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SUMMARY

A life-span oral toxicity study including interim kills afrer 26 and

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

cent VCM solution in soya bean oil.

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four consecutive hours, whereas food was withdrawn during the other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 resulted in

the following oral exposure levels: O (comtrol group), 1.7, 5.0 and

14.1 mg VCM/kg body weight/day.

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

of dietary VCM levels much higher than 4.1 mg/ig body weight/day, and
b) it was deemed desirable to include at least one dose-group that would
show overt signs of VCM toxicity, ome group of rats was treated with

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

Observations were made of general appearance, mortality, growth, food
intake, hematology, biochemistry of the blood, urine and liver, organ

weights, gross and microscopic pathology and electron microscopy of the
liver, .

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

end of the experimental period.

3lood-clotting time was slightly shortened in animals of the 14.1 and
300 mg/kg groups. There was also z slight increase in g~feto-

proteir content of the blood serum in these groups.

.. Slignt liver-enlargement and an increased haematoroietic-activity in

thesoleen occurred in males and femnles of the re highest dose

Zroups.
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SUMMARY (continued)

A variety of neoplastic and non-neoplastic VCM-related liver lesions were
found in each of the test groups. Hepatic angicsarzomas occurred at levels
of 5.0 mz/kg and higher. Hepatocellular tumours (neoplastic nodules and
carcinomas) were found in all dose-groups. Their incidence was high in
both sexes of the 14.] mg/kg group and in females of the 1.7 and

5.0 mg/kg groups, low in males of the 5.0 mg/kg group{~und Darginal in
males of the 1.7 mg/kg group.

Pulmonary angiésarcomas (mainly metastases) and a few e;trahepatic intra-

abdominal angiosarcomas were observed at levels of 5.0 ag/Kg and higher.

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

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

intra-abdominal mesotheliomas and adenocarcinomas of the mammary glands.

Mitochondrial alterations were the earliest and most characteristic

VQM-induced ultrastructural changes in hepatocytes.

The ultrastructure of angiosarcoma cells in the liver was suggestive of
. . . -, . . .
the tumour cells being derived from sinusoidal endethelium. Clezr fibrosis

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

Main conclusions were:
- V€M is a carcinogen in frats when administersd bv the oral roire;

= the tumour response of the liver of the rar to oral intake of VCM seems
to shift from almost exclusively angiosarcoma at very high levels t¢

exclusively hepatocellular tumours at low levels;

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

gastro-intestinal tract.
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lifamgozn oral toxigity study of vinvl ch‘orlde in rats

INTRODUCTION

Industrial exposure to vinyl chloride mecrnomer (VCM) has peen
associated with several disorders such as acrc-csteolysis, non-
malignant liver disease, angicsarcema and carcinoma of the liver,
and tumours of the brain and lungs (Anonymus, 197€; BerV et al, 1976; Delorme &
Makk, 1976; Falk and Maxweiler, 1976; Haley, 1975; Jihe et al, 1973;
Makk et al, 1976; Monson et al, 1974; Thomas and Popper, 1975;
Vale et al, 1976). In addition, various types of maligmant tuméurs
as well as a series of non-neoplastic lesicns in several organs have
been found in a number of animal species after prolonged exposure te
atmospheras containing VCM at sufficiently high concentrations
(Bartsch and Montesano, 1975; Basalaev et al, 1972; Feron et al, 1977;
Jaeger et al, 1974; Keplinger et al, 1975; Lee et al, 1978; Maltoni
and Lefemine; 1974; 1975; Maltoni ec al, 1974; Muller et al, 1973;
Suzuki , 1978; Torkel:on et al, 1961; Viola et al, 1971;
Williamson, 1976; Winell et al, 1976).

Residual VCM present in extruded polyvinyl chloride (PVC) has
been shown to be liable to migration into PVC-packed foods and drinks
(Daniels and Proctor, 1975; Fuchs et al, 1975; Potter, 1976; Randolph,
1973; Williams and Miles, 1975). There is still only a small amount of
data on the oral toxicity of VCM. In a 13~week toxicity study of VCY
conducted in this Institute the monomer was dissolved in soya bezn oil
and administered to rats at levels of 0, 30, 100 or 300 mg/kg becdy
weight, once daily for six days a week. Several haematologizzl, bio-
chemical and organ weight values differed to a statistically signifi-
cant degree from those of the controls, but these differences were con-
sidered t>have onlyminor, if any, toxicologiceal significznece. In zéiiticon, a
slight incraase in liver-to-body weignt ratio occurred at the highest
dose level. This increase was not accompanied by morphological liver
charges. The no-eifect-level in this 90-day study was conservatively
placed at 30 mg/kg body weight, bur was probably- higher since the
effects occurring at 100 and 300 mg/kg body weight were of doubcful
toxicoiogical significance (Feron et al, !975).. From preliminary
observations it appeared that an alternative and more practizali mechod
for chronic oral exposure of rats te VCM is the feeding of diecs con-
taining PVC-~owder witi:r a high "C“-ccn:énc (Feren er 3], 1973). uce
Therefcre, in the aresent life-span oral toxicicy study of VCM In 067202
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diet at levels resulting ir planned daily incakes of 1, 2 or 10 =g VC/kg
body weight. This mechod of feeding PVC-powder in the diet does not allow
the use of dietary VC levels which are much higher than the zop-dose
level of 10 mg/kg body weight/day which Qas chosen for the present experi-
ment. However, this level is high when compared with the maximum likely
oral daily incake by man, which has been estimated to be 1.7 ug/kg body
weight (Van Esch and Van Logten, 1975), and even very high in comparison
with a more recent estimate of the maximum likely incake by man, viz.
0.0017 ug/kg body weight/day or 0.1 ug/human/day (Anonymus, '1978). On the
other hand the level of 10 mg/kg body weight/day is low in comparisonm
with the dose of 300 mg VCM/kg body weight (given daily by gavage for six
days a week), wvhich was not an obvious toxic-effect-level in the ]3-week
study mentioned above (Feron et al, 1975). Since the dose levels to be
used in a chronic toxicity study should include at least one effect-
level, it was deemed desirable to include one group of rats in the present
long-term study receiving VCM in soya bean oil.by gavage at a reasonably
high dose, viz. 300 mg/kg body weight, five days a week, despite the

disadvantages of gastric intubatiom.

MATERIAL AND METHODS
Materials

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

The Netherlands. Physical chemical comstancs:

Mv = 62.50; m.p. = -153.8%C; b.p. = =13.37%C; density = 0.2106;
%D = 1.3700. The product (colourless, clear, free of suspended
matter) was obrained in pressurized stainlese-steel cylinders,
and nad the following s:aﬁdard specification, which was ‘
provided by the supplier:

Vinyl chloride monomer » 59.37 wt I min.; acetylene < 2 ul/l {gas);
oong-vinylacetylene £ 15 L1/l (gas); 1,3-butandiene ¢ 10 pl/i
(gas); methyl chloride ¢ 75 :1/1 (gas): ethyl éhloride £ %0 .1/1
(gas); chlioroprene ¢ ! ul/1 (gas); l,l-dichloroethane £ | 41/1
(gas}; 1,2-dichloroethane ¢ 20 ul/l (gas): scetaldehvde ¢ 5 mg/kg:

nydrochloric acid < 1 mg/kg; iron ¢ 0.5 mg/kg: water z 100 mg/kg;

evaporacion residue ¢ 10 mg/kg.




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 3 wax. > 200 um; 90 % max. > 83 um; 95 I max.> 40 um.

Three different batches were used: 180 kg (VCM content 1800 ppm)
received on 10 July 1974, 1000 kg (VCM content 1500 ﬁpn)
received on 14 April 1975, and 500 kg (VCM content 3 ppm)
received on 13 January 1977,

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

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

This PVC-powder was stored intightlvclesed steel containers

in a refrigerator at 4°C until a few minutes before mixing
with the diet.

Part of the PVC-powder as obtained from Shell was freed from
VCM by keeping the powder in layers .of 4 to 6 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 PVC-powder was less than

0.3 ppm.

uceC
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L A_10 7 soluticn of VCM in goya_bean oil was prepared by injecting
{ liquid VCM into the oil. The VCH-concentration was checked by gas-
liquid chromatography according to the method described previously
(Feron et al, 1973). The solution was stored at 4°C for a
{- period of . at most, 4 weeks.
2.2, Dosage levels of VCM
( 2.2.1. BPVC-containing diets

2.2.1.1. Preparation_and administration of the diets

"3

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

- .' T
noot

— % PVC-pOwaer in diet

PVC-powder con— ~PVC-powder
groups taining approx- without

imatelv 40CO ppm VCM ve?)

LU contrel group 0 10
.J low dose group 1 9

mid dose group 3 7

Pﬂ

N AN

———

high dose group 10 ' 0

1) pUC-powder freed from VCM. The VCM-content was lower than 0.3 ppz

-
'

The various diets were prepared daily ~ by mixing approdriate
- amouncs of PVC-powder (with or without VCM) with the Inscitucse’'s ra:
stock diet - just prior to offering the diets to the rats. The
corposicion of the stock dier is presented in table 1. The levels of
autrientsand centaminants in stock dietr are determined pericdiczlly

(see annex ). The diets were available to the rats each dav vt a

e~ peen e

. period of four hours (generally between 10.CC a.m. and 02.00 2.2),

in such quantities that the animals did nct conmsume all the feed.
(. At the end of the four-hnour feeding-jeriod the feeders were ramoved
Zrom the cages and the remainder of zhe diets was destroyed.

The rats nad constant access to bottled tap wacer.

uce
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2.2.1.2, Acctual orci exoosure levels.of VCM

A e S e o T T o A " T s L flr A

—

v

When ?VC-powder containing, say, 40CO ppm VCM is incorporated in
the diet of rats at levels of |, 3 and 10 percent, and an assumed
) average loss of 50 per cent of VCM from the dietr before ingestion is
i tzken into account, thc'dietary VCH levels would be 20, 60 and
200 ppm respectively. This corresponds with exposure levels of
{- approxizately J, 3 and 10 mg VCM/kg bedy weight/day. The actual
oral exposure levéis will very probably be somevhat lower than
the design levels, becsuse it is unlikely that the VCM present in
{- the powder is released completely during the passage of the powder
. through the gastro-intestinal tract.
\. , In order to bs able to calculate the actual oral exposure
levels of VCM, the following information is needed: (3) the amount
{ of VCM evaporating from the diets during the four-hour feeding-
period; (b) the speed with which the animals consume the foed
{ during this period; and (c) the amount of VCM excreted in the
- faeces. :
B ' The rate of evaporation of VCM from the diets was determined by
# wmeasuring the VCM-conteat of the diets at the beginning of the feeding-
period and after | hour, 2 hours and 4 hours. The diet samples to be
l_ analyzed were taken at random from the feeders in the cages, without
homogenizing the diets in the feeders. In this way samples of each
l_ of the test diets ware taken on ]l or i2 different days, and were
analyzed for their VCM-content. The analyses were carried cut by
. me2ns of gas-liquid chromatography according to a method described

in s previous report (Ferom et al, 1975). The average VCli-contents

\ of the various diets, found at the different points of time, are

b graphically depicted in Fig. |, on page 79.

) ' The eating-speed was dercermined by measuring the amount of

{_ . residual feed in the feeders after periods of | hour, 2 hours and - Hours.
Tnis was performed for each of the diets on ‘four differear days. The

L number of rats involved in these determinations varied frem 10 to 40/

sex/group. Since no apnreciable variarions wera encounterad in the
rate of food consumpticn of the animals in the various grouss. an

[TI% )

average rate of focd consumprion was calculated for borh males and

females (Fiy. 1)
The VCM intake (mg/kg body weight/dav) was calculaced {rom he
' graphs Tepresenting the rate of evaperation of VOM from the dicts

uce 1Fig, 1) and tie rate of fond consumntion over the four=hour fredi=--
ot _— -
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period for male and Zemale rats of each group. Both graphs were assumed
to consist of three straight lines, one line for che 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 calculared by
mulciplying the amount of food eaten during a certain period with the
average VCM content of the food in that period. The total VCM intake
was obtained by adding the VCM intakes during the first and second
hour, and the last two hours of the four-hour feeding period. The VO
intake was subsequently expressed as jercentage of the theorecical
intake, calculated from the average total amount of food consumed and
the VCM content of the diet at the initiation of the feeding period.

It was found to be 82.4, 79.]1 and 79.1 7 for males, and 81,3, 79.3 and
79.0 2 for females of the low, mid and high dose groups respectively.
The overall avarage for males and females of the various test groups
was calculated to 'be 80 Z.

To measure the amount of VQM 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. (one 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) and 11.00 p.m. (9 hours
after termination of the feeding period). Fresh feces samples were
obtained by squeezing the lower part of the rat's abdomen. The droppings
were weighed, submerged in 10 ml ethylacetate, and stored at 4°C in a
closed vessel until analysis of the supernatant liquid by gas chromaro-
graphy. This procedure was repeated twice during the study, for each of
the groups and for eaci of the sexes, and each time using diiferemt rats.

No appteciable differences in VCM content of the feces were found
within a particular test group, between the various poiars of time ac
which the droppings were collected, although the optimum value was invari-
aﬁly obtained from feces which were collected 9 hours after termination
of the feeding-peridd (11.00 p.m.). Nor were there appreciabla differences
in VO content of the feces between males and females.

The average amount of VCM found in the fezes, axprs=ssed as a percen=
tage of the VCM intake, was found to be 8, 10 and 17 T for the low, mid
and high dose groups respeccively.

The VC{ concen: of freshly propared test diers was regularly deoter-

mined. During the coursa of the study some Iwenty determinaticns per
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dosage level were carried out'.

The results of these VCM~determinations fcrmed the dasis for ¢ai-
culacing the average VCM-centents of the various dists, which
appeared to be 46, 139 and 424 ppm for the low, mid znd high dose
groups respectively. Since both the loss of VCM Irom :he diers be~
fore consumption and the VCli-content of the faeces were known, the
actual oral exposure levels of VCQI could be calculated. They were
found to be 1.7, 5.0 and 14.1 mg/kg body weight/day Zor the low, mid
and high dose groups respectively (see also table 2).

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

the assumed loss of 50 per cent.

VCM in oil administered by gavage

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

- soya bean 0il. The volumes were adapted to the mean body weights once ever:
week if necessary. These rats were offered the Institute's stock diet for
rats (table 1) and bottled tap water ad libitum.

For practical reascns a comparable controel group receiving soya

bean o0il without VCM was not included in the study,

2.4. Animals and housing :

360 male and 360 female newiy weaned, albino Wistar rats (Cgo:Wvl;
Wistar random), which were obtained from the SPF colony of cthe Central
Institute for the Breeding of Laboratory Amimals TNO, Zeist, Nether~
lands, were allocated randomly over 5 groups of males and 5 groups of
females in such a way that the me2n body weights were virtually the
same. Three of the groups, viz. the control group and the two higiest
dose groups, each consisted of 80 males and 80 females. The two lowest
dose groups each comprised 60 males and 60 females.

Puring a period of 5 davs prior to the start of the experiment,
the rats which were to be fed the PVC-containing diets received stock

diec without PVC for feur to six hours each day. Tiis was done fo give

Daily detvrminations were nor ¢onsidered necessary bSezause o)
Viii-content of the PVC-powder stored at 49¢ in

found ro remain consTane: a=d b he Viti=contes:

A Cclosed baorre!l w

renAd mmem i me e s e
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A the animals some chance to adapt to the daily feeding-period of "exact-
ly" four hours which was to be used during the encire tes:c period.

; “{ The study was started on 13 January 1973 and terminated whea about

.' three fourths of the controls was dead. This point of time was reached

for maies in week 135 (date of termination 12 August 1977) and for females

in week 144 (date of terminaction 13 October 1977).

P—

At the start of the study the rats were 5 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 (range 71-115 g), and for females 86:0.5 g (range 61-126 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
feed;ng-perxod) were 113t1.0 g (range 94-132 g) and 96%0.9 g (ran e 74-
118 g) respec:zvely.

—a

The rats receiving PVC-powder in their diet were housed unduzr con-
venticnal conditions, in groups of five in a suspended type of stainless
steel cage with a wire screen-bottom (17x44x32 em), in a well-vencilated

room maintained at a temperature of 24:1°C. The rats given VCM by gavage

B}
L

were housed in groups of two in suspended, tinned wire-screen cages (J%x
19x32 cm) in a well-venrilated cabinet (1.45x2.15x1.20 m) maintained at a
temperature od 25-28"C. Animals which were in bad condition were housed
individually in separate cages until they died or were killed because

(z their condition was so0 bad that they were not expected to last out the
night, or, when observed on Friday, the weekend.

1 In order to get an idea of the VCM concentration in the atrosphera
of the room containing the rats fed the PVC diers, sampies of the air

. taken atr different sites in the room (i.a. immediarely above one of tre

&
i

feeders containing the diet with the highest level of VCM-containing

PVC-powder) were analyzed for the presence of VCM. In nz case could VM

p—

be detected, indicating that the VCM concentration in the atmosphere was
lower than the detection limic of 0.2 popm.

Attempts were made to determine the concentration of PVC-particles

—

in the atmosphere of the animal room. Air was collected during a period

{ of 24 hours. The total dust zvacengration in the atmosphere of che room
- was found to be 0.1 mg/m® of air.

! 2.5. Conduc: of the exseriment

L

2.5.1. Bedy_weights and food_consumpticn

e o o 3 e 2 e o o e i e o i

-

The racs were individuallv weighed. inicially, and at weeks ', 2,
. 4, 6, 8, 10 and 12, and at S=-week.intervals chereafrer.

reod consumption of 20 racs/sex/3roup was measured curing Wouks 1,
by 4 -

} 10=11, 24-25, 36-37, h0=nl, T2=73 and 8i-85. Uce
- ' ) . ' 067209
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2.5.3. Clinical chemistry

2.5.4, griqglxggp

5.

11) - |
2. Haematolozy |

ined for

Blood samples were vollected from the tip of the tail ofilc rats/

sex/group in week 13, 26, 52, 78 and Q4$ All samples were axa

haemoglobin concentration (Hd) by the c#anme:haemoglobin oethed of

Van Kampen and Zijlstra (1901); packed ckll volume as micre-
haematocrit; thrombocyte and red and whi%e blood cell counts
by Coulter Counter; and diffarential whige cell count by direc
visual count of smears after Pappenhein ktaining according .to
Gorter and De Graaff (1955). 1 .

e

Fasting blood glucose and blood‘urc* nitrogen (BUN) were Qeter-

mined in weeks 13, 26, 52 and 106 using the Technicon AutoAnal
mechod N-9a for glucose, and the automated phenazone/diacetyl
technique of Ceriotti and Spandrio (l965i for urea. The ataly
conducted upon blood from the tip of :heitail of 10 rats/sex/g
after the animals had bteen fasted overniﬁh:.

In the course of weeks 13, 26, 52 aﬁd 106 samples of blooi
collected from the orbital siaus of 10 rﬁts/sc:/group. The fo

measurements were made in the serum after centrifugstion at 30f0 Tom

for 20 minutes: alkaline phos;ha:asc'(SAﬁ), by cthe method of B
al (1946), using a Technicon AutoAnalyzer; glutamic-oxalacetic

zer
noxime
es ware

roup

i were _

llowing

ssey et

trans-

aminase (SGOT) and glutamic-pvruvie tran%aminase (SGPT), accerding =o

the mathod of Reitman and Frankel (1957); using a Techricom Augo-

. : . w , . ..
aralyzer; total procein (TSP}, by hiurer reaction: albumin acsardin

s
E

to the method of De l.eeuw-Isracl et al (ﬁ967); $erus nprotein partern

by the agar-gel electrophoretiz method on microscope siides of

(1965), staining with nigrosin and quantitative ovaluation of ghe

electropherograms by transmission densitamecry of the sttivs.

|

Wieme

Individual urinc samples were cnl!eﬂ:od.?rnm 10 rats, sex ‘group

. - + - P N
in weeks 13, 26, 52, 78 and 4Y44.i.e. during the fast ibv hours o2 o

. . . . | - _—
Ja=hour period of deprivation oi food nndiwnrvr. vhe 1ol owing

meASUreMents woere made: volumy (in ruiihrprvd TUDUS D npecil i

rravigy (bw an Abho=tene rerpaceamerord e aead aceorcong Lo

|
Gorter and e Graatd 709500 clataniye=oRialacet ro Drnnsami tas

Avcivitye JUAGT). according roootne omelhod o Lo iman ane Urance,

POUT L HaiAE Fearents O ram Baser .".hu:::..".':i:- A LRI PR

RTCLHTR

LTI

C
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f Semi-quanticative measurements were made of pii, prctein, sugar,
- occul: blood, ketones in peooled urine sampies, usiang Labsiix from
.- Ames Laboratories and microscopy of sediment deposit - after centri-
e fugation at 300C rpm Zfor 3 minutes. Deposits were examined for:
erythrocytes, leucocytes, epithelial cells, amorph substances,

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

2.5.5. Pathology

s- All males still alive in week 135 and all females in week 144
( were killed by decapitation, autopsied and subjected o a careful

gross examination. A thorough autopsy was also performed on rzts

found dead or killed in extremis. Sampies of the following organs

- ——y
PR

were fixed in a 4 1 aqueous, neutral, phosphate-buffered formalde-
hyde solution: heart, kidneys, liver, spleen, brain, testes,

ovaries, pituitary, :ﬁyroid, adrenals, thymus, pancreas, epididymides,
prostate, coagulating glands, seminal vesicles, preputial glands,

mammary glands, lungs, skeletal muscle, spinal cord, sciatic nerve,

urinary bladder, parotid, sublingual and submaxillary salivary glands,
axillary and mesenteric lymph nodes, oesophagus, stomach, duodenum,
jejunum, ileum, caecum, colon, skin, femur with joint and bone

marrow, trachea, aorta, exorbital lachrymal glands, Zvmbal's glands,

M‘ —
L P

cerviz and uterus.
The organs which were to be examined microscopically were

processed through paraffin wax, sectioned at 5 um and stairned with

Fuv&

haematoxylin and eosin.

Microscopic examination of all crgans praserved was zarried out

[t

on 20 maleg and 20 femaies of the conirol group and of each of the
two hichest dose groups. TFor the control group zhese 20 males and
s 20 females comprised all animals 'killed ur the end of the experimencal

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

-

supplemented by the animals which had lived the iongestc befere cthey
nad to be killed in 3 moribund condition. TFor the tu: highest dose
( grours the rats subjected to detailed hiztopathology comprised the

20 males and the 20 females which had lived the ionges:c before being

=illed in moribund condizion.

HWlstopactheological examination of ull ocher rars, except for those
killed afzer 26 and 32 wewrs (see & 2.%9.6. enticlag: Flngerim kilis™),
. wis restricoed to cthe liver, the siands of Jwmbal, zhe lungs, kidnevs,
“aleen, oituizary, shvraid, adrenais, gressiy wisisle zumours and
aTrars containine gress lesions susnected of einy zumours.
Ucc
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In order to be able to study the ultrastructure of an hepatic
angiosarcoma, multiple liver samples were collected for electron
microscopy when, on the basis of the gross autopsy findings, the
liver was expected to contain an angiosarcoma. The samples were
fixed by immersion in a fixative the composition of which is
described in detail in § 2.5.6. on page 12, After verification
of the :resence of an angiosarcome by light microscopy of paraffin-
embeddad, haematoxylin-eosin stained marerial, tissue samples from
one male rat of the 14.] mg/kg group were post-fixed and embedded
in plast.c, and semi-thin sections were prepared according to the
methods described on page 12. Thereafter, ultrathin sections were

prepared and viewed with a?hilips'EM 201G electron microscope at
60 kv.

2.5.6. Interim kills

Ten males and ten females of the control group and of the two
highest dose grcups were killed by decapitation and subjected to a
thorough autopsy both after 28 and 52 weeks. The following obser-
vations were made in these rats either during the thrae wveeks
preceding their death or at post-mortem:

- blood=clotting=time using Normotest reagents from Nyogaard and Co.,
Oslo, Norway;
serum electrelytes Na, K, Ca, and Mg, according to che method of
Paschen and Fuchs (1971), and Cl according to a coulomezric method;
Sa®, SGOT, SGPT, TSP: albumin and serum protein pacr:ern, according
to methods mentioned in § 2.5.3 on page 9;-
lactic denhydrogenase in the blood serum (LDH), using the method of
Wrdblewski and La Due (1955);
serum a~fetoprocein, according to a radio~immuno-assay described by
Bockes:ein-Tjahiafi and Kroes (1976);
liver function, using the bromosulphophthalein (BSP)-extinction
test and the barbiturate sleeping-time method.
Bromosulphophthalein (BSP) was injected intravenously (25 mg/kg body
weight) and afcer exactly ten minutes bicod was colleczed from tne
arbital sinus. The 3SP-conceniration in the serum was determines

solerimetrically by measurine the absoarbance ac 580 nm,

. ) - . . . e . LoD
Scdium penctobarbital was injecred intraseritomeily wi mare UCe
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body weignt) and the sleeping~time was recorded according to
Balazs and Grice (1963).

xidney function, by means of the phenol-rad excretion test, which
was carried out according to a modification of the procedure
described by Sharrat and Frazer (1963). Each rat was given an
intramuscular injection of 0.1 mg of phenol-red (in saline)

per kg body weignt. The total urine which was produced in

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

was egstimated colorimetrically by measuring the absorbance at

558 nm;

mixed function oxidase activities, aminopvrine demethylase (APDM)
and aniline hycdroxylase (AH), in liver-preparations (after 52 weeks
only) Icmediately a ter killing the animals by decapitation a
sample of each liver was taken and ap S-9 fraction (=supernatant of
homogenate centrifuged for 20 minutes at 9000 x g) was prepared.
The $-9 fractions were stored at ~20°C for 5 weeks before the
enzyme activities were determined. APDM-activity was determined
according to the procedure of Cram 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;

histopacthology of the liver, kidneys and glands of Zymbal;

electron microscopy of the liver '

Liver samples of 2 males and 2 famales of the control group, the
14.1 and 300 mg/kg groups were collected after 26 and 52 weeks for
electron microscepical examination. The livers were fixed by perfusica
through the portal vein under Nembutal anaesthesia., The fixarive
consisted of 1.5 2 glutaraldehyde, buffered with 0.067 M sodiumczzocy-
late (pHE 7.4), supplemenced by | Z sucrose. The perfusion flew was
5 ml/100 g/rat/minute, The perfusion of the liver with the fimzcive
was started afrer perfusion with 0.9 2 Nall solution. The liver

was removed from the body and 2 few slices from the left lobe were

izmedistely cur in ) mm® Slocks, which were stored in the fixativa

. o,. . ; - -
overnight at 4 C. The blocks were post-fixed in 1 % 0sO.,bufferad

. - . o o : I,
with 9.067 M sodiumcacodylate (pih 7.4) at 47C. for a peried of i7 hours.

UcCcC
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Dehwdration in graded aceton/water mixtures was follswed by
embedding in Epon 812,

One-micron sections were stained with Paragen.

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;
and one female and two males of the 14,1 mg/kg group and two
females and one male of the 300 mg/kg group which were killed after
52 weeks. Ultra-thin sections were stained with uranyl acetate
and lead citrate and viewed with a Philips EM 200 or EM 201 G
electron microscope at 60 kv. )

Statistical analvses

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

. The values obtained from animals of the highest dose
group (300 mg/kg group) were not subjected to statistical analvses
due to the fact that no proper corresponding contrel group was in-

cluded in the studv for practical reisons.

-

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 TVC-ceutaining
diets; thus preventing any inhalatory contaet of the extra control
rats with VCM. The rats in this additional control group were
iniciaced a couple of weeks later (7 February 1975) and were from
another (later) batch than the rats used in the other groups. in
addition, the arimals of the additional control group were fed she

PVC-diet (the Institute's rat stock diet containing 10 2 PUC-powder

without VM) ng_lihitum: this In contrast o the limirted

Fovdin
peried of four hours each day which was emploved fer the other (real)

control group. . uc
067214

nody weights, food consumption ond mertalisy were recorded, and
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but neo slides were prepared.

RESULIS
Syoptomatology

The behaviour of the rats during the first year of the experimencal
period wvas unremarkable, except for some respiratory difficulties in a
fev animals of the 300 mg/kg group. Most of these rats appeared to have
severe and often necrotizing tracheitis and bronchupneumonia, which
were probably the results of faulty dosing. Duriiz the second year the
generai condition of the rats in this group gradually declined and the
administration of VCM by gavage became more and m re difficult. Many
racs grew lethargic and filthy, before they died or were killed in a
moribund condition. Most of .chese rats appeared to have severe lesions,
including tumours, of the liver and lungs. It was therefore decided to
teroinate the VCM-treatment of this group in week 84,

After 18 months the number of unthrifty rats in the 5.0 and 14.1
wg/kg groups gradually increased; more rapidly in the 14.1 than in
the 5.0 mg/kg group, and more rapidly in females than in males., The
poor condition started with a humpbacked position and slight emaciation
followed by pale eyes, lethargy, filthiness and often severe emaciation.
Liver nodules could be detected in many of these rats by abdominal
palpation. Animals with a swollen abdomen were occasionmally seen;
most of them appeared to have multiple intra-zbdeminal tissue masses
which were alwavs detected upon abdominal palpation. In addition.
znimals with breaching diffigculties were seen quitre often in thase
groups. Their lungs were invariably found to contain multiple necdules,
whick, upon microscopy, appeared to be primary angiosarcomas or
metastases of either hepatic¢ angiosarcomas or hepatocellular carcinomas.
External tissue masses were fairly oftem found; mainiy afrer a
test period of 18 months. The greacer majority of the masses appeared
to be mammary gland tumours, but there were also otier types of
tumours criginating from the skinp, the subcutis or dermal adnexa.
Randemly distribuced mdjor abnormalicies in appearance, notc
artribuceblie to VO, included staired ceats, a bicody nasal discha
wer stools, foczl alopecia, foual dermatitiz, blood around che muz
and eves, paresis of hind le=s, loss cf one or beth eves, znd uihl

opaque cornea,

ucce
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‘ 3.2, Secdv weights
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The mean body weights of the rats of the 1.7, 5.0 and i4.1 mg/kg
groups were very similar to those of the corresponding contreis,
indicating that the incorporation of VCM-containing PVC-powder in
the diet did not adversely affect body-weight-gain (tables 3 and 4).
Eowever, the average body weights of the rats of the additional con-
trol group were clearly higher than those of the other groups re-
ceiving diets containing PVC-powder, This difference is undoubtedly
due to the fact that the extra ccncrrol animals
had constant access to their diet, whereas the other rats bad access
to their diet only for a peried of four consecutive 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 explanarion for this difference can be found in the fact that
the former rats had constant access to stock diet, whereas the
latter anizals were allowed to eat stock diet containing 10 %
(indigestible) PVC-powder for only four hours each day.

On the other hand, rats of the 300 mg/kg group had lower body
weights than those of the additionmal control group, which points to an
unfavourable effect of prolonged administration of VCM in oil bv stomach
tube (tables 3 and 4).

. Food consumption

Food intake of rars fed the different PVC-diets for a limicad
perioc of time each day was similar (table 5). Food efficiency in
these groups was also very similar (table 5).

In comparison with the rats fed the PVC-diets for four hours each
day, the food consumption figures of the animals of the 300 mg/kg group
were Telatively low during the first period of 3 (females) to 9 months
(males), and relatively high ar later stages of the experiments! period
{table 5).

Tood intzke of the additional control racs receiving PVC-diet

ad libitum was most often higher than that of the animals of :zhe other
3¢ .o ?

groups «(table 3).

ucc
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S, Merwality

Mortality was low in males and females of the comtrol group
during the first two years of the experimen:al period; it amounced
to 10 per cent after 2 years(able 6). This figure isonly valid for the
"reazl" 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 30 per cent). In femsles of the latter
group death-rate remained relatively high during the final nine
months of the test period; wherzas in maleg, the differences in
cumulative mortality between the two control groups gradually de-
creased and finally disappeared (table 6). This earlier mortality
in rats of the additional contrél group is very probably connected
with the higher body weights, and the higher and undoubtedly more
frequen: intake of food in this group.

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

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

In the low dose group (1.7 mg VCM/kg body weight), mortalicy of
males was fully comparable to that of male concrol rats, and death-rate

of females was only sligncly nigher than that of femzle controls
{table 6).

3.5. Baematology

Haemogiobin-concentration and packed cell volume were found to
be relarively low in the 14.] mg/kpg group after 78 and 94 weeks (table 7).
At eariler stages of thic experimenc both parameters were similarly

affected in the 300 mgrkg group: wspecially in males,

A relatively high number of white blood cells aecempanied by uce
. . . ) . . 2
a decrease L the percuntace of lvmphouvtes ane an increase in ghe ag7217
percentize 9f neurropihils wus observed in maies of the 5.0 and 14,1 =mn/kg

.-



groups af:ier 94 weeks (table 7). The same effects occurred in males
and females of the 300 mg/kg group after 26 and 78 weeks, and in males
of this group aiter 52 weeks. In contrast to these findings, the
total number of laucocytes in the 300 mg/kg group was low after 13
weeks.

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
short. ’

Bloed “iochemistrv

SGOT-activicy showed a slight

decrease in males of the 5.0 and 14,1 mg/kg groups and in {emales of
the 14.] mg/kg group after 13 weeks only (table 8).

The activity of GPT in the blood serum was slightly ilecreased
in males of the 14.1 mg/kg group after 13 weeks, and slightly in-
crezsed in females of this group after 26 and 52 weeks (table B8).

SAP-activity was slightly decreased in males of the 14.1 mg/kg
group after both 13 and 26 weeks (table 8). Such a decrease in SaAP-
activity vas also found in males and fazmales 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, SiP-acrivisv was
slightly higher than in concrols
(tabie 9). A strikingly low SiP-activity was found Iin fem:cies
300 =g/kg group after 26 weeks (table 8).

A relarively low 8C0T-activity, and fzirly high SCPI- and
activities occurred in the 300 =2g/kg group ifter 13 weeks. AT this
stage of the experiment, the total serum pretein and albumin contents
were also relatively high in this group (tadble 8).

The urea nitrogen level of the blood was decrezsed
in males of the 14.] mg/kg group afcer an experimental peried
weeks (radle &).

The :~Icrtgprotein level in the ploed serum was
inereased in m2les and

UCe
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sigrnificance.
Urinalvses

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

In general, the pH of the urine was fairly low in rats of the
300 mp/kg group (rable 11). The amount of crystals in the urinary
sedinent of these rats was also relatively low from week 52 onwards.

Slightly increased UGOT-values were found in females of the
5.0 an¢ 14.] mg/kg groups after 13 wveeks, and in females of the
latter group after 52 and 94 weeks (table 12)., Fairly high UGCI-
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 tha urine was statistically significantly
decreased in females of the various test groups receiving PVC-diets.
There was, however, no dose-response relationship; and the
differences are very probably the result of an unusually high
specific gravity of the urine of controls.

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

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

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

Liver function

The results of the ESP-rezeation test and of the sleeping-time-
deterzinactions are presented in tabie !3. There were no clear indi-
cations that the ingestion of VLM resulted in a diminished function

of the liver after experimental verieds of 26 znd 52 weeks.

Mixed function ovidase aczivities in the liver

No signicant differences in activity of APDM or AH in the liver
were found between test groups and centrels (table 14), With respeer
to the specific activicies determined, this indicates that ne in-
duction of mixed funccion exidace activities occurred following oral

exposure to VCM.

uceC
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3.10, Liver and kiZnev welzhes

iver-to-body weight ratios were slightly increzsed in males and
females of the l4.l mg/Kg group both after 26 and 32 weeks (tzble 13)
In the 300 mg/kg group, relative liver weight was always higher than
in the other groups. These findings suggest that ingestion of VCM
2ay lead to a slight but definite liver enlargement.

Relative kidney weights were slightly increased in females of

the 14.1 og/kg group after 52 weeks only (rable 13).

3.11. Pa:hologz

3.11.1. Gross E;gpiqgtipa

Many rats exposci to VCM had severe liver lesions. Pronounced

swelling, discolouracion and altered consistency of one or more lobes,
often containing varying numbers of cysts, were common findings.
Nodules and nodule-like processes in the liver, widely varying in
size (up to 4 cm in diameter), appearance and consistency, were fre-
quently observed. Many of the nodules were solid and pale; others
were cystic and haemorrhagic. The larger, firm and pale nodules with
central necrosis appeared, upon microscopy, to be carcinomas. These
were mostly present in completely distorted livers. Angiosarcomas were
most often seen as multiple, soft, dark, cystic nodules, containing
blood and granular, necrotic material. Nodules, which were later on
classified as "neoplastic nodules" were relatively small, firm and
compact; they were either pale or had the same colour as the adjzcent
notmal liver tissue, and never contained necrotic material.

The abdominal cavity of several rats found dead conctained blood,
mest probably derived from a ruprured cyst-lika structure in the liver.

The above mentionad liver changes were most pronounces and oczurred
ezrliest and mOSC ‘requently in the two highest deose groups. angio=
csarconmatous nodules were not saen at all in the leow deose group, and
occurred more frequently in males of the 5.0 and !4.) mg/kg groups than
in females of these groups. The incidence of this tvpe cf nodules was
high at the 300 mg/kg level, bur there was no chvious difference in this
respect between the sexas. Solid nodules oceurred more frequencly and
were more often multinle in females of the 1.7, 5.0 and 14.1 mg/kg groups
than in males of these groups. Actually, in males of the iowest Zoce
group. Lliver nodules werz secen in only a few coses,

slterztions in tne lunmes wiich cvould be ascribed zo VCM=treatmenc ues

zensisted of rmall haemorrnacic or aravish nodules, or slighely pre- QE72:2

ITuLLAg are3s.  The nedules were often Lacsted anoshe eéue of 3 puisonory
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lebe. These changes were not observed in controls ©r low dose

animals.

Rats with a swollen abdomen which contained free blgod cr

haemorrhagic fluid, and numerous pale, firm nodules (diameter

2 to 15 mm) in the peritoneum were encountered slightly more
frequently in each of the three lowest dose groups (maximum
incidence 15 per cent) tiian in the control or 300 mg/kg group (max-
ioum incidence 5 per cent). Uponrdcroscopy the nodules appeared to
be mesotheliomas. In a few cases nodules with a similar gross
appearance, occurring in the mese  rery, were found to be an

advanced stage of periarteritis nydosa, However, in contrast

to the mesotheliomas, the arteriiic nodules nearly always were

seen, upon incision, to contain blood.

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

scopic exsminacion

ats killed after 26 or 52 weeks (Interim kills)

Liver changes that could be attribuced to VCM were found ia
rats which were killed after creatment periods of 25 or 52 weeks.

The hepatic zalterations comprised foci of celluiar alceraczicns.,
'necplas:ic nodules, hepatocellular carcinomas and evstic bdile Jdue
hWvperplasia ftable 16). The nepatscellular lesicns were claseificd
according to the svstem deserized. by Sauire and Levizs (1973).

only a3 few smzll. clear cell faci were found in a limited aumder




of test animals after 25 weeks (rable 16). aAfter 5% weeks the
nuaober of rats with foci of zellular altaratiors as well as the
number of foci per liver had clearly increased. In additien,
one male and two females of the 14,1 mg/k3 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 carcinomas wers observed in
the 300 mg/kg group. In this group the incidence of foci of
cellular alcerations was also clearly lower thanm in the 4.1 ag/kg
group.

Cystic bile duct proliferation was only found ia four out of
the ten females of the 14.1 mg/kg group. Alterations attributable
to VCM were not observed in the kidneys or glands of Zymbal.

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

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

The incidence of foci of cellular alteration in each of the three
test groups receiving VCM-containing PVC-powder (the 1.7, 3.0 and
14.] mg/kg groups) was much higher than in the control group, z2nd
also, nearly always higher than in the group receiving VCM in cil
bv gavage (300 mg/kg group). Similar differences alsc existed Zor
neoplastic nodules and heparocellular carcincmas.

In the test groups receiving PVC-powder ths i{nci-

dence of both neoplastic nodules and hepatocellular zarcincemas was
(a) positively relaced to the VCM dose, and (b) much higher iz
females than in males.

Angicsarcomas of the liver were found in males and females of

three highest dose groups. but did not occur at all In ceoncrols

lcw dose animals (tabie 17). Inm both the 3.2 and 14.: mp kg

incidence of uncniosarcomas was three times u; hizh




in females. This difference batween the sexes did not exist in
the 300 mg/kg froup, in which an angiosarcoma incidence of about
50 X was fourd in beoth 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 FPVC-diets (viz. the 0, 1.7, 5.0 and
14.1 mg/kg groups) are plotted in figs. & and 5. A clear dose-
resbopse pattern is demonstrated by the considerable lengthening

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

In the 300 mg/kg group, which for reasons of incomparability
with the other groups was not included in figs. &4 and 5, the
average latent period for the detaction of liver tumours (almost
exclusively angiosarcomas) at death was found to be 84 wveeks for
‘males and 83 weeks for females:.--For males and females of the 14.!
mg/kg group these average latent periods appeared to be 104 and 88 weeks
respectively. The differences in the latent period°between the two
groups are clearly indicative Qfanearlinrlap;earance of liver tumecurs
ian the 300 than in the 14.] mg/kg group, especially in males.

Several rats bearing angiosarcomas or liver cell tumours also
showed focal proliferation of atypical sinuscidal cells, often
accompanied by distension of sinusoids. In additien, similar
changes were observed in several rats not bearing a2 tumcur in the
liver (table 17).

Large areas of necrcsis were found in the liver of guita 2 high
number of rats of the thrae highest dose groups (table 17).

Cysts, whick were verv protably lined 5y prolifzrized bile duct
epithelium, were seen in a relatively high number of males of the
14,1 mg/kg group, and in females of the 1.7, 5.0 and 14.1 mg/kg
groups (table 17}, The size and multiplicity of the cysts varied
widely amomg che individeal animais.

Liver cell polymorpnism was seen much more frequently in males
of each of che zest groups than in controis (table 17). 1In females,

slizht degree of polvmorphism was also observed in gquite 2 number

sf controls, :ut the pelvmorphism was more sronounced in many tots

irom test grouns than in zonorels. .
Uce
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Centrolobular iiver degenerstion wzs a fraquent fiunding in
Zemales, but not In =males, of the 300 mp/kg zroup (rable (7).

Small foci of haematopoiesis in the liver were encountered
Tzore often in males and females of the two highest dose groups

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

-
——

The non-neodlastic histopathological changes obser—ed in crgzans

other than the liver are presented in table i8.

A wide variety of alterations were found. Nearly all of them are
considered to be related to the normal ageing process. An exception
might be the very strong haematopoietic activity found in the splaen
of 6 out of 40 males and 10 out of 40 females of the two highest dose
groups (table 18, SFLEEN, !). 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 frequently in each
of the two highest dose groups than in contrels. These included i.a.
bronghiectasis in the lungs of males (table 18, LUNGS, 3), an ino-
creased amount of brown pigment in the red pulp of the spleen of
females (tzble 18, SPLEEN, 2), focal infiltration of menonuclezr in~
flammatory cells in the kidneys of females (tsble 18, KIDNZYS, 1),
dilated nmucosal glands in the stomach of femalas (table !8, STOMACH, 1).
and endometritis or pyomerra (table 18, UTERUS, !). The lower incidence
of these age~connected changes in the test groups can undoubtedly be
ascribed to the fact that the test animals’examined were Tuch vounger
when killed (in excremis) than were the controls at the time of
aurorsy. Uccec
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The site and tvpe of the tumours obsarved, and their incidence in

s

cne diilerent grounms are presented in tanle 19.

The different aspects of the vceurrence of tumours
glrezdy been descrited in thig cnapter vse€ ziso rable 177,
Angiosarcomas werce frequentiy Cwund In tne lungs ac e fwo plgnes

doge ievels, and also oceurred in 5 few rage of the 3.0 moSRg CToun
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tcable 12Y,  They were moast ofroen =ven as mulriple very smatl o
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oci of tumour cells with an angicmatous grewto~patzern. Their
appearance was nighly suggestive of metasctases. On the other
hand, in several cases, the histological appearance of the neo-
plasms did not permit the exclusion of their teing diagnosed as
primary pulmonarv angiosarcomas. In addition, in three rats with
a puldonary angiosarcoma, no angiosarcemas were encountered out-~
side the lungs.

In four rats of the two highest dose groups an angiosarcoma
vas found in the abdcminal cavity cutside the liver (razble 19,
ABDOXEX, 2). 1In each of these 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
5.0 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). 1In
several groups their incidence was higher that 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 wich in-
creasing dose levels for both males and females.

The histological appearance of the peritonezl mesotheliomas
was quite variable, but roughly two types could be distinguished,
viz. a ifibrous type in which sarcomatous areas predominated, and
an epithelial type which mainly consisted of tupbulo-papillary for-
mations. In sevaral tumours both the sarcomatous areas and tie
tubulo-papillary structures occurrad to the same exten:z. Mitotie
figures were never abundant.

Fibrcadenomas of the mammary glands were found much less
frequencly in females of the 5.0, 1+.1 and 300 mg/kg groups than
in controls or low dose animals (tuable 19). The low incidence of
this common type of “spentaneous" tumour, which s associated wich old

cze, at the three highest dose levely is undoubtedly connecred wizh

the much sworter survival time of tie auimals in fnese groups as cempared




to that cf controls or of low cose animals. Despite the
relatively low survivil-time of females of the 14.! and

300 =mg/kg sroups the number of females in each of these groups
which bore adenocarcinomas of the mammary glands was twice as
high as chat in the control group. This might indicate that
VCM enhances the development of mammary gland carcinomas.

The incidence of several other common types of tumours,
kanm to be associated with old age, were found to decrease
with increasing dose levels. Examples are: cortical adenomas
and shaeochromocytomas of the adrenals; pizuitary zland adencmas;
parafollicular cell adenomas of the thyroid (the incidance of this

tutbour was exceptionally low in-males of the control greup);

and adenocarcinomas of the uterus (table 19).

3.12. Electron microscony of the liver

3.12.1. Rats_killed after 26_and 52 weeks (Interim kills)

Upon light microscopy of semi-thin sections, foci of hepatocytes
and also scattered hepatocytes, coutaining a finely "vacuolized"
cytoplasm, were found in rats of the 14.1 and 300 mg/kg groups both
after 26 and 52 weeks. UltrasCructurally; thev"vacuoles" appeared
to represent swollen mitochondria with a pale matrix and short
cristae. The abnormal mitochondria closely resembled those found

rats following inhalation exposure to 3000 ppm VCM for periods
4=52 weeks (Feron et al, 1977); therefore, no further decails
f their ultrastructure are given here.

Afrer 16 weeks small foci of hepatocytes, each containing
numerous highly swollen, irregularly-shaped'mi:ochundria without
cristac and a matrix widely varving indensity, were ancouncaved
in both livers examined. An incrcased amount of tubular, smoech
endoplasmic reticulum (SER) was inQariably presenc among the swollen
mitochopndria. Scattered individual hepatecvtes were occasionzlly
seen to contain only a few extremely swollen mirochondria but were
otherwise rormal the other mitochondria included.

o afzer 32 waeks large arcas of hepatecyies, containin

swollen mitcehondria, were found, mainiv in rotg of oo

Zroup., These hepatoartes had la ruclzi with pronnuncid aueleoll,

Tubular SER and wherls of SER were occasicnalls Ffoung cogerbor wwich
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Large cells with an elongatad nucleus were occasicnally
These cells mvariably adjeined

found.

nepatocytes and were further in
direct conmtact with bundles of eicther collagen fibres or fibres

with a low contrast and without &ny striation.

No increase in fat-storing cells (Ito cells) was observed.
An occasional pit-cell wvas found, which was recognized by its

nighly characteristic granules, organelle-free hyaloplasm and

nucleys with dense chromatin. There was no indicaticn that this type of

cell was involved in the tumour process.

DISCUSSION

Only slight :nd often inconsisterz differences were found
between controls and test animals in several of the haematological

and biochemical parameters applied in the present study. Thesa

slight deviations were considered to be of little, if any, toxico-
logical significance, with two possible exceptions viz. shortening

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

Failure of the blood to 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 exrosed to 3 or 2 var cent VO Zor 19 or 92 days respectively
had normzl blood clocring times (Lester at gl, 1953).

3 In contrast

to these findings in the present study amd also in a previcus in-
halation sczudy with VCM in racts (5000 ppm VCM,.6 hours a day, 5 davs 3

week; Feron et al, 1977) procthrembin times were shorter ip VCM~
exposed rats thanm in controls.

Bacause of the conflicring cbservations it is difficulr 0 assess the

toxicological importance of the slight hyvpercoagulability of the blead
as seen in VCM-expnnsed rats used in cur scudies.

Muller et al (1976) recently reported a disrurbed thrompocviiz

functicn in 9@ out of 17 catients suffering from "vinvl chlouride
". Thrombocvtopeniz, which has heen reported to be one of the
symproms of VCl-intoxication ia man {(Juhe er al, 1973; Lange et al.
1974 Millar et ai, 1874) was

shearvwed neither in the present ora
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riment nor in the nrevious cne-woar Inhalation studv (Feron e: al.
16770,

In future studies, it gaems cesirable 10 pav sneci
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te the possible effects ¢f VO on thrombouvres.

Slight, thougnh statistically significant, increases in the
g-fetoprotein content of the blood serum were found in males
and females of the 14.1 =g/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 odbtained
in rats exposed to 5000 ppm VCM in air for periods varying from
4 to 52 weeks (Feron et al, 1977). These findings may indicate
the presence of fetoglobulin-producing neoplastic or preneoplastic
cells in the liver of rats expos'd to VCM for a prolonged period
of time. However, since the incresse in a~-fetoprotein level was
only slignt, it is more likely that aspecific liver damage, such
as necrosis or degeneration of hepatocytes, is responsible for
this slight effect.

The association berween VCM and angiosarcoma in man has been
recognized some years ago (Creech and Johnsom, 1974; Lloyd, 1975).
Several investigators have produced angiosarcomas in experimental
animals through exposure to VCM either by inha.ation or oral ad-
ministration (Feron et al, 1977; Holmberg et al, 1976; Keplinger
et al, 1975; Lee et al, 1978; Maltoni, 1975; 1976). The results
of the present experiment show thar 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
tumours and metastases) and, at the higher levels,also a few primzry
extrahepatic abdominal angiosarcomas., No angiosarcomas wers found
at the lowest level of 1.7 mg VCM/kg body weight/day.

Although hepatocellular tumours have been reportedé to occur in
rats after trestment with VCM (Maltomi, 1976; Williamson, 1978) and
some evidence exists as to the occurrence of hepatcceilular carcinomas in
persons exposed to VC! (Berk er al, 1976; Popper et al, 1978), che high in-
cidence of necpiastic liver cell nodules and henat

ratocellular carcinomas in
test snimals (especizlly females) receiving VCI orzily in

_ e
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b4
was an unexpected findiaz in the present study. Zven atg ch

2 lowest
level (1.7 mg VQCM/kg bedy weight/dayv) VCi-related liver ceil tumours

and an increased incidence of foci of ciéllular alreracion wore =moticezo.e
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T tcth males and females. I was remarkabie that only a few
hepatoceilular neoplasms occurrad in animals ceceiving VO in

oil by gavage at cthe very high dose of 300 mg/kg body weizht,
whereas nearly 30 per cent of these rats had a hepatic angio-
sarcoma. The nature of the tumour response of the liver in the
various test groups suggests a shift from almost exclusively
angiosarcomas at the very high dose level, via both angiosar-
comas and hepatocellular tumours at the intermediste 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 signiijcance for the difference in

tumour response between the 300 mg/kg grovp and the lower dose
groups, because gastric intubation of VXM in oil (once 2 day,

5 days a week) implies that daily the body (the liver) has o

deal with a large amount of VO in a short period of time, whereas
in the case of oral intake of VCM-containing PVC-powder the body
(the liver) is continuously (24 hours a day; 7 days a week) exposed

to "fresh" VCM, which is gradually and uninterruptedly released

" from the PVC-powder during its tramsport :tnrough the gastro-intestinal

tract. One might also speculate that the unexpectedly high incidence
of liver cell tumours in test groyps receiving PVC-powder is dua to an

unuswal sensitivity of the liver cells to VCM as a congequence of an
altered metabolic state caused by the reduction of the daily period
of food intake to four hours. This restricted period of fooc intake
might bave caused a daily, transitory depression of hepatic zluca-

thione, which has been demonstrated te te of significance for ke

Lall

detoxification of VCH or its reactive metabolites (Wacanabe =t zl,
1976a, 1976b, 1976e). .
The lesions of the hepatic parenchyma that could be srcributed

to VCM did not only include "foci of cellular alteraticns", neopis

w
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nodules and carcinomas, but also necrosis, centrolobular degeneration
and mitochondrial damage. In acdicion, the sligiht increases in z-fate-

protein content of the blood and in relative liver weign:z mizacz alsc

-
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be indications of VCM injuring the hepatic parenchyvmal ceils. Since
it is known that cissue injury Iollowed by repair (hyperciasia) may
stimulace ctumour fcormacticn, the pessibilicy thar the oceurrence oi

repatocellular tumours Jellawing V!N exposura {5 net due to the gino=.

roxic scoivity of VCM but to the chrdnic process of ¢ : irmlna

LonTioianyg T Lse

and repair. cannet he excluged. To eiucidate the mecnznism of acsion
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conditions as prevaiied in the present experimen: seem to pe
indicared,

Full develogment of VCM-induced angiosarcoma has been found to be
preceded by nodular hypertrophy and hyperplasia of liver cells, which
pay proceed to hepatocellular carcinoma (Feron er al, 1977; Popper et
al, 1977). The liver changes found in the three lowest dose groups
(1.7, 5.0 and 14.) mg/kg groups) are well in line with this observation,
but in this connection it is difficult to underszand the high incidence
of hepatic angiosarcomasvin the 200 og/kg group, because a precursor
stage of focal hypertrephy and hyperplasia of the parenchyma occurred
in only a very linited number of rats of this group.

Pulmonary angiosarcoma and extrahepatic angiosarcama in other
organs have been found in rats exposed to VCM by several investigaters
(Lee et al, 1978; Maltoni, 1973). 1In the present oral study extra-
hepatic angicsarcomas were also seen, although it should be stressed
that 208t of the pulmonary angiosarcomas are regarded as metastases
from hepatic angiosarcomas,

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

-0of Zymbal. Since spontaneous Zymbal's gland tumours are rare and

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

VCM-induced carcinomas of the mampary glands have “een observed
in mice (Lee et al, '1978; Maltoni; 1975) and prasumaply also in ra:ts
(Maltoni, 1975). The incidence of mammary gland carcinsmas in
several of the test groups was only slightly higher than in controls,
whichwas ccasidered insufficient evidence of VM being dapable of
inducing this type of neoplasm in rats, but at most may be regarded
as a slignt indication of VCM enhancing carcinema=-formaticm in this
organ.

To our kmowledge, so far, VCM-inducea mesothe.ioma have not teen

raported, In the present study an increasced numper

rats wiifh wo-

(<]
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dominal mesothelioma were found in sevéral of the test grouns receiving
PVC-powder. This might indicara that the ingestion of VO nis &

~gzentincing offocs cn rhe Zeveloomen:t of Tusothelioma in racs.
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from the ulrrastructural studias of the liver it appeared thaz

oci
of parenchynal cells affected by VCM scatrered throughout :he organ.
Swelling of mitochendria was the earliest change observecd zné mitochomdrizl
lteraticns remained characteristic features of the VCM~damage seen at
later stages. 1In addition te swelling of mitochondria, prolonged treatzen:
with VCM (26 and 52 weeks) appeared to cause a decrease i RER, loss of
ribosomes from the RER, while the most important observation was an in~
crease in SER. These findings suggest an enhancing effect of VCM on
~the so called mixed function oxidase system (MFO~-systam) which has indead

been shown to be involved in the detoxification of VCM (Bolt et al, 1975;

Reynolds et al, 1975). However, the determinations of the aminopvrine

demethylase and anilirehydroxylase activities in the liver did not produce
evidence of VCM inducing MFO-activities.

The ulzrastructural appearance of angiosarcsma-cells lining dilatas
sinusoids (elongated cells with slender processess forming a continuocus
lining of the sinusoid, presence of micropinocytotic vesicles) is suggestive
of the tumour cells being derived from sinusoilal endothelial
cells. In addition, there was no evidence that fat-storing cells,
fibroblasts, Kupffer cells or pit-cells were involved in the tumour
process. In contrast to the observations of other investigators
(Popper and Themas, 1975; Popper et -al, 1977), neither an increase
in fat-storing cells nor comspicuous fibrosis was found to precede
hyperplasia of atypical sinusoidal cells. Therafore, in rats a
fibrotic precursor stzge doas not seem Lo exist.

The high incidence bf iiver cell tumours in females of the low-dise
group (27/58) clearly demonstrates the absencs of both a "me-touic-2flsct
level” and a "minimum-effect level”. For extrapolating the snimal dats
to nus=ans either a "no-toxic-effect level” or a "minimum-sffect level”
is essential. Further long-term studies wicth lower diecary VCM levels

are, tharefora, desirzble.

uce
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CONCLUSIONS
From the results of the present study the following conclusions are
drawn:

incorporation of VCM-containing PVC~powder into the diet of rats is
an eifective methoé for studving the long-term effects of oral
administration of VCM;

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

the tumour response of the 1ive: of rats to oral intake of V(M seems
to shift from almost exclusively angicsarcomas at very high levels to

exclusively hepatocellular tumours at low levels;

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

abdoninal mesotheliomas and of adenocarcinomas of the mammary glands;

alterations of hepatocytes precede anziosarcoma development in the
liver of rats;

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

under the present rigorous conditions of continuous exposure for 24 hours

a day.
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Table !. Percentage composition of the rat stcck diet

— oy - > A

Ingrecients ya
i Fish meal 7.0
: Yellow maize : 29.7
{- Whole wheat 36.0
Soya bean oil meal 11.0°
zﬁ Grass meal 3.0
. Meat scraps - ) 4.0
; Dried whey . 2.0
$4 Brewer's yeast 3.0
. Steamed bone meal N 0.4
i Soya bean oil 3.0
Trace mineralized salt b . 0.5
z Vitamin ADEK-preparacionz) 0.3
Vitamin B mixture > 0.1
l. D Percentage composition:MnQ, 2.00; ZnCl,, 0.530; KJ, 0.012; Co~-acetate.
4H,0, 0.04; FeSOy.7H;0, 2.50; CuSO,.5H,0, 0.80; NaCl, 94.15.
i_ )
: 2 Per gram preparation: 2100TU vitamin A as retinyl acerate; 700IU
z vitamin D as cholecalciferol; 13mg vitamin E 2s di-u-tccorherol; and

Img vitgmin K as menagquinene sodium bisulphite

( In mg per gram mixture: thiamine dichloride, 2.5: ribofiavirn. 3.0;
[ oyridoxol hydrochloride, 5.0; nicotinie 2cid, 12.5; caleivm dl-panze-

thenate, 7.5; d(+) biotin, 0.013: vicamia 3y, 0.005.
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Tabile 2. Pesipn_and_actua) dosape levels of VCM in rats fed dietg contuining PVC-powder

- . St o e e o e 4t e B e o e e B e e e e

Besign VCM levels Actuat dietary VCM Theorctical ora Actual oral iﬂ; Actual oral ex-
huse T i/lp bod levels at Lhe start intake of VCM take of vcHd) posure level of
R . PgW "a f?lfo y of the feeding- {(mg/kg bLody wt/ (wg/kg body we/ VvCeM™*? (wg /Ky
prenp in diet vt Alay pcriod') {ppm) day) day) body wt/day)
Comtrol 0 0 0 0 0 0
Low 20 | 46 2.3 1.8 1.7
iid 60 k| . 139 7.0 5.6 5.0
Nigh 200 ) 424 21.2 7.0 t4.1

1) Average Jdictavy VOM-coutents determined jmmediately after preparation of the diets.

23 Oval intake of VCM if wo loss of VCM by evaporation from the diets would occur (see also §2.2.1.2).

1) -8G5 ol the theoretical oral intake (sec also §2.2,1.2),

4 ral intake of VCM diminished by the faccal VCM which was found to be 8, 10 and 17 per cent of the actLual oral
VEH intake for the low, mid and high dose groups respectively (sce also §2.2.1.2). The VCM excreted in ihe

tacees was considered to be-still enclosed in the PV¥C-granules, and thus had not been in countact with the body.
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Table 3. Mesn body weighrs of maizs

week mg VCM/xg body weigznc
no. 1.7 5.0 14.1

91
101
138
183
2'5
241
25+
27
283
314
329
333
347
346
353
362
375
378
381
391
339
405
406
4i4
414
414
409
399
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Table 3 con:.

week mg VCM/kg body weight
no. 0 1.7 5.0 14,1 0%

116 361 375 384 363 474

120 348 360 363 350 454

124 346 346 349 - 443

128 335 353 355 - 414

132 347 322 350 ~ - 379
k) 3)

134 343 ND ND - - 363

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

2) Addictional control group (see §2.7); the figuras of this gTroup were
not evaluated statistically.

3) ND = not determined

4) - = all animals dead

*P<0.05; **P<0.0l; ***P<0.00]; according to the Student t-test
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0g7243




’

=. Mean bodv weizhts of females

mg VCM/kg body weighs
1.7 5.0 14,1

87
87

067244
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( Table = cant.

d weax my VCM/kg body weight
. 1) 2)

, no. 0 1.7 5.0 4.1 300 0°
l 116 234 233 220 - - 326
, 120 232 233 221 - - 117
i 124 227 229 221 - - 103
128 228 226 - - - 294
a 132 227 223 - - - 280
136 240 241 - - - 263
l" 140 212 228 - - - 252
143 234 216 - - - Np3?

1) The figures of this group were not evaluated statistically (see 52.5).

-

2) Additional control group (see §2.7); the figures of this group were n..t
evaluated statistically '

- 3) XD = not determined

4) = = all animals dead

ety ame——

*P<0.05; *"P<0.0]; according to the Student t-test
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Table 9.

e e @ — —

D Ry e - @ —

mg VCH/kg
body wt.

Food intake in g/rat/day in week:
10411 24+25 36+37 60461

Food cfficiency during wk |-
food (g

72473 84+85 gain/fo

gain(g)

131
12.9
12.8
12.7

R

13,4

10.3
10.6
10.6
10.2

1)

0 12.0

14.)
14.7
14.7
14.5

12.7

10.8
10.8
0.7
10.7

13.7

Males
18.6
18.5
18.0
16.7
17.8
i8.7

Females
i1.0
il.1
.7
12.0
13.4
14.3

17.3
17.5
17.2
17.0
17.1
17.4

1.7
1.5
11.6
12.0
10.3
12,7

88.5
90.0
91.8
85.0

3s0.8
386 .4
iss5.0
3so.8

1} Additivnal control

2) - = not determined

group (see §2.7)
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Table 6,

group  wmy VOM/kg Number of deaths at end of week:
no. body ul. 80 92 105 £20

7808 0
7809 1.7
7810 5.0
7811 14.1
7612 300
7844°) 0

7808
7809
7810
7811
7812
7844°)

1) Initial number of rats: 60/sex/group

0

2) The mwales still alive were killed in week 135

3) The females still alive were killed in week 144

4) The Figures of this group were not cvaluated statistically (see §2.6).

3) Additional control group (see §2.7);: Figures of this group were not evaluated statistically,

*P<0.05; *°P<D.01; *** P<0.001; according to the Chi-square test
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Table 7. Mean_hacmatological findings in_10/rats/sex/group after_13, 26, 52, 78 and 94 weeks

- —

liaemo- Packed | Erythro- | Thrombo—-|Prothrom- Leucocytes
my VCi/kg globin cell cytes cytes [bin time | Total Nifferes*ial count (1)
body wt. (g/100m1) {vol. (2)|(105/mnd) | (103 /mm3) (sec) ')(103/mn3) Lymph Neutr Eos Mono
Malesa: week 13
0 15.6 47.6 8.2 766 -2 14.6 88.8 9.9 1.3 0
1.7 15.6 47.6 - 7.8 738 - 13.5 88.7 10.4 0.9 0
5.0 15.8 47.8 8.0 781 - 15.0 90.7 8.4 0.9 0
14, ) "15.5 47.3 8.3 770 - 15.5 89.6 9.2 - 1.2 0
300" 15.3 44.9 8.3 906 - 12.0 82.6 16.0 1.4 0
Females: week I3 '
0 15.7  48.0 8.2 663 ' - 13.3 92.0 6.9 1.1 0
1.7 15.8 48.4 8.0 ' 588 - 13.3  ~ 90.6 8.4 1.0 0
5.0 16.0 49.3 8.2 546" - 13.6 94.7 5.0 0.3 0
14,1 16.2 48.3 8.2 656 - 13.8 92.0 7.6 0.3 0.1
3007 i5.1 45.6 7.9 703 - 10.0 90.0 9.5 0.5 0
Males: week. 26 '
0 15.7 48.3 7.5 744 41.3 10.7 87.0 1.6 1.1 0
1.7 15.5 47.8 7.5 741 - 1.0 81.3 15.5 1.2 0 ,
5.0 15.4 46.3 7.7 708 - 10.6 85.7 13.1 1.2 0 >
14, 15.3 47.7 7.8 615 38.9 10.4 88.5 10.0 1.5 i i
13007 14.8 45. 1 7.7 751 35.2 1.5 72.9 24.2 2.9 0
cont.....

8k2L90
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Table 7 cont.,

mg VCM/kg
body wt.

Haemo~
globin
(g/100ml)

Tacked
cell
vol. (%)

Erythro-
cytes
(10f /am3)

Thrombo-~
cytes
(103/mm3)

Prothrom-
bin time

(sec)'

l.eucocytes

Total

Differential count ()

(103/mm3)

Lymph

Neutr

Eos

Mono

47.9
48.9
48.1
48.6
47.3

47.5
46.2
48.5
46.9
45.4

44.5
44.6
46.4
45.2
45.)

Fe-nlea:lweek 26

700
689
600
657
665

Males: week 52

616
633
637
724
600

37.2

‘e

34.1
31.7

41.6

-

L ]
38.8
37.3

9.8
9.1
9.7
9.9
10.2

13.8
14.7
12.3
12.3
15.3

Females: week 52

671
626
610
676
756

32.8

1.8
11.6
13.6
1.4
12.5

79.9
74.5
18.7
713.3
64.3

85.8

78.9

85.6
86.0
77.9

84.2
84.5
84.1
80.2
81.5
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Tabte 7 cont.

VCM/ b Haemo- Packed | Erythro- | Thrombo-}Prothrom- Leucocytes
me ViH/kg globin cell cytes cytes f[bin time | Total Differential count (Z)

body wi. (g/100m1) [ vol. (X)| (106 /nm3) (103 /mmd) {sec) ljloalmna) Lymph Necutr Fos Moo

———

Males: week 78
15.3 47.4 1.3 645 - 10.3 80.8
4.7 46.9 684 - 11,5 80.5
15.1 47.1 . 708. - tL.9 74.9

V4.4 45.4 779 - 10.8 79.9
V4.4 44.5 ) 783 - 15.3 69.8

Femnles: week 78 _
14, 45.6 689 10.9 76.9

4.7 46.8 . 704 10.8 76.4
b4, 46.2 737 12.1 1.8
13. 44.6 659 ~ 11.2 76.6
45.8 721 - 15.2 60.5
Males: week 94
52.9 645 - 8.9  80.7
50.1 743 - 8.1 73.5
49.0 727 - 9.6 67.9
45.8" 730 68.4°
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Table -7 cont.
. VCM/ Ky Hacmo- Packed | Erythvro- | Thrombo-| Prothrom Leucocytes
i VETITKE globin Ceell cytes cytes |bin tims Total Differential count (X)
body wt, (g/100m1){ vol, (2)| (1Q6/am3) | (103/0m3)] (sec)!? }(103/mmd) Lympl Neutr Eos Mono
Females: week 94
0 14,9 46.0 1.4 630 - 0.2 67.7 30.6 1.6 0.1
1.7 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 34.4 1.7 0.i
14,1 13.6 42.9 7.2 652 - 12,1 64.7 33.9 1.2 0.2
3093) - - - - - - - - - -

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

2) - = pot determined

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

*P<0.03; **P<0.01; ¢*+P<0.00!; according to the Wilcoxon test
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Table 8. Hean biochemical blood values determined in_)0_rats/sex/group after 13, 26, 52, 78 and_106 wecks
|
body weight] (mg %) (mg 2) (RF-u) (RF-1) (BL-V) e 1) (g %) o g Y
Males: week 1]
0 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 e 26 7.7 6.8 2.6 55 31 14
14. 84 16 104" 23" 6.6° 6.9 2.6 56 32 13
1 100" 67 14 93 38 15.5 7.9 2.9 50 36 s
Females: week 13
0 77 13 89 24 7.2 6.8 2.8 4S5 35 19
1.7 74 14 92 20 6.3 7.0 2.9 45 35 20
5.0 78 12 89 19 1.7 6.7 2.8 42 LY 24
V4.1 79 13 77" 21 8.2 6.8 2.7 44 34 22
300" 74 16 84 32 12.) 7.4 3.3 43 35 22
Males: week 26 )
0 77 14 79 26 11.0 7.3 2.7 55 29 16
1.7 75 i3 84 21 9.6 7.3 2.7 57 27 16
5.0 79 14 69 26 10.0 7.4 2.7 57 28 s
141 81 14 83 26 8.7° 1.5 2.8 55 29 16 '
300" 86 i5 84 27 8.6 7.6 2.8 53 27 18 s
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Table 8 cont,

L UeMIL serum enzyme activitics serum proteins
wg VOH/kg | sugar cot GPT AP TSP Albumin Globulins (%)

body weight | (mg X) {RF-U) (RF-V) (BL~U) {g %) (g %) a 8

Females: week 26
78 20 7.4 8.7
78 22 6.8 9.0
74 | 28 6.9 8.6
18 23" 8.3 9.0
85 21 4.0 8.7
Males: keek 52
87 24 7.2 6.2
85 23 8.1 6.3
88 26 8.8 6.5
88 . 23 6.4 6.7
72 23 9.1 7.0
Females: week 52
90 18 5.4° 6.8
9) 20 4.5
b6 20 4.4
89 21" s
85 18 5.6
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\ Table 8 cont,
\
v vowke [ oupar | o | gerie compne setvicie | eerum proceine
body weight [(mg Z) (ng %) (rr-u) (RF-U)  (BL.-U) (g %) (g %) a ] Y
.' Males: week 106
0 86 17 58 42 8.8 7.0 3.4 50 30 20
1.7 85 15 54 44 7.1 7.1 3.4 49 28 23
5.0 86 15 . 51 37 6.7 7.0 3.6 52 28 20
14.1 82 13° 70 50 7.5 6.9 3.3 52 30 19
. 1300") © 22 - - - - - - - - -
Femnlea; week 106 _
0 'Y 19 76 46 7.3 7.5 3.7 43 28 29
1.7 83 19 66 43’ 6.6 7.4 3.8 43 29 28
5.0 80 17 90 57 10.1 7.4 3.9 43 31 26
14.1 78 18 - -~ - - - - - -
300" - - - - - - - - - -

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

BUN = Blood urea nitrogen

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

GPT = Glutamic~pyruvic transaminase BL-U = Bessey Lowry linits

Al = Alkaline phosphaiase *P<0.05; *°*P<0.0l; ***P<0.001; according to the Wilcoxon test
TSP = Total scrum protein
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Table 9. Mean_protein coatents_and enzywe activities in _the blood serum of 10 rats/sex/group_killed afier

e gt et B e e e e e e —————

-t . it i o e B i e e e g e e s S o S

mp VCM/kg __serum proteins : serum_enzyme activities
body wi. p:;iﬁ::i) TSP | Albumin Globulins (2) coT GPT AP - LN
(ug/ml) s %) (z %) a 8 Y (vF-v) (RF-U) (BL-U)  (U/l)
Hales: 26 weeks
0 75 7.6 2.5 53 33 14 129 22 9.6 268
14,1 74 7.9 2.5 52 36 13 119 20 8.2 272
3002 -84 8.0 2.2 51 35 14 121 25 12.0 268
Females: 26 weeks
0 " 99 7.8 2.7 46 32 22 159 20 8.2 270
") 91 7.5 2.4 50 28" 21 171 19 10.4° 3
300 93 8.2 2.8 49 3, 20 136 24 8.7 234
Males: 52 weeks
0 30 5.8 2.5 48 32 20 79 23 10.4 163
14.1 51 5.9 2.6 48 32 20 8l 26 6.0 166
3002 55 6.3 2.7 46 33 T 97 25 9.5 214
Females: 52 weeks
0 53 6.0 3.0 43 30 26 89 22 7.0, 149
14, 109 6.4 3.0 41 30 29 104 24 4.8 100
300°) 56 6.2 2.8 o) 30 29 90 32 8.6 17

1) Humber of animals examined varied from 4 to 8/sex/group.
2) The figures of this group were not evaluated statistically (sec §2.6).
Tsr

Total serum praoteln AP = Alkaline phosphatase op<0'05: oop<0'0|; "‘l"i(l.ﬂﬂl;
Glutamic-oxalacetic iransaminase RP-U = Reitwan-Frankel units

SSeLa0
30

Gar

- according to the Wilcoxon

il

Clutamic-pyruvic transaminase

BL-U = Bessey-Lowry units test
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Table 10, Mean electrolyte contents of the blood serum of 10 rats/sex/group killed after 26 _and_52 wecks

- - ———— -

5 Males Females
mg VO kg Na K Ca Mg cl Na K Ca Mg Cl
body wt. (ppm) (ppm) (ppm) (ppm) (mg X) (ppm) (ppm)  (ppm) (ppm)  (mg 2)
Week 26
0 3390 255 104 22 383 361 256 104 22 71
14.1 3426 268 102 22 376 3566 273" 104" 23 374
. 100" 3429 270 105 23 349 3562 :245 107 23 356
Week 52 ' '
0 3581 212 07’ 21 369 3556 1202 105 22 361
1o, ) 1579 201 107 20 355 i ass 103 21 71
300" 3591 217 105 20 354 3474 (181 103 21 363

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

‘P<0.05; **P<0.0); ***I'<0,001; according to the Wilcoxon test
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Table #1. Results of urine_analyses _carvied out in pooled urine sam CITRT0up atter 10, <b, 24, 14 and 94 w

e e e e e e e e et e e e L e e e o e e o vt e P e

| . ' microscopic findings

+ ' '
f ::'::'I;L::ijb ' appearance pH sugar protein (:)T:;Zt ketones [RBC WiBC epith amorph cryst casts bact WE sperm
Hales: week 13
_ 0 yelilow 6-7 - e ++ - ++ - + + + - + - +
t 1.7 h 7-8 - +++ - - + - + + + - + - +
5.0 " 7 - ++ ++ - ++ - t ++ ++ - + - +
14,1 a 7 - 44 - - - - ++ + ++ - + - +
300 " 6 - ' ++ - - - - + + ++ - + - +
Females: week I3
U yellouy 6 - + ++ - + - + + ++ - + - -
1.7 T 6-7 - + + - - - + + F4e - " - -
5.0° - 6-7 - + - - - - + . ++ -~ + - -
14,1 - 7-—8 - + - - - - + + o - + - -
300 " 6-7 - + - - - - + + + - + -~ -
Haleé : week 26
0 yellow ? - + - - - - + + ++ - + - '
i.7 7-8 - + - - - - T+ + ++4 - + - +
5.0 7 - + - - - - + + ++ - + - +
1) " 7-8 - + - - - - t ++ ++4 - + - +
300 B 6-7 - ++ - - - - + + ++4 - + - +
Females: week 26

(4 yellow 7 - ++ - - - - + + +4+4 - + - -
1.7 " 7-8 - ++ - - - - + + +++ - + - -

5.0 N 7 - +H - - - - + ) 44 - + - - U',

& & 1o . 7.8 - + - - - - . + s - . ; i
§ P " 6 - M - - - - 1 v et - 11 - -
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rable 11 cont,

1

.

, g VUM kg microscopic findings

wdy L. appearance pll sugar protein 15&::: ketones [RBC WBC epith amorph cryst casts bact UE sperm
Males: week 94
€) yellow 7 - ‘44 - - - - + ++ ++4 - + - +
b.7 " 7-8 - +i+ - - - - b 4 ++ e - + - !
5.0 " 7 - -+t - - - - + ++. +++ - ++ - 4
14.1 - 7 ~ . - - - - + ++ ++ - ++4 - +
00 NE NE HE HE NE NE NE NE NE NE NE NE NE NE NE
’ Females: week 94 »
] yellow 7 - e - - - - + + ‘e - + - -
1.7 - 7 - . - - - + ++ +H - - ++ - -
5.0 " 7 - +++ - - - - + B 2T 2 - + - -
14,1 - 6-7 - +H+ - - - - 1 + +t - + - -
300 HE HE  NE NE NE NE NE NE NE NE NE NE NE NE NE
rading system: ~ = negative RBC = red blood cells
i = minimal WBC = white blood cells
1 = slight WE = worm eggs .
++ = moderate NE = not exawmined

+++ = high

+i++ = vary high

8¢ ~
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Table 1) cont.
. ) microscopic Findings
oo VOM/ke appearance pll sugar protein occult o tones [RBG WBC epith aworph cryst caste bact WE sperm
| bidy Wi, blood
Males: week 52
] Yellow 7 - 4 - - - - + 3 +++4 - + - +
1.7 - 7 - '+.+++ + - + - + k3 +H44 - + - +
5.0 - 6-7 - +++ - - - - + + ++4+4 - + ~ +
14.1 - 6-7 - +4+4 - - - - + + 44 - + - +
300 " 6 — e - - - - + + + - + - +
Females: week 52
) 0 Yellow 7 - + - - - - + - 1 44 - + - -
1.7 " 7 - ++ - - - - + ¥ +++ - + - -
5.0 T 7-8 - P - - - - . + +44 - + - -
Vil - B - ++ + - - - + + +++ - + - -
30 - 5-6 - ++ - - - - + + ++ - + - -
Males: week 78 '
U] Yellow 7-8 - + - - - - + + 44+ - ++ - 13
| ’ 7 - e t - - - + + +++ - ++ - +
5.0 7-8 - +4++ - - - - + ++ +4++4+ - ++ - +
5.1 - 7 - i - - " - - + ++ et - ++4 - +
Juo 6 - +++ - - t  ++ + + ++ - + - +
Females: week 78
1 Yellow a8 - + - - - - + + +++ - ++ - -
t.7 8 - + + - + 1 * + 4 - ++ - -
5.0 8 ~ + - - - - t PO - - -
PR 4. 7 - + - - - - + ++ ++ - ++4 - - w
E g a 6 - + - - + ++ + + + - ++ - - :n
[ou]




Table 12. Mean urinary findings in 10 rats/sex/group after 13,.26, 52,
78 _and 94 weeks

mg VCi/kg specific UGOT volume uric acid phenol red

body wt. gravicy (R.F.-units) (ml) (ug/ml) ;:cﬁﬁfﬁagl)

Males: week 13
0 1.0685 15.9 2.7 -

1.7 1.0672 2.2 2.4 -

1.0637 20.5 3.3 -

1.0681 21,1 3.0

1.0659 12.7 2.3

Females: week 13

1.0805 14.9

1.0726" 19.6

1.0708" 23.5°

1.0737" 22,3
1.0757 25.7

Males: w..k'zs
1.0474 25.0
1.0400 24.9
1.0485 21.2
1,0533 23.3
1.0636 22.4

Females: wesk 26
1.0620 29.4
1.0582 26.5
1.064) 29.1
1.0639 27.6
1.0619 28.2
Males? week 52
1.0643 _ 18.8
1.0647  18.3
1.0655 16.3
1.0R41 20.3
1.0736 24.6

ucc
pB7260
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‘ Tabie 12 conc.
'.' mg VCM/kg specific UGoT volume uric acid phenol red
¢ body wt. gravity (R.F.-units) (ml) (ug/ml) ie:clrherti(o;) 1)
\ Famales: wveek 52 -
a‘ 0 1.0672 19.0 2.6 720 50
1.7 1.0626 18.0 2.9 676 -
i - 5.0 1.0630 19,2 2.6 696 -
f 14,1 1.0647 23.3" 3.1 689 57
. 300% 1.0694 26.0 2.7 - 899 62
0 Males: week 78 .
0 1.0563 26.1 3.9 776 -
{' 1.7 1.0552 22.5 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
Q" — 0 1.0491 13.7 3.8 488 -
_ 1.7 1.047] 14.6 4,1 479 -
i_ 5.0 1.0495 14.6 3.9 510 -
14,1 1.0500 14.9 3.9 62] -
}_ 300 1.036! 11.3 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 -
L. 14.1 1.0643 1.4 T 3.8 878 -
| 300 - - - - -
L Females: week 94
0 1.0615 9.2 2.6 514 -
i_ 1.7 }.0589 9.4 3.2 S67 -
‘ 5.0 1.0574 1.0 3.2 577 -
14,1 1.0633 15.3 3.0 618 Uee
‘ 300° - - - - 067261
1) Cniy determined in rats killed after 26 and 52 weeks (interim kills).
2y - = pnot determined .
3) The Iisures &f this uroup were not ~valuated statiscically (see "2.0).

TCOT = urine clutamic=oy 1iacer o PRSI A e Y Y i e - = . .




Table 13. Results of liver—function tests carried out in 10 rats/sex/

group killed after 26 and 52 weeks

mg VOM/kg
body wt.

Males
BSP-extinction sleeping
after 10 min. time

(x10%) (win)

Females
BSP-extinction sleeping
after 10 min. time

(x103) (min)

Veek 26

-
M
]
r

o r"’f‘.

ee—g

0
14.1
300"

0
14.1
300"

284

195
210

126
105
108

Week 52

354
303
337

125
108
103

196 94
229
113 83

176 94
135 85
247 103

1) The figures of this group were not evaluated statistically (see §1.6)
*p£0.05; according to the Wilcoxon test.

Table 14.

Average aminopyrine demethvlase (APDM)- and anilinehydroxvlase

(AH) activities in 89 fractions of the livers of rats killed

after 52 weeks (interim kill)

Males

Females

‘Specific activity of:

Soecific activity of:

APDM (umol
formaldahyde/
30'/g protein

AR (umol amino=~
phenol/30"/g
proteina

AFDH (umol
formaldehvde/
30'/g protein

A (umel amino-
phenol/30'/g
protein

36.125.117 (6) 2
35.0+4.8 (6)
23.2:7.0 (&)

7.0+0.5 (5)
6.6+£0.7 (6).
7.150.4 (7)

26.7:5.4 (5)
18.7£3.9 (7)
24.1:4.6 (5)

8.3:0.5 (%)
6.3:0.% (5)
7.5+0.6 (4)

1) Scandard

error of the mean

2) The number of animals examined is given in brackets

uce
067262
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:' Table 15, Average body_weights_and relative weights of liver and
H kidneys of 5 to_l0 rats/sex/group killed after 26 and
(-‘. 52 wveeks
l- mg VEM/kg Males Females
body wE. Body L(Izv?f K:’Egn:? Body L(;zveorf K%gnczs
) (g) (8) o
( - body wt)  body wt) body wt) body wt)
Week 26
'g 0 129 2.54_ 0.62 194 2.60 0.66
- 14.1 323 2.91 0.64 190 3.08 0.67
[ 300" 379 3.31 0.65 L212 3.86 0.74
( Week 52
0 372 2.63 0.56 200 2,57 0.66
| 14.1 380 3.00 0.56 195 3310 0.6
) 300" 432 3.38 0.59 240 3,44 0.64

1) The figures of this group wers not evaluated statistically (see §2.6)
*P<0,05; **P<0.01; ***P<0.001; according to the Student t-test '

ucc
067263
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Tsble 16. Ivpe and incidence of treatment-related hepatic_changes

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

Incidence of lesions

Type of lesions - W/:;I;;dy Ve mvg%::e;ody Ty
0 4.1 300 0 14,1 300
Animals killed after 26 weeks
No. of animals examined =10 10 9.. 10 10 10
1. Clear cell foci (small):
a. one or fevw ' 0 1 1 0 5 2
) Animals xilled after 52 weeks
No. of animals examined 9 10- 9 9 10 8
1. Clear cell foci (small):
a. one or a few ) 1
b. several 0 5" 0 5'
2. Basophilic foci (small):
a. one or a few 0 0 0 0 4 1
3. Eosinophilic foci (small): ‘
a. one or a few 0 2 0 0 5.
4. Neoplastic nodule 1 0
5. Hepatoecellular carcinoma 0 1 0 0 1
6. Cystic proliferation of bile
duct epithelium 0 o o 0 PR

1) The figures of this group were not evaluated statistically (see$2.6),
"P<0,.05; *“P~<0.01; according to the Chi- muare test.




Table 17, the liver

Incidence of changes
2) males females
Tspe of changes mg VCM/kg body wt mg VCM/kg body wt
1.7 5.0 4.0 300 e 1.7 5.0 14

Namber of animals examined 3) 58 56 59 55 57 58 59 57

i. FOCI OF CELLULAR ALTERATION

a. CLEAR CELL FOCI _
1. ONE OR A FEW. B8+ 16°**° 4 24°°° 22°°*

t1. SEVERAL TO MANY | 0 0 0 0

b. BASOMIILIC FOCI
I[. ONE OR A FEW 15 33*** 7
[1. SEVERAL TO MANY 0 k) o 0

. EOSTNOPUHILIC FOCI .
I. ONE OR A FEW . 20°°%% 2% 35°** 20°

11. SEVERAIL TO MANY . 3 k] 0 0
. NEGPLASTIC NODULES

1. ONE _ 7°* 17%%° 23°°*
11. FEW TO SEVERAL 0 9°* 16°*°
. HEPATOCELLULAR CARCINOMA 2 4 19***
. ANGIOSARCOMA 6* 0 2
. PROLITERATION OF ATYPICAL SINUSOTDAL CELLS ONLY 4 6 3
. EXTENSIVE AREAS OF NECROSIS 8 6 19+*
. LYSTS I0°°%° 41
- LIVER-CLLL, POLYMORPHESM a. slight . 30 30

b. moderate/marked 21°** 8

contd
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T;\hlc 7 cuunt.

1
| T Incidence of changes
2) males females
Type of changes g VeH/ig body Wi g VCH/Kg body Wi —
0 1.7 5.0 14,1 o0 | O 1.7 5.0 141 300
9. CEHTROLOBULAR LIVER-CELL DEGENERATION' 0 ) ) I 1 | 2 3 1 18
10. SLLGUT EXTRA-MENULLARY UAEMATOPOLESIS o ] 0 10°° 8 | 3 ) 6 12
i1, Fori of RES-celis occasionally accompanied by a few |
! necrotic hepatocytes . 12 9 6 H 6 15 8 8 8 7
t2. Periportal infiltrates of mononuclear cells 20 16 13 I A 20 19 15 14 14 12
4 13. Slight degree of "bile duct proliferation 4 3 9 1 15 9 14 14 3
i 14. Perviportal fibrosis 3 3 2 3 J 3 6 |
15. Single cell necrosis a. slight i 0 7 7 15 16 6 14 4 3 2
' b. moderate 3 0% 4 o 6 3 | 2
16. Vacuolization of hepatocytes, mainly: a. focal 8 17 6 8 10 5 6 9 H 13
b. diffuge | 0 2 0 I 4 3 0 2 [t
17. Distended sinusoids 2 0 0 0 t 0 0 0 0 2
j 8. Perihepatitis 0 0 0 0 0 I 1 0 0 0
[ 19. Large abscess 0 0 0 0 ] 0 ) 0 ' 0
20. Kupffer cell sarcoma 0 0 I 0 0 0 0 0 0 0
| 21, Reticulum cell sarcoma I I 0 0 0 0 0 | 0 0
:f 22. Fibrosarcoma 0 o I 0 0 0 0 I 0 0
': 21, Hacwangicendothelioma 0 0 0 0 I 0 0 0 0 0
34, Hesenchymal type of tumour 0 1] I s 0 a o 0 o

- -::].h::u;:.l::slrn;s;:,::—idIchgnger; gnz urilt;zn it‘r_capil:als. 2) Specific hepatocellular lesions, viz. those mentioned in this
; ‘ g & ne rre classified ¢ i i i initi i
3 . » were classified according to Squire and levitt (1975). 3) The initial wumber of animals

as (0fsexfproup. A auml f : : i
my Owa i I r aumber of rats could nol he examined because of canni i i * Y ) 1
) b Lhis group were not evalyated statistically (see §2. ). . cannibalism or advanced autolysts. 4) The figures
6 [

SR D0%; P <001 P o< 0,000, according to the Chi-square test.

9
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' Table 18, §.i£s_:_,__gzng_ggg__i_ggidcnce of_l_r;ou—nconlastic histopathological changes observed_in animals of the_contirol
* and_tvo highest dose groups
- Incidence of chanpes
males females
Site and type of changes . mg VCHM/kg body wh | mg VCM/kg hody wi
0 14,1 300 1) 4.1 300
Number of unimals examined 20 20 20 20 20 20
i '_L_lli-l(;S
5 i. Adenomatoid lesions 0 1 0 0 0 1
! 2. Peribrouchial, periobronchiolar and/or perivascular lymphoid aggregates
1 a. slight N ? 9 10 T 16 13
. moderate 8 5 2 0
c. marked 2 5 0 0 0 0
3. Clllronic vrespiratory disease a. slight 9 2° K i I 0
i b. moderate/marked 2, o } 2 0 0
4. Focal accumulations of alveolar macrophages 2 0 H 4 0 0
5. Focal proliferative pneumoniti‘s 0 0 0 ! 0
B 6. Focal, increased cellularity of interalveolar septa 0 | 0 0 0 0
SPLEEN
l. Increased haematopoietic activity 4 0 b
i 2. Increased amount of Lrown pigment in the red pulp 0 0 9 * 2
{ 3. Depletion of the white pulp t [ l 0 0 0
Ii 4. Rericulum cell hyperplasia 0 1 0
1 5. Focal fibrosis 0 (1] 0 0 0 [
S KIDREYS .
E & 1. Tubular nephrosis a. slight 7 8 4 12 10 8
-=d

------
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Vable 18 cont.
T Incidence of changes

males females

Site and type of changes mpg VCM/kg body wt | mg VCH/kp body wi
0 14.1 300 0 14 .1 300

Kidnevs conlt, .

I. lubular nephrosis b. moderate

c. marked

-0 & WV = O e oW o

8
&
2
6
0
2
6
‘.
b
0
0
0
0

Begenerated glomeruli

-
[ )

Focal infiltrates of mononuclear inflammatory cells
Periglomerular sclerosis
lacreased amount of brown pigment within cortical tubular epithelial cells
. Calcareous deposits in the cortico-medullary layer and/or papilla
. hidatation of tubules fu: 8, cortex
- b. medulla
. Cortical cyst lined by flattened epithelium

I'velitis

. Focal proliferation of atypical tubular epithelium cells

QO 9 = W NN D O s oW
C O QO D NN O W W

= B~ R R - A S . ™ )

o

. Ikvdronephrvosis

PANCREAS

b. Tocal infiitrates of wmonvnuclear inflammatory cells

2. Periarteritis

. Vool of cvstice ductuli

. hange of acini into duct-like structures

IART

I, Yocal infiltrates of mononuclear inflammatory cells
. acal mvocarditis or myolibrosis

booShypbt pevieasdial fibrosis

cont
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Tabie 14“__'3.‘_”_‘,5'

Site and type of changes

NOSLE

Incidence of chanpes

males

Females

mg VCM/kg body wt
l 0 14.1 JO0

mg VCM/kg hody wt

{}

14,1

306

3.

Subepitheliatl infiltrates of mononucledr inflammatory cells

Aiypical metaplasia of neuroepithelial cells

Proliferation and degeneration of Bowman's glands

TRACHEA

Subepithelial infiltrates of mononuclear inflammatory cells

OESO'IAGUS

Peri-oesophagitis

sToMACH

2

-

3. Submucosal infiltrates of polymbrphonucleur inflammatory cells

Bilated mucosal glands

Hyperkeratosis in the fore stomach

ABRENALS

i.
2.

3.
4.
5.

a. slight

b. moderate

Begencrative cortical changes (haemorrhagic cysts and parenchymal necrosis)

Increased vacuolization of cortical cells: a. diffuse
' b. focal

Foci of basophilic medullary cells
Slight mononuctear cell infiltrates in cortex and/or medulla

Lipofuscine-like pigment in the cortical cells

PITUETARY

2.

Cyse: a. in pars distalis
b, in pars intermedia

Hypecplasia of chromophobe cells
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Tahle 18 cont.
) Incidence of changes

. ' males | Females
Site and Lype of changes o5 VGH/Kg body Wt e Ve kg hady wt
0 14.1 300 0 Vo, 0 00

HRAIN

I. Focal submenivgial infiltrates of mononuclear inflammatory cells 1 0 0 0 0 0

S{1ATTC HERVE

I, Pemycelinization i 0 0 0 0 0

| ko
I. Activated appearance 7 ? 8 I 6" l

¢ 2. Proliferation of parafollicular cells a., diffuse 0 0 1 0 0 0

b. focal 0 ) 2 0
J. Psammoma bodies - 1! 0 0 0 0 0
SKELLTAL MISCLE
I. Focal infiltrates of mononuclear inflammatory cells 2 0 0
2. Focal myodegeneration ) k] 0 0
3. Nacmorrhages ) | 0 |
EXTRAORBITAL LACIHRYMAL GLANDS
. ¥rosoplasia of glandular epithelium inte Harderian-type acini . 16 17 16 0
2. Focal infiltrates of mononuclear inflammatory cells 7 2 '
HEBDERIAN CLANDS
I. adenitis 6 1* | 3 o !
2. Calcarcous deposits . 0 2 0 0 0 0
PARDTID SALIVARY GLANDS )
l. Vacuolizacion 0 4 0 | 0 0 S
2. besquamation of ductular epithelium % E-:, 0 1 0 t
tjfj
o
cont......
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I FTable B cont,
' S : Incidence of chanpes
' males females
| Site and type of changes | mg VCM/kg body wt | mg VCM/kg body wt
0 14.1 300 0 14,1 300
SUBMAX 1£.LARY SAL)VARY GLANDS '
b. Chauge of acini into duct-like structures ) 0 0 0 0
Pl Desquamation of ductular epithelium 0 0 I 0 0
SUBLINGUAL SALIVARY GLANDS .
I. bDasquamation of ductular epithelium 0 0 | 0 0 0
ZYHBAL 'S GLANDS
1 1. Cystically extended ducts | 0 0 0 ) 0
INTESTINES | | |
I. Parasites 3 | 1 ! 0 2
URIMARY BLADDER
I. Farasites ' | 0 0 I 0 0 0
| J. r'roteinacecous plug ’ . 6 2 2
t ), lyperplastic epithelium ¢ 0 o
J HE§ENTERY
l. Periacrteritis 2 o 0 0 0 0
1. Peritonitis 0 2 0 0 0
OVARIES
t. Follicular cysts 5 0° 5
| TEsTES
b. Acraphy: a. a few to several atrophic tubules 5 2 i
b. unilateral atrophy 0 3 4
§§ c. bilateral atrophy 5 3 i :':
;é Lo dnfiltrates of mononuclear inflammatory cells ) 0 0 '
cont....
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T ' . Incidence ol clhanges L
. males females

Site and Lype of changes wg VCM/kg body wt | mg VOM/ky Lody wt
0 t4.1 300 L1 14.1 300

Testes cont.,
3. Periavteritis 2 0 0
. Focal iunfiltrates of mononuclear inflammatory cells 0 I,

2. Periavteritis : i

(— - T~ I X ]

0
i 3. Epididynixis ' | L]
4. Incracpithelial cysts | 0

PROSTATE

]

i. Prustatitis ‘ 5 0°
2. Postatrophic hyperplasia a 1 0
UTLRIS

I. Endometritis/pyometra 1" 2°° |
2, Dilacred uterine horn i L) 2 |
). Cystic endometrial hyperplasia ) 4 I H
4. Polyp 2 2 }
MAMMARY GLANDS

I. Facal infiltrates of mononuclear inflammatory cells [ 0 0
2. Duct ectasia 2 0 |

J. Abscess | 0 . 0

1) The chaages obscrved in the liver ave not included in this table; they are g}ven in tuble 17. '
?) the ligores in this group were not cvaluated statistically (sce §2.6). ~)
P < h05 P < 0.0l P < D00, according to the Chi-square test. N

200

=
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Table 19,

s . T T . T s 2 g g e A W i

)

Tucidence of tumours

males females

o _ mg VCM/kg body wt \ mg VCM/kg body wt s
Site and type of tumours 0 1.7 5.0 141 300* o 1.7 5.0 14 300>
i:;I}nI number of animals * 60 60 60 60 60 60 60 6b 60 ()]
Lifeclive nwmber of animals 55 58 56 59 55 57 58 59 57 54
Humber of animals bearing primary tumours J8 50 49 52 44 54 56 55 57 47
Tuial number of primary tumours 67 97 92 121 85 101 150 129 134 92)
LIVER %)
I REOPLASTIC NODULES a. ONE 0 [ 1°*  14*** ) 2 L7+ 23*** 8 I

bh. A FEW TO SEVERAL L) 0 0 gee 0 o g I6*** 36°** i
2. UETATOCELLULAR CARCINOMA 0 [ 2 . e [ 0 4 19%%* 29+ 0
3. ANGLOSARCOMA ’ o 0 6* 27 27 0 2 9°* 29
4. Kupffer ceill sarcoma 0 0 i 0 0 0 o 0 0 0
5. Reticulum cell sarcoma | i 0 0 0 0 0 ! o 0
r. Fibrosarcoma 0 0 1 0 0 0 0 1 0 0
. laemangiocndouthelioma 0 0 0 0 i 0 0 0 0 0
8. Nusenchymal type of tumour 0 0 t 0 0 0 0 0 0 0
LUNGS
1. AIGIOSARCOMA 0 0 4 19°** 19 0 0 [ 5° 23
2. HETASTASIS OF HWEPATOCELLUMLAR CARCINOMA 0 0 0 1 0 0 11 R 4 0
3. Adenoma 0 0 0 0 - l 0 0 0 0
ho Hetastases of sguamous cell carcinoma skin 0 1 0 0 0 0 0 0 0
5. MHutastases of Fibrosarcoma 0 0 0 0 0 0 o 0 0
b, Metastases of reticolom cell sarcoma 0 0 0 0 0 0 0 } 0 0

a0
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Fahle l:} cont.
T ' Incidence of tumours
males ] females

Site and type of tumours mg VCM/kg body wt mg VCM/kg body wt
1.7 5.0 14,1 300 $.7 5.0 4.1 300

7. Metasitasces of mesenchymal liver tumout"
8. Metastases of adenocarcinoma wammae

9. Metastasues of Kupffer cell sarcoma
10. Hetastases of mesothelioma

ZYMBAL'S GLAHDS

I. SQUAMOUS CELL CARCINOMA

2. Adenoina

ABDOMEL

1. MESOTHELIOHA

2, ANGIOSSRCOMA
3. METASTASES OF 1IEPATOCELLULAR CARCINOMA
Fibrosarcoma
. Ostensarcoma
. Sarcuma
. Reticulum cell sarcoma

“Selwann cell tumour™

O 0 0 0 0 0 0 0 W
QO Q0 WO O OO
N O O O O - 0 o

. Unclassified abdominal tumour
SPLEEN

i. Hacmangioendotheliosarcoma

. Lymphosarcoma

. Squamons cell carcinoma

cont




Table 19 cont.

T Incidence of tumours
. - males females
site and rype of Lumours mg VCH/kg body wt mg VCM/kg body wt
0 1.7 5.0 14.1 300 0 1.7 5.0 1ha. ) 300
BRAIN
I. Granular cell myoblastoma ) | 0 0 0 0 [ 0 0 0
2. -0tigodendroglioma ! 0 0 0 0 0 0 0 Y 0
3. Plexus papilloma 0 0 0 0 0 0 i 0 0 0
4. Glial cell tumour 1] 0 2 0 [} 0 0 0 0 0
5. Ependymoma 0 0 0 | 0 o 0 0 0 0
6. llesodermal tumour 0 0 1 0 (1§ 0 0 0 0 Q
PANCREAS ' '
I. Adenucarcinoma ‘ 0 0 o 0 0 K 2 | 0 0
THGRAX '
1. Mesothelioma ] [+ [H] 0 0 0 0 0 0 0
TIVRO 1D '
b. Parafollicular cell adenoma 4 12° 11} 3 3 7 10 3 2 0
2, Parafollicular cell carcinoma | ) [ (1] ] 0 0 ) 0
3. Fallicular cell adenoma 4] 0 1] | 0 0 0 0
ADFENALS
1. HETASTASLS pF HEPATOCELLULAR CARCINOMA 0 0 0 0 0 0 0 | 0 0
2. Cortical adenoma a. small 1S 17 0 6’ 7 8 " 14 14 9
b. mediuvm-sized 3 6 & 2 7 9 2 | 2
c. larpe 0 | ] 0 n 10 4" 2" 3
). Benign phaeochromocytoma a. small 6 t 6 3 2 | [ 0 0
b. medivm-sized 4 6 0 ] 4 0 0 1 0 |
o I g
oo
py O cont.....
~ed
A
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Tabl (}__[_9 cont.

' "ncidence ol tumours
i males fcmales
Site and type of tumour mg VCM/kg body wt ' mg VCM/kg body wt
0 1.7 5.0 4.1 300 0 1.7 5.0 4.1 300
Mdrenais cont. ‘
3. Benign phacochromocytoma c. large 0 1 i 0 0 0 0 0 0 !
4, HMalignant phaeochromocytoma ‘ | 3 i 0 0 1] 0 0 0 0
PLIBTTARY
1. Chromophobe adenoma 2 12°*° 3 0 0 12 14 5 3¢ 2
2. Acidophilic adenoma 7 5 * 2 0 1 0 1
! 1. Cystic adenoma 3 8 2 1 '0 I 5 1 )
4. Chromophobe carcinoma - | 0 | 0 0 3 0 2 0 0
B100D
b. Monocytic leukemia 0 0 0 0 ) ) i i 0
2. Myeluoid leukemia 0 (1 0 (1 1] | 0 0 0
3. Lympliocytic leukemia 0 0 | 0 1 0 0 0 0 1
4. linclassified leukemia 1 0 0 i | 0 0o 0 0 0
I. “Endocardial Disease" ") 2 o 2 2 1 [ 0 |
2. Naemangicendotheliosarcoma | ’0 0 0o 0 0 0
KIDNEYS
I, HETASTASES OF ANGIOSARCOHMA 0 0 0 ) 0 (4] 1] o i
2. Hephroblastoma 1 0 0 I 0 0 0 0 0
1. Clear cell tumour 0 0 0 0 0 0 0 0 I 0
4. Lipomatous tumour o 0 0 1 0 0 0 0 0 0 0
5. Epithelial tumour ?jg 0 0 0 0 0 1 o 0 0 o
: ~J
o
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Fable 19 cont.

+
\ : Incidence of tumours
Side and Lype of tumours males females
mg VCM/kpg body wt . mg VCM/kg body wt

0 1.7 5.0 14,1 300 0 i.7 5.0 14.1 Jou
s
t. Fibrosarcoma 1 0 0 0 0 0 0
2. Reticulum cell sarcoma 0 0 0 0 I 0 ! I 0
!IIEEEI'ZIJ'I'I'II!I[I L.YMPH NODES
I. Reticulum cell sarcoma 0 0 0 0 I 0 0 0 0 0

¢ ooskin |
b. Squamous cell carcinoma 2. 3 3 - 0 0 0 0 i 0
SUBCIT LS |
1. FFibroma 2 1 ) | i, 3 3 |
2. Fibrosarcoma 0 ! I 0 0 ! I 0
}. Hesenehymal tumour . L) 0 ) ag. 0 i L)
HUSELE
1. Bhabdomyosarcoma 0 0 0o § 1 i 0 0 0 0
SEULL,
1o Outeoma 1 0 0 0 0 0 0 0 0 0
2. Hescochymal tumour 0 0 1) 0 ()] 0 i ) 0 0
LAk 10.Gion
Voo Adenocarcinoma of unknown origin 0 0 I 0 0 0 0 0 0 0
TS
boodIntersticial cell tumour k| 0 0 I i
IVARIS 5_34 &
- r
. Theva cell tumonr Ny 0 0 ! 0 0
cont ., ..,
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Table 19 cont,

v _ Incidence of tumours
| ) . males females
Site ad Lype of tumours mg VCM/kg body wt mg VCM/kg body wi
0 1.7 5.0 4.1 300 0 1.7 5.0 14.1 300
;';I:\I:l'll'l'h\l. GLANRS .
1. Squamaus cell carcinoma 0 0 ) 0 0 0 L 0 0 0
UTERDS
1. Adepocarcinoma 6 3 l ) 0
1. Malignant fibroadenomatous tumour * 0 ! 0 0
1. Leiomyoma 0 0 1 0 0
‘ .
b. Mcsenchymat type of tumour 2 (1) | )
2. Adenocarcinoma ' 1 0 1 0 0 0
HMAMMARY Gl ARDS
1. Adenoma 0 0 0 0 0 0 0 0 2 0
2. Fibroadenoma 0 0 0 1] 0 2i 25 12*° & 7
J. ADEIOCARCINOHA L) | 0 2 0 3 2 7 7
4. Anaplastic carcinoma 0 0 0 0 0 0 [ 0 0
CRIKARY BLADBER
I. Epithetial tumour 0 0 I 0 0 0 3 ) 0 0

1) Treatment-related tuwmours or tumours presumably related to VCM exposure are written in capitals.

2} Type and incidence of liver tumours ave also presented in table 17; for the sake of completeness they are included
in this table too. ' '

3) 1he figures in this group are not evaluated statistically (see §2.6).

4), In several cases the neoplastic chavacter of the lesion was doubtful.

220

* < 0.05 P <0.0l; " P < 0.00), according to the Chi-square test.
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Contaminants in basal dier for rats

{ Sazpie of 2000 kg datch produced in July 1976.
- lead 1.5 mg/kg
l cadnium 0.05mg/kg
Dercury 0.17mg/kg
EE tin -') mg/kg
arsenic 0.2 mg/kg

orgzano~P-compounds (dichlorvos, mevinfos, diazanon,
malathion, parathion) < 0.01=2g/%g

organo-Cl-comoounds (HCB, cHCH, 8-HCE, ¥~BCE, hep-
tachlor, heptachlorepoxide,
aldrin, dieldrin, chlordane,

e B T -7

DDI's) _ < 0.04mg/kg
carbamates (as CS,) - wmg/kg
[_ aflatoxin < 3 ug/ks
[ estrogenic activity (Tiecco-test) -
- 3,4-benzpyrens 1 ug/kg
‘ -‘- 3,4-benzfluorantkene _ : = ug/kg
indeno (1.2.3.~¢.d.) pyreme . -  ug/ks
L 11,12 benzfluoranthene ~  ug/kg
fluoranthene ' . ~  ug/ks
| !_ K-aitrate 370  mg/xg
{ Na-nitzite 5 wmglkg
dimethylnitresamine : 50 ug/kg )
; nitrosopyrrolidine ] ug/kg
; zethylethyl=, diethyl-, methylpropyl-, methylbucyl-,
, dipropyluitrosamin, nitrosopyperidin - ug/kg
;k nitrosorzorfolina - ug/kg

') - = not determined

r—

2y incorrectly high value caused by. DINA contaminaeicn of the solvent
dichloromechane

uce
067284




Coaramiranes in basal diet for rats - 8-

) Sample of 5 20C0ky: batch produced in

February, 1977, Analyses made between
March and June 1977,

icac 5.5 wmg/kg

: cadaiun 0.13 mg/kg

[? nercury 0.08 ng/kg
tin 9 mg/kg

fﬁ arsenic 0.3 mg/kg

orzano-P-compounds (dichlorves, mevinfos, diazinon,
malathion, parathion) < 0.01 mg/xg
" orpano~Cl-compounds (HCB, ~HCH, B-HCH, Y=HCH, hap-
[‘ tachlur, heptachlorepoxide,
aldrin, dieldrin, chlordane,
DDT's) ‘ < 0.04 mg/xg
f} carbazates < 0.04 mg/kg

aflatoxin < 5.0 yug/kg

oestrogenic activity (Tiecco-test) not detectable

3,4~benzpyrene T 1.7

ug/kg

) 3,4~benzfluozanchene 2.1 yg/kg
‘j indeno (1.2.3.~c.d.) pyrene 1.2 ug/kg
g 11,12 benzfluoranthene - 0.7 ug/kg
‘%? fluoranthene . 4.5 ugl/kg

K-nitrate 700 mg/kg

Na-nitrize ' 2 mg/kg

dizechvinitrosamire . 20

ug/kg*
nitrosopyrrolidine ) 2 ve/kg*
methylethyl=, diechyl-, methylpropyl-, methylbutyi=-,
diprepyinitTosamin, nitrosopyperidin < | ug/kg
nitrosoraorfolin _ < 5 wg/kg

* Incorrectly high values caused by contaminants in cthe solvent
diciiloromethane. With the pure solvent the leveis of dimechyl-

i nitrosamine and nitrosopyrrolidine were found to be less than
. dne up/ig

UcC
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‘_{ R ANNEX (continued 2) - 86 -

Nutriast composition of basal dier for rats

!
é Analvses of a 2000 kg batch produced in February 1977
. zoisture 12.7 7
[, crucde protein (N x 6.25) 20.5 2
erude far 6.2 2
i caleium 0.90 2
phosphorus 0.69 2
‘- Sagnesivm 0.13 2
iron 110 ppm
[ manganese 75 pp=
copper ' 27 ppa
3 zine 45 PPm
v cobalt : < 0.1 ppm
chromium ' , < 0.1 ppa
] seleniug -
, vitanin A 12.300 1.U./kg
vitamin D 1.500 I1.U./kg
" vitamin E . 108 ng/kg
i carotene 5.6 mg/kg
' vitanin X3 < 9 ng/kg
[t vitamin B, 5.9 wng/kg
‘ vitamin Bs 6.4 mg/kg
( niacine 68 ng/kg
: pancothenic acid 13.9 mg/kg
: folic acid 3 ag/kg
\ choline ) 1630  mg/kg
X‘ piotine . ' 320 reg/kg
; vizamia 3y, . 30 rg/kg

——
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