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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 Wiscar
rats. V(M was administered either by incorporating PVC-powder with a
high VCM ccatenc into the diet or by gastric intubatiom of a 10 per
cent VCM solution in soya bean nil,

The diets containing PVC -powder 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four consecutive hours, whereas food was withdrawn during the other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 resultaed in
the following oral exposure levels: Q (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 tha use

of dietary VCM levels much higher than 14.] mg/kg body weight/day, and
b) it was deemed desirable to imclude at lesst one dose-group that would
show overt signs of VCM toxicity, one group of rats was treated with
VM in soya bean oil by gavage at a reasounably high dose, viz. 300 mg/kg
body weight on five days a week.

Observations were made of genmeral appearance, mortality, growth, food
intake, hematology, biochemiscry of the blood, urine and liver, organ
weights, gruss and microscopic pathology and electron microscopy of the
liver.

Growth-retardation vas seen only in animals of the 300 mg/kg group.

Death-rate increased with increasing VCM levels. At the lowest dose

lev. . mortality was slightly increased only in females towards the
end of the experimental periced.

3lood-clotting time was slightly shortened in animals of the 14.1 and
300 me/kg grouns. There was also a slight increase in a-fero-

Tracein content or the blood serum in these groups.

Slight liver-enlargement and an increased haematopoietic-activity in
thespleen occurred in males and females of the two highest dose

Zroups.
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SUMMARY (continued)

A variety of neoplastic and nomn-meoplastic 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 nedules and
carcinomas) were found in all dose~groups. Their incidence was high in
both sexes of the l4.1 mg/kg group and in females of the {.7 and

5.0 mg/kg groups, low in males of the 5.0 mg/kg group, and marginal in
nales of the 1.7 mg/kg group.

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

abdeminal 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 adenocarcincwmas of the maumary glands.

Mitochondrial alterations were the earliest and most characreristic
VQ4-induced ultrastructural changes in hepatocytes.

The ultrastructure of angiosarcoma cells in the liver was suggestive of
the tusour cells being derived from sinu3oidal endothelium. Clear fibrosis

vas not seen o precede angiosarcoma—formation in the liver.
Main conclusions were:

~ VCM is a carcinogen in rats vhen 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 levels to

exclysively hepatocellular tumours at low levels;

~ the "no-toxic effect level" was lower than I.7 mg VCM/kg body weight/

day under the rigorous conditions of continuous cxposure (24 hours a day)

resulting from the continuous release of VY from PVC-powder in the

gastro-intestinal tracc.

gz0L0L S®Y
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Life~span oral toxicity study of vinyl chloride in_rats

INTRODUCTION

Industrial exposure to vinyl chloride monomer (VCM) has teen
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; Berk et al, 1976; Delorme &
Makk, 1976; Falk and Maxweiler, 1976; Haley, 1975; Jihe et al, 1973;
Makk et al, 1976; Monsom et al, 1974; Thomas and Popper, 1975;

Vale et al, 1976). In addition, various types of malignant tumours

as well as a series of non-neoplastic 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; Maltoni et al, 1974; Miller et al, 1975;
Suzuki , 1978; Torkelson et al, 1961; Viola er 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 toxieity study of VCM
conducted in thix Institute the monomer was dissolved in soya bean oil
and administered to rats at levels of 0, 30, 100 or 300 mg/kg bady
weight, once daily for six days 2 week. Several haematological, bio~
chemical and organ weight values differed to a statistically signifi=
cant degree from those of the controls, but these differences were con-
sidered to have only minor, if any, toxicological significance. In additiom, a
slight increase in liver~to-body weight ratio occurred at the highest
dose level. This increase was not accompanied by morphological liver
changes. The no-effect~level in this 90-day study was conservatively
olaced ac 30 mg/kg bodv weight, bur was probably higher since the
erfects occurring at 100 and 300 mg/kg body weight were of douptful
toxicoliogical significance (Feronm ec al, 1975). vrom preliminary
abservations it appeared that an alternative and more practical method
for chronic oral exposure of rats to VCM is the feeding of diers con-
taining PYC-rowder with a high VOM-conteet (Feronm ec al, 1975).
Theretore. 1n the present life=-<pan oral toxicicy studvy ot VCIt in

rars, "-powder conctarninms a hizn level ot VCM was i1ncornorated in the
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diet at levels resulting in planned daily incakes of 1, 3 or 10 og 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 wg/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 intake by man, which has been estimated to be 1.7 pg/kg body
weight. (Van Esch and Van Logten, 1975), and even very high in comparisen
with a more recent estimate of the maximm likely intake by man, viz.
0.0017 ug/kg body weight/day or 0.l pg/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 13-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 onme group of rats in the present

long-term study receiving V(M in soya bean oil by gavage at a reasonably
high dose, viz. 300 mg/kg body weight, five days a week, despite the

:;:1 disadvantages of gastric intubation.
) -y 2. , MATERIAL AND METHODS
¥ 2.1, Materials

Vinyl chloride monomer (VCM), from Akzo Zout Chemie, Rotterdam,
The Netherlands.
Mo = 62.50; m.p. = ~153.8°C; b.p. = ~13.37°C; density = 0.9106;
"p = 1.3700.
matter) was
and had the

provided by

Physical chemical ¢onstants:

The product {(colourless, clear, free of suspended

obtained in pressurized stainless-steel cylinders,

following scandard specification, which was
the .supplier:

-
r4

min.; acetvlene < 2 yl/l (gas);
mono-vinylacetylene g 15 pl/l (gas); 1,3-butandiene g 10 pl/l
(gas); methyl chloride g 75 ul/l (gas); ethyl chloride ¢ 30 ul/1
(gas); chloroprene 5 ! ul/l (gas): !,!-dichloroechanc ¢ | ul/l

20 ul/l (gas); acetaldehyde 1z 5 mg/kg:

Vinyl chloride monomer = 99.97 wt

o

e e e I i L

«

(gas); 1,2-dichloroechane

hydrochloric acid < | mg/kg; iron £ 0.5 mg/kg: water ¢ (00 mg/kg;

+

evanoration residue ¢ 10 mg/kg.

0£0201L S®Y
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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 2 max. > 300 um;

4 Z max. » 200 um; 90 % max. > 88 um; 95 T max,> 40 um.

Three different batches were used: 180 kg (VCM content 1800 ppm)
received on 10 July 1974, 1000 kg (VCM content 1500 ppm)
teceived on 14 April 1975, and 500 kg (VCM content 3 ppum)

received on 13 January 1977.

The VCH ceontent of the PVC-powder was raised to approximately
4000 ppm by mixing the powder with a caleulated amount

of the liquid VCM in a closed steel barrel, containing
approximately 50 kg PVC.

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

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

0.3 ppm.
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A 10 7 solution of VCM in soya bean o0il was prepared by injecting

liquid VCM into the oil. The VCM-concentration was checked by gas-
liquid chromatography according to the method described previously
(Feron et al, 1973).
period of, at most, 4 weeks.

The solution was stored at 4°C for a

2.2. Dosage levels of VCM

2.2.1. PVC-containing diets

2.2.1.). Preparation and administration of the diets

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

Z PVC-nowder in diet

PVC-powder con- PVC-powder
groups taining approx— without
i imately 4000 ppm VCM veMl)
! control group 0 10
low dose group 1 9
1 mid dose group 3 7
high dose group 10 0

1) PYC—powder freed from VCM. The VCM-content was lower than 0.3 ppm

The various diets were prepared daily ~ by mixing approoriate
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 !. The levels of

nutrientsand contaminants in stock diet are determined periodically

(see annex ). The diets were available to the rats each day for a

period of four hours (generally betweenm 10.0Q0 a.m. and 02.00 p.m}),

in such quantities that the animals did notr consume all the feed.

At the end of the four-hour feeding-period the teeders were removed

from the cages and the remainder of the diets was destroyed.

The rats had constant access to bottled tap water.
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2,2.1,2. Actual oral exposure levels of VCM

when PVC~powder containing, say, 4000 ppm VCM is incorporated in
the diet of rats at levels of 1, 3 and |0 percent, and an assumed
average loss of 50 per cent of VCM from the diet before ingestion is.
tzken inta account, the dietary VCM levels would be 20, &0 and

200 ppm respectively. This corresponds with expogure levels of

approximately !, 3 and 10 mg VCM/kg body 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 fract.

In order to be able to calculate the acrual oral exposure
levels of VCM, the following information is needed: (a) che amount
of VCM evaporating from the diets during the four-hour feeding-
pariad; (b) the speed with which the animals consume the food
during this pericd; and (¢) the amount of VCM excreted in the
fasces.

The rate of evaporation of VCM from the diets was determined by
meazuring the VCM-content of the diets at the beginning of the feeding-

period and after | hour, 2 hours and 4 hours. The diet samplez to be

analyzed were taken at random from the feeders in the cages, without

homogenizing the diers in the feeders. In this way samples of each

of the test diets were taken on Il or |2 diffarent days, and were

analyzed for their VOM-content. The analyses were carried out by

means of gas-liquid chromatography according to a method described

in a previous report (Feron et al, 1973). The average VCli-contents
af the various diets, found at the diffevent points of time, are
graphically depicted in Fig. |, on page 7%.

The zating-speed was determined by weasuring the amount of
residuai feed in the feeders after periods of ! hour, 2 hours and &4 hours.
This was performed for each of the diets on four different davs. The
number of tats involved in these determinations varied from 10 to 40/
sex/group.

food

Since no appreciable variations were encountered in the

rate of consumption of the animals in the various grouos, Jn

average riate

of food consumption was calculated for both males and
females (Fig. 1).

The VCY intake (me/kg body weight/day) was c¢alculared from the

graphs representing che rate of ¢vaporation of VCM from the dieCs

(Fig. !) and the rate of fond ronsumption over tne four=ngur feedinp-
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period for male and female rats of each group. Both graphs were assumed
to counsist 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 eatem during a certain period with the
average V(M content of the food in that period, The total VCM intake
vas obtained by adding the VCM intakes during the first and second
hour, and the last two hours of the four-hour feeding period. The VCM
intake was subsequencly expressed as percentage of the theoretical
intake, calculated from the average total amount of food conswumted and
the VCM content of the diet at the initiation of the feeding period.

It wvas found to be 82.4, 79.! and 79.1 Z for males, and 81.3, 79.3 and
79.0 Z for females of the low, mid and high dose groups respectively.
The overall average for males and femaleg of the various test groups
was calculated to be 80 Z. )

To measure the amount of VCM excreted in 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. (ome hour before the start of the
feeding period), 2.00 p.m. (at the end of the feeding period), 6.00 p.m.
(4 hours after termination of the feeding period) amd 11.00 p.m. (9 hours
after terminaction of the feeding period). Fresh feces samples wevre
obtained by squeezing the lower part of the rat's abdomen. The droppings
were veighed, submerged in 10 ml ethylacetate, and stored at 4°C in a
closed vessel until analysis of the supernmatant 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
vithin a particular test group, between the various points of time at
which the droppings were collected, although the optimum value was invari-
ably obrained from feces which were collected 9 hours after termination
of the feeding=-period (11.00 p.m.). Nor were there appreciable differences
1a YCM content of the feces batween maies ana fecmales.

The average amount of VCM found in the feces, 2xpressed as a percen—
tage of the VCM intake, was found to be 8, 10 and 17 7 for the low, mid

and high dose groups respectively.

The VCM content of freshly prepared test diecs was regularly deter— -

mitned. Turine the nourse f the SEudv some TWENEY SOLerTmINACLIvAS per

-
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dosage level were c. -:ed out'.
The results of these vCM~determinations formed the basis for cal—
culating the average VCM~contents of the various diets, which
appeared to be 456, 139 and 424 ppm for the low, mia and high dose
groups respectively. Since both the losz of VCM fyrom the diets be-~
fore consumption and the VCM-content of the faeces were kanown, the
actual oral exposure levels of VM could be calculated. They 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 differ=nces ara
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.

’ i
)

2.3, VCM in oil administered by gavage

ae 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 2 10 Z VCM sciution in
soya bean oil. The volumes were adapted to the mean body weighr: once every
week if necessary. These rats were offered the Institute's stock diet for
rats (table |) and bottled tap water ad libitum.

For practical reasons a comparable control group receiving soya

bean oil withour VCM was not included in the study.

I
r-i

2.4, Animals and housing

)

360 male and 360 female newly weaned, albino Wistar rats (Cpb:WU;

[ S,

Wistar random), which were obtained from the SPF colony of the Cencral

r—

Institute for the Breeding of Laboratory Animals TNO, Zeist, Nether=
lands, were allocated randemly over 5 groups of males and 5 groups of
{ females in such a way that the mean body weights were vircually the

same. Three of the groups, viz. the control group and the two highesc

z0s8e 3roups, cach consisted of 30 males ana 20 femaces. [lle Cwo lowest
. dose groups each comprised 60 males and 60 females.

-1 L During a period of 5 davs prior to the start of the experimenc,

the rats which were to be fed the PVC-containing diets received stock

diet wtthout PVC fuor four to six hours each cav. This was done to give

G€0.01 S®BH

) Datlv ceterminations were nor considereg necessary secause 1) the
VCM-cotitent of tne PYC-powder stored ac 490 in g clesed harrel was
foung ro remain constant; ina b) the ViMecontenr sf fha PVC-sowder
3sed Soouared to correspand vert weil with fhe Yi-enmtene or the
TITLOUY diels. !
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2.5.

2.5.1.

-8 -
the animals some chance to adapt to the daily feeding-period of “exacc-
ly" four hours which was to be ysed during the entire test period.

The study was started on |3 January 1975 and terminated when about
three fourths of the controls was dead. This point of time was reached
for males in week 135 (date of termination I2 August 1977) and for females
in week 144 (date of termipmacion 13 Qctober 1977).

At the start of the study the r%ts were 3 weeks old, and the average
body weights of the animals which were to be fed the PVC diets were: for
males 92:0.5 g (ramge 71-115 g), and for females 86:0.5 g (range 61-106 g).
The average initial body weights of males and females which 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 screem-bottom (l7x44x32 cm), in a well-ventilated
rocm maintained at a temperature of 24+1°C. The rats given VCM by gavage
were housed in groups of two in suspended, tinned wire-screem cages (19x
19x32 cm) in a well-venrilated cabinet (1.45%2.15x1.20 m) maintained at a
temperature od 25-28°C. Animals which were in bad condition were housad
individually in separate cages uncil they died or were killed because
their condition was so bad that they were not expected to last out the
pight, or, when observed om Priday, the weekend.

In order to get am idea of the VCM concentration in the atmosphera
of the room containing the rats fed the PYC diers, samples of the air
taken at different sictes in the room (i.a. immediately above one of the
feeders containing the diet wich the highest lavel of VCM-containing

PVC-powder) were analyzed for the presence of VCM. In no case could VCM
be decected, indicating that the VCM concentration in the atmosphere was
lower than the detection limit of 0.2 ppm.

Attempts were made to determine the concentration of PVC-parcicles
in the atmosphere of che animal room. Air was collected during a period
af 24 hiours. The total dust éonccncrazion tnotne atmesonere of the room

wvas found to be 0.1 mg/m’ of air.

Conduct of rhe exveriment

Body weighrts and food consumprlon

The rats were individualiv weighed, :iniciaily, and at weeks 1, I,

.09, 3, I0 and 12, 4nd af -weeK LACCrVALL, [helE2LCCT.

tood consumption of U rats/sex/group was measured auring weeks -4,

10=tt, 24-25, 26~37, wnil=hl, 72=73 and 84-35.




2.5.2. Haematology

Blood samples were collected from the tip of the tail of 10 rats/

sex/group in week 13, 26, 52, 78 and 94. All samples were examined for

. ";_1 haemoglobin concentration (Hb) by the cyanmethaemoglobin method of
" o i -
. ik { Van Kampen and Zijlstra (1961); packed cell volume as micro-

haematocrit; thrombocyte and red and white blood cell counts

by Coulter Counter; and differential white cell count by direct
visual count of smears after Pappenheim staining according to
Gorter and De Graaff (1955).

|
[
e
L
L

Fasting blood glucose and blood urea nitrogen (BUN) were deter-

mined in weeks 13, 26, 52 and 106 using the Technicon AutoAnalyzer

180401 S%BY

method N-9a for glucose, and the automated phenazone/diaceryl monoxime

technique of Ceriotti and Spandrio (1965) for urea. The analyses were

. '
S e

conducted upon blood from the tiz of the tail of 10 rats/sex/group
after the animals had bteen fasted overmight.

In the course of weeks 13, 26, 52 and 106 samples of blood were

—
[EEN s

collected from the orbital sinus of 10 rats/sex/group. The following
measurements were made in the serum after centrifugation at 3000 rpm
‘- for 20 minutes: alkaline phosphatase (SAP). by the method of Bessey et
al (1946), using a Techmicon AutoAnalyzer; glutamic-oxalaceric trans-
’ ‘l aminase (SGOT) and glutamic-pyruvic transaminase (SGPT), according to
: the method of Reitman and Frankel (1957). using a Technicon Auto-
i I - Analyzer; total protein (TSP}, by biuret reaction; albumin according

- to the method of De lLeeuw-Israel et al (1967): serum protein pattarn

by the agar-gzel electrophoretiz method on microscope slides of Wieme

(1965), staining with nigrosin and quantitative ¢valuacion of che

electropheroerams by transmission densitometrv of the strins.

E 2.5.4. Urinalyses

Individual urinec sampties were collected from i0 Tags sex/croun
{_ n weeks 13, 26, 32, T8 and “4.i.e. durtng the fast ot hours o oa

Ja=hour period of deprivation of fora and warer. The tollowing

meAsUTEMENES wore made: volume Cin o calihrated THbes by spoeg Lt
vmavity (hv oan Ahbhe=tone reyraeronet ool urtre aod oaevordang Lo
Sorter ana T Gt YT LD b amre o g e e VTR IR s

oravirs o HCOTY ) aerording G e moihoe o an ana Uit -

LT nsaAy Teasents rom o Boect e, e T dewventet ) Sorneriands -
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Semi-quantitative measurements wete made of pH, protein, sugar,
occult blood, ketones in pocled urine samples, using Labstix from
Ames Laboratories and microscopy of sediment deposit - after centri-
fugation at 3000 rpu for 3 minutes. Deposits were examined for:
erythrocytes, leucocytes, epithelial cells, aworph substances,
phosphate crystals, casts, bacteria, worm eggs and sperm cells,

2.5.5. Pathology

All males still alive in week 135 and all females in week 144
were killed by decapitation, autopsied and subjected to a careful
gross examination. A thorough autopsy was also performed on racs
found dead or killed in extremis. Samples of the following organs
were fixed in & 4 1 aqueous, neutral, phosphate-buffered formalde-
hyde solution: heart, kidneys, liver, spleem, brain, teastes,
ovaries, pituitary, thyroid, adrenals, thymus, paacreas, epididymides,
prostate, coagulating glands, seminal vesicles, preputial glands,
mammary glands, lungs, skeletal muscle, spinal cord, sciatic nerve,
uringry bladder, parotid, sublingual and submaxillary salivary glands,
azillary and mesenteric lympbh nodes, ocesophagus, stomach, duodenum,
jejunum, ileum, caecum, colom, skin, femur with joint and bone
marrow, trachea, aorta, exorbital lachrymal glands, Zymbal's glauds,
cervix and uterus. )

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

Microscopic examination of all organs preserved was carried out
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 coumprised all animals killed at the end of the experimental
period (14 males killed in week 135 and 19 females killed in week 144},
supplementced by the animals which had lived the longest before they
had to be killed in a moribund condicion. For the two highest dose
groups the rats subjected to detailed hiscopacthology comprised the
20 males and the 20 females which had lived the longestc before being
killed in moribund conditiom.

kistopatholopgical examination of all other rats, except for those
nilled after 26 and 37 weeks (see § 2.5.6. entitlea: “Ingerim kills™},
was restricred to the liver, the glands or Zvmhal, zne lunes, kidnevs,
saoleen. prtuitarv, thyroid, adrenals, grossly visicle tumours and

Jrgans containing gross lesions suspected of being tulours.

- A ! -
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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

Frid Al Lt

o~ ~— T Y o~ T
[, ‘kjﬁiﬂ - T ™ :

liver was expected to contain an angiosarcoma. The samples were

fixed by immersion in a fixative the composition of which is
degcribed in detail in § 2.5.6. on page 12.

Juesnp

After verification

of the presence of an angiosarcoma by light micrescapy of paratfin-
embedded, haematoxylin-eosin stained material, tissue samples from
one male rat of the 14,1 mg/kg group were post-fixed and embedded
in plastic, and semi-thia sections were prepared according to the
methods described on page [12. Thereafter, ultrathin sections were

prepared and viewed with a Philips EM 201G electron microscope at
60 kV.

2.3.6. Interim kills

Ten males and ten females of the control group and of the two
highest dose groups were killed by decapitation and subjeéted to a
thorough autopsy both after 26 and 52 wveeks. The following obser
vations were made in these rats either during the three weeks
preceding their death or at post-mortem:

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

P\

] t_\ 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

Z [ to methods mentioned in § 2.5.3 on page 9;

' lactic dehydrogenase in the blood serum (LDH), using the method of

/ Wréblewski and La Duec (1955);

! serum a-fetoprotein, acecording to a radio-immuno-assay described by
Bockestein-Tiahjafi and Kroes (1976);

w . liver function, using the bromosulphophchalein (BSP)-excinction

N test and che barbiturate sleeping-time mechod.

‘ Bromosulphophrhalein (BSP) was injected intravenousiv (25 mg/kg body
weighr) and after exactlv ten minutes blood was collecred from the
orbital sinus., The BSP-concentration in the serum was determined

colorimetrically bv measuring the absorpance .t 380 nm.

Sodlum venrobarbiral was injected incraperitonetilv (2548 muska
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body weight) and the sleeping-time was recorded accerding to
Balazs and Grice (1963).

kidney function, by means of the phenol-red excretion test, which
wag carried out according te a modification of the procedure
described by Sharrar and Frazer (1963). Each rat was givem an
intramuscular injection of 0.1 wmg of phenol-red (in saline)

per kg body weight. The total urine which wvas produced in

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

was estimated colorimetrically by measuring the absorbance at

558 nm;

mixed function oxidase activities, aminopyrine demethylase (AFDM)
and aniline hydroxylase (AH), in liver-preparations (after 52 veaks
onlyh Immediately after killing the animals by decapitationm a
sample of each liver was taken and an $-9 fraction (wsupernatant of
homogenate centrifuged for 20 minutes at 9000 x g) was prepared.
The 5-9 fractions were stored at -20°C for 5 weeks before the

enzyme activities were determined. APDM~activity 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 Goldberg (1965). Protein was determined

by the method of Lowry et al (1951);

weights of the liver and kidneys;

histepathology of the liver, kidneys and glands of Zymbal;

electron microscopy of the liver

Liver samples of 2 males and 2 females of the contral group, the

14.1 and 300 mg/kg groups were collected after 26 and 52 weeks for
electron microscopical examination, The livers were fixed by perfusion
through the portal vein under Nembutal anaesthesia. The fixative
consisted of |.5 % glutaraldehvde, buffered with 0.067 M sodiumcacody-
lace (pH 7.4), supplemenced by ! I sucrose. The perfusion flow was

5 ml/I00 g/rat/minute. The perfusion of the liver with the fixacive
wag started after perfusiom with 0.9 % NaCl sclutiom. The liver

was removed from the body and a few slices from the left lobe were
immediately cur in | mm? blocks, which were stored in the fixative

overnignt at 4°C. The blocks were post-fixed in 1 7 0s0,.buffered -

) - . o, .
with 9,067 Y vodiuwencodvlate (nd 7.4 at 470, for a period

27 17 hours.
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Dehydration in graded aceron/water mixtures was followed by
embedding in Epon 812,

. 4 One-micron sections were stained with Paragon.
g " 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 26 weeks:
l- and one female and two males of the 14.1 mg/kg group and rwo
females and one male of the 300 mg/kg group which vere killed afrer

170201 SBH

52 weeks. Ultra-thin sections were stained with uranyl acetate
, and lead citrate and viewed with a Philips EM 200 or EM 201 ¢
J ?} electron microscope at 60 kv,

! {:D 2.6. Statistical analyses

[
.
p—

Statistical analyses vere carried out using Student's t-test
for the changes in body weights and organ-to-body weight ratios;
whereas haematological and biochemical values were evaluated by

—
;u-’h

means of the test of Wilcoxon. The chi-square test was used for
evaluating changes in mortality and in incidences of histopatho-
logical alterations.

group (300 mg/kg group) were not subjected to statistical analyses

‘; The values obtained from animals of the highest dose
[ due to the fact that no proper corresponding control group was in=-

cluded ip the study for practical reasons.

, 2.7. Additional control group

One extra control group of 60 male and 60 female rats was housed

in a room separate from that used for the other racs fed FVC~centaining

. diets; thus ptreventing any inhalatory contact of the extra control

rats with VCM. The rats in this additional concrol group were

—

initiated a couple of weeks later (7 February 1975) und were from
another (later) batch than the rats used in the ether proups. In

addition, the amimals of the additiunal control group were fea zne

—

. PVC~dict (the lnstitute's vat atock diet countaining 10 T PVC-powder
without VOM) ad libitum: this in contrast to the limited tfeedine=
periad of four hours eact day which was empioved tor the other (real)
contral proun.

ody wetehta, Toedg consumption and morgalios were recorded, and

1

the fieures 1re vrven an the nresent report, (1 animatls were autonsied

and A wide range o ore s were creserved o 0T battered tormaiing
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but no slides were prepared. ’

3. RESULTS
3.1, Symptomatology

The behaviour of the rats during the first year of the experimental
period was unremarkable, except for some respiratory difficulties im a
fev animals of the 300 mg/kg group. Most of these rats appeared to have

severe and often mecrotizing tracheitis and bronchopneumenia, which

vere probably the results of faulty dosing. During the second year the
general condition of the rats im this group gradually declined and the
administration of VCM by gavage became more and more difficult, Many
rats grew lethargic and filthy before they died or were killed in a
moribund condition. Most of these rats appeared to have severe leuio&s,
including tumpurs, of the liver and lungs. It was therefore decided to

terminate the V(M-treatment of this group in week 84.

After |8 months the number of unthrifty rats in the 5.0 and 14.1]
mg/kg groups gradually increased; more rapidly in the 14.1 thanm in

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

¢v0i0iL S3BYH

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 mulriple intra-abdominal tissue masses
which were always detected upon abdominal palpation. In addition,

animals with breathing difficulties were seen quite often in these

r{jmmmm'-\ﬂ@mmnm.m*ﬂﬁf

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

which, upon microscopy, appeared to be primary angiosarcomas or

oy

i

metastases of either hepatic angiosarcomas or hepatocellular carcinomas.

External tissue masses were fairly often found; mainly afcer a

test period of !8 months. The greater majority of the masses appeared

to be mammary gland tumours, but there were .lso other tvpes of

—

tumours originating from the skin, the subcutis or dermal adnexa.

Randomly distributea major abnormalities in appearance, not

actripucable to VCM. included staired coats, a bloody nasal discharge,

wat stools, focal alopecira, focal dermatitis. 5lood around the muzzle

and eves, pjaresis of hind lers, ioss of one or ooth eves, ind walte

opaque corned. T
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3.2. Body weights
The mean body weights of the rats of the 1.7, 5.0 and 14.1 mg/kg

—~
b

groups were very similar to those of the corresponding controls,
indicatring that the incorperation of VCM-containing PVC-powder in
the diet did not adversely affect body-weight=-gain (tables 3 and 4).
However, the average body weights of the rats of the additiomal con-
trol group were clearly higher than those of the other groups re=-

ceiving diets containing P¥C-powder. This difference is undoubtedly

due to the fact that the extra control animals
had constant access to their diet, whereas the other rats had access
to their diet cnly for a period of four comsecutive hours each day.

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
diets for a limited period of time daily (tables 3 and 4). An
obvious explanation for this difference can be foupd in the faect that
the former rats had constant access to stock diet, whereas the
latter animals were allowed to eat stock diet containing 10 %
(indigescible) PVC-powder for only four hours each day.

On the octher hand, rats of the 300 mg/kg group had lower body
weights than those of the additional comtrol group, which points to an
unfavourable effect of prolonged administrariom of VCM in 0il by stomach
tube (tables 3 and 4).

Lo
.
Lo
.

Food consumption

Food intake of rats fed the different PVC-diets for a limiced

!
i
{
i
:

gran

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

these groups was also very similar (rable 35)..

——

In comparisom with the racts fed the PVC-diets for four hours each
) day, cthe food consumption figures of the animals of the 300 me/kg group
were relatively low during the first period of 3 (females) to 9 months

(males), and relatively hign at later stages of the experimental period

£v0.01 S%®d

( (cable 3),
Food intake of the additional control rats receiving PVC-diet
é ad libirum was most often higher than that of the animals of che other

groups .table 3).
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3.4, Morcalicy

Mortality was low in males and females of the control group
during the first two years of the experimental period; it smounted
to 10 per cent after 2 years(able 6). This figure isonly valid for the
"real'r control group, receiving the PVC-dier 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 JO per cent). In females of che latter
group death-rate remained relatively high during the final nine
months of the test period; whereas in males, the differences in
cumilative mortality between the two control groups gradually de—
creased and finally disappeared (table 6). This esrlier mortality
in rats of the additional comtrol group is very probably connected
with the higher body weights, and the higher and updoubtedly mare
frequent intake of food im this group.

A mortality of abour 40 Z occurred in males and females of the
300 wg/kg group, already after an experimental period of |8 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 lesionz in these
organs.

A striking and dose-relatad increase in death-rate was also

found in the 5.0 and 14.1 mg/kg groups. Females of these groups

p—
L

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-rate

of females was only slightly higher than that of female controls
(table 6).

3.5. Haemataloey

Haemoglobin-concentration and packaed cell volume were found to
be relatively low in the 14.] mg/kg group after 78 and 94 weeks (table 7).
At earlier stages of the experiment both parameters were similarly
affected in the 300 mg/kg group: especially in males.

A relatively nigh aumber of wnicte hlood cells accompanied by
a decrease 1n the perccncage of lymphocvtes ang .an increase in the

percentaze of neutrophils was observed in maies of the 3.0 and l+.1 mn/kg

br0201 s3y
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groups after 94 weeks (table 7). The same effects occurred in males
and femiles of the 300 mg/kg group after 26 and 78 weeks, and in males
of this group after 52 weeks. In contrast to these findings, the
total number of leucocytes in the 300 wmg/kg group was low after 13
wveeks.

Blood of males and females of the 14.1 mg/kg group appeared to
clot slightly more rapidly than that of controls (table 7). Blood-

clotting-time of rats of the 300 mg/kg group was also relatively
shore.

Blood biochemistry

SGO0T-activity showed a slight
decrease in males of the 5.0 and 14.1 mg/kg groups and in females of
the 14.1 mg/kg group after 13 veeks ouly (table 8).

The activity of GPT in the blood serum was slightly decreased
in males of the 14.1 wg/kg group after 13 weeks, and slightly in—
creased in females of this group after 26 and 52 weeks (table B8).

SAP-activity was slightly decreased in males of the 4.1 mg/kg
group after both 13 and 26 weeks (table 8). Such a decrease in SAP-
activity wags also found in males and females of this group which were
killed after 52 weeks (table 9). On the other hand, in the females
of this group which were killed after 26 weeks, SAP-acrivity was
slightly higher than in controls
(table 9). A strikingly low SaP-acrivity was found in females of the
300 mg/kg group after 26 weeks (table 8).

A relatively low 8C0T-activity, and fairly high SGPT- and SAP-
aetivities occurred in the 300 og/kg group after 13 weeks. Ac this
stage of the experiment, the total serum protein gnd albumin contents
were also relatively hign in this group (table 8).

The urea nitrogen level of the blood was decreased
in males of the 4.1 mg/kg grouv after an experimental periad af 106
wveeks (tabte 8),

The :-itetoprotein level 1n the blood serum was
increased 1n males and females hilled after 52 weeks (table 9),

Males or the 30D mo/ke greur wareh were ailled afrer 321 weeks also
frad g relotively hagn o-tetonroterncentent of the “iood serum.
Tlezirmante-contents i fie olood serum are cresented in tadle i0.

W odriicreryes were fLung SetWeen the wrouns whicn were of tonroclogical
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significance.

3.7. 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 also relatively low from week 52 onwards.

Slightly increased UGOT-values were found in females of the
5.0 and 14.] mg/kg groups after 13 waeks, and in females of the
latter group after 32 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-respounse relationship; and the
differences are very probably the result of an unusually high
specific gravity of the urine of controls.

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

The phenol-red excretion test did oot produce evidence of oral

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

3.8. 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-

cations that the ingestion of VCM resulted in a diminished function

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

3.9. Mixed function oxidase activities in the liver

No signicant differences in activity of APDM or AH in the liver
were found between test groups and controls (table i4), With respect
to the specific activities determined, this indicates that no in-
duction of mixed function oxidase activities occurréd following oral

exposure to VOM. ’
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3.10. Liver and kidney weights

[ Liver-to-body weight ratios were slightly increased in males and ’
Fa females of the !4.1 mg/kg group bocrh after 26 and 52 weeks (table 15).
L} In the 300 mg/kg group, relative liver weight was always higher than
in the other groups. These findings suggest that ingestion of VCM

‘ﬁ 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 only (table 15).

3.11, Pathology

I- 3.11.1. Gross examination

Many rats exposed to VCM had severe ligss lesions. Pronounced
gwelling, 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
gsize (up to 4 cm in diamecer), appearance and consistency, were fre-
[ quently observed. Many of the nodules were solid and pai:; others
vere cystic and haemorrhagic. The larger, firm and pale nodules with
-4 central necrosis appeared, upon microscopy, to be carcinomag. These
i werz mostly present in completely distorted livers. Angiosarcomas were
me ften seen as multiple, soft, dark, cystic nodules, containing

t bi

el.

nd granular, necrotic material. Nodules, which were later on
.iied as "neoplastic nodules’ were relatively small, firm and
compact; they were either pale or had the same colour as the adjacent
normal liver tissue, and never contained necrotic material.
The abdominal cavity of several rats found dead contained blood,
most probably derived from a ruptured cyst-like structure in the 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 seen at all in che low dose group, and
! Jccurrea more frequently in males of the 5.0 and l4.1 mg/kg groups than
in females of these groups. The Lncigence of this tvpe of nodules was

sian it che 200 mzrkg level, -ut there was no obvio diZlerance 1n this

the sexes. Solid nodules occurred : .2 frequently and

{ were more often multiple in fcmales of the 1.7, 5.0 and 14.) mg/kg groups

than in males of chese groups. Actuallv, in males of the lowest dose

aroun. iver nodules were seen wn 'niv a4 few cases. -

slteracions

lonslsted  of

ifualng ar2as.

in the lungs winicn could be aserthed to VCM-rreatment

;mall haemorrnagic or grovish nodules, or slightly pro-

The nogules were viten tocated at the edue of 2 »ulmonary
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lobe. These changes were not observed in controls or low dose
animals.

Rats with a gwollen abdomen which contained free blood or
haemarrhagic fluid, and numercus 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 cent) than in the control or 300 mg/kg group (max-
imym incidence 5 per cent). Upon microscopy the nodules appeared to

be mesotheliomas. In a few cases nodules with a similar gross

appearance, occurring in the mesentery, were found to bhe an

to the masotheliomas, the arreritic nodules nearly always were
seen, upon incisiom, to comtain blood.

Other frequently occurring gross alterations were: slight
to marked chromic respiratory disease; testicular atrophy; dis-
tended uterine horns; focal alopecia; large kidneys with a
granular surface; white spots on the exorbital lachrymal glands;
splencmegaly; ovarian cysts; mammary gland tumours; and tumorous
enlargement of adrenals, thyroid and pituitary gland. Lesions
seen in a relatively small number of rats included: emlarged
semipal vesicles; haemorrhagic fluid in the urinary bladder;
gastric haemorrhages; enlarged lymph nodes; and pale, enlarged cardiac

1
f ;
4
. g E%) advanced stage of periarteritis nodosa. However, in contrast

auricles. In addition, a wide variecy of pathological changes,

— including tumours, were observed in just ome or a few rats. There
i was no indication that the occurtence of any of the neoplastic and

[ non-neoplastic changes mentionea in the last paragraph were related to
- VoM.
3.11.2. Mieroscopic examination

3.01.2.1, Ratg killed after 26 or 52 weeks (Interim kills)

Liver changes that could be attributed rto YCM were found in

- rars which were killed after treatment periods of 26 or 52 weeks.
( The hepatic alterations comprised foci of cellular alteracions,
L neoplastic nodules, hepateocellular carcinomas and cystic bile duct
nvperplasia (table 16). The hepatocellular lesions were classifiad
iccording to the svsrem described by Squire amd Levict (1975).
Only a3 few amall, rlear relil focl were round in a limitea aumber
Lo
!
{
L

80,01 SBH
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of test animals after 26 weeks (table 16). After 52 weeks the
number of rats with foci of cellular alterations as well as the
number of foci per liver had clearly inecreased. In additiom,
one male and two females of the 14.) mg/kg group had a neoplastic
nodule, and in one male and one female of the same group a
hepatocellular carcinoma was found (table 16), It is remarkable
that neither neoplastic nodules nor carcinomus were observed in
the 300 mg/kg group. In this growp the incidence of foci of
cellular alterarions was also clearly lower tham 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 actributable
to VCM were not chserved in the kidneys or glands of Zymbal.

3.11.2.2. Rats found dead or killed in moribund condition or terminally

The type and ipeidence of histopathological changes found in
the li!EE ate given in table 17, which shows that lesions attributable
to VCM included foci of cellular alterations, meoplastic nadules,
hepatocallular carcinomas, angiosarcomas, proliferation of atypical
siousoidal cells, extensive pecrosis, 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
14.1 mg/kg groups) was much higher tham in the control group, and
also, nearly always higher tham in the group receiving VCM in oil
by gavage (300 mg/kg group). Similar differences also existed for
necplastic nodules and hepatocellular carcinomas.
In the test groups receiving PVC-powder the inci-
dence of both neoplastic nodules and hepatocellular carcinomas was
(a) positively related to the VCM dose. and (b) much hizper :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 controls
and low dose animals (table 17). In both the 5.0 and 14.! mg/kg group

the incidence of angiosarcomas was three times 4s “igh :n males than
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in females. This difference b:=tween the sexes did not exist in

f the 300 mg/kg group, in which an angiosarcoma incidence of about

( 50 T was found in both males and females (table 17),

{: 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

[l 14.1 mg/kg groups) are plotted in fige. 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.

&;:) In the 300 mg/kg group, which for reasons of incomparability

N\ with the other groups was not included in figs. 4 and 5, the

L average latent period for the detection of liver tumours (almost
exclugively angiosarcomas) at death was found to be 84 weeks for

{g males and 83 weeks for females. For males and females of the 14.1

; mg/kg group these average latent periods appeared to be 104 and 88 weeks

. respectively, The differences in the latent period between the two

[j groups are clearly indicative of an earlier appearance 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 sinusaidal cells, oftenm

{ accompanied by distension of sinusoids., In addition, similar
changes were observed in several rats not bearing a tumour in the

o™ liver (table 17).

-

Large areas of neerosis were found in the liver of quite a high
ammber of rats of the three highest dose groups (table 17).

[ Cysts, which were very probably lined by proliferated bile duct
epithelium, were seen ip a relatively high number of males of the
L 14.1 mg/kg group, ana in females of the 1.7, 5.0 and 4.1 mg/kg
groups (table 17). The size and multiplicity of the cysts varied

L +1dely among the individual animals.

Liver cell polymorphism was seen much more frequently 1n males
of each of the test groups than in controls (rable 17). In females,
a slight degree of polymorphism vas also observed in quite a number
of contrels, but the polymorphism was more pronounced Lo many TJAts

from test groups than in controls.
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Centrolobular liver degeneration was a frequent finding in

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

——

?m--!——rmc_

Y

Small foei of haematopoiesis in the liver were encountered
more often in males and females of the two highest dose groups
than in those of the other groups (table 17).

.
-
-
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The non-neoplastic histopathological changes observed in organs

other tham the liver are presented in table 18,

A wide variety of alterations were found. Nearly all of them are

congidered to be related to the snormal ageing process. An exception
might be the very strong haematopoietic activity found in the spleen
of & out of 40 males and 10 out of 40 females of the two highaat dose
groups (table 18, SPLEEN, 1). Whether this strong activity was
related to the oral VCM exposure is doubtful, because marked haema~
topoiesis in the spleen is a quite common finding in old rats.
Several alterations were found clearly less freguently in each
of the two highest dose groups tham in controls. These included i.a.
bronchiectasis in the lungs of males (table 18, LUNGS, 3), aa 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),

P Y gl T

1

dilated mucosal glands in the stomach of females (table 18, STOMACH, 1),

13
e
X

and endomecritis or pyometra (table 18, UTERUS, 1), The lower incidence

2f these age-connected changes in the tesc groups can undoubtedly be

—

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

autopsy-

—

The site ana tvpe of the tumours observed, and their :incidence 1in

-

the different groups are presented in table 19.

The different aspects of the coccurrence of tumours 1n the liver have

P

ilreaqgy been describea in this chanter (see alse table 7).
\ngivsarcomas were ‘requently tound in the lungs ar the two igunest

20se levers, and also occurred :n a few rats of the J3.J meska sroun

‘tapie 19).  Thev were most often sven as multinle very smail to smatl
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foci of tumour cells with an angiomatous growth=patterm. Theirp 4

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

In four rats of the two highest dose groups an angiosarcoma
was found in the abdominal cavity outside the liver (rable 19,
ABDOMEN, 2). In each of thege rats the liver did not show signs
of angiosarcoma-formation. Therefore, these tumours are con-
sidered primary extrahepatic angiosarcomas.

Pulmonary metastases of hepatocellular carcinomas were not
uncommon (table 19). A total of 5 tumours of the glands of Zymbal
(ceruminous glands) were found: two carcinomas in males of the
3.0 mg/kg group, and two carcinomas and one adenoma in rats of the
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 respect to incidence
was absent. On the other hand, the latent period for detection of
an abdominal mesothelioma at death was found to decrease with in~
creasing dose levels for both males and females.

The histological appearance of the peritoneal mesotheliomas
was quite variable, but roughly two types could be distinguished,
viz. a fibrous type in which sarcomacous areas predominated, and
an epithelial type which mainly consisced of tubulo-papillary for-
mations. In several fumours boCh the sarcomatous areas ana the
tubulo-papillary structures occurred to the same extent. Mitotie
figures were never abundanc.

Fibroadenomas of the mammary glands were found much less
frequently in females of the 5.0, l4.1 and 300 mg/kg groups than
in controls or low dose animals (table 19). The low incidence of

this common type of "spontaneous" tumour, which is associated with old

age, at the chree highest dose levels i5 undoubtedly connecred with -

the mucn snorter survival fime af the auimals in chese grouss as compared

260201 S%d
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to that of contrels or of low dose animals. Despite the

{ ~
i relatively low survival-cime of females of the 14.1 and

300 mg/kg groups the number of females in each of these groups
~ which bore adenmocarcinomas of the mammary glands was twice as
iy

high as that in the control group. This might indicate that
VCM enhances the development of mammary gland carcinomas.

The incidence of several other common types ¢ tumours,
knowm to be associated with old age, were found to decrease
with increasing dose levels. Examples are: cortical adenomas
and phasochromocytomas of the adrenals; pituitary gland adenomas;
parafollicular cell adepnomas of the thyroid (the incidence of thig
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 weeka (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 abmormal mirochondria closely resembled those found
in rats following inhalation exposure to 5000 ppm VCM for periods
of 4-52 weeks (Feron et al, 1977); therefore, no further details
of their ultrastructure are given here.

After 16 weeks small foci of hepatocvtas, =ach containing
numerous highly swollen, irregularly-shaped mitochondria wichout

cristac and a matrix widely varving indensity, were encountered

in both livers examined. dAnr increased amount of tubular, smooth
endoplasmic reticulum (SER) was invariably present among the swollen
Tltochengria.  Scatterea individual nepatocyvtes were occasionaliv
seen to contain only a few extremely swollen mitochondria but were
f otherwise normal the other mitocnondria included.

After I1 weexs large areas of hepatocytes, containing numerous
swollen mitcchendria, were founa, mainlw in rats of the l+.1 qeskg
Iroyp. These penarocwvtes :aa iirze nuclel with oronounced nucleoli.

Tubular <IZ2 ana wnorls of 3ER were ocnasionally fourd tozether with
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witochondria containing lucent areas in which a membranous or
flocky material was often encountered.

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

were seen to be replaced by clusters of thrombocytes.
3.12.2. Ulerascruccure_of an_hepatic angiosarcoma

Dilated sinusoids lined by tumour cells was the basic pattern
of the tumour in the transitional zone between the tumour mass
and che adjacent liver parenchyma. The tumour cells seemed to
be pressed against the hepatocytes, thus obscuring the space of

Digse. The tumour cells were slender and alectron lucent, and

contained a big nucleus with a small peripheral rim of chrowatin

and a large nucleolus. The perinuclear cytoplasm protruded into

[' the sinusoidal lumen. Bristle-coated micropinocytotiec vesicles
lj were observed in the plasma membranes and the cytosol. Thare

ey

ware only few cytoplasmic organelles such as mitochondria with or
without membranous imclusions, free ribosomes and dilated single
[ membrapes occupied by ribosomes. Small elongated c¢ell processess

or angular cell partitions were often found berveen tumour cells

o

of which the body with nucleus was visible and adjacent hepatocytes.
Both features were interpreted as oblique sections through the slender
ﬁ;} parts of other surrounding tumour cells. These were surrounded by
dark stained proteinaceous material from the blood serum. The angular

cell partitions contained small mitochondria, many vesicles and single

et s vt e sl o ol e - e et = e

membranes of RER. The elongated cell processess were occasionally
surrounded by esmiophilic granules, which also occurred in the peri-
pheral cytoplasm of the adjacent hepatocytes. These granules closely

resembled the granules which may occur in autophagosomes and tubular

vesicles of SER under other pathological conditions.
The adjacent hepatocytes had partly lost their microvilli,
- which were replaced by an irregular plasma membrane. These hepatocytes
] were often packed with mitochondria which had dark and light areas
ind whicn were surrounded hy 3 single strany of RER; they contained

an increased amounc of vesicular SER.

e —mdama. ——
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Large cells with an elongated nucleus were occasionally found.
These cells invariably adjoined hepatocytes and were further in
direct contact with bundles of either collagen fibres or fibres
with a low contrast and without any striationm.
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
aucleus with dense chromatin. There was no indication that this type of
cell was involved im the tumour process.

DISCUSSION

Only slight and often inconsistert differences were found
berween 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 anmy, toxico~
logical gignificance, 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 clot has been noticed in guinea pigs
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 normal blood clotting times (Lester et al, 1963). In comntrast
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 im controls.

Because of the conflicting obsarvations it isdifficult to assess the
toxicological importance of the slight hypercoagulability of the blood
as seen in VCM~expnsed tats used in our studies.

Miller et al (1976) recently reported a disturbed thrombocyric
function in 9 out of 17 patiencs suffering from "vinyl chloride
disease”. Thrombocvtooenia, which has been reported to be one of the
symptoms of YCM~-inroxication tn man (Jlhe et al,

1974; Muller et al,

1973; Lange et 1l.
i97h) was observea neither i1n the nresent oral
gxperiment nor :n the nrgvious one-vear innalation study (feron et al,

1977). In future stuadics, it scems destrable to pav special azscencion
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to the possible effects of VCM on thrombocytes.

Slight, though statistically significant, increases in the
a-fetoprotein conteat of the blood serum were found in males
and females of the 14,1 mg/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 5000 ppm VCM in air for periods varying from
4 to 52 weeks (Ferem et al, 1977)., These findings may indicate
the presence of fetoglobulin-producing neoplastic or prenecplastic
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 pecrogis 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 Johnsen, 1974; Lloyd, 1975).
Several investigators have produced angiosarcomas in experimental
animals through exposure to VCM either by inhalation or oral ad-
ministration (Feron et al, 1977; Holmherg et al, 1976; Keplinger
et al, 1975; Lee et al, 1978; Maltomi, 1975; 1976).
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

angiosarcomas, pulmonary angiosarcomas (most probably both primary

The results

tumours and metastases) and, at the higher levels,also a few primary
extrahepatic abdominal angiosarcomas. No angiosarcowas 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 (Malroni, 1976; Williamson, 1976) and
some evidence exists as to the occurrence of hepatocellular carcinomas in
persons exposed to VCM (Berk et al, 1976; Povoper et al, 1978), che high in-
cidence of neoplastic liver cell noedules and hepatocellular carcinomas in
test animals (especlally females) receiving VCM oraily in BVC-powder
was an unexpected finding in tha present studv. Even ar the lowest
level (1.7 mg VCM/kg body weight/day) VCM~-related liver cell tumours

and an increased

incirdence of foet of cellular alteration were noticeable
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in both 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 almosc exclusively
angiosarcomas at the very high doge level, via both angiosar-
comas and hepatocellular tumours at the intermediate dose levels,
to exclusively liver cell tumours at the lowest level, On the
other hand, not only the dose but also the way of administering
VCM might have been of significance for the differemce in
tumour response between the 300 mg/kg group and the lower dose
groups, because gastric intubation of VCM in 0il (once a day,
5 days a week) implies that daily the body (the liver) has to
deal with a large amount of VCM in a short period of time, vhereas
in the case of oral intake of VCM-containing FVC-powder the body
(the liver) is continuously (24 hours a day, 7 days a week) exposed
ta "fresh" VCM, which is gradually and uninterruptedly released
from the PVC-powder during its transport through the gastro—-intestipal
tract., One might also speculate that the upmexpectedly high inecidence
of liver cell tumours in test groups receiving PVC-powder is due to an
uvnusugl sensitivity of the liver cells to VCM as a consequence of an
altered metabolic state caused by the reduction of the daily period
of food intake to four hours. This restricted period of food intake
might have caused a daily, transitory depression of hepatic gluta-
thione, which has been demonstrated to be of significance for the
detoxification of VCM or its reactive metabolites (Watanape et al,
1976a, 1976b, 1976c).

The lesions of the hepatic parenchyma that couid be attributed
to VCM did not only include "foci of cellular alterations”, neoplastic
nodules and carcinomas, but also necrosis, centrolobuiar degeneration
ang mitocnonarial damage. In adartion, the silignt lncreases in a-reto-—
protein content of the blood and in relative liver weignt might also
be indications of VCM injurine the hepatic parenchvmal cells. Since
it is known chat tissue injurv followed by vepair (hypernlasia) may
stimulace tumour formation, =he possibilitv tnat the occurrence of
nematoceilular rumours following YCM exposure i3 not due to the geno-—
toxic usctivity of VCM hut to the chronie nrocess of continuzous dumage
ind revair, cannot be excluded. To elucidate T e mechamism of action

brochemical studies on VOM administered ot low atecarv ievels under
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conditions as prevailed in the present experiment seem to be

k

indicated.

L ey

Full development of VCM-induced angiosarcoma has been found to be

preceded by nodular hypertrophy and hyperplasia of liver cells, which

T

T

: may proceed to hepatocellular carcinoma (Feron et al, 1977} Popper et
T j al, 1977). The liver changes found in the three lowest dose groups

4 (1.7, 5.0 and 14.] mg/kg groups) are well in line with this observatiom,
but in this connection it is difficult to understand the high incidence
of hepatic angiosarcomas in the 300 mg/kg group, because a precursor
stage of focal hypertrophy and hyperplasia of the paremchyma occurred
in only a very limited number of rats of this group.

Pulmonary angiosarcoma and extrahepatic angiosarcoma in other
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 angiosarcomms were also seen, although it should be stressed

that most of the pulmonary angiosarcomas are regarded as wetastases

from hepatic angiosarcomas,

3 - *$nm e B

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
tumours of this organ are known to be induced in rats by VCM, it

- r)]

; seems justified to ascribe the few Zymbal gland neoplasms found in

the present experiment to the VCM-treatment.

s

VCM-induced carcinomas of the mammary glands have been observed

in mice (Lee et al, 1978; Maltoni; 1975) and presumably also in rats

F '(’ a

(Maltoni, 1975). The incidence of mammary gland carcinomas in
several of the test groups was only slightly higher than in controls,
whichwas considered insufficienc evidence of VCM being capable of
inducing this type of neoplasm in rats, but at most may be regarded
[_ as a slight indication of VCM enhancing carcinoma-formacion in this
organ.
To our knowledge, 350 far, VCM-induced mesotheiioma have not been
reported. In the present study an increased numper of rats with ab-
X dominal mesothelioma were found in several of the test groups receiving
- PVC-powder. This might indicare that the ingestion of VCM has a

notentizcing effect on rhe develooment of mesothelioma in racs.

et
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From the utrastructural studies of the liver it ..peared that foci
of parenchymal cells affected by VCM scattered throughout the organ.
Swelling of mitochondria was th: rliest change observed and mitochondrial
alterations remained characteris.. : features of the VCM-damage seen at
later stages. In addition te swelling of mitochondria, prolonged treatment
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 ip-
creagse 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 aminopyrine
demethylase and anilinehydroxylase activities in the liver did not produce
evidence of VCM inducing MFO-activities.

The ultrastructural appearance of angiosarcoma-cells lining dilated
sinusoids (elongated cells with slender proces:ass forming a continucus
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 evidence that fat—-storing cells,
fibroblasts, Kupffer cells or pit-cells wer:z involved in the tumour
process. In contrast to the chservarions or other investigators
(Popper and Thomas, 1975; Popper et al, 1977), neither an imcrease
in fat-storing celis nor conspicuous fibrosis was found to precede
hyperplasia of arypical sinusoidal cells, Therefore, in rats a
fibrocic precursor stage does not seem to exist.

The high incidence of liver cell tumours in females of the low-dose
group (27/58) clearly aemonstraces the absence of both a "no-toxic-etffect
level” and a "minimum-effecc lavel'. For extrapolating the amimal daca
to numans either a "no-toxic—effect level” or a "minimum-effect level”
is essential. Further long-term studies with lower dietary VCM levels

are, therefors, desirable.
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CONCLUSIONS

From the results of the present study the following conclusions

drawn:

- incorporation of VCM~containing PVC-powder into the diet of rats

- 32 -

an effective method for studying the long-term effects of oral
adwinistration of VCM:

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

are

is

—~ the tumour response of the liver of rats to oral intake of VCM seems

to shift from almost exclusively angiosarcomas at very high levels to

exclusively hepatocellular tumours at low levels;

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

abdominal mesotheliomas and of adenocarcinemas of the mammary glands;

liver of rats;

alterations of hepatocytes precede angiosarcoma development in the

- the "no-toxic-effect level" was lower than 1.7 mg VCM/kg body weight/day

under the present tigorous conditions of continuocus exposure for 24 hours

a day.
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Table 1, Percentage composition of the rat stock diet
Ingredients 4
Fish meal 7.0
Yellow maize 29.7
Whole wheat 36.0
Soya bean oil meal 11.0
Grass meal 3.0
Meat scraps 4.0
Dried whey 2.0
Brewer's yeast 3.0
Steamed bone weal 0.4
Soya bean oil 3.0
Trace mineralized salt D 0.3
Vitamin ADEK—prepara:ianz) 0.3
Vitamin B mixrure 0.1

1N

2)

3)

Percentage composition:MnO, 2,003 2noCl,, 0.50; XJ, 0.012; Co-acetate,
4H20, 0.04; FeSOy4.7H0, 2.50; CuS0,.5H,0, 0.80; NaCl, 94.15.

Per gram preparation: 2100IU vitamin A as retinyl acetate; 700IU
vitamin D as cholecalciferol; I5mg vitamin E as dl-a=tocopnerol; and

lmg vicamin K as menaquinone sodium bisgulphite

In mg per gram mixture: thiamine dichloride, 2.5; riboflavin, 3.0;
pyridoxol hydrochloride, 5.0; nicotimic acid, 12.5; calcium dl-panto=-

thenate, 7.5; d(+) biocin, 0.015: vitamin By,, 0.005.
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in _rats fed diets containing PVC-powder

Desipgn VCH levels

Actual dietary VCM

Theoretical ora

Actual oral in-

Actual oral ex-

Base X e kg bod levels at the start intake of VCM take of vcu3) posure level of
i ; lﬁﬂﬁL & t%da ¥ of the feeding- {mg/kg body wc/ (mg7kg body wt/ Ve (mg/kg
e hodiv v ¥ period'/ (ppm) day) day) body wt/day)
fonctul ] 0 Q 1] 0 0

1 ow 20 1 46 2.3 1.8 1.7

tid 6i 139 7.0 5.6 5.0

Hign 2U0 10 424 21,2 17.0 i4.1

1) average dietary ViM-contents determined immediately after preparation of the diets.
2) Ural intake of VCM if no loss of VCM by evaporation from the diets would occur (see also §2.2.1.2).
1} 831 of the theuretical oral inlLake (see also §2.2.1.2).

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

V(M intake for the low, mid and high dose groups respectively (see also §2.2.).2). The VCM excreted in the

fauces was considered to be still enclosed in the P¥C~-granules, and thus had not been in contact with the body.
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Table 3. Mean body weights of males
week mg VCM/kg body weight
ao. 0 1.7 5.0 141 300" 0?
0 92 91 90 92 113 62
; 101 101 99 98 151 103
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
10 250 255 261 250 307 348
12 269 273 277 268 324 x>
16 288 289 299" 292 350 380
20 314 314 322 315 377 406
2 327 329 137" 331 386 425
28 332 113 346 337 194 432
32 346 347 354" 346 403 437
36 346 346 358" 350 400 4hk
40 350 353 360 48 400 457
4 361 362 379" 364 416 462
48 367 375 380" 367 427 4n
52 374 378 384 372 433 469
36 374 381 389 372 426 483
60 386 191 398" 177 441 495
64 393 399 407 192 447 503
68 196 405 AT 196 459 515
72 389 406 412 395 457 521
76 402 414 415 404 460 524
80 199 414 419 403 453 528
84 433 STA 419 " 401 344 5321
g8 400 409 413 415 440 512
92 391 399 198 182 451 520
96 194 T 413 387 453 517
100 3184 207 ) 201 387 461 516
104 180 399' 395 381 458 495
i08 373 19] 392 376 -;) 292
12 7Y id6 180 363 - 288
cont.,
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Table 3 cont.

week mg VCM/kg body weight

no. 0 1.7 5.0 141 300" 0?
116 361 375 384 363 - 474

120 48 360 363 350 - 454
124 346 346 349 - - 443
128 355 353 355 - - 414
132 347 322 350 - - 379

134 343 > > - - 363

1) The figures of this group were not evaluated statistically (see §2.6).
2) Addirional coptrol group (see §2.7); the figures of this group were
not evaluaced statistically.

3) ND = not determined

4) -

= all animals dead

*P<0.05; **P<0.01; *“**P<0,00l; according to the Student t-test
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Table 4. Mean body weights of females
week mg VCM/kg body weight
0o, 0 1.7 5.0 14.1 100!? 0?2

Q 85 87 85 86 96 57

1 86 87 87 91 116 89

2 107 109 109 13 132 112

4 127 128 128 128 149 145

6 137 138 137 137 164 168

8 151 151 151 151 179 184

10 157 157 159 159 183 ND*)

12 163 163 165 164 188 202

16 172 171 173 171 202 215

20 182 182 185 180 210 225

2 189 190 191 186 212 231

28 191 192 195 189 216 238

32 198 198 201 195 221 239

36 200 201 203 197 224 246

40 200 200 203 200 229 252

44 203 202 205 203 236 256

48 203 207 207 204 243 262

52 208 209 209 205 242 262

56 210 209 210 205 240 272

60 212 214 214 209 254 285

64 218 220 220 216 262 290

68 222 222 222 218 270 302

72 225 223 222 219 a7 309

76 227 227 228 222 270 312

80 224 225 230 226 273 313

84 232 230 233 224 277 318

88 236 236 236 230" 278 323

92 229 230 233 212 7 325

1% 73 137 244 253 T3 326 ,’Z
100 231 236 235 230 270 328 w
104 231 230 238 224 170 332 -
108 234 231 225 - 4 332 S
P12 230 126 123 - - 333 3

N
cont..,...
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Table 4 cont.

week mg VYCM/kg body weight

n0. 0 1.7 5.0 6.1 100" 0%
116 234 233 220" - - 326

120 232 233 221 - - 317

124 227 229 221 - - 303

128 228 226 - - - 294

132 227 223 - - - 280

136 240 241 - - - 263

140 212 228 - - - 252

143 234 216 - - - Np>?

1) The figures of this group were not evaluated

evaluated statiscically

3) ND = not determined

4) -

= all animals dead

statistically (see 52.8).
2) Additional control group (see 52.7); che figures of this group were not

*P<0,05; **P<0.01; according to the Student t~test
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Pibbe 5. Averpe food consumpiion and foed efficiency i . '
my VOMAkg Food intake in g/rat/day in week: ¥ood efficiency during wk 1-4 ! ) :.
buody wt. 142 g 10+ 24+25 36+37 60+6) 72+73 B84+85 gain{g} food(g) gain/food | - '-,
Males i' - #
0 3.1 14,4 17.3 16.3 18.6 17.2 17.8 17.2 88.5 380.8 0.23 P
1.7 12.9 14,7 17.5 16.7 18.5 16.8 16.7 16.5 90.40 386.4 0.23 |
5.0 12.8 14.7 17.2 15.9 18.0 17.8 17.3 17.5 91.8 385.0 0.24 :
4.1 i2.7 14.5 17.0 16.8 16.7 16.1 17.1 17.3 85.0 380.8 0.22 !
300 -8 - (7.1 15.3 17.8 19.0 19.6 - - - - :
, 6! 13.4 17.7 17.4 16.7 18.7 19.2 18.5 16.8 - - - I
i Females |
‘ u 10, 10.8 1.7 10.3 11.0 1.9 1.8 4.3 41.2 295.4 0.14
1.7 10.0 10.8 1.5 10.4 i1.1 11.6 11.3 11.5 40.7 299.6 0.14
5.0 10.6 10,7 1.6 10.9 1.7 11.2 1.4 1.1 43.6 298.2 0.15 |
balt 10.2 10.7 12,0 11.0 12,0 11.0 11.4 11.8 40.4 292.6 0.14 :
00 - - 10.3 12.3 13.4 13.2 15.4 - - - - .
ol? 12.0 13.7 12.7 12.9 14.3 14.5 12.8 13.4 - - - ':
1} additional countrel group (see §2.7) ‘
2} - = pot determined {
Lo
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suble b. Cumulative wortality
REguy we VCM/ kg Humber of deaths at end of week:
o body wt. 12 36 52 80 92 105 120 128 1342 1423
Males
7808 0 0 0 0 0 2 6 18 40 46
7809 1.7 0 0 i i 3 6 13 33 40
[ ] LN
7810 5.0 0 o 0 2 7 12 30 49 60
,e [ X E] ‘e gy e e .
7811 ™ 0 I 2 8 22 56 60 60
181:Y 300 0 6 6 23 47 53 60 60 60
7854°) o 0 0 0 i 3 19 28 46 46
Females
7508 o 0 0 0 } 5 6 22 27 32 41
L]
7809 1.7 0 0 1 2 4 I 32 34 55°
L] e LX) ohe (X1 EX R saw
7810 5.0 ) ) 2 7 T3 i 60 60 60
L] XX ] [ RN s e [ R 1] LE N LE X ]
7811 .y 6 0 ] 7 43 60 60 €0 60 60 2
1812*7 00 0 3 7 24 47 58 60 60 60 60 ol
7844°) o 0 0 i 4 10 17 27 42 43 52

1) Initial number of rats; 60/sex/group
2) 1he males still alive were killed in week 135 ) o af

3) Fhe females still alive were killed in week 144

b Wal L S N

43 Mhe figures of this group were not evaluated statistically (see §2.6).
%) Additienal contral group (see §2.7); figures of this group were not evaluated statistically,

*P.0.05; **P<0.u1; "** P<0.001; according to the Chi-square test
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Table 7. Meau haematological findings in_10/rats/sex/group after 13, 26, 52. 78 and 94 weeks
ng VCM/Kg Hdcnp- Packed | Erythro- | Thrombo- PFothfom— I..eucocyt?s
globin cell cytes cytes |bin time | Total Differential count (X)
body we. (2/100m1) fvol. (03] (1668/mm3) [ (10%/an?) |  (sec) 1% (103/mm?) | Tymph Neutr Eos fono
Males: week 13
0 15.6 47.6 8.2 766 -2 14.6 88.8 9.9 1.3 o
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
14.1 15.5 47.3 8.3 770 - 15.5 89.6 9.2 1.2 0
100 15.3 44.9 8.3 906 - 12,0 82.6 16.0 Job 0
Females; ngk 13
0 15.7 48.0 8.2 663 - 13.3 92.0 6.9 1. 0
1.7 15.8 48.4 8.0 588 - 13.3 90.6 8.4 i.0 0
5.0 16.0 49.3 8.2 s44° - 13.6 94.7 5.0 0.3 o
14,1 16.2 48.3 8.2 656 - 13.8 92.0 7.6 0.3 0.1
00! 15.1 45.6 7.9 703 - 10.0 90.0 3.5 0.5 0
Males: week 26
o 15.7 48.3 7.5 744 41.3 10.7 87.0 11.6 L 0
1.7 i5.5 47.8 7.5 741 - 11.0 83.3 15.5 1.2 0
5.0 15.4 46.3 1.7 708 - 10.6 85.7 13.1 1.2 0
4.1 15.3 47.7 7.8 615 8.9°  10.4 88.5 10.0 0
3007 14.8 45.1 7.7 751 35.2 1.5 72.9 4.2 2.9 0
CONL.vsan
e e 91001 S®Y .

- 89 -




vertaF

110,01 SBH : _ ’?--‘E‘JW“
7 R
R T s L“Mmuw |
— e e T e I"{:J o T e @:ﬁ] — ~ g3 o T Ty T i
.
) Table ?_E)iﬁ' E
. Haemo— Packed | Erythro- | Thrombo- |Prothrem- Leucocytes [
my VEM/hg globin cell cytes cytes [bin tim Total Differential count (%) i
hody wt, (/100m1) vol. (Z) }(108/mm3) [(103/mm?) (sec)! (103/mm3) { Lymph Neuty Eos HMono |, .
. Femglea: week 26 i
o 15.3 47.9 7.8 700 37.2 9.8 79.9 18.8 1.3 o L
1.7 (5.7 48.9 7.8 689 - 9.1 74.5 22.5 1.0 0 i
5.0 15.6 48,1 7.9 600 - 9.7 78.7 19.1 2.2 0 E
: 4.1 5.4 48.6 7.9 657 TN 9.9 73.3 2.2 2.5 0 |
j 3007? 15.0 47.3 7.8 665 3.7 10.2 64.3 32.1 3.6 0 f
Males: week 52 i
o 5.5 47.5 7.9 616 41.6 13.8 85.8 12.6 1.5 0.1 {
1.7 15.6 46.2 7.9 633 - 14.7 78.9 0.2 0.9 0
5.0 15.7 48.5 8.3 637 - 12.3 85.6 11,7 0.7 o
™ 5.2 46.9 8.2 724 38.8° 12.3 86.0 12.7 1.2 0.1
300% 14.8 45.4 8.2 600 37.3 15.3 77.9 '21.0 1.1 0
' Females: week 52 :
- 0 V4.2 44.5 7.0 671 32.8 14.8 84.2 13.9 1.7 0.2
1.7 14.1 446 6.9 626 - 11.6 84.5 12.9 2.5 .1 ;
5.0 14.7 46.4 7.0 610 - 13.6 84.1 15.0 0.8 0.1 3
la.t 14.5 45,2 7.2 676 30.7 1.4 80.2 17.8 2.0 0 i
300 14.6 45.3 7.0 756 0.5 12.5 81.5 i7.2 1.3 0 '

Cont...e..
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lable 7 court. ;!
!IA.aumo— Packed Erythro- | Thrombo-|Prothrom~ ) Leucocytes E
g VCH/ kg plobin cetl cytes cytes [bin time | Total Differential count (%) i
Ludy wt. s/ 100ul) fvol. ([ (308 /mm3) [ (103 /an®)|  (sec) 1103 /ma?) [Tymph Neutr Eos Hono ‘;
’ Males: week 78 [
- . 0 15.3 47.4 7.3 645 - 10,3 80.8 16.8 2,2 0.2
Y 1.7 15.7 46.9 7.0 684 - i.s 80,5 18. 1 1 0.3 ',
- 5.0 15,1 47.1 7.6 708 - 1.9 74.9 23.0 1.7 0.4 ;
4. Vo4 45.4 7.3 779" - 10.8 79.9 18.2 1.7 0.2 i
100 15.4 44.5 7.5 783 - 15.3 69.8 26.3 3.1 0.8 l
Femaleg: week 78
0 146 45.6 .0 689 - 10.9 76.9 22.0 0.8 0.3
’ b7 14,7 46.8 7.0 70] - i0.8 76.4 21.8 1.4 0.4
5.0 14.6 46.2 6.9 7237 - 12,1 73.8 2.5 1.4 0.3
14.) 13.9 44.6 7.0 659 - 1.2 76.6 22.6 0.8 0
100! 15.6 45.8 7.2 721 - 15.2 60.5 37.1 2.2 0.2
Males; week 94
o 1o} 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 6.2 49.0 7.9 727 - 9.6 67.9° 29.0° 2.7 0.4 i
e . N T A X 730 - o' ssa’ 206" 2.3 0.7 8 i
L ; 1003 - - - - - - - - - - !
' [0 ] SN L
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labie 7 cont.

wy VOMS ks Haemo- Packed | Erythro- | Thrombo-| Prothrom- Leucocytes

e VLBARE globin cell cytes cytes |bin tim Total Differential count (%)

Ludy wi. (g/100mL)fvol. ()} (1G8/mmd) | (103 /mm3)|  (sec) (103 /mmd)| Tymph Neutr Eos Mono

Females:; week %4 !

r o 15.9 46.0 7.4 630 - 1.2 67.7 30.6 1.6 0.1 v
‘.} .7 14.7 45.8 7.0° 686 - 10.5 67.1 30.5 2.2 0.2 ;
5.0 14.5 45.6 7.1 724 - 12.2 63.8 4.4 1.7 0.1 ‘

14,1 13.6 42.9 7.2 652 - 12,1 64.7 33.9 1.2 0.2 i

3007 - - - - - - - - - - '

1} Only determined in rats killed after 26 and 52 weeks (interim kills).
¢4} - = not determined '
1) The fignres of this group were not evaluated statistically (see §2.6),

TP U.B5; ++P<U); +**P<D.001; according to the Wilcoxen teat
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budy weighe | tmg %) {mg %) (RF-U) (RF-1) (BL-U} (g 1) (g %) o B ¥ !
Hales: week 13 :
o 84 18 130 27 8.1 7.0 2.6 55 32 13 ;
1.7 84 17 136 32 9.3 6.8 2.6 52" 32 16
: 5.0 83 16 14" 26 7.7 6.8 7.6 55 3l 14
4.1 84 6 104" 23" 6.6 6.9 2.6 56 32 i3
300" 67 14 93 38 15.5 7.9 2.9 50 36 15
. Femgles: week 13
o 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 i
14,0 79 i3 77" 21 8.2 6.8 2.7 44 34 22 R
‘ 100! 74 16 84 32 12.4 7.4 3.3 43 35 22 ;
Males: week 26 :’ . g
0 77 14 79 26 1.0 7.3 2.7 ss 29 6 : C L E
‘. 1.7 75 13 84 27 9.6 7.3 2.7 57 27 16 ' i ?
" 5.0 79 14 69 2 10.0 7.4 2.7 57 28 is S
14,1 8) 14 83 26 8.7 7.5 2.8 55 29 16 ' . '
100" 46 15 84 27 8.6 7.6 2.8 53 21 8 ?

cont..... '
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bable 8 cont.

i Vb by supar U o enzwcl:;;c“vui:s TSP - AToonin- Emte(i;tllzbulins @ :
body weight | (myg 2) (mg %) fRYF-U) (RF-U)  (BL-U} (g 1) {g %) a B Y t
Females: week 26 !
0 78 12 93 20 7.4 8.7 3.4 45 30 25
1.7 78 12 38 22 6.8 9.0 3.5 42 30 28
5.0 74 13 106 28 6.9 8.6 3.4 43 28 29"
14,1 78 13 106 25" 8.3 3.0 3.4 45 29 26
360! 85 12 110 21 4.0 8.7 3.4 42 28 30 !
Males; week 52 :
0 87 b 80 24 7.2 6.2 3.2 49 28 24 i
1.7 85 1 719 23 8.1 6.3 3.0 48 29 23 ;
5.0 88 ¥ 87 26 8.8 6.5 3.1 48 30 22 i
14.1 88 n 90 23 6.4 6.7 3.2 48 29 23 [
300"} 72 12 86 23 9.1 7.0 3.2 48 28 24 }
Females; week 52 :
0 90 12 78 i8 5.4 6.8 3,6 44 28 28 :
1.7 91 13 89 20 4.5 6.8 3.7 43 27 30 )
5.0 8o 13 90 20 4.4 7.1 3.7 o’ 28 3 |
14,1 59 12 87 2" 5. 7.0 3.8 45 29 26 i
100" 85 (0 93 18 5.6 7.2 4.0 43 27 30 :
1
cont..... vl
1
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' q'; i Yabie 8 cont.
body weight jtug ) {mg %) {R¥-L) (RF-U) (BL-U) (g X) (g %) a 8 ¥
' ,f Males;: week |06
a 86 17 58 42 8.8 7.0 3.4 50 30 20
LR 1.7 as 15 54 44 7.1 7.1 3.4 49 28 23
5.0 86 15 51 37 6.7 1.0 3.6 52 28 20
14.1 82 137 70 50 1,5 6.9 3.3 52 30 t9
300" B - - - - - - - - B
Females: week |06
0 8) 19 0 46 7.3 7.9 3.7 43 28 29
1.7 83 19 66 4 6.6 7.4 3.8 43 29 28 |
5.0 80 i? 90 57 10.1 7.4 3.9 43 at 26
S i l4.d 78 18 - - - - - - - -
) ‘ .. ‘ aoo!? - - - - - - - - - - !
: I} The figures of this group were not evaluated statistically (see §2.6). ;
,‘; - i 2) - = not determined because all or nesrly all the animals were dead, E
’ BUN = Blood urea nitrogen Iu
GOT = Glutamic-oxalacetic transaminase R¥-U = Reitman Frankel units :
GPT = Glutamiv- pyruvic transaminase BL-U = Bessey Lowry Units :
; : AP = Alkaline phosplalase *P<0.05; **P<0.01; ***P<0.00]; according to the Wilcoxon test
l . TSP = Total seruwm protein
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bable 300 Mean piobein contents dud encyme activities_in the_blood serum of 10 rats/sex/group killed after

g VCMAkg ) serum proteins serum enzyme activities
bonly s P‘:;if’:ﬁi) 158 | Aldumin Globulins (%) coT GPT AP LBH
(g /il (g %) (g 2) a B Y (RF-U) (RF-U) (BL-L) (u/1)

Males: 26 weeks

0 75 7.6 2.5 53 33 14 129 22 9.6 268
1410 74 7.9 2.5 52 36. 13 119 20 8.2 272
wo?? 84 8.0 .2 51 35 14 12} 25 12.0 268
Females: 26 weeks
0 G4 7.8 2,7 46 32 22 159 20 8.2 270
4.1 91 7.5 2.4 50 28" 21 e 104" an
300 93 8.2 2.8 49 3 20 13 2% 8.7 2%
Males: 52 weeks
o] Ju 5.8 2.5 48 k¥ 20 19 23 10.4 163
[ 51 ) 5.9 2.6 g 48 k¥l 20 a5 26 6'.:]. 166
s00%) 55 6.3 2.7 46 33 21 97 25 9.5 214
Females: 52 weeks
0 51 6.0 j.o 43 30 26 89 22 7.0 149
baL by 6.4 3.0 41 10 29 06 24 4.8 100
o0 56 6.2 2.8 : 30 24 90 32 8.6 17
1) Hunber of auinuls examined varied from 4 to 8/sex/group. .
2Y The figures of this group were not evaluated statistically (see §2.6). wn
Inl = Total serum protein AP = Alkaline phosphatase *P<0.05; **P<0.0}; ***P<0,001; v
Gl = Glutamic-oxalacetic transaminase RF-U = Reitman-Frankel unite according to the Wilcoxon

FE = Glutamic-pysuvic transaminase BL-U = Bessey-Lowry units test

B
N R e PRI s

i
s S

R

B T




=
t
- i .
s, ool
N P
, o U e,
- e s aieadaie e - PR SRGIPF SYURS N (PR T TSI \
. P B e A G S el == B el gy e T B B e T
L] | - !
b 1 .

Lable §0. Hean electrolyte contents of the blood serum of 10 racts/sex/group killed after 26 and 52 weeks ‘ :

Males Females
g VOM/kg - g K “TCa Vg i) Na K Ca ¥g €1 e
body wit. {ppm) (ppm) {ppm) {ppm)  (wg X) (ppm) (ppm)  (ppm) (ppm)  (mg %) : T
Week 26 I' : ) i
0 3390 255 104 22 383 3611 256 101 22 n , - |
14,1 3426” 268 102 22 376 3566 273" 104" 23 374 , RSN |
300" 3429 270 165 23 349 3562 245 107 23 356 X 5
! Week 52 '
0 3581 212 107’ 2t 369 3556 202 105 22 361 . SRR
T 14,1 1579 201 107 20 35 3i 1e8 103" oz 371 i SIS
100" 3591 217 10s 20 354 474 181 103 21 163 '

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

*P-0.05; **P-0.ul; ***P<0.001; according to the Wilcoxon test
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Fablle 1. Resulis of urine apalyses carried out in pooled urine samples of 10 rats/sex/group after 13, 26, 52, 78 and 94 weeks

microscopic findings

E:J;L?ifb appearance pl sugar protein 1ﬁi:i: ketones [RBC WBC epith emorph cryst casts bact WHE sperm :
Hales: week 13 .
U yellow -1 - “rts +¥ - 123 - + + ++ - + - + j
1./ h 7-8 - ++t - - + - + + + - + - +
3.0 A 7 - ++ ++ - +* - t ++ ++ - + - + |
5.1 " 7 - +Ht - - - - ++ + e - + - +
Juy - [3 - ++ - - - - + + ++ - + - + .
Females: week 13 ;
U yellow [ - + ++ - + - + + ++ - + - - .
b7 h 6-7 ~ + + - - - + +++ - + - - ]
3.0 " 6-7 - + - - - - + ++ ++ - + - - i
a1l - 7- - + - - - - + + ++ - + - - 5
Bl " 6-7 - + - - - - + + + - + - - f
Males: week 26 '
3] yellow 7 - + - - - - * + ++ - + - + i
1.7 - 7-8 - + - - - - + + +H+ - + - +
5.0 7 - + - - - - + + ++ - + - +
14 " 7-8 - + - - - - 1 ++ 4+ - + - +
Joy ) 6-7 - ++ - - - - + + ++ - + - +
Females: week 26
u yellow 7 - ++ - - - - * + e - + - -
1.7 - 7-8 - ++ - - - - + + +++ - + - - .
5.0 v 7 - ++ - - - - + % 44+ - + - - “
~r
I 7-8 - ++ - - - - * + +++ - + - - ]
i 6 - tt - - - - t + ++4 - ++ - -
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Luble 11 cont. v
| 1
:-,; VO ) microscopic Eindings I . Ii_ PR
Lody Wi, appedarance  pll sugar protein T;:;]: ketones C WBC epith amorph cryst casts bact WE sperm b S
Mt - . Sk ) ,'
Males: week 94 | .3
i} yellow 7 - e - - - - + ++ +++ - + - + Y ;
1.7 - 7-8 - +tHt - - - - t ++ +++ - + - + ! .."'-‘. "4
5.0 " 7 ~ 4 - - - - + ++ T+ - ++ - + | ' ‘f
1+.1 " 7 - +++ - - - - + ++ ++ - +H - + ! -
S 300 N NE Mg NE NE NE NE NE  NE NE NE NE NE NE NE I. RSN §
: Females: week 94 | : : . f
v yellow 7 - +Ht - - - - + + +it - + - - | Lo i
b7 N 7 - e = -~ - - + + ++ - ++ - - L 1 @
3.0 v 7 - +++ - - - - + N - + - - o —}.
4.1 v 6-7 - t++ - - - - t . + ++ - + - - .- e §
300 NE NE  NE NE NE NE NE NE NE NE  NE NE NE NE NE ! BRI |
é ticading system: -~ = nepative RBC = red blood cells ; . g
t = minimal WBC = white blood cells C E -5
+ = slight WE = worm eggs ' P ‘g
++ = wuderate NE = not examined i
+++ = high I Et :"I_'l"l». 3
++++ = vury high - A

gs ~
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Fable 11 conr.

S e f ) e,
.. | : . 5, . I
{ , LB

microscopic Eindings

wy VUil by . occult :
ey vt appedrance  pil sugar protein blood ketones |RBC WBC epith amorph cryst casts bact WE sperm
Males: week 52
U Tollow 7 - +H4 - - - - + : +4+ - + - + -
1./ 7 - :+++ + - + - + 4 ++++ - + - +
3.t 6-7 - +++ - - - - + S 4+ - + - +
(EE 6-7 - it - - - - + + +H4+ - + - +
Juy [ - Tt - - - - + + + - + - +
Females: week 52
U Yellow 7 - ++ - - - - + b3 ++ - + -~ -~
1.7 ) 7 - ++ - . - - - + ey 4t - + - -
».u 7-8 - ++ - - - - + t i+t - + - -
T ? - ++ % - - - + 1 +++ - + - -
o 5-6 - ++ - - - - + + ++ - + - -
Males: week 78
u Yellow 7-8 ~ ++ - - - - + + ren - ++ - +
Vo7 7 - +++ * - - - + + +++ - ++ - +
5.0 : 7-8 - s - - - - + ++ 4+ - ++ - +
1) - +++ - - - - + ++ ++++ - +++ - +
3on - 6 - +++ - - o+t + + e - + - +
Females: week 78
u Yellow 8 - + - - - - + + +H - ++ - -
1.7 " 8 - + t - + + P + 4 - ++ - -
5.1 8 - + - - - - 1 + it - + - -
ball - 7 - + - - - - + ++ ++ - 4+ - - L
o 6 - + - - T ++ + + + - ++ - - f
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Table 12. Mean urinary findings in 10 rats/sex/group after 13, 26, 52,

mg VCM/kg specific UGoT valume uric acid phenol red
body wt. gravity (R.F.-units) (ml) (ug/ml) ;:cf::i(o;)l)
0 1.0685 ?;1‘923 week 13 2.7 - A -
1.7 1.0672 26.2" 2.4 - -
5.0 1.0637 20.5 3.3 - -
l4.1 1.0681 21.1 3.0 - -
300™ 1.0659 12.7 2.3 - -
Females: week 13 .
0 1.0805 14.9 1.6 - -
1.7 1.0726° 19.6 1.8 - -
5.0 1.0708" 23.5° 1.7 - -
Lo, 1.0737° 22.3° 1.9 - -
300° 1.0757 25.7 1.4 - -
Males: week 26
0 1.0474 25.0 3.3 753 29
1.7 1.0400 24,9 3.8 683 -
5.0 1.0485 21,2 3.4 740 -
14,1 1.0533 23.3 3.0 743 28
300 1.0636 22.4 3.3 947 34
. Females: week 26
0 1.0620 29.4 3.0 716 60
(.7 1.0582 26.5 2.9 641 -
5.0 1.0641 29.1 2.6 762 -
14.1 1.0639 27.6 3.2 655 57
300 1.0619 28.2 2.3 857 68
Males: week 52
) 1.0643 18.3 s 333 41
1.7 1.0647 18.3 3.6 853 -
5.0 1.0655 16.3 3.8 339 -
14, 1.0641 20.3 4.2 802 40
1007 1.076 246 2.1 1305 36
cont....
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Table 12 cont.
mg VCM/kg specific UGoT volume uric acid phenol red
body wt. gravity  (R.F.-units) (ml) (ug/ml) i“:"l‘::i("z“) N
Females: week 52
0 1.0672 19.0 2.6 720 50
1.7 1.0626 18.0 2.9 676 -
5.0 1.0630 19.2 2.6 696 -
16.1 1.0647 23.3° 3.1 689 57
3003) 1.0694 26.0 2.7 899 62
Males: week 78
0 1.0563 26.1 3.9 176 -
1.7 1.0552 225 4.8 693 -
5.0 1.0547 24.0 5.0 690 -
14.1 1.0584 27.1 4.9 696 -
300% 1.0583 26.7 4.3 859 -
Females: week 78
0 1.0491 13.7 3.8 488 -
1.7 1.,0471 14.6 Al 479 -
5.0 1.0495 14.6 3.9 510 -
14.1 1.0500 14.9 3.9 621 -
100 1.0361 1.3 5.8 498 -
Males: week 94
0 - 1.0607 10.4 4.8 746 -
1.7 1.,0649 11.8 4.5 794 -
5.0 1.0632 10.0 5.3 780 -
14.1 1.0643 1.4 3.8 378 -
3003) - - - - -
Femaies: week 94
9 1.0613 102 Z.8 6l4 -
i.7 1.0589 9.4 3.2 567 -
5.0 1.0574 11.0 3.2 577 -
ta. 1.0633 15.3 3.1 618 -
3003) - - - - - -

17 2nly derermined 1n racs wrlled after 26 and 32 weekx (iaterwm hills).

2) = =+ not Jducermined

3

LOOT = oarine 2lutamt. —oxiafian et

miea;

RS B ARSI S DR B

DL R LTI

cearding to

The Jirures of £nis sroun were acl ovaloated wratistically (see T20A),

transaminase; 2. V.=anics = Rerttman=rrinkei

rhe wilcoxon Cest
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Table 13, Results of liver—function tests carried out in 10 rats/sex/
group killed after 26 and 52 weeks
mg VOM/kg Males Females
body wE. BSP-extinetion sleeping BSP-ex:inm::ion lle?ping
after 10 min. time after 10 min. time
(xi0%) (min) (x10%) (min)
Week 26
0 284 126 194 9%
14.1 195" 105 229 120
300" 210 108 13 81
Week 52
0 ' 354 125 176 . 9 ’
14,1 303 108 155 85
300" 337 103 247 103

1) The figures of this group were not evaluated statistically (see $2.6)
*p{0.05; according to the Wilcoxon test.

Table 14. Average aminopyrine demethylase (APDM)- and anilinehydroxylase
(aH) activities in $9 fractions of the livers of rats killed
after 52 wveeks (interim kill)

Males Females

mg VCM/kg Specific activity of: Specific activity of:
body vt APDM (umol AH (umol aminmo-{ APDM (pmol AH (umol amino=—

Y W€+ | formaldehyde/ |phemol/30'/g formaldehyde/ | phenol/30'/g

. 30'/g protein |protein 30'/g proctein | protein

0 36.1:5.1 (6)2 | 7.020.5 (%) 26.7¢5.4 (5) 8.2:0.5 (5)

1.l 35.0«4.8 (6) 6.6+0.7 (6) 18.7:3.9 (7) 6.3:0.4 (5)
300 23.2:7.0  (4) 7.1£0.4 (7) 24.134.6 (5) 7.5¢0.6 (4)

1) Standard error of the mean

2) The number of animals examined is given in brackets
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é [j Table 15. Average body weights and relative waights of liver and
I o kidneys of 5 to 10 rats/sex/group killed after 26 and
8 ( {“ 52_veeks
o J Mal Femal
3 - {- ag VCM/kg ales emales
o | bod Body Liver Kidneys Body Liver Kidneys
© . ody wt. () (% of (Z of (%) (2 of (2 of
-t . *. ( g body wt)  body wt) 8 body wt)  body wr)
: Week 26
] ‘. g 0 329 2.54 0.62 194 2.60 0.66
’ - -
;oY 14.1 323 2.91 0.64 190 1.08 0.67
_ Vo 3001 a79 3.31 0.65 212 3.86 0.74
1 L ] % Week 52
: Q 172 2,63 0.56 200 2.57 0.66
{
: L . 15.1 180 3.00 0.56 195 .17 0.69°
: 300" 432 1.38 0.59 240 3.4 0.66
' Lj 1) The figures of this group were not evaluated statistically (see §2.6)

*P<0.05; *"P<0.01; ***P<0.001; acecording to the Student t-test
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Table 16. Type and incidence of treatment-related hepatic changes

found in rats killed after 26 weeks and 52 weeks (interim kills)

P
- e E Incidence of lesions
b Type of lesions males females
- e . ( 33 mezglbodgogcn x;gVCM/lllz body “l)
R . . .1 300
) ' ; . Animals killed after 26 weeks
: (_ No. of animals examined 10 10 9 10 10 10
! 1. Clear cell foei (small):
‘. é a. one or few o 1 1 ) 5 2
i ] Animals killed after 52 weeks
' ) { No. of animals examined 9 10 ] 9 10 8
- I. Clear cell foci (small):
‘ i a. one or a few 3. l.‘
: . b. several 0 5 o] 0 8
- 2. Basophilic foei (small):
' B a, one or a few 0 a 0 0 4 1
\ ‘ 3. Eosinophilic foci (small):
' g a. one or a few 0 2 5“
4. Neoplastic nodule 1 2
i L 5. Hepatocellular carcinoma 0 )| o] 1
. 6. Cystic proliferation of bile
| E" duct epithelium 0 0o 0 a PN

I) The figures of this group were not evaluated statistically (seei2.6).

P<0.053; *"P<0.0!; according to the Chi- muare test.
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cf histopathological chanpes in the liver
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Incidence of changes

males

females

mg VCM/kg body wt

mg VCM/kg body wt

t1¥Falk CELL FOCI
L. OKE GR A FEW

BASOPHILIC FOCI

[. OHE DR A FEW

[I. SEVERAL TO MaNY

L. DNE DR A FEW

1. ONE
[[. FEW TO SEVERAL

Cvals

o 1.7 50 141 300%e 17 5.0 141 3007
Humber of animals exanined 55 58 56 59 55 57 58 59 57 54
Futl OF CELLULAR ALTERATION
8o 16t 21"t g & 24°tT22°*C 36°° 10
Ii. SEVLRAL TO MANHY 1 0 0 0 0 ) 0 o
15 19* 22** 2 10 33+ a7z 28*** 19
3 2 0 0 [¢] 0
EUSTHOPRILLIC FOCI
k) 20*°* 24 33*** 10 8 a5 20° 29*** ¢
11, SEVFRAL TO MANY ] 3 3 0 | 0 o 0 (1]
Wi PLASTIC RODULES
0 1 rAMEE T 2 17t 23ttt 8 !
0 0 0 9°* 0 0 16°° 367 |}
HEPATOCELLULAR CAKCIROMA 0 i 2 g ! 0 19*** 29*** 0
0 0 6°  27°°* 27 0 0 2 9% 29
PRULTEERATION OF ATYPIUAL SINUSOIDAL CELLS ONWLY 2 o 4 7 6 4 6 3 4 7
EXTENSIVE AREAS OF NECROSIS 4 4 8 23%er 2 5 6 19°*  27+** 24
2 3 4 16*** 3 9 30°*° 410 49t 3
VIVER-CLLE. POLYMOKPITSY 4 14 210t 34t 10 k1i] 30 30 i3'* 38
b. moderate/marked 0 2 7 8" [ 4 21*°" 8 28*** 3

cont...
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Table 17 cont.

Incidence of changes |
i . . 2) males females .
; I bype of changes mg VCM/kg body wt mg VCM/kg body wt !

|

¢] 1.7 5.0 14.1 308 | 0 1.7 5.0 P41 300

i . -

Y, (LHTROLOBULAR LIVER-CELL DEGENLR!\TIUN. [¢] 1] 0 | 1 1 2 3 | |8 .
10. SLIGHT EXTRA-MEDULLARY HAEMATOPOLESIS o0 ! Q 1c** 8 1 3 1 6 12 ;
: lt. Fucl of RES-cells occasionally accompanied by a few
necrotic hepatouytus 12 9 6 I [ I5 8 8 8 7 H
: ‘ 12, Periportal infilivates of moponuclear cells 20 |6 13 1" 20 19 I5 14 i4 12 E
13. Slight degree or bile duct proliferation 4 3 9 0 I3 9 14 14 3
; 14. Periportal fibrosis 3 2 3 8 3 3 6 ! !
‘ 15. Siugte cell necrosis a, slighr 10 7 7 15 16 6 14 4 k| 2 !
b. moderate 3 4 1 [ 0 | ) 3 1 2 i
16. Vacuolization of hepatocytes, mainly: a. focal 8 17 6 8 10 5 6 9 1 13 f
b. diffuse i 0 2 ] ] § 3 1] 2 0 |
17, Distended sinusuids 2 0 0 0 1 0 0 0 0 2 f
VM. Perihcpatitis o 0 0 0 0 1 I 0 0 0
V9. large abscess 0 4] 4] ) 0 1] } [¢] ] 4]
! 20, Kupffer cell sarcoma 1] 1] | [t} 1) 1] 0 0 O a
20, Kebteulom cell saicoma ] 1 1] o 0 0 0 1 0 0
, | 22. Fibrosarcoma D ] | 0 h) 0 ] I 0 0
" : 21. Wacnangicendothel iona o 0 o o t 0 0 0 0 |
/ % 24, Mesenchymal type of tumour 0 0 ] 0 0 0 0 0 0 0 I

1) Treatment-related changes ave written in capitals. 2) Specific hepatocellular lesions, viz. those mentioned in this |
B table under numbers 1, 2 and 3, were classified according to Squire and Levitt (1975). 3) The initial pumber of animals !
was BOfsex/group. A nuwler of rats could not be examined becaise of cannibalism or advanced autolysis. 4) The figures '
in this group were not evaluated statistically (see §2.6).
* P < D05 "t P <0.01; " P < UBI, according to the Chi-square tesg.
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Table 18, Site, type and incidence of nen-neoplastic_histopathological changes observed in animals of the control .

. Incidence of changes ot
g Sile i type of changes males females ' ’
\ mg VCH/kg body vt | mg VCM/kg body v i
0 14.1 300 0 14.1 300 !
1 T 1
sumber of animals examined 20 20 20 20 20 20 :
§ s '
t. Adeoomatoid lesions [¢] i (] 0 ] i :
) 2. Purihronchial, periobronchiolar and/or perivascular lymphoid aggregates |
f a. slight 7 g 10 1 16 13 [
) b. moderate 8 5 2 5 2 0 !
; ¢. marked 2 5 o o 0 ¢ }
’ 3. Chroniec respirdtory disease a, slighe 9 2° 3 l l H .
b. moderate/marked 2 0 ) 2 Q 0 !
i 4. Focal accumulaticus of alveolar macrophages 2 0 0 4 0 0
i 1
’ 5. Focal proliferative pneumonitis 0 0 0 1 0 0
6. 1. cal, increased cellularity of interalveolar septa 0 | 0 1] ] 0 ‘
SFLEEN
I. Increased haematopoietic activity 1] 4 2 0 4 6
' 2. fncreased amount of brown pigment in the red pulp 0 0 2 3° 2 ,
1. Duepletion of the white pulp ! 1 ) 0 0 0
; 4, Reticulum ceil byperplasia 0 ] 0 1 0
', |
a ! 5. Focal fibrosis 0 0 0 0 | t
N ; o
| KLLNEYS %
i {. Tubular nephrosis a. slight 7 8 & 12 10 8 !

CONMi . . enuw




Palile 1H cont.,

St hnd Lype of Cioages

Incidence of changes

males

females

mg VCM/kg body wt
0 14.1 300

mg VCM/kg body wt
] 14.1 joo

brdhieys coaid . ‘

o dabular nephiiosts b, woderate
c. marked
Lo Begenerated gloncruli
Vo Yacal infiltrates of mononuclesr inflammatory cells

4. Periglomerular scilerosis

Lo reased amaunt of brown pigment within cortical tubular epithelial cells

v

6. taloareons depusits in Lhe cortico-medullary layer and/or papilla
7. Dilatation of tnlules 1n: a., cortex
b. medulla
d. Corvival cysp bined by flactencd epithelium
W ihelitis
oo tocal profifervatton of atypical tubular epithelium cells
P, Wodronephirasis
PANREAS
boolecal anfilorates of mononuctear inflammatory cells
J.oPertarteritis
ooV of cvsiie ductuli
+. thange of acind into duct-like structures
lE A1
oo toosl antilerates of monoanclear inflammatory cells
Lo al myvocarditis or myofibrosis

boostien pevieardiad 1ibrosia

860,01 sS®H

8 5 6
4 4 8
12 8 13
6 0 5
0 0 i
2 2 0
6 2 1
4 4 9
0 3 6
) 1 0
0 0 1
0 0 1
0 o 0
} o o
2 0 0
1 0 0
0 0 i
3 0
2
0 0 1

5 2 3
I 0 2
5 1 P
9 1*° 1
4] 0 ]
5 4 3
6 i 5
8 1= pa
2 0 3
0 ] 0
0 a 0
0 0 0
G | 0
0 0 2
I 0 ¢]
0 1]
i 0
2 0
0 ! 2
0 G 0

[ | ] PP
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Fable 18 cont. |

Incidence of changes

i males females i
Site and Lype ot changes ng VCH/kg body wE mg VCH/kg body wt : E
4] 14.] 300 0 T4.1 300 ! IS
ol - , .
NosE: o
i Subepithelial infiltrates of mononuclear inflammatory cells 0 1 0 6 [ 1 ;
1. Aryprcal metaplasia of neuroepithelial cells 0 0 [ 0 o :
3. Piolifecation and degeneration of Bowman's glands 0 ] l g

FRACHE A

I. Subepithelial infiltrates of mononuclear inflammatory cells a. alight 6 [ 6 8 6 [} .
b. moderate 7 4 2 8 g’ 0 . 'jf{': 4
: v T i
01 SOPUALUS T
I. Peri-oesuphagitis | o 0 0 0 [H . &
s roac g
I. Bilited mucosal glands 8 [ 7 14 E R ’ ?E
2. Hyperkeratasis in the fore stomach 2 0 0 0 0 4 . ’&
3. Sublmucosal infiltrates of polymerphonuclear inflammatory cells 0 0 1 0 [ I - f
&

.

G

ADRENALS

b. Degenecative corticat changes (haemorthagic cysts and parenchymal necrosis) 5 o* 0 16 [ 7 i ot
2. Increased vacuolization of cortical cells: a. diffuse 2 3 [ 2 0 0 i K é
b. focal 1 5 3 s 6 3 VIR

3. Fucr of basophilic medullary cells I 2 2 a Q a ﬁ_
4. Slight mononuclear ccll infiltrates in cortex and/or medulla i 0 0 0 I 2 ' ) %l
5. Lipufuscine-like piguent in the cortical cells [+] ] 0 T 1 0 ..%
PITUTTARY K
1. Oyse: a. in pars distalis 3 | ! 0 I : g{
b. in pars intermedia | 0 0 0 ! ' ‘:ﬁ

2. Nlypeiplasia of chromophobe cells ! a 1 1 0 ¢] A ‘ , ??
cont.... ! i %Z } ?
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!.-hli {8 cont.,

St and type of changes

Incidence of changes

males females

o

VCH/kg body wt | mg VCM/kg body wt
14.1 300 0 14.1 300

BRAIN .
1. tocal submeningial infilcrates of mononuclear inflammatory cells
SU1ATIC MERVE

I. Demyelinization

I. Activated appearauce

a. diffuse

b. focal

2. Proliferation of parafellicular cells

3. Psammoma bodies

SKEJLETAL MUSCLE

l. Focul infiltrates of mononuclear inflammatory cells
2. local myodegeneration

3. Haemorrhages

EXThAOREITAL LACHRYMAL GLANDS

{. Prosoplasia of giandular epithelium into Narderian-type acini
2. Focal infiltrates of mononuclear inflammatory cells
HARLERIAN CLANDS

1. Adenitis
2. Calcarcous deposits

FAKUTED SALIVARY CLANDS

i. Vacwolizatien

2. Desquamation of ductular epithelium

860401 S»®Y

— O O o~

0 0 0 0 o
0 0 ¢ 0 0
? 8 ] 6* 3
0 l 0 a o
0 ! 2 o
¢ 0 0 0 ¢

=]
=]
o
(=]

a 0 0
17 16 0 0 0
2 i 0
* 1 0 1
2 1] 0 0
G | 0
) i ] 0 0
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i 1 Table 18 cont.
i Incidence of changes .
i Site aud type of changes males females ‘
mg VCM/kg body wt | mg VCM/kg body wt
0 14.1 300 0 t4.1 300
SUBIAX LI LARY SAL 1 (AKY GLANDS !
I. Uhanyge of acini into duct-like structures 1 0 1] [1] ) 0
2o Dlesquamation of ductular epithelium g 0 I 0 0
§EE1]NUHAL SALTVARY UI.ANDBS
I. Desguamation of ductular epithelium 0 a i 0 [¢] 0 I
791871 'S GLANDS ?
i. Cystically extended ducts i 0 0 0 0 ¢ '
INUSTIETS ' z
', t. Parusites 3 | 1 I 0 2 i
. i URINARY BLADDER 5
: I. Parasites 0 0 | 0 0 0 '.
: . l'roteinaceous plug . 6 2 2 G
' 3. Nyperplastic epithetium i 0 0 0 0 [V}
! 13 BTERY
: : b, Periarteritis 2 0 0 0 0
| 2. Peritonitis [¢] A 0 0 ] 0 (I
’ QVARILS
1. Foullicular cysis ‘ s o* 5
1esLs
{ 1. Atcophy: a. a few to several atrophic tubules 5 2 i !
b. unilateral atrophy 4] 3 4 '
c. bilateral atrophy 5 3 § L .
2. dnfiltrates of monouuclear inflammatory cells I 0 0 :

cont. ...
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Site aml type of changes

Incidence of changes

Testes conL.

3. Periarteritts

2. Periarteritis

3. tprdidymitis

4. iniraepithelial cysts
PROSTATE

I. Prostaticis

2, Postatrophic hyperplasia
UTLRUS

I. Endometritis/pyonetra

2, Dilarced uterine horn

4. PFolyp
MAMMAKY GLANDS

2, Duect ectasia

1. Abscess

males females
mg VCM/kg body wt | mg VCM/kg body wt
0 14.1 300 0 14.1 300
2 0 0
I. Focal infiltrates of mononuclear inflammatory cells 0 1 2
I 0 0
| 0 0
[ 0 0
5 »
0
7] 2 |
2 i
3. Cystic endometrial hyperplasia 4 I 1
2 2 1
I. Focal infiltraces of mononuclear inflammatory cells i ] 0
2
1 0 0

1) The changes observed in the liver are not included in this table; they are given in table i7.

2} 1he figures in this group were not evaluated statistically (see §2.6).
*P<0.05 ** P < 0.6); *** P < 0.001, according to the Chi-square test.
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Cable 14, Site, type and incidence of tumours in the different groups of rats”
T T Incidence of tumours
males females '
Phicamd ype of tumsurs o 7 vcu?fg bmh;z.‘.‘f 300 %] o "3 vcaélfg bOd);z:: 300 ¥ ;
laartral number of aninuls . 60 60 60 60 60 60 60 60 60 60
Liteotive number of auimals 55 58 56 59 55 57 58 59 57 54
Howbey of animals bearing primary tumours 18 50 49 52 44 54 56 55 57 47 :
Fotal number of primiry tumours 67 97 92 2] 85 101 140 129 134 93
Liver P :
1. REOPLASTIC NODUIES a. ONE ] 1 7**  l4*r 3 2 17+°* 23*** 8 I '
b. A FEW TO SEVERAL Q ] [H g 0 0 g 16*** 36***
2. HCPATOCELLULAR CARCINOMUA ' 0 ] 2 e 1 0 4 19%++ 29**+
1. ANGLOSARCOMA 0 0 6° 27 27 o 0 2 9+ 29 4
4. Kuptier cell saccoma o g 1 0 0 ] a 0 0 el ¥
5. Reticulum cell sarcoma I I ] 0 0 0 0 1 0 0 - ‘E
b. bibrosarcoma 0 0 l. ] 0 0 0 I 0 0 -:;f;
7. Macuangioendothel ivma 0 0 0 0 1 0 h 0 0 0 3
B. Musenhymal type of tumout o o I 0 0 6 o 0 0 0 g
1 UNGS b
I, AHGTOSARCOMA 0 0 4 19°** g 0 0 1 5* 23 ’%’_
<. HELASTASIS OF HEPATOCELLULAR CARCINOMA [¢] 0 0 1 [} 0 0 10* 4 0 2
; 3. adenoma 0 0 o 0 ) o 0 0 o 0
S. Melastases ol squamous cell carcinoma skin Q | 0 0 0 0 0 0 0 0 . !
5. Hetastases of fibrusarcoma 0 1] [ a a 0 0 i 0 0 >
6. Metastases ot reticulum cell sarcoma 0 1 0 a 0 1] 0 i 0 o [ :

cont,......
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dable 19 cont, I
- Incidence of tumours g
males females '
Site and type of tumaurs mg VCH/kg body wt mg VCM/kg body wt [
0 1.7 5.0 14.1 300 1} 1.7 5.0 14.1 60

Litug cont, : |

7. Metastases of mescochymal liver cumour 0 0 i 0 0 0 0 0 0 0
8. Metastases of adenocarcinoma mammnae 0 0 0 0 0 0 0 0 | H |
. I 9. Metastases of Kupffer cell sarcoma o 0 ] ] 0 0 0 0 [¥] 0 ;

! i
10, Hetastases of mesochelioma 0 1} 0 0 ¢] 4] H 0 0 o .
EYMBAL'S GLANDS .
i. SYHAMOUS CELL CARCINMOMA 0 2 0 I 0 0 0 [1] 1 i
2. Adenoma N 1] 1] 0 a 0 Q 0 a (i ! .
ABDONER |
I. MESOLHCLIOHA 3 i 7 8 l i 6° 3 ] [
2. ANGLUSLRCOMA ) 0 o 0 ) 0 o 2 ! ! )
3. METASTASES OF HEPATUCELLULAR CARCINGCMA 0 ] 4] 0 Ii] 4] VI i a 0

[
4. Fibrusarcoma 1] 0 0 3 1] i 2 0 0 ] l
5. Ostceusarcoma ¢] ] ] 1] 1 Q ¢] 0 1 0 \
. i
1 . Sarcuma 1] a 3 ] 0 1] 0 1 [¢] 1] ¢
7. Reticulum cell sar.oma 0 0 [¢] 1 0 0 o 1] o .
B, "Schwann cell tuwmoar™ 0 4] ] ] [¢] | 0 0 Q l.
Y, thilassified abdominal tumour ] 0 0 0 2 +] 0 1] [¢] }
I
SPIEEN . :
1. Havmangiovendotheliosarcoma a | 0 0 0 0 0 0 '
2. Lymphosarcoma [1] 0 0 0 0 0 0 0 0 ! ‘
NOSE y
N | a
I. Squamous cell carcinoma 0 0 0 ] 0 0 0 Q 0 0 T ’
CoONLenras :
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Table 19 cout.

I T Incidence of tumours
Srte aud type of Lumants Kaleg females
mg VCM/kg body wt mg VCHM/kg body wt
0 1.7 5.0 b4.1 300 0 1.7 5.0 14,) 300
t. Graaular cell myoblastoma 1 1 0 0 0 0 [ 0 Q 0 i
1. Oligodendroglioma i 0 0 0 o 0 0 o 0 ] '
J. Pleaus papilloma 0 0 0 0 0 0 } 0 0 0
. Glial cell tumour 0 0 2 0 I 0 0 0 0 0
5. Ependynmoma 0 0 0 | 0 0 0 ] G 0
6. Husudermal tumour 0 0 | 0 0 ] [¢] o 1] .
eancrss |
1. adenscarcinoma 4] ¢] 0 1] 0 i 2 i 0 0
1H0RAX \
b, Mesothelivma 10 0 0 0 0 o 0 0 0 ’
LYRO T : .
I. Parafollicular cell adenoma 4 ¥z 10 3 3 7 10 |
2. Parafollicular cell carcinoma | 0 l 0 0 0 0 i
1. Follicular cell adenoma 4] 1] ] i )] ] | 0 !
ADRENALS "
I HLTASTASES OF NEPAIUCELLULAR CARCINOMA Q 4] 0 |\ 0 Il | 0 0 ]:
2. Cortical adenoma a, small S 17 0 6° 7 8 I} i 14 9 i
b. medium-sized 3 6 4 2 7 9 2 } 2 |
c. large 0 2 1 o 0 T 10 5" 2° 3 !
3. Benign phaeochromocytoma a, small 6 i 6 3 2 2 i i V] 0 & ;
b. mediun-sized 4 6 0 | 4 0 0 ! 0 l ' \
CONE..... :
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Table 1Y cont.
Incidence of tumours
males females

Site and type of tumour

mg YCM/kg body wt

mg VCM/kg body wr

1] t.7 5.0 14.1 300 ] 1.7 5.0 14.1 300
Adrenals cont. .
3. Benign phaeochromocyroma c, large 0 | 1 (1] 0 1] 0 |
4, Malignant phaeochromocytoma ] 3 | 0 0 0 0
PLTUTTARY
I. Chromophobe adencma ¥ 12t 3 0 [ 12 4 5 3* 2
2, acidophilic adenoma 7 5 I 2 0 i o | a
3. CysLic adencma 3 & 2 1] 0 ) 5 i i
4. Chromophebe carcinoma i 4] ; . 0 0 0 2 0 [¢]
500D
l. Monocyric leukemia Q [H Q 1} i i H 1 0 0
2. Myeloid leukemia 0 0 a 0 0 0 } ] 4] a
3. Lymplocytic leukewia 1] 0 ] a 1 0 0 0 [¢] 1
4. Unclassified Yeukemia 1 1] 1} 1 t 0 0 0 0 0
Heart
b. "Endocardial Disease” ) 2 2 [} | 4] 0 |
2. Haemangiocendotheliosarcoma i Q 0 0 0 G
K1DWEYS
I. METASTASES OF ANGIOSARCOMA 0 1] 1] [1] 0 0 0 0 i
2. Mephroblastoma ] V) 0 1 0 0 ] 0 1]
3. Clear cell tumour 0 0 0 0 0 0 4] a i 0
4, Lipomatous tumour 4] 0 | 0 0 0 0 -0 0 0
5. Epithelial tumour 0 4] 0 0 1] | g 0 0 0

CONE.ayan
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Fable T4 cont,

v0L.01 s®y

PR B 1.7 P-4
SR T W VRN P) 2500 A VO

f
'
'

Incidence of tumours t
Site and lype of lumours males females X
mg VCM/kg body wt mg VCM/kg body wt |
1] 1.7 5.0 14.1 joa a 1.7 5.0 14,1} 300 E
s f
I. Fibrosarcoma V] | 0 a 1] 0 0 '
2. Reticulum cell sarcoma 0 a 0 Il - O i :
M SLHTERIC LYMPH BODES
{. Belicolun cetl sarcuoma 1} 0 0 0 ] 0 0 0 0 0
K 1N 3
1. Squamous cell carciuoma 2 3 3 ] 0 a o o l o I
SUBCUT TS '-
I. Frbroma 2 | ] | 3 3 1 . T
2. Fibrusarcoma 1 i a | D 0 E'
3. Hesenchymal tumour o 1] 0 0 I 0 0 0
MuSCI E
L. Bihal domyosarcoms 0 0 0 1 | | 0 ¢ 0 0 )
skt
I, Outoomd ] 4] 0 1] 0 ] 0
2. Hewendhyasl tomour 0 0 ] ! [1] 0
La o _
I, Adenvcarcinoma of uninown origin Q 0 I 0 0 0 0 a a 0 * .
LisTes | :
I Interstitial cell tumour 3 1] 1] 1 i ' f .
avaRILs 3
1. Theva vell tumour 1] 0 H ] Q ! '
cout..... l
o




Lable 1Y cont.

Incidence of tumours

males females

Sehe o and Dype b gupmi s mg VCM/kg body wt ng VCM/kg body wt

Q 1.7 5.0 14,1 300 0 1.7 5.0 b4, 1 300
PRALPUTEAL GLANDS . e
L. Ssquameus cell carcinoma 0 [#] H 0 0 1} 0 o 0 0 i :
U1LRUS T
b. Adenocarcinoma 6 3 1 ] | ‘:, d
2. Malignant fibroadenumatous tumour 0 0 4] a { .
Y. Letowyowa Q ’
I, Mesewohymal type of Lumour a 1 0 ;‘%
2. Adenocarcinoma I 0 0 E_;
HAMMARY Gl ANDS %
b, ddenoma Q 0 0 0 1] 0 0 0 2 0 i S flé
. Filroadenoma 0 0 0 0 o 2 25 120 4t g G
3. ADLIOCARCE NOMA 0 0 2 0 2 4 7 7 ' R
4. Anaplastic carcinome 1] 0 0 0 0 o 1 0 1] » __“,"f- é%
PRIEARY BI&DDER ; L
I Epithelial tumour o o | o 0 e 9 0 0 0 i ik

in this table too. o
3} The figures in this group are not evaluated statistically (see §2.6).
4} Tu several cases the neoplastic character of the lesion was doubtful.

* 1< D.05; ** ' < 0.0b; *** P < 0.001, according to the Chi-square test.

) Treatment-related tumours or tumours presumably related fo VCM exposure are written in capitals. )
2} T,pe and incidence of liver fumours are also presented in table 17; for the sake of completeness they are included
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ANNEX

Contaminants in basal diet for rats

Sample of 2000 kg batch produced in July 1976.

lead 1.5 mg/kg
cadmium 0.05mg/kg
mereury 0.17og/kg
tin =) mg/kg
arsenic 0.2 mg/kg

organo-P~compounds (dichlorvos, mevinfos, diazanon,

wmalathion, parathion) <  0.01mg/kg

organo—Cl-compoumds (HCB, oHCH, B~HCE, ¥-BCH, hep~
tachlor, heptachlorepoxide,
aldrin, dieldrin, chlordane,

DDT'a) < 0.04mg/kg
carbamates (as CS;) : - mg/kg
aflatoxin < 5 ugfxg
oestrogenie activity (Tiecco-test) -
3,4-benzpyrena 1 ug/kg
3,4-benzfluoranthene -  ugl/kg
indeno (1.2.3,-c.d.) pyrene ‘ - ug/kg
11,12 benzfluoranthene =  uglkg
fluoranthene : } -  ug/kg
K-nitrate : 370 mg/kg
Na-nitrite 5 mg/kg
dimethylnitrosamine 30 ug/kg?)
nitrosopyrrolidine ug/kg
zethylethyl-, diethyl-, methylpropyl=-, methylbutyl-,
dipropylnitrosamin, nitrasopyperidin -~ ug/ksg
nitrosormorfelin - ug/kg

') - = not determined

") incorrectly nigh value caused by DMNA contaminacion of the solvent

dichloromechane

- 84 ~
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! ANNEX (continued 1)

Contaminants in basal diet for rats -8 -

—

Sample of a 2000k batch produced in February,
Mareh and June 1977,
lead

1977. Analyses made between

v
+
]
v

. 5.5 mg/kg '
;% E cadmium 0.13 mg/ke
Vi
1% mercury 0.08 mg/kg
a [ {
S :; tin 9 mg/kg
) . o ﬂi EE arsenic 0.3 mg/kg
- - . *5 (‘ organo-P-compounds (diehlorves, mevinfos, diazinon,
B malathion, parathion) < 0.0! mg/kg
B organo~Cl-compounds (HCB, oHCH, A-HCH, y-HCH, hep~
% . [P tachlor, heptachlorepoxide,
. aldrin, dieldrin, chlordane,
‘ DDT'S) ¢ 0,04 mglkg
- i ? carbamates « 0.04 mg/kg
@ dX
w } . aflatoxin < 5.0 ug/kg
d L _
53 ; cestrogenic activity (Tiecco~test) not detectable
- : l-
d . -) .
A ‘ 3,4=benzpyrene T uglig
: 3,4=benzfluoranchene 2.1 ug/kg
[3 indeno (1.2,3.-¢.d.) pyrene 1.2 ug/kg
} . 11,12 benzfluoranthene 0.7 uplkg
‘Eg fluoranthene 4.5 uglkg
[j K-nitrate 700 mg/kg
Na-nitrite ' 1 mglkg
‘;;’ dimethvlnitresamine - 90 uglkg*
nitresopyrrolidine 2 ug/kg*
[. mathylcthyl=, diethyl-, methvlpropyl—-, methylbucyl-,
dipropyinitrosamin, nitrosopyperidin < 1 ug/ke
L- aitrosormarialin < 5 ng/ky

* Incorrectly high values caused by contaminants in the solvent
dichlorometnane. With the pure solvent cthe levels of dimethyi~
i nitrosamine and nitrosopyrrolidine were found to be less than
v one Ly, AR
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ANNEX (continued 2)

Nutriont composition of basal diet for rats

Analyses of a 2000 kg batch produced in February 1977

moisture 12.7
crude protein (N x 6.25) 20.5
crude fat 6.2
caleium 0.90
phosphorus 0.69
Baguesigm 0.13
iren 110
Nanganesa 73
copper 7
zine 45
cobalt < 0.1
chromium <« 0.1
selenium —
vitamin A 12,300
vitamin D 1.500
vitamin E 108
carotene 5.4
vitamin K3 , <
vitamin 3, 5.9
vitamin B, 6.4
niacine 68
pantothenic acid ’ 13.9
falie acid 3
choline i 1630
biotine 320
vitamin By, 30

- 86 - !

PR
ppm
ppo

1.U./kg
I.U./kg
ng/kg
mg/kg
ug/kg
wg/kg
mg/kg
ng/kg
wg/kg
mg/kg
mg/kg
ng/kg
ug/kg
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