulo-papillary structures occurred to the same extent. Mitotic
figures were never abundant.

Fibroadenomas of the mammary‘glunds were found much less

f frequently in females of the 5.0, 14.1 and 300 mu/kg grouns than
in controls or low dose animals (table 19). The low incidence orf

! this common type of "spontuaneous” tumour, which is associated with oid

' age, at the three highest dose levels is undoubtedly connected with

the much shorter survival time of the auimals in these groups as compared
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to that of controls or of low duse animals. Despite the

telatively low survival-time of females of the 14.! and

300 mg/kg groups the number of females in each of these groups

which bore adenocarcinomas of the mammary glands was twice as

high as that in the control group. This might indicate that

VCM ennances the development of mammarv gland carcinomas.

The incidence of several other common types of tumours,

known to be associated with old ages, were found to decrzase

with increasing dose levels. GExamples are: cortical adenomas

and phasochromocytomas of the adrenals; pituitary gland adenomas;

parafollicular cell adenomas of the thvroid (the incidance of this

tumour was exceptionally low in males of the control group);

and adenocarcinomas of the uterus (table 19).

3.12. Electron microscopy of the liver

3.12.1. Rats killed after 26 and 52 weeks (Interim kills)

Upon light microscopy of semi-thin sections, foci of hepatocytes

and also scattered hepatocytes, containing a finely '"vacuolized"

cytoplasm, were found in rats of the 14.1 and 300 mg/kg groups both

after 26 and 52 weeks. Ultrastructurally, the "vacuoles" appeared

to represent swollen mitochondria with a pale matrix and short

cristae.

The abnormal mitochondria closely resembled those found

in rats following inhalation exposure to 3000 ppm VCM for periods

th

Q

4~52 weeks (Feron et al, 1977); therefore, no further detaiis

of their ultrastructure are given here.

Afcer

216 weeks small foci of hepatocvtes, each containing

numerous highly swollen, irregularly-shped mitochoundria without

cristacv and a matrix widely varving indensity, were encountered

in both livers examined. An increased amount of tujpulur, smooth

endoplasmic reticulum (SER) was invariably present among the swollen

mitochondria. Scattered individual hepatocvtes were occasionally

scen to contain only a few extremely swollen mitochondria but were

otherwise

Afzer

rormal the other mitochondria tncluded.

52

weeks larze arcas of hepateovtes, containing numerous

swollen mitochondria, vere found. mainlv in rors of the 14,1 mz/ke

group. These hepatvcvres had liree nuclei with pronounced nucleoltl.

Tubular SEX and wherls of SER were occasionally fourd tegether with
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mitochondria containing lucent areas in which a membranous or
flocky material was often encountered,

The sinusoidal cells generally looked quite normal. An
occasional findinmg was interruption of the endothelial lining
of a sinusoid. In such an area the andothelial cell processess

were seen to be replaced by clusters of thrombocvtes.

3.12.2, Ultrastruccure of an hepatic anziosarcoma

Dilated sinusoids lined by tumour cells was the basic pattern
of the tumour in the transitional zone between the tumour mass
and the adjacent liver parenchyma. The tumour cells seemed to
be pressed against the hepatocytes, thus obscuring the space of
Disse. The tumour cells were slender and electron lucent, and
contained a big nucleus with a small peripheral rim of chromatin
and a large nucleolus. The perinuclear cyvtoplasm protruded into
the sinusoidal lumen. Bristle-coated micropinocytatic vesicles
were observed in the plasma membranes and the cytosol. There
were only few cytoplasmic organelles such as mitochondria with or
without membranous inclusions, free ribosomes and dilated sinsle
membranes occupied by ribosomes. Small elongated cell processess
or angular cell partitions wera often found between tumour cells
of which the body with nucleus was visible and adjacent hepateocvtes.
Both features were interpreted as oblique sectioms through tha slender
parts of other surrounding tumour cells. These were surrounded by
dark stained proteinaceous material from the blood serum. TIhe angular
cell partitions contained small mitochondria, many vesicles and single
membranes of RER. The elongated cell processess were occasionally
surroundad by osmiophilic granules, which also occurred in the peri-
pheral cytoplasm of the sdjacent hepatocytes. These granules closely
resembled the granules which zav occur im auterhagosemes and tubular
vesiclaes of SER under other pathological conditions,

The adjacent hepatocvtes had partly lost their micrevilli,
which were recplaced by an {rregular plasma membrane. These hepatocytes
were often packed with mitochendria which had dark and light arcas
and which were surrounded by a single stranyg of RER: thev contained

an increased amount of vesicular SER.
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Large cells with an elongated nucleus were occasivnally found.

These cells mvariably adjoined hepatocytes and were further in

direect contact with bundles of either collagen fibres or fibres

with a low contrast and without anmy striation.

No increase in fat-storing cells (Ito cells) was observed

An occasional pit-cell was found, which was recognized by its

highly characteristic granules, organelle~free hyaloplasm and
nucleus with dense chromatin.

There was no indication that tiis type of
cell was involved in the tumour process.

DISCUSSION

Only slight and often inconsistert differences were found

between controls and test animals in several of the haematological

and biochemical parameters applied in the present study. These

slight deviations were considered to be of little, if any, toxico-~

f

logical significance, with two possible exceptions viz. shortening

of the blood-clotting-time and increased a-fetoprotein levels in
the blood serum.

Failure of the blood to clect has been noticed in guinea pigs

i_ that died during exposure to an atmosphere containing 40 per cent
VCM (Mastromatteo et al, 1960) and in two workers of a PVC-factory

which died from acute VCM~-poisoning (Danziger, 1960).

However,
rats exposed to 5 or 2 per cent VCM for 19

-

or 92 days respectively

had normzl bloed clotting times (Lester et al, 1963). 1In contrast

to these findings in the present study and also in a previous in-

halation study with VCM in rats (5000 ppm VCM, 6 hours -a day, 5 days a

week; Feron et al, 1977) prothrombin times were shorter in VCM-
{
exposed rats than in controls.

[ Because of the conflicting observations it is difficult to assess the

toxicological importance of the slight hypercoagulability of the blood

[ as seen in VClt-evnosed rats used in our sctudies.

Muller et al (1976) recently reported a disturbed thrompocvetic

function in @ out of 17 patients suffering from "vinvl chloride
disease™.

Thrompocytopenia, which has been reported to be one or the

symptoms ¢f VCll-intoxicaticn in man (Juhe ec al,

1973 Lange vt al,
1974 Muller et at,

1976) was observea neither [a the nresent oral

experimént nor in the nrevious one-~vear inhalution studv (Feron et al,
1977).

[n future studies, it scems desirable To nav special actenzion
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to the poésible effects of VCM on thrombocytes.

Slight, thougn statiscically significant, increases in the
a-fetoprotein content of the biood serum were found in males
and females of the l4.1 ng/kg group, which were killed after
52 weeks. After 26 weeks a-fetoprotein levels were normal in
animals of this group. Very similar results have been obtained
in rats exposed to 3000 ppm VCM in air for periods varying from
4 to 32 weeks (Feron et al, 1977). These findings may indicate
the presence of fetoglobulin-producing neoplastic or preneoplastic
cells in the liver of rats exposed to VCM for a prolonged period
of time. However, since the increase in a-fetoprotein level was
only slight, it is more likely that aspecific liver damage, such
as necrosis or degeneration of hepatocytes, is responsible for
this slight effect.

The association between VCM and angiosarcoma in man has been
recognized some years ago (Creech and Johnson, 1974; Lloyd, 1973),
Several investigators have produced angiosarcemas in experimental
animals through exposure to VCM either by inhailation or oral ad-
ministration (Ferom et al, 1977; Holmberg et al, 1976; Keplinger
et al, 1975; Lee et al, 1978; Maltoni, 1975; 1976). The results
of the present experiment show that oral exposure of rats to VCM
at levels of 5.0 mg/kg body weight/day and higher caused hepatic
anglosarcomas, pulmonary anglosarcomas (most probably both primary
tumours and metastases) and, act the higher levels, also a few primary
extrahepatic abdominal angiosarcomas. No angiosarcomas were found
at the lowest level of 1.7 mg VCM/kg body weight/day.

Although hepatocellular tumours have been reported to occur in
rats after treatment with VCM (Maltoni, 1976; Williamson, 1976) and
some evidence exists as to the occurrance of hepatoceilular carcinomas in
persons exposed to VCH (Berk et al, 1976; Pouper ot al, 1978), che high in-
cldence of neoplastic liver cell nodules and hepacueellular carcinomas in
test animals (especially females) receiving VC{ oraily in PVC-powder
was an unexpected finding in the present studv. Even at the luwest
level (1.7 mg VCM/kg body weight/day) VCll-related liver cell tumours

and an increased incidence of foei of cellular alrteracion were noticeable

Qh1971
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in dbeth males and females. It was remarkable that only a few
hepatocellular neoplasms occurred in animals receiving VCM in

oil by gavage at the very high dose of 300 mg/kg body weight,
whereas nearly 50 per cent of these rats had a hepatic angio-
sarcoma. The nature of the tumour response of the liver in the
various test groups suggests a shift from almost exclusively
angiosarcomas at the very high dose level, via both angiosar-

comas and hepatocellular tumours at the intermediate dose levels,

to exclusively liver cell tumours at the lowest level. Qn the

other hand, not only the dose but also the way of administering

VCM might have been of signiiicance for the difference in

tumour response between the 300 mg/kg group and the lower dose
groups, because gastric intubation of VCM in oil (once a day,

5 days a weekj implies that daily the body (the liver) has to

deal with a large amount of VCM in a short period of time, whereas

in the case of oral intake of VCM~containing PVC-powder the hody

(the liver) is continuously (24 hours a day, 7 days a week) exposed
to "fresh" VCM, which is gradually and uninterruptedly released

from the PVC-powder during its transport cirough the gastro-intestinal
tract. One might also speculate that the unexpectedly high incidence
of liver cell tumours in test groups receiving PVC-powder is due to an

unusual sensitivity of the liver cells to VCM as a consequence of an

altered metabolic state caused by the reduction of the daily perioed
of food intake to four nours. This restricted period of food intake
might have caused a daily, transitory depression of hepatic gluca-
thione, wnich has been demonstrated to be of significaunce for zhe
detoxification of VCil or its reactive metabolites (Watanabe ec al,
}1976a, 1976b, 1976¢).

The lesions of the hepatic parenchyma that could be attributed
to VCH did not only include "foci of cellular alterations"”, neoplastic
nodules and carcinomas, but also necrosis, centrolobular degencration
aad mitocnonarial damage, in addition, the slight increases in a-foto-
protein content of the blood and in relative liver weignt migno also
be indications of VCM injuring the hepatic parenchvmal cells. Since
it is known that tissue injury followed by repair (hyperplasia) may
stimulate tumour formation, the possibilityv thar the occurrence of
hepatocellular tumours foilowing VO exposure is not due to the geno-
roxic acnivity of VCM but to the chronic process of contifuous fa=ige
and repair. cannot he excluded. To elucidate the mechanism of action

biochemical sludies o VOM administered atb low dictary Lovels nnder
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conditions as prevailed in the present experiment seem to be
. indicated.
b Full development of VCM-induced angiosarcoma has been found to be

preceded by nodular hypertrophy and hyperplasia of liver cells, which

"

may proceed to hepatocellular carcinoma (Feron et al, 1977; Popper et
al, 1977). The liver changes found in the three lowest dose groups
(1.7, 5.0 and l4.1 mg/kyg groups) are well in line with this observaticn,
but in this connection it is difficult .to understand the high incidence

of hepatic angiosarcomas in the 300 mg/kg group, because a precursor

— e

stage of focal hypertrophy and hyperplasia of the parenchyma occurrad

in only a very limited number of rats of this group.

i amise
il

Pulmonary anglosarcoma and extrghepatic angiosarcoma in other
{u organs have been found in rats exposed to VCM by several investigators
(Lee et al, 1978; Maltoni, 1975). In the present oral study extra-

hepatic angiosarcomas were also seen, although it should be stressed

F

that most of the pulmonary angiosarcomas are regarded as metastases

from hepatic angiosarcomas.

[P

Only a few test animals were found to bear a tumour of the glands

of Zymbal. Since spontaneous Zymbal's gland tumours are rare and
ym g

r—

hds Lt

tumours of this organ are known to be induced in rats by VCM, it
seems justified to ascribe the few Zymbal gland neoplasms found in

the present experiment to the VCM-treatment.

—

VCM-induced carcinomas of the mammary glands have been observed
in mice (Lee et al, 1978; Maltcni; 1973) and prasumaply also in racs
(Maltoni, 1975). The incidence of mammary gland carcinomas in

several of the test groups was only slightly higher than in controis,

(e

whichwas ccnsidered insufficient evidence of VCM being capable of

inducing this type of neoplasm in rats, but at most may be regarded

{-—-u

as a slighrt indicacion of VCM enhancing carcinoma-~formation in this
organ.

To our knowledge, so far, VCM=induced mesotheiioma have not been

reported. In the present study an increased oumper of rats with .o-
dominal mesothelioma were found in several of the test groups recolivieg
- PVC-powder. This might indicate that the ingestion of VCM nas i

potentiacing cffect on the development of mesethelioma in rats.
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| From the ultrastructural studies of the liver it appeared that foci
of parenchymal cells affected by VCM scattered throughout the organ,
l Swelling of mitochondria was the earliest change observed and mitochondrial
alterations remained characteristic features of the VCM-damage seen ar
{' later stages. In addition to swelling of mitochondria, prolonged treatmenc
with VCM (26 and 52 weeks) appeared to cause a decrease in RER, loss of
ribosomes from the RER, while the most important observation was an in-
I- crease in SER. These findings suggest an enhancing effect of VCM on
- the so called mixed function oxidase system (MFO-system) which has indeed
been shown to be involved in the detoxification of VCM (Bolt et al, 1976;
. Reynolds et al, 1975). However, the determinations of the aminopvrine
{i demethylase and anilinehydroxylase activities in the liver did not produce
evidence of VCM inducing MFO~activities.
i The ultrastructural appearance of angiosarcoma-cells lining dilate:
sinusoids (elongated cells with slender processess forming a continuous
{ lining of the sinusoid, presence of micropinocytotic vesicles) is suggestive
of the tumour cells being derived from sinusoidal endothelial
cells. 1In addition, there was no avidence that‘fat~storing cells,
fibroblasts, Kupffer cells or pit-cells were involved in the tumour
process. In contrast to the observations of other investigators
[_ (Popper and Thomas, 1975; Popper et al, 1977), neither an increase
in fat-storing cells nor conspicuous fibrosis was found to precede
? hyperplasia of atypical sinusoidal cells. Therefore, in rats a
fibretic precursor stage does not seem to exist,
| The high incidence of liver cell tumours in females of the low-dose

group (27/38) clearly demonstrates the absence of both a "mo-toxic-effec:

[ level”™ and a "minimum=-effect level'. For extrapolating the animal data
L to humans either a 'mo-toxic-effect level" or a "minimum=-effect level”
{ is essential. Further long-term studies with lower dietary VCM levels
L_ are, therefore, desirable.

{
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CONCLUSIONS

From the results of the present study the following conclusions are

drawn:

1

incorporacion of VCM-containing PVC-powder into the diet of rats is
an effactive method £or studying the long-term effects of oral

administration of VO

VCM is a carcinogen in rats when administered by the oral route;

the tumour response of the liver of rats to oral intake of VCM seem
to shift from almost exclusively angiosarcomas at very high levels to

exclusively hepatocellular tumours at low levels;

the ingesticn of VCM may enhance in rats the development of intra-

abdominal mesothelicmas and of adenocarcinomas of the mammary glands;

alterations of hepatocytes precede angiosarcoma development in the

liver of rats;

the "mo-toxic-effect level" was lower than 1.7 mg VCM/kg body weighz/day
under the present rigerous conditions of continuous exposure for 24 hours

a day.
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Table |. Percentage composition of the rat stock diet

Ingredients 4
Fish meal 7.0
Yellow maize 29.7
Whole wheat 36.0
Sova bean o1l meal 11.0
Grass meal 3.0
Meat scraps 4.0
Dried whey 2.0
Brewer's yeast 3.0
Steamed bone meal 0.4
Soya bean oil 3.0
Trace mineralized salt b 0.5
Vitamin ADEK-prepara:ionz) 0.3
Vitamin B mixture 0.1

D

Percentage composition:MnO, 2.00; ZnCl,, 0.50; KJ, 0.012; Co-acetate.
4H20, 0.04; FeSOy4.7H0, 2.50; CuS0y.5H»0, 0.80; NaCl, 94,15,

2 Per gram preparation: 2100IU vitamin A as retinyl acetate; 700IU
vitamin D as cholecalciferol; 15mg vitamin E as dl-x-tocopherol: and
Img vitamin X as menaquinene sodium bisulphite
3) In mg per gram mixture: thiamine dichloride, 2.5; riboflavin. 3.0;
pyridoxol hydrochloride, 5.0; nicotinic acid, 12.5; calcium dl-panto-
thenate, 7.5; d(+) biotin, 0.015; vitamin By,, 0.005.
51983
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3

Design VCM levels

<

Pl my /Ky body

s in dict wi Alay

Actual dietary VCM
levels at the start
of the feediug-

period’

{ppm}

Theoretical ora
intake of VCM
{mg/ky body wi/
day)

)

Actual oral ig:

take of veu3)
(mg/kg body wt/
day)

Actual oral ex-
wsure level of
T (mp/ke
budy wt/day)

Coni
lLuw
Hid

i g

tiol ]
;

] 10

0

46
139
424

o

2.3

7.0
21,2

0

i.8

5.6
17.0

0

1.7

5.0
14.1

1)
2
1)

+)

average dictary VCM-contents determined immediately after preparation of the diets.,

Oral

4Gl of thu theoretical oral intake (sec also §2.2.1.2).

intake of ¥CM it no loss of VCiH by cvaporation from the diets would occur (see also §2.2.1.2).

Oral intake ot VCM diminished by the faecal VCH which was found to be 8, 10 and 17 per cent of the actual oral

VCM intake for the low, mid and high dose groups respectively (sce also §2,2,1.2),

The VCH excreted in the

facces was considered to be still enclosed in the PVC-granules, and thus had not been in contact with the body.
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Table 3. Mean body welshts of malss
weeak mg VCM/kg body weight
a0, 0 1.7 5.0 16,1 300" 0%
0 92 91 90 92 113 62
| 101 101 99 28 151 103
2 138 138 137 136 189 137
4 182 183 182 177 233 212
6 211 215 213 207 262 263
8 238 241 242 235 276 295
10 250 255 251 250 307 348
12 269 273 277 263 324 xp)
6 233 239 299" 292 350 380
20 314 314 322 315 377 406
24 327 329 337" 331 186 425
28 332 333 346 337 394 432
32 346 347 354 346 403 437°
36 346 346 358 350 400 bah
40 350 353 360 348 400 457
44 361 362 379" 364 416 462
48 367 375 380 367 427 471
52 374 378 384 372 433 469
56 374 381 189 372 426 483
60 386 391 308" 377 441 495
64 393 399 407 392 447 503
68 396 405 418 396 459 515
72 199 406 412 395 457 521
76 402 b1k 415 404 460 524
80 199 G4 419 403 453 528
84 03 414 él'). 401 444 521
38 400 409 413 415 440 512
a2 391 399 308 382 451 520
96 394 412 413 387 453 517
100 3184 407 MO 387 461 Stée
104 380 394 Ivs 38} 458 495
108 373 19) yo2 376 22 an:
{12 377 384 380 3673 - 188

cont.,
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Table 3 cont.
.
— )-3
\ week mg VCM/kg body weight
i
rn no. 0 1.7 5.0 161" 300" 0%
' 116 361 375 384 163 - 474
§ 120 348 360 363 350 - 454
i 124 346 346 349 - - 443
128 355 353 355 - - IAVA
{ 132 347 322 350 - -~ 379
3 k)]
134 343 ND ND - - 363

=

The figures of this group were not evaluated statistically (see §2.6).

2) Additional control grﬁup (see §2.7); the figures of this group were
not evaluated statistically.

3) ND = not determined

4) - = all animals dead

*P<0.05; **P<0.0l; ***P<0.00!; according to the Student t-test
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Table 4. Mean bodv weights of famales

o e e oy e i e S e Aok e . . e i S S

week mg VCM/kg body weight

no. . 1.7 5.0 14.1

85
87
109
128
137
151
159
165
173
185
191
195
201
203
203"
205
207
209
210
214

SL 041987




{ Table 4 cont.

{ week my VCM/ky body weipht
, 0. 0 1.7 5.0 14,1 00" 02!
i 116 234 233 220" - - 16
120 232 233 221 - - 117
{ 124 227 229 221 - - 303
128 228 226 - - - 294
I 132 227 223 - - - 280
136 240 241 - - - 263
I‘ 140 212 228 - - - 252
- 143 234 216 - - - D)

——
P
—

The figures of this group were not evaluated statistically (see 42.6).

2) Additional control group (see 52.7); the figures of this Eroup were not

! evaluated statiscically
3) XD = not determined

4) = = all animals dead

*P<0.05; =*P<0.0l; according to the Student t-test
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Tabte 5. Averape food congumprion and food efficiencx

mg VCM/ky Food ipntake in g/rat/day in week: Food elficiency during wk |1-4

body wr, 1+2 3+4 10+11] 24+25 36+37 60+61 72+73 84+85 gain{g) food(g) gain/foo

686170 1S

Males
0 13.1 Va0 17.3 16.3 18.6 " 17.2 17.8 17.2 88.5 380.8 0.23
1.7 12.9 14.7 17.5 16.7 18.5 16.8 16.7 16.5 90.0 386 4 0.23
5.0 12.8 b7 17.2 15.9 18.0 17.8 (7.3 17.5 91.8 385.0 0.24
4.1 12.7 14.5 17.0 16.8 16.7 16.1 17.1 17.3 85.0 380.8 0.22
300 -2 - 17.1 15.3 17.8 19.0 19.6 - - - -
o 13.4 17.7 17.4 16,7 18.7 19.2 18.5 (6.8 - - -
Females
0 10.3 . 10.8 1.7 10.3 1.0 11.9 11.8 1.3 4.2 295 .4 0.14
1.7 505 10.8 1.5 10.4 TR 1.6 1.3 1.5 40.7 299.6 0.14
5.0 10.6 10.7 1.6 10.9 1.7 1.2 1.4 TR 43.6 298, 2 0.15
14, 10.2 10.7 12.0 1.0 12.0 11.0 TR 1.9 40.4 292.6 0.14
300 - - 10.3 12.3 13.4 13.2 15.4 - - - -
o) 12.0 13.7 12.7 12,9 14.13 14.5 12.8 13,4 - - -

1) Additional contrul group (see §2.7)

2} - = pot determined
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1) Initial number of rats: 60/sex/group

2} The wmales still alivé vere killed in week 135

3) The females stild alive were killed in week 144

4) The figures of this group were not evaluated statistically (see §2.06).

5} Additional cuntrol group (see §2.7); figures of this group were not evaluated statistically.

*PGL05; *tP<0.01; *** P<0.001; according to the Chi-square test

T T T T et pmem e TN . T3 T s T T Ty T
- . . D
fable b.  Cunmlative mortality
group [y VCM/ kg Number of deaths at end of week:
. 3
no. body ut. 12 36 52 80 92 105 120 128 1342 143
Males
7808 ) 0 0 0 0 2 6 18 40 46
7809 1.7 0 0 ] I 3 6 13 37 40
L] - 8
7810 5.0 0 0 0 2 7 12 30 49 60
ER ] a0 L L I kP E
7811 14.1 0 | 2 8 22 40 56 60 60
7812 300 0 6 23 47 53 60 60 60
" 7844°) 0 0 0 " 3 19 28 46 46
Females
7808 ) 0 0 0 | 5 6 22 27 32 41
7809 1.7 0 0 | 2 4 | 26 32 34 55
L] L 3 E RN 248 * A S rew LI ]
7810 5.0 0 | 2 7 16 31 55 60 60 60
» [ X J 0 h L N ] 9% > e L ]
75811 148 0 0 ] 7 43 60 60 60 60 60
78120 300 0 3 7 24 47 58 60 60 60 60
7844°} 0 o 0 | 4 10 17 27 42 43 53
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Table 7. Mean haematological findings in 10/rats/sex/group after_ 13, 26, 52, 78 and 94 _weeks
o VCM/kg Hucm9— Packed Erythro- Thrombo- Pfﬁthrom— Peucocyt?s
: gloLin cell eytes cytes bin time 1 Total Differential count (Z)
body wt. (g/to0mb) tvol, (23010t /mmd) (103 /umd) (sec) (103 /am3) Lymph Neutr Eos Mono
Males: week 13
0 15.6 47.6 8.2 766 -2 14.6 88.8 9.9 1.3 0
1.7 15.6 47.6 7.8 738 - 13.5 88.7 10.4 0.9 0
5.0 15.8 47.8 8.0 781 - 15.0 90.7 8.4 0.9 0
15, 15.5 47.3 8.3 770 - 15.5 89.6 9.2 1.2 a
300" 15.3 44.9 8.3 906 - 12.0 82.6 16.0 1.4 0
Females: week 13
0 15.7 48.0 B.2 663 - 13.3 92.0 6.9 1.1 0
1.7 15.8 48.4 8.0 588 ~ 13.3 90.6 8.4 1.0 0
5.0 16.0 49.3 8.2 s44 - 13.6 94.7 5.0 0
14,1 16.2 48.3 8.2 656 - 13.8 92.0 7.6 0.1
300> 15,1 45.6 7.9 703 - 10.0 90.0 9.5 0
Males: week 26
0 15.7 48.3 .5 744 41.3 10.7 87.0 11.6 1.1 0
1.7 15.5 47.8 7.5 741 - 11.0 83.3 15.5 1.2 0
5.0 15.4 46.3 7. 708 - 10.6 85.7 13.1 1.2 0
14, ] 15.3 47.7 7.8 615 8.9 10. 4 83.5 10.0 1.5 0
300> 14.8 45. 1 7.1 751 35.2 1.5 72.9 24,2 2.9 0

cont.,...
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Tahle 7 cont.
wg VCM/ka Haem9— Packed Erythro- Thrombo- PFothfom— Peqcocyt§s
globin cell cytes cytes bin time | Total Differential count (7Z)
body wt. (¢/100ml) [vol. (2) {(10C/um3) [¢103/mm3) (sec)V) (103 /mw3) | Lywph Neutr Eos Mono
. Females: week 26
0 k5.3 47.9 7.8 700 37.2 9.8 79.9 18.8 1.3 0
1.7 i5.7 48.9 7.8 689 - 9.1 74.5 22.5 3.0 0
5.0 15.6 48.1 7.9 600 - 9.7 78.7 191 2. 0
14,1 15.4 48.6 7.9 657 3.1 9.9 73.3 24.2 2. 0
3003) 15.0 47.3 7.8 665 31,7 10,2 64.3 32.1 3.6 0
. Males: week 52
V] 15.5 471.5 7.9 616 41.6 13.8 85.8 12.6 1.5 0.1
1.7 5.6 46.2 7.9 633 - 14.7 78.9 20.2 0.9 0
5.0 15.7 48.5 8.3 637 - 12.3 85.6 13.7 0.1 0
14,0 15.2 46.9 8.2 724 38.8" 12.3 86.0 12.7 .2 0.1
300 14.8 45.4 8.2 600 37.3 15.3 77.9 21.0 . 0
Females: week 52
0 V4.2 44.5 7. 671 j2.8 1.8 84.2 3.9 1.7 0.2
1.7 14,1 44,6 626 - 11.6 B4.5 12.9 2.5 0.1
5.0 14.7 46.4 .0 610 - 13.6 84.1 15.0 c.8 0.1
14,1 14.5 45.2 7. 676 30.7 1i.4 80.2 17.8 2.0 0
3003) 14,6 45.13 7.0 756 30.5 12.5 Bl.5 17.2 1.3 0
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Table 7 cour.
N Hlaemo~ Packed Erythro—- Thrombo—-{ Prothrom- Leucocytes
g VCM/ky plobin cell cytes cytes bin time Total Differential count {(Z)
budy wt. (g/t00wl)fvol. (X (105%/um?) | (103 /mm3) {sec) ])103/nm9} Lymph Neuer Eos Mono
. HMales: week 78
0 15.3 47 .4 7.3 645 - 10.3 80.8 16.8 2.2 0.2
b.7 14.7 46.9 7.0 684 - 11.5 80.5 18.1 b, 0.3
5.0 I5.1 47.1 7. 708 - it.9 74.9 23.0 1.7 0.4
14 4.4 45.4 7.3 ?79‘ - 10.8 79.9 18.2 t.7 0.2
300 14.4 44,5 7.5 783 . - 15.3 69.8 26.13 3.1 0.8
Females: week 78
0 14.6 45.6 7.1 689 - 10.9 76.9 22.0 0.8 0.3
1.7 14.7 46.8 7.0 701 - 16.8 7€ .4 2i.8 i.4 0.4
5.0 14.6 46.2 6.9 737 - 12,1 73.8 24,5 1.4 0.3
14,1 13.9 44.6 1.0 659 - 11.2 716.6 22.6 0.8 0
300%) 1a.6 45.8 7.2 721 . 15.2 60.5 37.1 2.2 0.2
Males: week 94
0 16.1 52.9 7.8 645 - 8.9 80.7 17.3 1.7 0.3
1.7 16.5 50.1 7.8 743 - 8.1 73.5 23.8 2.1 0.6
5.0 16.2 49.0 7.9 727 - 9.6 67.9°  29.0° 2.7 0.4
15,0 (5.1 45.8° 7.8 730 - 10”684’ 28.6° 2.3 0.7
30({ ) - - - - - - - - - -

- 0C -




Table 7 coant.

Hacmo~- Packed Erythro- Thrombo~) Prothrom— Leucocytes
#lubin cell cytes cytes bin time | Total Ditferential count (7)
body we. (g/100m} ) vol, (2] (1G%/om3) | (103 /0und) (scc)|)(!03/mm3) Lymph Neutr Eos Mono

. VCM/ &y

Females: week 94
630 -
686 -
724 -
. 652 - 12,1
3003 - - -

1) Only determined in rats killed after 26 and 52 weeks (interim kills).

2) - = not determined
3) The figures of this group were not evaluated statistically (see §2.6).

*Pe0.05; *+P<0.0l; =++P<0.001; according to the Wilcoxon test
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TabYe 8. Mean biochemical blood values determined in 10 rats/sex/group afrer 13, 26, 52, 78 and 106 weeks

_______________________________________________________________________ 252, 18 and 106 _weeks
ms VEH/ky sugdr BUN Gi)?rrum enzyﬁ"rauivu:ixss TSP mﬁ.ﬁfﬁm pmtei‘?zbu] ins (72)
body weight | (g 2) (myg Z) (R-1) (k¥-U) (BL-U) (g %) (g 2) « 8 Y
Males: week 13
. 0 84 18 130 27 8.1 7.0 2.6 55 32 13
= 1.7 84 17 136 32 3.3 6.8 2.6 52 32 16
I~ 5.0 83 16 14 26 7.7 6.8 2.6 55 3 14
'{é 141 84 16 104 23" 6.6 6.9 2.6 56 32 13
o 100" 67 14 93 38 15.5 7.9 2.9 50 36 5
Females: week 13
0 77 13 89 21 7.2 6.8 2.8 45 35 19
1.7 74 14 92 20 6.3 7.0 2.9 45 35 20
5.0 78 12 89 19 7.7 6.7 2.8 42 34 24
140 79 13 77’ 21 8.2 6.8 2.7 44 34 22
300" 74 16 84 32 12.1 7.4 3.3 43 35 22
Males: week 26
0 77 14 79 26 11.0 7.3 2.7 55 29 16
1.7 75 13 84 27 9.6 7.3 2.7 57 27 6
5.9 79 14 69 26 10.0 7.4 57 28 15
! 14,0 81 14 83 26 8.7 7 2.8 55 29 16 '
300" 86" 15 84 27 8.6 7.6 2.8 53 27 18 £




Table 8 cant.

my VCH/ kg

body weipht

sugar

{mg %)

serum enzyme activities

serum

proteins

COT GPT AP
{RE~U) (RF-0)  (BL-U)

TSP
(g %)

Albumin

(g Z)

Globulins (Z)

a

8

Females: week 26
20 7.

22 6.

28 6.

B.

4,

25"
21 _
Males: week 52
24 7.2
23 a.1
26 8.8
23 6.4
23 9.1
Females: week 52
I8 5.4
20 4.5
20 4.4
21’ 5.1
18 5.6
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Table 8 cont.

body weight [(mg Z) {mg %) (RI'-U) (RF-U) (BI.-U) (g %) (g 2) o B ¥

?1 ' Males: week 106
o 0 86 17 58 42 . 8.8 7.0 3.4 50 30 20
v 1.7 85 15 54 44 7.1 7.1 3.4 49 28 23
N 5.0 86 15 51 37 6.7 7.0 3.6 52 28 20
P40 82 13 70 50 7.5 6.9 3.3 52 30 i9
300" -2 - - - - - - - - -

Female;: week 106
0 81 19 70 46 7.3 7.5 3.7 43 28 29
1.7 83 19 66 43 6.6 7.4 3.8 43 29 28
5.0 80 17 90 57 10.1 7.4 3.9 43 3} 26
14.) 8 18 - - - - - - - -
300"’ - - - - - - - - - -

I} The figures of this group were not evaluated statistically (see §2.6).
2) - = not determined because all or nearly all the animals were dead.

BUN = Bloud urea nitrogen

GOT = Glutamic-oxalacetic transaminase RF-U = Reitman Frankel units

CI'T = Glutamic—-pyruvic transaminase BL-U = Bessey Lowry Units

Al = AlLaline phusphatase *P<0.05; **P<0.0}; ***P<0.00!l; according to the Wilcoxon test
TSP = ‘Fotal scrum protein




Table 9. Mean _protein contents and enzyme activitics in the bleod serum of 10 rats/sex/proup killed after

g mg VCM/bg serum proteins serum enzyme aclivities
o body wt. p‘;i:;:a) s | Albumin Globulins (%) GOT GPT AP Lot
{5' {ug/ml) (g %) (g %) L 8 Y (RI'-U)  (wF-U)  (BL-U) (u/1)
g Males: 26 weeks
0 75 7.6 2.5 53 33 b4 129 22 9.6 268
(R 14 7.9 2.5 52 36. 13 M9 20 8.2 272
3002 84 8.0 2.2 51 35 14 121 25 12,0 2068
Females: 26 wecks
0 99 7.8 2.7 46 32 22 159 20 8.2 270
14,1 91 7.5 2.4 50 28 21 171 19 0.4 311
300%) 93 8.2 2.8 49 31 20 136 24 8.7 234
Males: 52 weeks
0 30 5.8 2.5 48 32 20 79 23 10.4 163
i4.1 51 | 5.9 2.6 48 32 20 81 26 6..21‘ 166
300 55 6.3 2.7 46 13 21 97 25 9.5 214
Females: 52 weeks
O 53 6.0 3.0 43 30 26 89 22 7.0 149
o 4 1G9 6.4 3.0 41 30 29 104 24 4.8 100
si0°) 56 6.2 2.8 W 30 29 9% 32 8.6 117
I) Humber of animuls erxamined vavied from 4 to B8/sex/group.
2y 1The figures of this group were not evaluated statistically (sec §2.6).
ISP = Toral secum protein Al = Alkaline phwsphatasce LG.05; CtP<QLul; st PH0,001;
Gut = Glatawic-oralacetic cransaminase REF-U = Reitman-Frankel units according to the Rilcoxoa
Gl = Glutanicopyravic transaminase BL-U = Bessey-Lowry units test
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Table 10,

5 mg VN kg Ra K "*“EZ Mg cl Na K Feﬁzles tg ¢l
E body wt. (ppm) {ppm) {ppm) (ppm)  (mg %) (ppm) {ppm)}  (ppm} (ppm)  (mg 2)
g Week 26
© 0 3390 255 104 22 383 3611 256 (01 22 371
14. 1 3426 268 102 22 3176 3566 2737 04 23 374
suot 1429 270 105 23 349 3562 245 107 23 356
Week 52
0 4531 212 to7’ 21 369 3556 202 105 22 361
141 3579 201 107 20 355 3471 188 103" 21 371
3001 3591 217 105 20 354 3474 181 103 2 363

1) The figures of this group were not evaluated statistically (see §2.6).
*P-0,05;

**P-0.0t; ***I'<0.001; according to the Wilcoxon test
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Table 11,

microscopic findings

mg VOMs b
occult RBC WBC epith amorph cryst casts bact WE sperwm

g ] g otei ketones
appearance pll sugar protein blood

body wi.

Males: week 13
++

++

000Zv0 1S

++ - -

Females: week 13

+ ++ -

vellou

+ +

Males:

yetlow
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Table 11 vont.
tag - VCH/ kg microscopic findings
g; Lody wi, appearauce  pll sugar protein obclcol;l;it ketonesg |RBC WBC epith amorph cryst casts bact WE sperm
E? ] Males: week 94
é? {) yellow 7 - 4 - - ~ - + ++ +++ ~ + - +
= i.7 - 7-8 - +i+ - - - - + +4 e -~ + - +
3.0 N 7 - ++ - - - - + ++ 4 - i+ - +
[4.1 h 7 - 4+ - - - - + ++ +4 - T - +
300 ML NE NE HE Nii NE NE ML NE NE NE ME HE NE NI
Females: week 94
U yellow 7 - +HE - : - - - + + 4 - + - -
1.7 - 7 - e - - ~ - + ++ ++ -~ ++ - -
3.0 - 7 - Tt - - -~ - + + te4 - + - -
bay - 6-7 - +4¢ - - ~ - + + 1 = + = -
300 NE NE HE NE NE NE Ni NE NE NE NE NE NE NE I
Grading system: - = nugative REC = red blood cells
t = minimal WBC = white blood cells
v = slight WE = worm eggs
+1 = moderate NE = not examincd

+++ = high

+t++ = very high
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Table 1] cont. .

microscopic findings

my VCM/ kg occult : :
appearance pH sugar protein ketones [RBC WBC epith amorph cryst casts bact WE sperm
body we. blood
Males: weel 52
:':.2 4 Yellow 7 - +++ - - - - + * i+ ~ + - +
g 1.7 h 7 - +.++r + - + - + 1 +4++ - + - +
=S 5.0 h 6-7 ~ T+ - - - - + * PR - + - "
E’ .l B 6-7 - +++ - - - - + + i+ - + - +
3 - 6 - i+t - - - - + + + - + - +
Females: week 52
U ~Yellow 7 - T - ~ - - + + 4 - + - -
1.7 h 7 - ++ - I - - - + i ++4 - + - -
5.0 h 7-8 - - - - - - + + +H+ - + - -
14,1 " 7 - ++ + - - - + + +1 - + - -
360 - 5-6 - ++ - - - - + + ++ - ¥ - -
Males: weck 78
O Yellow 7-8 - ++ ~ ~ - - + + +++ - ++ - +
1.7 i 7 - 4+ % - - - + + +++ - +4 - +
3.0 ’ 7-8 ~ ++¥ - - - - + ++ HH+H -~ ++ - +
15,1 " 7 - T - - - - + ++ . - +++ -~ +
3ut) - b - +4+ - - 4+ + + ++ - + - +
‘ Females: week 78
i) Tellow 8 - + - - - - + + 4+ - ++ — -
v.7 8 - + + - + + 1 + +4+ -~ ++ - -
5.0 8 - + - - - - + + 4+ - + - -
11 7 - + - - - - + ++ ++ - +H4 - -
) 6 - + - - + ++ + + + - + - ~




Table 12. Mean urinary findings_in_10 rats/sex’group after 13, 26, 52,

————-—-—l.—.-«-h-—_-—--.—H---——-—_--—-I—-—-n—-—n—-u—.-— -u-——mn-—-—“--ﬂn--_— h/

78 and 94 weeks

mg VCM/kg  specific UGOT

volume uric acid phenol red
body wt. gravicy (R.F.-unizs) (ml) (ug/ml) i:cﬁf:lﬁﬁl)
o)
{. Males: week 13

0 1.0685 15.9 )
.0672 24.7"
.0637 20.5

14,1 1.0681 21.1
L0659 12.7
Females:
14.9
19.6.
23.5" .
22.3° 1.9
25.7

Males:
L0474 25.0

L0400 24.9
.0485 21.2 3.4 7640 -

.0533 23.3 3.0 743
.0636 22.4

N W

w O W ey
i
|

week 13

.0805
.0726"
.0706"
0727°
L0757

week 26

————
—
£~

—

Females: week 26

.0620 29.4 3. 76 60
.0582 26.5
L0641 29.1
.0639 27.6
.0619 28.2
Males:
1§.8
18.3
16.3
20.3

rJ
o

762 -

week 52

0643
L0667
.3h33
1.0RLI
L0736

24.6 2.1 1305 b



Table |2 cont.

mg VCM/kg specific UGoT volume uric acid phenol red
excretion
in lhr (%)

D)

body wt. gravity (R.F.~units) (ml) {ug/ml)

Females: week 52
19.
18,
19,
23.
26.
Males: week 78
26.1
22.5
24,0
27.1
26.7
Females: week 78
13.
14,

14.

: weel 94

Females: week 94
&‘).
.7
5.0
14,1
3003) - - -

[ — _—

1) Calv decermined in roes killed after 20 and 52 weeks (interim hRitli).
2) - = pot determined

3y The Iipures orf tihils wroun were not evalnated sratistically (nee " 2.k),
VCOT = urine glutamiv=osaiacetic tranaaningse s L.U0=nnies = Regtman=T0 oma
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EEQEE-EillﬁQ_after 26 and 52 weeks

mg VCM/kg Males Females

BSP-extinction sleeping | BSP-extinction sleeping

after 10 min. time after 10 min, time
(x103) (min) (x103) (min)

body wt.

Week 26
0 284 126 194 9
14,1 195 105 229
300" 210 108 113 81

0 354 125 176 94
14,1 303 108 155 85
300" 337 103 247 103

1) The figures of this group were not evaluated statistically (see §52.6)
*p{0,05; according to the Wilcoxon test.

Table 14,

(AH) activities in S9 fractions of the livers of rats killed

after 52 weeks (interim kill)

Males Females

mg VCM/kg Specific activity of: Specific activity of:

APDM (umol AH {(umol amino~| APDH (umoi AH (Bmol amino-
formaldshyde/ |phenol/30'/3 formaldehvde/ | phenol/30'/g
30'/g protein |protein 30'/g protein | protein

body wt.

36.155.17 (6)4 | 7.0:0.5 (5 26.7+5.4 (5) 8.2:0.5 (5)
35.0:4.8 (6) | 6.6:0.7 (6) 18.7:3.9 (7) 6.3:0.4 (5)
23.2+7.0 (4)‘ 7.1+0.4 (7) 24.,1+4.6 (5) 7.5+0.6 (4)

1) Scandard error of the mean

2) The number of animals examined is piven in brackets
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Table 15. Average body weizhts and relative weights of liver and
kidnevs of 5 _to 10 rats/sex/group killed after 26_and
32 _weeks
Males Females
mg VCM/kg
Body Liver Kidneys Body Liver Kidnays
body we. () (2 of (% of ) (7 of 7 of
g body wt) body wt) 8 body wt) bodv wt)
Week 26
0 129 2.54 0.62 194 2.60 0.66"
(4.1 323 2.9 0.64 190 3.08 0.67
300" 379 3.31 0.65 212 3.86 0.74
Week 52
0 372 2.63 0.56 200 2.57 0.66
14,1 380 3.00 0.56 195 3.31 0.69
300" 432 3.38 0.59 240 3,44 0.64

1) The figures of this group were not evaluated statistically (see 32.8)
*P<Q0.05; **P<0.0l; ***P<0.001; according to the Student t-test




Table 16.
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Incidence of lesions

T ¢ lesions males females
ype of lesio mg VCM/kg body weyy | mgVCit/kg body we,,
, 0 14,1} 300 0 14,1l 300

Animals killed after 26 weeks
of animals examined 10 10

Na.

9

1. Clear cell foci (small):

l} a. one or few 0] 1 ] 0 5 2

after 52 weeks
10 9

Animals killed
9

. of animals examined

l. Clear cell foci (small):

a.

b.

one or a few

several

. Basophilic foci (small):

‘j 3. one or a few 0 0

Eosinophilic foci (small):

k: a. one or a few

Neoplastic nodule
&_ 5. Hepatocellular carcinoma ) 1 0
6. Cystic proliferation of bile

duct epithelium

) The figures of this group were not evaluated statistically (see$2.6)
. P<0.05; **P<0.0l; according to the Chi- square test.
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%) . . . .
e table t7. Type_and_incidence of histopathological changes in the liver '
(=]
o~
N ——
8 Incidence of changes o
0 - { chan 2) males females
Che Of chamees
A Cliess ’ mg VCM/kg body wt ) ng VCM/kg body wt .
0 1.7 5.0 14.1 300" o 1.7 5.0 V4.1 3007

Number of animals examined » 55 58 56 59 55 57 58 59 57 54
. FOCI OF CELLULAR ALTERATION

4. CLEAR CELIL FOCI

l. OHE UR A I'EY 0 B+ 16T 24°*** g A 26 22 3" 10
EE. SEVERAL TO MANY - 0 1 0 0 0 0 0 0 0
b. BASUPNILIC TOCI
f. ORE OR & FEW 8 15 19° 22 12 10 33 17 2 19
Il. SEVERM, TG Haly 0 3 2 0 0 0 0 0 0 0
c. EOSTHOPUILIC FOCI
I. ONE OLR A FEW 3 20°°% 24 33 10O 8 35*** 20° 26" 6
10, SEVERAL TO HaUY 0 3 3 0 | 0 0 0 0
3. NLoVLASTIC NODULES
I. ONE 0 1 7°° 14 3 2 17°** 23*** 8 1
11. FEW TO SEVERAL 0 0 0 g 0 0 9** 16**% 36" 1
. 3. HEPATOCELLULAR CARCINOMA 0 1 2 8g** ! 0 4 19*** 29°*** @
4. ANMGTOSARCONA 0 6° 27 27 0 Q 2 9" 29
5. PROLIFLIATION OF ATYPICAL SINUSOIDAL CELLS ONLY 2 4 7 6 4 6 k) 4 )
6. LX1EUSIVE AREAS OF NECROSIS 4 4 8 23+ 2) 5 6 b9+ 27+-+ 24
7. CYsTs 2 3 4 16°°° 3 9 307 410t 49t 3
. LIVER-CLLL POLYIORPHESH a. slight 4 /R 3 T A To! 30 30 30 [ 33
b. moderate/marked 0 2 7°° g 6 4 21 8 et 3

cvaopt . ...




Tabte 17 cont.

Incidence of changes

%5 Tvpe of chanies 2) males Lemales

- P e mg VCM/kg body wt mg VCH/hg body wt
5 1.7 5.0 14.1 300 1.7 5.0 4.1
[
o
O

9. CENTROLOBULAR LIVER-CELL DEG!CNERATIOH- 0 0
10, SLIGHT EXTRA-MEMATLLARY HAEMATOPOIESIS |

Foui of RES-cells occasionally accompanied by a few

necrotic hepatovytes

Periporeal infiltrites of wmononuclear cells

Slight degree oi bile duct proliferation

Peripurtal fibrosis

Single cell necrosis a. slight

b. moderate

Vacuolization of hepatocytes, mainly: a. focal
L. diffuse
Distended sinuscids
Perilivpatitis
Large abscess
. Kupffer cell sarcoma
Reticulum cell sarccema
Fibrosarcoma

Macmanpgiovendothel toma

O C 0 0 O 0 0O 0 0 m

flesenchymal type of tumour

0

1Y Freatment-related changes are written in capitals.,

: : N ¢ 2) Specific hepatocellular lesions, viz. those mentioned
Cable wader numbers 1, 2 and 3, wvere classified according to Squire and Levite (1975). 3) The

viis BOfoex/aronp. A mnher of rats cautd e

tn this
inttial musber of animals

be examined because of cannibaliom or advanced autulystis, 4)
pie bl me sap wore 0l L sabaatad statistically (sec §2.8).

B kit o< 5l

It Eipgares

< a.00), accarding to the Chi-square test.
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Table 18, Site, type and incidence of non-neoplastic histopathologicul changes observed in animals of the control

D R e i T PP MR ey Pttt e S igiiphapul r Shoial.ogheiiuhas. = D n oo @ gttt

4 aml_two highest_dose groups'
< Incidence of changes
E Sote and tpe ot changes " V(IblTEéeﬁE@ Y - VC;;::IEZdy L
° : 0 141 300 [0 4.1 300
Nunber of animals examined 20 20 20 20 20 20
LUNGS
!. Adencomatoid lesions 1] | 0 0 0 |
2. Peribronchial, periobronchiolar and/or perivascular lymphoid aggregates
a. slipghe 7 9 0 rl 16 13
b, woderate 8 5 2 5 2 0
c. marked 2 5 0 o 0 ¥
3. Chronic respiratory disease a. slighe 9 2" 3 { i 0
b. moderate/marked 2 0 1 2 0 0
4. Focal accumulations of alveclar macropliages 2 0 0 4 0 0
5. Focal protiferative pneumonitis 0 0 0 ! Q 0
6. Focal, increased cellularity of interalveolar septa 0 1 0 0 0 0
SPLEEX
1. Increased haematopoicrtic activity 2 0 4 )
2. Increcascd amount of Lrown pigment in the red pulp 0 0 0 9 3’ 2
3. bepletion of the white pulp 1 ] ] 0 0 0
4. Keticalum cell hyperplasia 0 0 1 0 ! i\
5. Focal fibrosis 0 0 0] 0 0 i
Kibrys
V. Tubular nephrosts a. slight 7 8 4 12 10 8

cunt., ... .
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Ll!_; !_c_! 8 vont.

Incidence of changes

males females
Eﬁ Sitte and type of changes mg VCM/kg body wt | mg VCH/ky lLody wt
o 0 ‘i(a.l 300 0 14.1 300
= e
S Ridueys cont. '
p-H-l 1. lubular nephrosis L. muderate 8 5 5 2 3
¢, marked 4 4 8 1 0 2
2. bepgenerated glomeruli 12 8 13 5 i 2
Jo Focal intiltrates of mononuclear inflammatory cells 6 0** 5 9 1°° 1
a. Periglomernlar sclerusis 0 0 1 0 0 0
5. Mnereased amount of broun pigment vithin cortical tubular epithelial cells 2 2 0 5 4 3
6. Calcareous deposits in the cortico-medullary layer and/or papilla 6 2 I 6 i 5
7. Dhiltatation of tubules in: a. cortex 4 4 9 8 A 2
b. medulla 0 3 6 2 0 3
g, Cortical cvst lioed by flattenced epithelium 0 1 0 0 0 0
oo Uvelitis 0 0 I 0 0 0
ta. Focal proliferacion of atypical tubular epithelium cells 0 0 | 0 0 0
Pl Medronephirosis 0 0 0 0 1 0
FANUREAS
[. Focal infiltrates of monenuclear inflamaatory cells I 0 0 0 0 2
S, Periarterttis 2 "0 0 { 0
J. ool of evstic ductuli 1 t] 0 Q ¢ 0
+. Uhange of acini into duct-like struciLures 0 0 ! 0 | 0
HEART
o tocal antiltrates of mononuclcar inflammatory cells ] 0 Q 2 8! |
focal mwvacarditis or myulibrosis 4 ? 0 Qa ] 2
foosbr sl ey sl b trhresas (3 \] | 9 V] y!
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L.rﬂ T - N ’ Incidence of changes
. . males femates
© Site .and type of chunges mg VCM/kg body wt | myg VCH/kg body wt
g ) i4.1 300 O 14.1 300
e e - —
Vo nose
L. Subepithelial infilerates of mononucledr inflammatory cells 0 I 0 1’ 1
2. Atypical metaplasia of neuroepithelial cells l 0 0
3. Proliferation and degeneration of Bowman's glands 0 0 ]
TRACHEA
I. Subepithelial infiltrates of mononuclear inflammatory cells a. slight 6 6 6 8 6 6
b. moderate 7 4 2 8 o 0
oFsoPiaCys
. Peri-vesuphagitis 1 0 0 0 0 0
S IoMAcH
t. Dilated mucosal glands ) 8 6 7 14 3 ?
2. Uyperkceratosis in the fore stomach . 2 0 0 0 0 2
3. Submucosal infilcrates of polymorphonuclear inflammatory cells 0 0 | 0 1
ADREHALS
t. Begencerative cortical changes (haemorrhagic cysts and parenchymal necrosis) 5 o0 0 10 6 7
2. Increased vacuolization of cortical cells: a. diffuse 2 3 4 2 0 0
b. focal il 5 3 5 6 3
. 3. Foci of basophilic medullary cells 1 2 2 0 8] 0
4. Slight mononuclear cell infiltrates in cortex anmd/or medulla | 0 0 0 I }
5. Lipofuscine-like pigment in the cortical cells 0 0 0 4 t {]
PITUITARY |
1. Uyst: a. in pars disralis 3 I i | 0 !
b. In pars interwedia ] 0 0 0 | 0
2. lyperplasia ot Jromophohe cells 1 0 ! ] 0 0
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Ei Table 18 cont
2; Incidence of changes
t; Site and type of changes - males fewaics .
mg VCM/kp body wt mg VCM/ kg body wi
0 4.1 Gy U (X 30
BEAIR .
I tocal submeningial iufiltraces of mononuctear inflammatory cells 1 0 8] 0 0 0
SCLa1iC MERVE
o Benyelinization | 0 0 0 0 0
HYROLD
I. Activated appearance 7 7 8 i 6° 3
2. Proliferation of parafollicular cells a. difque 0 0 ] 0 0
. b. focal 0 0 1 2 0
3. Psammoma bodics 1 0 0 0 0 G
SKI1 ETal MUSCLE
i. T'ocal infiltrates of mononuclear inflammatory cells . 2 0
2. Fucal myodegeneration 3.
3. llacmorrhages | |
E}EhﬁORBiTAL LACHRYHAL GLAMDS
I. Prosoplasia of glandulac epithelium into Harderian-type acini 16 17 i6
2. Focal iefiltrates of mononuclear inflammatory cells 7 2 ! 0
HARDERIAN CLANDS ,
I. Adenitis P !
2, Calecarcous duposits
PARDTID SALLIVAKY GLANDS
. Vacuolizarion
2. Desquamation of ductular epithelium

cont

......
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T.able 18 cunt.

Incidence of chauges
males females
mg VCH/ikg body wt my VCM/ky body wt
0 14,1 300 0] 14.1 300

Site and type of changes

SUBHANTLLARY SALIVARY GLANDS

). Change of acini iuto duct-tike structures | ¢ 0 0
Yoo Desyuamstion of ductular epithelium ' 0 0 ! 0 0

SUBI THOUAL SALIVARY GLANDS

I. Desquamation of ductular epithelium 0 0 1 i 0 0
ZYNEALYS Cl.ANI)_b:

l. Cystically extended ducts ' 1 0 0 0 0 0
INIFSTINES
1. Parasices 3 1 I 1 0 2
LRINARY BLADDLR
I. Farasites 0 0 1 0 0
Loodroteinaccous plug - 2
b.o Hyperplastic epithelium i 0 o 0 0
NESTRTERY
!. Periarteritis 2 ) )
I, reritonitis 0 2 0 0 o 0
OVAKRIES
I. Follicular cysts - ’ 5 0* 5
IESTES
. Mtrophy: a. a tew to several atrophic tubules 5 2 i

b. unilateral atrophy 0 3 4

c. bilateral atrophy 5 3 i
Sootufilieates of ponenaclear inlbamratury cells | U 0

cont....
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< Table 18 cont,
n
o
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i

Incidence of changes

i r . . males (emales

Site and type of changes mg VCH/Kg bady Wt e V@ body Wt
0 14.1 300 0 14.1 300

Tuestues cont,
3. Periarteritis . 2 o o
EPLOIDSHIDES

b. Facal infiltrates of mononuclear inflammatory cells 0

[+

2. Periavteritis { 0

0
0

J. Epididymicis t

£,

4. loeraepithelial cysts !

o o O

PROSTATE

I. Prustatiuis 5 0° 0

2. Postatrophic hyperplasia 0 1

}. Endometritis/pyometra 11 2°" I
2. Ditated uterine horn 0 2 )
3. Cystic endometrial hyperplasia 4 ] }
4. Polyp
MAMMARY GLALDS

I. Focal infiltrates of mononuclear inflammatory cells I 0 0
2, Duct ectasia 2

3. Abscess i

1Y The ehanges observed in the liver are not included in this vable; they are given in table 17
?Y The figures in this group were not evaluated staristically (sce §2.6).
Tl bhoniy e < 0015 P < 0001, aceording to the Chi-square test.
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v Table 19, Site, type_and_incidence of tumours in the different groups of rats'’
il Tucidence of tumours
™ males females - B
% Site and type ol tumours 0 % Vmg{‘.{g bOdllll.tjf 300 o 7 VCM?TS b”d)l'ff: 300
luttial number of auimals . 60 60 60 60 60 60 60 60 60 60
Liteceive number of animals 55 58 56 59 55 57 58 59 57 54
humber of animals bearing primary tumours 38 50 49 52 44 54 56 55 57 47
Total number of primary tumours 67 97 92 121 85 101 140 129 134 93
Livig 7
. LEOPLASTIC NODULES a. OHE 0 I 7= 142+ 3 2 J7+* 230 a {
b. A FEW TO SEVERAL 0 0 0 gre 0 0 1 R 16*** 36°**° i
2. HEPATOCELLULAR CARCLNOMA ¢ | 2 B+» | 0 4 19*** 29+ ¢
1. ;\Til.[l)S{\RC{"II-h; 0 o 6+ 27+ 27 0 0 2 g 29
4. Kupfter cell sarcoma 0 0 ] 0 0 0 4] 0 0 0
5. Reticulum cell sarcoma 1 i 0 0 0 0 0 ) 0 0
6. Fibrosarcoma 0 0 1 0 0 0 0 ! 0 0
7. hHuemangioendothelioma 0 0 0 0 ) D 0 0 0
8. Musenvhymal type of tumour 0 0 1 0 0 0 0 0 0
LUKCS
1. ADGIOSARCOMA G 0 4+ 19*** 19 0 ] } 5° 23
2. HETASTASES OF HEPATOCELLULAR CARCIMNONMA ] 0 0 | g 0 0 10 4
Aduenoama 0 o 0 0 ! Q 0 0 0
etavtasds ol squawous cell carcinoma skin 0 i 0 0 0 O
Metastases ol [ibrosarcuma 0 0 0 0
Hoelastbases 2f reticulum cell sarcomas 0 0 0 0 0
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Table 1Y cont.
Incidence of tumours
males females
Site and type of tumours mg VCM/kg body wt mg VCM/kg body wt
0 1.7 5.0 b4, 300 0 1.7 5.0 14,1 300
7. Metastases of mesenchymal liver tumour 0 0 ) 0 0 Q 0 0 0 0
8. lletastasces of adenocarcinoma mammae a 0 )] 0 1)) 0 0 0 1 0
9. Metastases of Kapffer cell sarcoma 0 0 ] 0 0 f] 0 0 0
13, Mctastases of mesothelioma 0 0 0 0 0 0 1 0 0 0
Z._‘l'NiS.-\.L'S CLALDS .
1. SQUAMOUS CELL CARCINOMA 0 2 l 0 i
2. Adenoma 0 4] 0 0 0 |
ABDOEH
b MUSOLHELLOMA 3 ) 7 8 1 I 6" 3 0
2. ATGYOSARCOMA 0 0 0 0 | 0 0 0 2 1
3. METASTASES OF UEPATGCELLULAR CARCINOMA 0 o o 0] g ) 0 | 0 g
4. Fibrosarcond 0 0 0 3 0 1 2 0 0 0
5. OUstuosarcuoma 0 0 .0 0 1 0 0 0 I 0
6. Sarcuma 0 D 3 H #] 0 0 | 0 0
7. Reviculum cell sarcoma 0 | 0 0 | 0 0 0 0
“. "Schwann cell tumour” 0 0 0 0 1 0 0
9. Unclassified abdominal tumour 0 0 0 2 0
1. ltavmangicendotheliosarcoma 0 \
2. Lyaphasarcoma
KOSE
o Sqoaeons coll carcinoma

!
0 ’

0
cont



e - —_— — — .~ “*——* r—-q r.-'- —— —— —— hasmane | Smmn! "—":

i o
b
Q
N
S Table 19 cont.
[
e S - ;
Incidence of tumours
Sire d type of Lumours males females L
wibe and type o motts mg VCM/kg body wt mg VCM/kg body wt
0 1.7 5.0 1401 300 0 1.7 5.0 14,1 300
BH."!LI
i, Gruaular cell myoblastoma | 1 0 0 0 0 i 0 0 0
2. Oligodendrogliona | 0 0 0 0 0 0 0 0 0
3. Plexus papilloma 0 0 0 0 0 0 1 0 0 0
Y. Gliatl cell tumour 0 0 2 0 | 0 0 0 0 0
5. Ependymona 0 0 0 1 0 0 0 0 0
6. Hesodermal tumour 0 ] | 1) 0 0 0 D 0
PACREAS
I. Adencearc tnoma 0 0 ) o ¢ i 2 | o - 0
THORAK
. HMesothelionma | 0 0 0 ¢ 0 4] a o 1]
THYROID
!. Parafollicular cell adenoma . 4 12° 10 3 3 7 10 2 0
2. Parafollicular cell carcinoma 1 0 1 0 0 0 0 0 0 0
3. Tollicular cell adenoma ) ) ) ) i 0 | 0 0 | 0
ADRENALS
1. ITTASTASES GF HEPATOCELLULAR CARCINOMA 0 0 1] 0 O 0 | 0 4]
2. Cortical adepoma a. small ' 15 17 10 6° 7 I 14 14 9
. b. medium-sized 3 6 4 2 7 9 2 | 2
c. larpe 0 2 1 0 0 1 10 4" 2’ 3
3. Benign phacochromacytoma a. small 6 11 b 3 2 2 ! 1 G 0
b, medium-stced 4 6 4] } 4 4] 0 i 0 i

cont.. ...
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Table 19 cont,
Incidence of tumours
males females

Site and type of tumour mg VCM/kg body wt g VCM/kg body wt

0 b.7 5.0 14,1 3001 O V.7 5.0 4.1 300
Adrenals cont. .
3. Beaign phacochromocytoma ¢, large 0 1 ! 0 0 i
4. Malignant phaeochramocytoma 1 3 l 0 0 0 a
PITUITARY
I. Chrumophobe adenoma 2 12* 3 0 0 12 i4 5 3
2, Acidophilic adenoma 7 5 1 2 ‘0 0 1 0 ! 0
3. Cystic adenoma 3 8 2 0 0 2 | 5 i 1
4. Chromophobe carcinoma | 0 1 0 0 3 0 2 0 )
11,000
I. Honocyric leukemia 0 0 0 | I 1 i 0
2. Hyeloid le;kemia _ 0 0 ¢ 0 ¢} 0 | 0 0
3. Lymplhocytic leukemia (4] ¢ f 0 i 0 o 0 [
4. Unclassified leukemia 1 0 0 | | 0 0 0 0 0
1. "Endocardial Discase" ) -2 0 2 | i !
2. llaemangioendotheliosarcoma | 0 4] 0 0 0
KLDNEYS
. METASTASES OF ANGIOSARCUHA 0 0 4] 0 0 0 g 0 Q !
2, Hephroblastoma | a 0 i 0 0 0 a 0
3. Clear cell tumour 0 0 0 0 0 0 0 0 | 0
4. Lipowmatous tumour 0 0 i 0 0 a 0 0 0 0
5. Epith:lial tumour 0 0 0 1] 0 1 0 0 0 0

- g/
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Table 14 cont.,
Incidence of tumours
Stte and type of tumours males females
mg VCM/kp body wt mg VCM/kg body wt
0 1.7 5.0 14,1 300 1.7 5.0 14.1 300

Thy:s
I. Fibrosarcoma 1 0 0 0 0 0
Z. Keticulum cell sarcoma 0 1 1
El_l;ﬁliﬂ'l'[iRlC LYHEH HODLS
I, #eticulum cell sarcoma 0 0 0 0 ) 0 0 o 0 0
Sk1y
I. Squamous cell carcinoma 2 3 3 1 0 0 0 Q | 0
;‘n:_ll_ii(,'ll'l'[S
bo Fibooua 2 i 1 ] | 3 3 | 0
2. Fibrosarcoma 1 | |
3. M-rsenvlﬁwal tumour 0 0 1 0
MusCLE
1. Rhabdumyosarcoma 0 0 it | 1 1 0 0 0 0
sk,
. Usteoma ! 0 0 0
2. Hescuchyma! tumour 0
LAk KGOt
Lo adenoedarcinon of unbnown acigin 0 0 ) 0 0 0 0 0 0 0
MiTES
L. Jaterstitial el tuwour 3 ¢} . 0 } }
AT
o Thes oo cell pummog t) u i 0 0



Table 19 copt.

Incidence of tumours
_ ) males females
Site and type of tumours mg VCM/kg body wt ing VCM/kg body wt
0 1.7 5.0 14.1 300 0 1.7 5.0 4.1 300
PRALPUTTAL GLANDS .
- 1. Squamous cell carcinoma D 0 1 0 0 0 0 0 0 0
= UTERDS
[=]
.-IG I, Adenocarcinoma 6 3 1 i Q
S 2. Malignant fibroadenomatous tumour ' 0 1 0
[
1. Letomyoma 0 0 { 0 o
LhRVIY
. Mosceonchymal type of tumnur 2 0 }
2. Adunocarcinoma g l 0 0
_l‘l:\f‘ﬂl:".ll‘f GE ANDS
b Adenoma Q 0 0 0 0] 0 0 2 U
2. Fibroadenoma 0 0 0 ] 21 25 12°° 4" 7
3. ADENOCAKCHI HOMA 0 | 4] 2 4] 4 7 7
4. Anaplastic carcionoma 0 0 0 Q- 0 0 0 } 0 0
l_‘_R INARY 'BLADDER
i. Epithelial tumour 0 0 | 0 t] 0 2 ) 0 0

1) Trestwent-related tumours or tumours presumably related to VCH exposure are written in capitals,

2} Iupe and incidence of liver tumours are also presented in table 17; for the sake of completeness they are included
in this table rou.

3) it figures in this group arce not evaloated statistically {see §2.6}. .

2 I several cases the neoplastic character of the lesion was’ doubtful.

< 0.05;, ** P <0.01; **+ P < 0.001, according to the Chi-square test.
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Contaminants in basal diet for rats

Sample of 200Q kg batch produced in July 1976.

lead
cadmium
mercury
tin

arsenic

organo~P-ccavounds (dichlorvos, mevinfos, diazanon,
malathion, parathion) <

organo~Cl-comrounds (HCB, oHCH, B-HCH, y-HCH, hep~
tachlor, heptachlorepoxide,
aldrin, dieldria, chlordane,

DDT's) <
carbamates (as CS,)
aflatoxin <

oestrogenic activity (Tiecco-test)

3,%=benzpyrene
3,4-benzfluoranthene

indeno (1.2.3.-c.d.) pyrene
11,12 benzfluoranthene

fluoranthene ' .

K-anitrate

Na-aitrice

dimethylnitrosamine
nitrosopyrroiidine

wethylethyl-, diethyl-, methylpropyl~-, methylbutyl-,
dipropylnitrosamin, nitrosopyperidin

nitrosorzorfolin

') = = not determined

1.5 mg/kg
0.05mg/kg
0.17mg/kg
-') mg/kg
0.2 mg/kg

0.01mg/kg

0.04mg/kg

370

50

ng/kg

ug/kg

ug/kg
ug/xg
ug/kg
ug/kg
ug/kg

mg/kg

mg/kg

,
ug/kg

ug/kg

ug/kg
uwg/kg

“) incorrectly nigh value caused by DINA contaminacion of the solvent

dichloromethane

SL 04205
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Contaminants in basal dict far rats

Sample of a 2000k batch produced in February, 1977, Analyses made between

March and June 1977,
lead

cadmium
mercury
tin

arsenic

3.5 amplkg
0.13 mg/xg
0.08 mg/kg
9 mg/hg
0.3 mg/kg

’ q m‘

orzavo-P-compounds (dichlorvos, mevinfcs, diazinon,
zalathion, parathion) < 0.0 mg/xg

organo-Cl-compounds (HCB, aHCH, 8-HCH, y-HCH, hep-
tachlor, heptachlorepoxide,
aldrin, dieldrin, chlordane,
DDT's) < 0.04% ng/kp

o - TS

P
Sl

o pe

———

carbanates

aflatoxin

oestrogenic activity (Tiecco-test)

3,4~benzpyrene

3,4-benzfluoranthene

indeno (1.2.3.-c.d.) pyrene

11,12 benzfluoranthene

fluoranthene

K~nitrate

Na-nitrite

dimethvlanitrosamine

nitrosopyrrolidine

< 0.06 mg/kg

< 5.0 ug/kg

not detectable

1.7 uglkg
2.1 yg/eg
1.2 uglkg
0.7 ugl/kg
4.5 ug/kg
700 mg/kg
2 ng/kg

90 ug/kg*

methyletnyl=-, diethyl-, methylpropyl-, methylbutyl-,

diprepyinicrosamin, nitrosopyperidin

nisrosormorfolin

-

2 vg/kg®
< ue/kg
< 5 ug/ky

Incorrectly high values caused by contaminants in the solvent

dichloromethane. With the pure solvent the leveis of dimethy!l-
nitrosamine and nitrosopyrrolidine were [ound to be less than

one uy/fiey
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Nutriant composition aof basal diet for rats

Analvses of a 2000 kg batch produced in February 1977

wolsture 12,7 7

|
L
' [, crude protein (N x 6.25) 20,5 %
crude fat 6.2 2
[ calcium ‘ 0.90 7
) phosphorus 0.69 7
l dagnasium 0.13 7
izon 10 ppm
{ manganesa 75 ppa
copper 27 ppa
f] zine ‘ 45 ppm
' cobalt : < 0.1 ppo
chromium < 0.! ppm
seleniun -
vitemin A 12,300 I1.U./kg
L vitamin D 1.500 I.U./kg
vitamin E 108 mg/kg
' carotene 5.4 mg/kg
- vitamin XKj < ] mg/kg
[- vitamin B; : 5.9 wg/kg
vitamin B, 6.4 mg/kg
niacine . 68 . mg/kg
pantothenic acid \ 13.9 wg/kg
, foliec zcid 3 mg/kg
choline ) 1630 mg/kg
biotine 320 ug/kg
i vitamin 3Bi» : 30 ug/kg

- sL 0!}2029 -




