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acrylonitrile vapors.
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Abstract- A lespan oral toaty study of sinyl ehlonde monomer (VOMY was carnied out in Wastar 2 s
P, usang e groups cach of o 890 males and 60 KO females VOM was administerod By incoiperanny y
ponsiavl caonide (PVO) powder with o hith VOM content into the diet or by mtne mtubation o’
100, VM solution sn sova-bean oni Fhe YOM doaes tactual exposutes) were O teontrod, 07 59 and
141 nig kg body weneht day provided by diets contining PVC powder, and MK my he body wepens
crven by stomach tibe as o soluton of VOM an ol on 3 dayywh The dedth rate win pigner su ali
VOMetrented groups than n the controbs and increased with aincreasing. ¥OM doses The 144 and
Jdhmy b treatents were aaociited wath shoriened blood-clotiing nmes. slyhtly incicined T-doctepro-
ten Jevels 10 the pload serum. Inver enlargement and an imerased hacmatopoetic actnity o the spleen
A vaniely of neophistic 2nd aon-neepiastic Geatment-reiaed hver lesions wits found at eaen of the VOM
esels The changes vared from swollen and rregularty sshaped mutochondig i bepatocstes to hepato-
celiular caraitomas and hepate angsosateotita. The tumour response ol the iner anpeared 1o stinft freen
4 predominanee of aniosarcomas @t the highest dose leve) tur a mixture of angosarcom s and hendae
cebiulat tumours at e intermediate fevels 1 the exchistve developatent o henatoceslular Tumours 0ty
ot VO M level, Tumours attriputahle to VUM exposurs and found at other sites inciuded pulnonan
anmosareonias., extrahepatic abdominal anvosareomis and teours of tie Zvmbad oy, tiese neo-
phisms oceurred at VOM levels of $0my kg and above Lo addition there was siome coderice thal VCM
sxposure cnnanced e development of abdomunal mesothehomas e ol adenowaranaeaas of the imam-
mary 2lands Thus, the present study showed that oraity adminsterod VOM s g cafanoen in rats, anad
that the “no-obset ved-adverseeteet leved™ 10 rats was lower than 17 me b hoay weght das under sne
fporaps condiions of continuous ural VOM exposure resulung trom e sehase of VOM from PNVC
powder present i the pastro-mtestinal iract,

INTRODLCHON 1978, Torhelson, Qven & Rowe, 1901 Willlamson,

. 1976. Winell, Holmberp & Kroneve, 1976
Industnial exposure 10 winyt chloride  monamer Resdial VOM present in extruued poive-ayi chlor-

TVOMY has been associated with disorders such a8 g0 PYCY has peen shown to be hable o mirae o
asra=usteoty s, pon-mahignant hver disease, angiosar- PVC-puched foods and dapks taniels & Procior,
L] and caranoma of the hver, and tumous of the 1975 Fuchs, Gawell, Alhanus & Sloreck 1575, Pot.
Pramand lunes and of the hymphate and haemitos 0 1970, Rundolph, 1973 Wilhams & Miles, 1975
potetic systems (Hadey, 19750 Hophans, 19800 Mon- Theee 1y still only g ~mall amoeunt of data on the oral
won, Peters & Johnson, 1974, Rawis, 19X, Thomas & (ciy of VOM. Tnoa L3-ak toniats studs, mowhich
Papper, 19750 Vale, Kipling & Walker, 1976 Wax- e mo ' .
auter, Stranger, Wagoner, Jones, Falk & Curter.
D6 addimon, sanous (epes of tumours, such s
Sepatic and extrahepatie anglosircomds. hepatocellus
L tumours, mammarv-gland  caranomas, Zymbal-

the monomer was dissadved n sova-bean ol and ad-
msnistered o rats at fevels of 1o 300 100 or 00 me kg
hody waight. onee daly on tdays wi the fv-etieots
level was comervatively placed at 30myg kg pogy
warght, but was probably highor sioes the elects ot

and wamoeats, pephroblastomas, bram tumours, pul-
monary adenomis and aasal olfuctony caranomas. i
seil as a series of non-neoplastic estons 1 severad
vruans, hive been found moa aumber of ammal ape-
vies alter prolonged exposure 1o atmospheres contan-
g VONM at surficiently Bagh concentrations (Basa-
Liev, Vaan & Kotchethov, 1972: Feron &8 Kroes,
1979 Lee. Bhandar, Winston, House, Dixon &
Wouds, (9758 Makom & Lefermine. 1975, Susuka,

“The study was sponsored by a wroup of co.operating
Futopean industrial concerns, including Verband Kunst-
sttferzeugende Indostnie ¢ VO IFRGL Shell Nederiand
Chenue, Duteh State Manes, Abso Zout Chenue Neder-
and B v, and Dow Chemical Europe 5 A

T4,
@

the higher doses were of douptiul fovicolozica] signn-
cance 1Feran. Speck, Wiliems, san Battum & e
Groat, 1975 From  preliminary  ofeeivalions o
appentad that a4 moie aracicad method tor chromw
oral exposure of rats o VONM s the feeding of dizts
contimmng PVC powder with o high VOM content
(Feron of o 19750 Theretore, i the prosent bfespan
study. PVC powder contaneg VOM wie mworper-
ated in the diet at fevels o gnve pianned daby mntishes
of 1, 3 or 10mye VOM ke body weight This method
does not allow dictary VOM intahes much bichar
than 10 me he body weight day, 2 dose that s Bow-
ever, very high in companson with g reeent estimate
of the maximum hkely oral dwdv intdhe by man, e
GOOLT ue VCM kg body wetent duy ar 01 g VOM
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man day  (Minstry of  Aprculture,  Fishenes and
Food, 1978) On the other hiand, 10 me VOM ke hode
wenht dav s juw when compared with the doses used
i the aborementoned 13wk study (Feron e wi 1975
Since o chrome oty study shoudd include at feast
one etlect-producig iesel. s vroup of rals given VOM
i osova-hean ol by gavage av o devel as eh as
300 mye ke body wentht day (on 5 davs wht was n-
Jtaded an the present experiment, despiie the disad-
vuntdyes of pastric imtubation

EXPERIMIENTAL

Test matcrals. Vinyl chloride monomer (VOM) was
obtinned from Akzo Zout Chere, Rotterdgam,
presstrred statniess-steel evhinders, The product had
the followme standard spectticauon. vyl chlonde
monamer 9997w acetylene o020 monosinyl-
acelviene =~ 15 L3-butadiene + 10, methyl chlonde
< 75 ¢thvl Jldonde +7 50, chloropreae < L )L -di-
chloroethanz « 1 and 1.2-dichloroethane <7 20 4l hitre
tras). dgectaddehyde < 5,0 hydrochlone weid - 1 aron
SO water 100 and  evaporation  residue

U my ke

PVC powder 1Canni 8 05-02) was supphed by
Shell Nederlund Chemie, Permis. The particlessize dis-

trihution by werghti, was mav 010, = 300, max  graphs jepresenting the rate of evaporation of VOM
47, 200, max Y0, = 58 and may Y3, - 30 um trom the diets tFig 1 and the rate of vod consump-
The VOM content of it portion of the PVC powder  tion over the d-hr feeding penied. Both graphs were
wits rinsed to approxaimutely 4000 ppm by mivinge the
powder with a glcubicted amount of hyud VOM in o .
iosed steed barrel, This PVC powder was stored
thtly glosed steel contners i a refnigerator at 4 € anor
untit a few minutes belore beme nuacd wath the diet '
Part ol the PVC powder obtiuned from Shell was ¢
freed from VOM by b kept o thun Leers inoa a00-\
vacuwm oven at 60 Cor o period of 5 < slivs After ' \
ths treatment the VOM content ol the PVC powder !
wits lound w be less than (03 ppm. 350F
AU, solution of VOM in soya-benn oil was pre- ' .
pured by imeenng bguid VOManto the oil. The VOM i
concentration was cheched by gas iqud chroma- g 30or > 118
tography weeording o the mothod described pre- - i . i
viously (Feron et al. 19751 The solution was stored at 2 i !
1 C for & maamum peniod of 4 wh. — 2s%ur j -
Prepararon and adennostration ol PVCocontqinng = i . a
diers Bach diet contned 10, PYC powder, wnh 2 ! . . E
varying proporions of VOM-contiming and "VCM- § 209~ / I
free” e <03 ppmc VOM) powders Thus the control - o . ! T i
diet contamed WP VOM-ree PVC pow ler and the © ' ~* : 5 ;
lghadose  diet 107, PAC powder  contuming > st / / ! prl :
AKX ppm VOML swhide the diets for the howe and md- ; 5 !
dose groups contiungd, respecuvely, Tand 37, VUM . i Z }
containg PVC posder with the balance of 4 and 77 P s 3 !
PVC made up with powder without VOM, The P/ E 3
various dicis were prepared daily by nuvaag appro- 50!_ ,// ! e
priate amounts of PYC powder swith or sathout v . 1:
VOM wath the Fasutute’™s rat stock diet qust prior o E / T ———
thewr buine otfered 1o the ratse The dieis were avai- : , . o
able to the rats vach day Tor o penod of four consecu- ) - z 3 s 9
tve houes fgenerally between 940 and 1300 hy, _
thereatter, the s had no food unnl the d-he ieeding reecing period, nr
period on the nest dav, The 72y had constant access Pl 1 Average Y CM deseis of the Bugh-dose |« 4, mrdedose

o bortled. antluonidated tap-water.
Culcidation of the orgl VCA exposure Levels, To cud-
culate the actual oral exposure evels of VOM pro-

AT o Senva OB

i and 8 J Sent

vided by VOMecontimming VO powder an dhe digts,
the tollowine nformation was needed: () the arrount
ot VOM evaporanng from the diets duning the 4-hr
feeding penod. {hy the spece with which the animals
comumed the foad duning this period; and n the
amount of VOM exereted i the fagees

The rate o1 evaporation of VOM from the diets was
determined by measuring the VOM content of the
diets at the bezimming of the feedingipenod and after
.2 and 4 e Sampies 10 be analysed were tihen at
random from the feeders 10 the capes, withont hom-
openization of the dicts 1 the feeders. Each rest digt
wits sampled n this way on 11 or 12 different days
and analvsed sor VOM content by gas liguid chroma-
toprapay (Feron er al 19750 The averaey VOM con-
tents of the vanous dicts at the different times are
depicted i Frg 1L

The catung-speed was determined by measuning the
amaunt of residual feed in the feeders diter pernods of
1,2 and dhr Since no appreciable sariatreas were
encountered an the rate of food consumgption by the
damimalbs i the vanous groups. average rats of food
comumption were caleulated for mules and  for
females (Fig 1

The VOM 1itake img hg hody weight Jday) by mule
and female rats of cach wroup was caleulated from the

TAY and lowadosw (B diets and averare wnvints ol food
wonsemed Byooudes 120 and temades @0 a0 ditferent times
durine the <-hy tceding penod
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2ssumed 10 conwst of three striight lines. onc hine for
the first hour ol the feeding period, one for the second
hour and one for the last two hours The VOM intake
dunny cach of these three peniods wasy caleulated by
mulitplying the amount of {004 ¢aten during a certan
peniod with the average YOM content of the tuod in
that perniod. The total VCM intahe, the sum or the
VCM intahes during these three periods. was subses
quently eapressed as a percentage of the theorcticai
intshe, caleulsted from the average total amount of
load consumed amd the VCM content of the diet at
the mnitiation of the feeding period. This figure was
found to be 824, 79-1 and -1, for males, and 81-3,
79-3 ana 7907, for females of the low-. mid- and high-
dose groups. respectively. The overall average for
males and females of the various test groups way eal-
culated 10 be a0",.

To measure faceal eacretion of VOM, freshly pro-
duced facces fraom a representative number of rats of
cach test group were collected at 09.00 hr (1 hr belore
the start of the feeding peniod), at 14.00 hr (at the end
of the feeding period) and at 18.00 and 23.00 hr (4 and
9 b after wrrmination of feeding). Fresh faecal samples
were abtained by squeezing the lower part of the rat’s
abdomen. The droppings were weighed, submerged m
104nl ethyl acewate, and stored at 3-C n a closed
vessel prior 1o analysis of the supernatunt liguid by
was chromatography. Within 4 parteular test group
there were no apprecable differcnces in the VUM
levels of facces collected at the vanous ames,
although the opumum value was invanably obtained
from faeces collected Y hr after terminauon of feeding
3t 2300 hr). The average amount of VUM found in
the Jueces, expressed ax a percentage of the VOM
mtake, was found o be 8. 10 and 17", lor the low-
mid- and high-dose groups. respectively.

The VCM content of freshly prepared test dicts was
deterinined reguiarly. some twenty determinations for
cach dosage level being carmied out dunny the study.
Daily determuinauons were not considered necessury
because the VCM content of the PVC powder stored
at 4 Can a ¢losed barrel was found to remuin gon-
stant, and the VCM content of the PVC powder used
appuared to correspond very well wih the VCM con-

tent of the vanous diets, From these VOM determi-
nattons, the avernge VOM contents of the various
diets were caleuluted as 46, 139 and 424 ppm for the

Table L. Desgned and actual dusage of VO

Chrunie orai touicity of vinvi chlonde an rats

319

low-. mid- and high-dose groups. respectively. Since
both the loss of VCM from the diets before consump-
tion and the VCM content of the facces were known,
the actual oral exposure levels of VOM could be cal-
culated. They were found to be 1-7, 50 and
14 1 merkg body weight-day fur the low-. mid- and
high-dose groups (Table 1).

VOM in oil adnunstered by yavage. One group of
rals received VOM in oil by gavage. The approximate
dose wits 300 mgshg body weight. adminisiered daly
on 5days:wk for 83wk, in calculated volumes of a
1G%, VCM solution in soya-bean oil. The volumes
were adapted 1o the mean body weights once every
week if nevessary. These rats were otfured the Insti-
wie's stack diet for rats and bottled unfluondated
tap-wiater ad fib.

Animals und housing. Newly weaned alhine Wistar
rats (Cpb: WU Wistar random), obtained from the
SP¥ colony of the Central Institwmie for the Breeding
of Laboratory Anunals TNO, Zeist. were allocuted
randomly over five groups of males and five groups of
females m such a way that the mean body weights
were virtually the same. The conirol group and the
twa highest dosage groups each consisted of 50 males
and 30 females The two lowest dosage groups each
consisted of 60 males and 60 females. Dunine the 5
days before the start of the experniment. the rats that
were 1o be fed the PVCecontaiming dicts received
stock diet without PVC for 4 -6 hr each day, to adapt
them to the daily feeding period of 4 hr, At the start of
the study the rats were 5wk old. The study was ters
mundted when about 757, of the control rats were
dead, a pont reached for males in wh 135 and for
females in wk J44,

The rats receving PVC powder in their diet were
housed under conventional conditions, in groups of
five 1n suspended stanless-steel cages with o wire-
screen bottern in a well-venulated room mamtaned
at 24 + 1°C The rats given VOM in oil by gavage
were housed in groups of two in suspended. tinned
wiresscreen cages 1n o well-ventilated cabinet main-
tned at 25-28 C. Animals in bad condition were
housed individoally in separiaw cages unul they died
or were killed 1 extremus,

Conduct of the expertment. The riats were individu-
ally weighed. imtially. at wk 1. 2, 4, 6.8, 10 and 12,
and at 4-wk intervals thereafter. Foad consumpuion of

i rats mantaned on diets convauung PVC powder

Destpned VOM treatment

Dictary Intahe Actual initial

Actual oral exposure
level of YOM!
tmg kg body

Oral intake of VUM
tmy kg body weight day)

level (my ke body dictary VOM

tppmi weight dayy leved tppnut” Theorctealt Actual werght davy
i} 0 0 0 0 1]
20 1 46 33 I8 17
60 3 {3 74 56 30
200 10 424 212 170 141

*Average dwtary VOM contents determuined 1

mmedielely after preparation of the diets,

tAssuming no lows of VOM by evaporation from the dieis (see Fig, D,
$Oral sntiake of VOM dimintshed by the faceal VOM, which was found 10 be &, 10 and 177, of the
actud oral VOM intake for the low-. mud- and fhugh-duse eroups. respectinely. The VOM

excreted 1o the facces wan conudered (o he
have been in gontact with the body.

stll enclosed (n the PVC grunutes and thus not to
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.20 rats-sex proup was measured dunag wk 1 4,
10-11. 24-25. 36 37. 60) ol, 72-73 and 83. %5,

Blood sampies were collecied from the up of the
tail of ten rats.sexsgroup i wk 13, 26, 52. 75 and 91
All samples were used for determumations of hacnio-
plobin concentration eyanmathacmogiobin method
of van Kampen & Zihtea, 1961} and packea cell
voluine tmicrohacmatoencl, and for thrombocyte and
red and white blood cell counts (Coulter Counter).
and duferential white ool counts by direct visual
count of smenrs afier Puppenheim stamng /Gorter &
De Graut, 1955). Fasting blood glucose (Technicon
AutoAnalyzer metnod N-va) and biood-urea mitrogen
(Ceriotts & Spandnio. 1965) were determined tn wk 13,
26, 52 and 106. The analyses were conducted upon
blowd from the up of the tail of wen rats sex group
after the animais had been fasted overmight. During
wk 13. 26. 52 and 106. samplics of blood were col-
lected from the arbital sinus of ten rats se< group.
The following measurements were made in the serum
after centnfuation at 3000 rpm for 20 nun: atkahne
phosphatase (Bessev, Lowry & Brock. 1946, pluta-
mic-oxalucetic trunsamumase and  glutamuc-paguvic
framaminase (Reitman & Frankel 19571 o pro-
e (biuret reachionl albumin (D¢ Lecuw-lsrael. Arp-
Neofjes & Hollander, 1967) and serum-protein patiern
(Wieme. 19651

fudividual urine samples. collected from en rats!
sex group i wk 13 26, 52, 7% and 94, in vach case
during the kist 16 hr of a 24-hr period of deprvation
of food and water. were measured for volume iin caly.
brated tubesh, specific graviy tby  an Abbedtype
refractometert. une acid (Gorter & De Gramll 1935

and glutamic -ovalacetic tran<aminuse actvity (Rent-
.::m & Frankel, 1937 Serequantitative measire-
cats were made of pH. prowen. sugar. oecult blood
and ketones m pooled urine samples, usingy Laostin
from Ames Laboratories, Deposits obtained by centri-
fugation at 3000 epm for 3 nun were examined miero.
scapicattly Tor erythrocytes, leucoevies. epithebal cetls,
amorphous substanees. phosphate crystals, casts, hac-
terna, worm egps and sperm cells,

Al males sull abive sn wk 135 and all females sur-
viving to wk 143 were killed by decapiation. autop-
sied und subjecied to a caretul gross exanunation. A
thorough avtopsy was also performed on rats found
dead ot killed i extremis. Samples of the following
organs were fixed in 10", neutral formalin: heart. hid-
neys, liver, spicen. brinn. testes. ovanes. pituttary. thy-
roid, adrenads, thymus, pancreas, epidids mges, pros-
tate, coagulating glands, seminal vesicies, preputial
ghands. mammary glands, lungs. sheletal muscle, spie
mal cord. scistic nerve. unnary  bladder. paroud.
sublmgual and submaxillary salivary glands. avillury
and mesenieric bymph nodes. nose. oesophagus,
stomach, duodeaum, jeunum, ileum, caccum. colon,
skin, fumur with joint and bone marrow. trached.
aorta, ovorbital fachrymal glands, Zymbal glands,
cervie and uterus. The organs 1o be examined micro-
scopicaily were processed through paraiin wax. sce-
toned al 3um and staned with haematosylin and

*The z-lovtoproten determinations were ciarried out in the
Laboratory of Pathology ol the National Institute ot
Pubiic Health, Bilthoven, under the supervision of Dr R

 Kroes,

VoL Ferin  C FON Hisominws, A ) Sepins H P Toand 8 ) b

covn, Microscope examunation of ol orrans pre-
served was carried out 1 20 mabss and 20 females of
the control group and of cacn of the (wo highest
dosage groups. For the control groups thowe 20 males
and 20 femaley comprised all animals filled 3t the end
of the expenmenzsl penod. supplemented by e ami-
mals that had hived loneest betore they had 10 be
killed in a moribund condition. In the wo hughewt
dosape groups the s subjected 10 detasled histo-
pathology comprised the 20 males and 20 femalcs thar
had lived fongest before baing Killed in 2 monibund
condition. Histopatholoeical examination of all other
rats was restricied to tne hver, Zymbal glands. lungs,
hidueys. spicen. pituitary, thyrod, adrenals. grossiy
visible tumours and vrgans ¢ontaimitig grows leswons
suspecied of being tumours.

Batches of ten males and ten females from the con-
trol group and the two hichest dosage groups were
killed by decapstation and subjected to a thorough
autopsy alter 26 and 32 wk (ntenm aillsl At thee
tumes. the following were recorded: blood-cloti'ng
ume (Normotest reagents from Nvogaard and Cu..
Oslo. Norwayh serum eisctrolyies Nao K. Ca, Mg
(Paschen & Fuchs, 1971 and Cl icoulometny
muothodl serum alkabine phosphatase, scrum glutg-
mic-oxalacelic transanunase. serum glutarae-pyruvic
transanunase. total serum protan. gthunun and
scrumeprotem patterns (dotermined by the methods
mentioned before), lactie dehydrogenase {Wrdblewsks
& LaDue, 1955) serum x-foctoprotem® (Bochestzin-
Tiahiadr & Kroes. 19760 Iner function tbromesul.
phophthalem-eatincnon 1est and barbiturate sleeping-
ume marthod), hidney function iphenol-red exaretion
test: Sharratt & Frazer, 19631, actingties of aiminopyr-
ine demathviase 1Gram, Wilon & Fouts, 19683 and
wmibime hydrosy lase 1Galbert & Golhere, 196301 Iner
preparations. aad weiehts of liser and hidneys Histo-
pathology of the ner. hidneys and Zympal phinds
wits studied and the hiver was abo examined by hicht
microscopy  of semi-thin Paragon-stamed  plastig
sections and by clectron microsapy  For the latter
the Jiver was hixed by perfusion with 1-3° ) giutaralde-
hyde builered with 0067 usodivm cacodylate con-
tming 1%, sucroae (pH 74) at 4 C for 17 hr and this
was followed by post-iination in eacodylatz-butlerey
1%, Os0,. dehvdranon in graded acetone witer mux-
tures, and embedding in Ppon 812

Additional comrol group, One extra control group
of 60 male and 60 femaic rats was housed 1 roon
separate from that used for the ather rats ted PVC
contmmng diets. thus preventing anv possibic vontact
of these contrai rats witn VOM by wihatation, The
diet contaming 10°, PVC wntmiming no VOM wa
fed 1o the ammais 0 this group wd I nsicad of for
the restricted daiiy feeding penod of 4 Br used for the
real contrel soun, Body weights and motaluy were
recarded. and all Che animals were awtopwed The
organs and Ussues were prosenvad. but no shides were
prepared,

RESL Lin
Behariour and appearunce

During yr 2 of the test the general condiion of the
rats in the 300-me ke proup gradually dechned and
administration of VCM by gavage becume ncreas-
mply dithicult,. Many rats grew etharoie and gilthy
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Chronwe oral loueny of vinyl chioride in rats ©o30

Jore they dicd or were halled 10 a monbund con-

on. Since most of these rats had severe levions,

cluding tumours. of the liver and lungs, the VOM
treatment of this group was discontinued at wh 54,

Aer month 18 the number of anthnfiy rats m the
Fo g 13- -mpke groups gradually mereused. more
rapudly o the fater (high-dose) group and more
rapuily in females than in makes. The poor condiion
started with a humpbiacked postion and shght ema-
<uation foliowed by pale eyes. lethargy, filthiness and
oiten acvere emaciation,  Liver masses could be
detected 1in manv of these rats by abdominal palpa-
tuon, Swollen abdomens were  occawonaily  seen.
penertily assocated with muluple intra-shdomnal
tismue massey detectable by abdominal palpaton. In
addiion. ammals with breathung  ditliculties were
furly cormmon in these groups: thar lungs were in-
varrably found to conmtain multiple nodules. which
appesred  aucroscopically to be primary  anguosar-
cotitds OF metastases from cither hepatic angmosar-
womas or hepatocellular carcinomas. External tissug
masaes wecurred fairly often, mainly alter month 18:
most appeared (0 be mammarv-eland  tumours, bt
there were also other types of tumours ongmating
from the shan. subcutis or dermal adnexa.

Randomly distnibuted  mayor  abnormabities.  nut
attsbutable to VOM, included ataning coats. a bloody
dischares from the nose. wet stools, focat alopeais.
focal dermattis. blood around the muzsle and even
parests of the hind lews, loss of one or both eyes. and 4
white upague corned.

Badv wewghts and joud constmption

Body weights (Fip. D) and food intihes of the ws
s the YOMetreated Jiets were sery similar 1o those
the comtrols. The rats of the additiona! control
wup were much heavier than those of the other
groups recening diets vontnmng PVC powder. This
dillerence was undoubtedly due to the fact that the
estra conteols had constant access to their food.
whereas diet was svinlable to the other rats only dur-
g o peniod of four consecutive hours each day. The
rats of the 300-my ke group had constant access 1o
stuck diet and had much migher body weight thun
the ammals fed PVContaining diets jor a limied
peaod cach day, but their body waights were lower
than thuse of the additional control group.

Martality

Mortality was low in males and females of the
d-hr-ted control group during the tirst 2 yr of the test
amounting to 10", atter 2 yr (Table 21 At this e the
mortality among s of the additionad control group
was sume three imes higher sabout 300,

About 40", of the males and females of the
00-mye kg proup had already died by month 18 of
treatinent,  Thereatter, mortaluy  rapidly  increased.
and by just alter month 23 all the animaly i this
group had died, munly from pulmonary or hepauc
msulliviency resufting from neoplinie or non-neo-
plisbe lesions an these organs. A striang and dose-
related ainerease i deatherate was abwo found i the
§-0- and 14 L-mg ke groups, with females dying carlier
than males. In the low-dose group (1-7myg VCAM kg
bady weightl the mortality of males was comparable

ta that of the male contrals. and the death rate of

females was only shghtly higaer than that o female
vonirols,

Ruematotoqy, biochemisiry. urine analivas and orgun
junclion

Nu relevant changes were found m any of the par-
ameters studied. eagept for a shorter dloed-ciotiing
tme and an mnercased content of 1-foctoprate in the
bload serum of animais in the group fed the highest
VOM dose and in the mtubated group Table 30

Gross pathology

Liver-to-body weight ratios were hagher in the 13 1-
and 360-merky groups than i the control graup after
both 26 and 52wk (Table 3, Many rals eaposed to
VOM had severe Iner lesions. Pronounced swelling.
discoloration and aliered conastenay of une or more
lubes, often with sarying aumbers Of Cysis, were com-
mon findings. v were nodules and podule-like pro-
covaey, varving widely in stz jup (o 4 omon dameters,
appearance and consstency. Many of the nodules
were sohd 2nd pale: others were ¢ystic and haemorr-
hagie. The larger firm and pale nodules with central
neerosts appeared. upon microseopy. o be caret-
nomis. These were found mainiy 1o completely dis-
torted fvers. ANgIosarcomas were most oflen seen as
mufople solt durk cvstic ruduies. contaimne hlood
and wranultt pecrote matenut Nodules, which were
later classtlied as “neoplastic nodules’, were relatinely
smail, tirm and compact: they were cither pale or had
the same colour 2y the adiacent normul hner tissue,
and never contained neerolie material These liver
chanues were most pronounced and ougirred earitest
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Table 2 Cumubwtine mortality of rats exposed orally 1o ¥ CM for up 1o 2 7 vr

catment woup
¥ VOM/ kg body
weight.dayv) k 92 105

Number of deathst by end of wh

R T A R I A

120

Mabn

kS

13
w0
5(). LR
o)

28

Females

5 [}
4 13
lb'. 3'...
13eee G0
47 5%
10 17

tintial number of rats: 60isex/group.
+Surviving maies were kifled in wk 135 and surviving females in wh 144,

AThe figures for this group were not evaluated statishically, because no correspunding control group wins included in the
study.

mncluded 1n the

A 5

* o PVC without
Additional control group housed in a separate room and having constant access 10 the diet contarmng 107, PVC without
VM

Values marked with asterisks differ signiticantly from those of the controls according to the Jhisquare test: *” < 005:
P00 P < 0001
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‘el “P < 005:
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rar

T
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T

e control or
- 5% Micro-
ssotheliomas.
ith neoplastic
uently or just
tion that any

and most frequently in the 300- and t4l-mgkg
proups. Angiosarcomatous nodules were not seen at
ali in the low-dose group.

Pulmunary ulterations that could be ascribed to
VCM treatment consisted of small haemorrhage or
grevish dodules, often located at the edge of a pul-

(maximum inadence 15%) than n the control or
300-mg-kg wroups tmaximum incidence 5".). Micro-
scopieally the nodules appeared to be mesothehomas,

Many other types of wross changes. both neoplastic
and non-neoplastic, were seer either frequently or just
in a few animals, but there wis no inawation that any

"
o

trols or low-dose animals.

ats with a swollen abdomen due to ascites and to  Ltgit micrascopy of the huer
numerous pale firm nodules (diameter 2-15 mm) in

the peritoneum were encountered shghtly more fre-
quently tn cach of the three lowest dosage groups

qwry fobe. These changes were not obseived in of these changes were related w0 VOM

related histo-
are given n
ar alteration

The type and incidence of treatment-retated histo-
pathotogical changes found in the hiver are given m
Table 4, The incidence of fo of celular alterunon

Table 3. Mean prothrombin times, z-fuctoprotemn contents of the blood serum, and iter wenghis of rais
expored orally to VOM for J6 or 32 wi

i

LA

Liver weght
Prothrombn 2-Faetaprolein e 100 ¢
ume wee) {ug mh bouy weighly
Treatment group al wk atwk 4t wh
fmg VCMkyg body
weight day) 26 N3

K

Males
413 416 75 30 )
389 I8N ¥2 st 2491
352 313 84 33 331

e o e e

e

RIS

Females
0 372 328 99 53 260
144 3aqnee 307 91 1094 308 331
300t 317 305 93 so 3IR6 1

RIS,

*The figures for this eroup were aot evaluated statisncally, because no corresponding control group wis
included in the study.
Values marked with asiensks differ sipmilicamly from those of the controls according 10 the test of

Wilcoxen (prothrombin ume and z-foetoproteiny or Students 1 test iliver weigati “F < 05,
bl R O TR LT S T) T
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Table 3. Tope and incidence of tecutmens-rbuted hissopathadogival dhanges in the liver of rats exposed oeadhy o VCM

Incnbence of change

Makes Females

Type of Treaiment group —
clianget imp ¥OMkpdayl.. 1] 17 50 f41 o} 0 . 50

Animuly killed after 26wl
Nu ol rats examuaed . 10 ¥
Clear-cell foei 1t
Animals kilked afller 52 nh
Nao. of rats exaniised. .,

AT

Clear-cell foci

Busaptubic foci

Eustnophilie foci

Neaplastic nudule
bepateeeilular carcmoma
Cystee prohifeaton of bile ducts

Animiuls Tound dewd or bified in extremis or terminally

No of rals evamined ... 55 5k S0 b ! 59

Clear-cell fini { e 1o**s dyree 1asee
Hasoplisle Toct 8 ¥ RN 23 17
Fosmaphihic fuc 3 RAiAds e 1ysee 200
Neoplastie nodule 1} 1 7 23see k Sy
Hepatowellubir carcmoima { I 2 A 4 19s°e
Angiosarconig f 6* g 0
Protferation of atypical

stsoidal vells only
Extensive nievrosts
Cysis
Liver-cell poly maiphism
Ceoinlobutar degeneration
Facal haematopaiesis
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wds higher in each of the three test groups
rece CM-~contamning PVC powder (the 1-7-. 50-
and I+T-mg:hg groupsy than in the control group.
and in addiion, was nearly always higher than in the
group recciving VCM an ol by gavage (300-mg-kg
group). Simular differences abso existed for neoplastic
nodules and hepatocellular carcinomas. In the 1est
groups recaving VOM-contaming diets. the jncidence
of both neoplastic nodules and hepatocellular carci-
aomas was positively related to the VCM dose, and
was much higher in females than in males,

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

In the 300-mg-kg group. the average latent period
ior the detection of liver tumours (almost exclusively
snpiosarcomas) at death was found to be §4 wk for
males and 83 wk for females. In the 14-1-my/kg group
nese average latent periods appeared to be 104 and
»8 wk for maley and females. respectively, clearly indi-
zating an earlier appearance of liver tumours in the
wrmer group especially in males,

Several ruts beanmg angiosarcomas or liver-cell
wmours also showed focal proliferation of atypicul
stnnsoidal cells, often accompanied by distension of
wisoids. In addition, similar changes were observed
n several rats not bearing a twmour in the liver.
s of necrosis were found in the hivers of a
number of rats of the three highest dosage
'sts. very probably lined by proliferated
Jtle- dm.l epithelium. were seen i a rcl.mvx.ly large
aumber of males of the 14-1-mg/kg group, and in
cmales of the 17, 5-0- and 14-1-mgrkg groups. The
suze and multiplcity of the cysts varied widely in indi-
adual animals. Cellular and nucleur polymorphism of
acpatocytes was much more common in the test
zroups than in controis. Centrilobular liver degener-
aton was a frequent finding in females, but not in
males, of the 300-me-kg group, Focal haematopoiesis
was encountered more often in males and females in
.ne 14:l- and 300-mkg groups than in those of the
sther groups,

sweetron microscopy of hepatic parenchyma

In semi-thin sections, foct of hepatocyies and also
solated hepatocytes with o finely “vacuohized' cyto-
nasm were found in rats of the 14-1- and 300-mgkyg
roups after buth 26 and 82 wh. Ultrastruciurally the
sacuoles” appeated to represent swollen mitochun-
- with o pale matnix and short enstae (Fig. 5). The
onormal mitochondna  closely resembled  those
sund n rats folliowing inhalation exposure to
W) ppm VCM for periods of 4-32 wk and already
waeribed by Feron, Spit, lmmel & Kroes (1979b).

Foci of hepatocytes. cach containing numerous
uuhly swollen, irregulatly-shaped mitochondna with-
0t cnistae and a matny widely varying in density,
»ere encountered after 26 wk. An increased amount
if tubular smouoth endoplasmic reticulum (SER) was

(NS e e VR ORI A

V. L. Ferow, C. F. M. Hesorakses. A L. Serex. M. P. Tie and B. J. 3pit

invariably present among the swollen mitochondria.
Occasionally scattered individual hepatocyies were
found to coOntain a few eatremely swollen mitochon-
dria but were otherwise normal. as were their other
mitechondria. After 52 wk, large areas of hepatocyte
contaimng numerous swollen mitochondnz  were
found. mainly in rats of the 14-1-mg kg group. These
hepatocytes had large nucles with pronounced nuc-
fcoli. Tubular SER and whorls of SER were occasion-
ally found together with mnochondria conuaming
lucent areas in which 4 membranvus or ocky
material was often encountered. Single membranes of
rough endopiasmic reticulum surrounding these mito-
chondria had partially lost their ribosomes.

Light microscopy of oryans other thun the hwer

A wide variety of alteranons was found. nearly all
apparently related to the normal ageng process. An
cxception may have been the very marked haemato-
poietic achvity found in the spleen of six outl of 40
males and ten out of 40 females from the two highest
dosage groups, while in controls only shight 10 moder.
ate splenic haematopaiusis was abserved.

The site and type of tumours observed in organs
other than the liver and their incidence 1n the different
groups are presenied in Table 5. Angiosarcomas were
frequently found in the lungs at the two highest dose
levels, and also occurred in a few rats of the 5U-myg ke
group. They were most often seen as mulnpic sinall
foci of tumour cells with an angiomatous growth pat-
tern, Their appearance was highly suggestive of meta-
stases. On the other hand, in several cases, the histolo.
gical appearance of the neoplasms did not pertant the
exclusion of their beng diagnosed as primary pul-
manary angiosarcomas. In addition, in three rats with
a pulmonary angiosafCcomi, No INKIOSIICOME Wis
encountered outside the lunpgs. In four ruts from the
00- and 14 0-my/kg groups an angiosareoma wis
found in the abdominal cavity outside the tiver. while
the Iiver showed no signs of angiosarcoma formation.
Therefore, these tumours were considered 10 be
primary extrahepalic angiosarcomas.

Pulmonary metastases  of  hepatocellular  carci-
nomas were not unpcammon. A total of five tumours
of the Zymbal glands (ceruminous glands) were
found —two  sguamous-cell  carcinomas i the
50-myg/kp group, and two squamous-cell carcinomas
and one adenoma in the 300-mg kg group. Abdomu-
nal mesotheliomus were observed 1n each of the
groups. including the conirol group, ia several groups -
their incidence was higher than in controls, but a
positive dose-response relationship with respect to
incwdence was absent. On the other hand. the latent
period lor detection of abdominal mesothelioma at
death was found o decreuse with necreasing dose
levels for both males and females. The histolowical

appearance of the penitoneal mesothehomas vancd.
but two main types could be distingunhed. a fibrous
type in which suarcomatous areas predominated and
an epithelial type consisting mainly of tebulo-papiti.
ary formations, In several tumours both the sarcoma-
tous areas and the twbulo-papiilary  swructures
occurred to the samc extent. Mitotic figures were
never abundant.

Fibroadenomas of the mammary glands were much
less frequent in females of the 500 141 and
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Table 5. Sute. type and invidence of o i orguns other than the ficeed in cats cvpesad orully to VOM fur oier 23y

Site and
type of Tecalment group
tumour (mg VOM g dayl ..

Incideove of lumowrs

0

Effective ne. of rs. ..
No. of rats witls priviary tumours., ..

Lungs

Zy

Angiosarcoma
Adenama

ymbal glands

Squemonts-ced] cecinoma
Addenmana

Abhdanien

Muesuthelivma
Anglosarcoma
I"thenmarcamiin
Ohleanatrenma

Satcoma

Retivulum-cell sarcoma
*Schw ann-celt Timaur’
Unclassified

Spleen

Haemengivendolhchossrcoma
Lymphosarcoma

M

B

Squanwus-cell carcinoma
ain

Granular-cell myoblisioma
Olgodendrogliom.a

Plexus papillonu

Gliad-cell tmour
Ependymona

Moesodermal Lomour

Pancreas

Adesovitreinoma

Thutay

Meset helmna

Thyront

Paralullicular-celi wlenoma
Paralfuthicular-cett circnoma
Fotticutwi-cel! indenoma
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Table S—continued

Sate and
. lype of Trealment group
: tumoir {mg VChLhgdayr ..

Incidence of amours

Adrenls
Corhivat adenoma
. Phavochromocy ioma
q- Prtuatany
1 Adenoma
Caranamg
Blovrd
Leuhuemia
Heart
‘Endocardial discasey
Haemangivendathehosarcoma
Kidneys
Nephioblastoma
Clear-cell tumour
Liponmatous lumour
Unelasstfied epithehial tinous
Thy
1 ihrasncomy
Ruticulunicell sarconta
Mewntecie baph nades
Retcitumecell sarcema
Skin
Sqpramans-cedl carcmania
Sobeuts
Fibroma
I'hrosarcen
Maesenchy maf lumour
Skeletal vscle
Rhalxlumyosarcama
VA Shuli
et (hieoma
u Mty mal Lumaae
Far regun
Adetiovstanema of unknown orgin
timary hladder
Einddasalied eprithehal tanoae
Peeputial phands
Squannnseeedl cardnoma

R RN - e ad Sy

Males Females

4] 17 50 141 3003 ¢ 1-7 50 141 nag
18 25 17 10 g 26 30 20 17 14
11 21 8 4 & 2 1 2 0 2
13 J5%e [ 2 0 14 16 10 5+ 3
t 1 0 0 k) 0 2 0 0
0 1 ] 3 l 2 1 0 1
2 0 2 2 1 | 0 0 0 1
1 0 0 [¢] 0 0 0 0 i} 0
| 0 4] t 4] Il 1 0 0
1] 0 1] 0 0 0 0O 4] i N
0 0 1 Q 0 0 0 0 0 0
0 )] 1] ) [y} 1 Q Y 0 0
0 1 ] 0 0 [t 0 0 0 {
4] i 0 | 0 | | 0 4]
. 0 0 G 1 0 ¢ 4] 0 0
2 3 k) i 0 [i] 0 0 1 \}
2 1 | 1 t k) 3 4 0 0
[} H 1 0 0 H 1 0 0 0
[H n 1] it { t O 1] 0 1
4] LH] 0 ] 1 | 0 o Q 0
l 0 1 4] 0 0 0 0 a
H 3] i 0 1 ] 1 0 0 1]
0 i} ! 0 0 0 0 ft 0 [
] |} | LV} ) [4) 0 4] 1] 1
1) 1] 1 43 1} 1] Q 1} 1] 1
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Adenacarcinema of unknown ofgin

Urinary bladder

Linglassilied epithelial tueiour R&S 024201
Prepuliad glands

Sspamaus-cell carcicoma 0

Lor I e et s T b AT G et it b S E b s 4 ) e b e e ot ®,

Mammary glands
Adenoma
Fitosdénoma
Adeaocarcinema
Anaplastic carvinoma
Trales
{nserstinal-cell tumour
bherus -
Adepucarcinumas
Malignant Bbromdenomatous tumour
Lesonsyivima
Cenvin
Meseuchynsal 1ype of wumour
Adeancarcinoma
Ovaries
Theca-celt tumour o o . o 0

R A L

fo g ey Aarmse

Iy
A
v,

Py

tA small numbar of primary liver tumours unretaied to treatmient were found an several groups These lumours were one Kupfler-cell sarcoma, three reticulum-cell sarcamas, two
Bbimargonas, one bacmasgioendoshehoma and one mesenchymal lumour,

TEhe ligures for this granp were not esshuated statistically, because pa corresponding conirol group was included in the study.

Yo several vases the neoplastic character of the lesion was doubiful

Vadues muarked with astenshs dilfer signilicastly from those af the contrids according 1 the chi-sguare tests *8 < 05, P < 001 *** P < 0001,
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H0-me ke groups than in controis or lowedose ani-
muls (Table %1 The jow merdence of this common
type ol ‘spontancous’ tumour. which 1 assouiated
with old age, 2t the three highest dose levels s uns
Joubted!y connected with the much shorter survival
tune of the ammals 1in these groups compared with
that of thie conineds or lew-dose ammals, Desprie the
relativelv short survivaild ume of females i the 130
and 300-mg/hye groups, the nadence of adenocarc-
nemas of the mammary rliands 10 cach ol these
groups wits twice as high as i the conteo! group. This
may nuieate that VOM enhanges the development of
mammary-gland carcinomas,

Tae madence of several other common types of
wmour known 1o be associated with old age was
found to decrease with increasing dose levels, us was
1o be evpeeted Irom the dose-reiuted reduction in sur-
vival ume. Examples of these were corucal adenomas
and phacochromocytomas of the adrenals. pitntary-
gland adenomus. purafolliculurcell adenomas of the
thyroid ithe incidence ol this tumour was exception-
ally fow i males of the control groupi. and adenocar-
cinomis vl the uterus,

DISCLASI0N

The limited dady feeding petiod of 4 hr in the day-
tume appeared to be assoctated with lower hody
welghts but abo with o higher survival rate Appar-
ently. reduced bodysweleht gain caused by a restnicted
feeding pertod s o favourable rather than an un-
favourable etfect, The much hgher survival rate alsa
points 1 the rats bemng healthy and havieg an ad-
equate purntionid stutus unafected by the rebtnery
short fecdiny period 1n the dayv-time.

Only »hight and often inconsistent dutferences were
found between controls ind test animals in several of
the hacmatatogical and hiochemical parameters stud-
ted. These shieht devianons were reganded as tovcola-
wically mmigmiticant. with 1wo possihle exceplions, the
shortempe ot the bloodsclottise ume and the n-
creiae i x-loctoproten ievels in the biood serum of

© VOM-evposed rats, Finture of the blood o clot was

noted in guinea-pigs that died dunng esposdre 1w an
wtmosphere contmmg 0, VOM (Masviromaiten,
Fischer, Chrste & Duanzaiger. 1960) and m twao
workers 4 PV factory who dicd from acute VUM
pooning 1 Danager. 1900), However, rats evposed to
3ooar 200 VON tor 19 or 92 davs, respectivety, Bad
normai blood-cioting wmes (Lester, Greenbery &
Acums, {96930 In contrist, both in the present sudy
andd n g previous long-term anhalution study with
VOM 1g rats (Feron, Kruvsse & Tall 1979, pro-
thrtombin unes were shorter i VOM-cvposed rats
thun 1in contiols. Because ol the conthicung obwer-
ranons. 1t s ditticult 1o assess the toucological impor-
tance of the slight hypereoagulabiliay of the blood
seen o the rals sxposed w0 VOM m oour studies,
Miitler, Buchter, Gross & Bolt (19760 recenily
reported & disturbed thromboes ue funciion an nins of
17 pattenis satfering from et chlorade discase’.
Thrombooyviopenit. which has been reported 1o be
une of the siens of VOM intoucaton i man (Juhe.
Laange, Stein & Veltman. 1973 Lange. Juhe, Stein &
Vehtman., 1973, Miller e« af, 19761, was obsenved
neither an the prosent oral expeniment nor i the pre-

VoL Frros, COFONM Hrsokisis, A J Senk. H P Tk and B ), Seir

vious §-vr nhaliation study (Feron o ol 19790 In
tutare studies. st would be desirable o pay speaial
attention 1o the possible efivets of VOM on tnromipo-
Cvies.

Shght. thoueh statsueally sigrilicant, snereases i
the z2-loctoprotean content of the blood scrum were
found in males and femules of the 14-1-mx kg group
at wk 320 Al wh 26 z-foctopraten fevels wers normat
m arimals of this group Very similar results have
been obtained in rats eaposed o X0 ppm VOM 1n
ar for periods varying from 4 10 32wk 1Feron or uf,
197941 These tindings may indicate the presence of
loctoglobulin-produ .oy neoplustic or prencuplastic
czlls in the liver of rats exposed 10 VOM {or 4 pro-
longed period. However, <ince the increase in z-focto-
protein lesel was only slight, aspecine fner damage,
such as necroais or degeneration of hepatocs fes, My
hiave been responsible for this slight erfeet,

Although  hepatoceilular  tumours  have  been
reported inrats treated with VCM (Maltoni. 1977;
Williamson. 1976) and some evidence exists Jy 1o the
occurrence of hepatoceliular carcinomas i persons
exposed to VOM  iBerk, Martin, Youny, Creeen,
Sehikoill. Falk, Watanabe, Popper & Thomas, 1976,
Popper, Thomus, Telles. Falkh & Schholl, 1975) the
high inadence of neoplastie inver<ell nodules and
hepatocellular carcimomas i test amimals wspectaiiy
femalest recerving VEM orally in PVC powder was an
unexpected finding in the prosent ~study. Fuen at the
lowest devel (1:7mg VOM.Ag body  weight davi
VOM-related liverscell tumours and an tereased inel-
dence of foci of cellular alteration were notweable in
both mules and females, was remariable that only a
few hepatocellular aeoplasms occurred i animabs
recaving VOM in oil by gavinee at the very high dose

of 300-me hg body waipht. shereds nearly 307, of

these rats had a hepatie angrosarcoma. The nature of
the tnmour response of the Iner i the vanous tess
groups suggests i shuft from an aimost evclusive de-
selopment of angiosarcotnas ol the very high dose
level, tin both  angiosareoniy and  hepatoceliuviar
tumours at the intermediate Jose levers, w the e
clusive oceurrence of Biver-cell tumours at the jowest
level. On the uther hand, not anly the dose but abo
the way of sdnunntenng VOM mav have baen W
sitmilicance for the ditference in tumour seaponse
Petween the Sd-mg hy group anag the lower dosage
aroups, becatse wistfie pvubation of VOM an ol
tdiniv on 3 days why) unplies that the pody the Inend
has Lo deal with g darge amount or VOM 1 s shott
rme, whereds mthe wase of oral antabe ol VOM-
contastine PVC powder the pods othe fivery s con-
unuapsly exposed (most probann tor 23 hr day o
Tdavs why o Clresn” VOM raieased  pracuaily ana
without mterrupuion tfrom the PV power dunng it
transport through the castro-aiastiad tacr One may
also spculate that the unexpeciedhy fueh wadence of
liverweil tumours o the groups recerving VOM 0
PV'C powder could be Jue 1 an unesual senativars of
the liver velly to VOM, descioping ss a consegsiende
ol an altered mctapolic stale caused by the reduction
ol the danly period of Lood intakhe to 4 Br Tros restrg-
ted penod of toad mbahe may have caused o danly-
transitory depressien of hepatic glutathione, whiek
hus been demonstrated to be of sznifcane fon 62
detounicatton of VOM o its reasctne metabolite

20cyc0 SBH
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Chrome oral toniciy of vimvi chlorde in rats i3

Watapabe, Hefner & Gehringe  1976: Watanabe,
eGowan & Gehrmg, 1976 Watanabe, MeGowan.
Madnd & Gehring, 1976y

The fesions of the hepatie parenchyma that could
ne atirtbuted to VM included not only foc of cullu-
lar alterations’, neoplaste nodules and carcinomas,
out also necrosis. centrilobular degencranon  and
mitochondnal damage, In addiion, the slight in-
creases 1n the z-foctoproten content of the bloud and
in rejgtive hiver weght may also have been mdications
ol VOM injury 1o the hepatic parenchymal cells. Since
s hnown that tissue injury [ollowed by repair thy-
perplasia) may stimulate tumour formation. the possi-
bility exists that the “promoting” properties of this
chrome process of continuous duamage and repair play
4 magor gole 10 the development of hepatoceliutur
tumours following VOM exposure.

The assounttion between VOM and angiosarcoma
in map was recognized some years ago iCreech &
Johnson, 1974 Lloyd. 1975) and several investigators
have produced angiosarcomas in expernimental ani-
muls by exposure o VOM cither by inhalation or oral
administravon (Feron e al. 1979b: Hoimberg, Kro-
avy & Winell, 1976: Kephnger., Goode. Cordon &
Calandra, 1975 Lee o ol 1978 Malton, 1975 &
19774 The results of the present experiment show that
aral exposure of rats 1o VCM at levels of 50 mg by
body weght day or more caused hepatic anpiosar-
vomas, pulmonary  angiosarcomas (probably  both
primary tumours and metastases) and. at the higher
tevebs, abe a few primary extrahepatic abdominal
Angiosareomas. No angosarcomus were found at the
lowest Jevei of I'7myg VOM kg body weight day.

Ultrastructural studies of the liver shuwed o seat-
tering of foct of parenchymal cells atfected by VONL

Swelling ol mutochondria was the earliest change ob-
served  and  mitochondrial - alierations were  albso
characterstie of the VCM-induced damage seen at
Later stages. Swelling of mitochondria has been found
after exposure o other carcinogens (Bannasch, 1975
and also under various pathological conditions, such
a3 cthanol damaue (Dobbins, Rollins, Brooks & Fal-
lon. 1970 and ribotlavin Jdeticieney (Tundler. Erland-
san & Wyader, 196%). In addition 10 muochondrial
swelling, prolonged treatment with VCM for 26 or
32wh appeared 10 cause a decredse inoand loss of
nbosames drom the RER, and most impaortantly an
increase t SER. These tindings suggest an enhancimg
cffect of VOM on the so-calied nuxed-fuaction ou-
Jdase sestem (mufol systemi which has been shown
e msobved i the detoxitcanon af VOM (Bolt,
Kappus. Bruchier & Bolt. 1976 Reynolds. Moslen,
Seabo, Jaeger & Murphy, 1973). However, the deter-
munatons of anunopynine-demethylase and anibne-
hydravyluse actvities in the hver did not produce evis
Jenee of m Lo induction by VOM.

Full desclopment of VOM-induced angiosarcoma
has been found o be preceded by nedular hy pertros
phy and hyperplasia of liver cells. which may proceed
o hepatocellular carainoma (Feron et ul. 19795,

Papper, Scliholl, Mualionn Squire & Thomas, 1977,
The hiver changes found tn the three lowest dosage
aroups are well i ne with this obsetvauon, but in
this connection at s ditficult to understand the nieh
ncdence o hepatic angiosarcomas in the 300-me ke
group. because focal hypettrophy and haperplassy of

the purenchyma occurred sn oniy a very limited
numbar of rats of this gronn

Several imvestigators (Lee or of 1978 Makon
1975) have found extrahepatic aREOSITCOMAs N Tl
exposed o VCM. In the present orai study. esira-
hepatic angiosarcomas were also seen, aithough 1
should be stressed that most of the pulmonary angio-
sdreomay were consdered o be metustases irom
hepatic angiosarcomas.

Only i few test amimals bore a tumour of the Zyin-
bal glands. but since spontancous  Zvmbal-gland
tumours arc rare and wmours of this organ are
known to be induced in rats by VOML it scems justifi-
able to aseribe 1o the VOM treatment the {ew Zym-
tal-giind neoplasms founa.

YCManauced carcanomas of the mammary glands
have been observed 1n mice (Lee er all 1978 Malton,
1975) and presumably alvo i rats (Maltoni, 1973
The snadence of mammary-gland  carcinomas 1n
several of the test groups was only slizhtly hieher
than that 1n the controls and was not constdered e be
corclusive evidencee that VOM can induce this 1 pe of
neoplasth 0 rats. At most il may be regarded ay an
indication that VOM muy enbunce carernoma forma-
N m Uis Organ.

To our knowledee, VOMeinduced mesothebiomas
hiave not been reported. In the preseat study. the
number of rais with abdominal mesothehoma was
higher 1n each of the test groups recenvirn PYC-
powder contmming VCM than in controls led PVC
powder free of VOM, This may ndicite that the
ingestion of VCM has a potentiating ctfeet on the
develorment of mesothenama i oras

The fueh inadence of hver-cell tumours in femafes
of the low-dose group (28, 381 cleariy demonastrates the
absence of both g “noswpserved-adverse-ettect level”
and o minimum-etfeet level” in our experimental sys-
tem These levels must be known bedore any attempt
<an he made 1o extrapolate the ammal datiy to man
and 1o sasess the caramegenic rsh of VOM. There-
fore. 4 sumifar bfespan oral carainogeneny study with
VCOM in rats has been mitiated. usine theee datlerent
dose levels 10017, 017 and 17me VOM ke body
weighi day) and two control groups: thes study had
been running for 14 months in Ociober 1950

Conclusions

This ~tudy shows that the incorporazion of VOM-
containmg PVC powder mto the diets of rats i an
clfectne method for studving the tong-term crfects of
oral sdminstration of VOAM. VOM 15 0 carainoeen
when adminstered 10 ruts oy the oral route and the
twmour response of the rat hver o the oral antake of
VOM seermas 1o sheft from an aanost exclusve devel-
upment ol anguoesircomas 4t very high fevels o the
cxviusne induction of hepatocetluiar wwmours at fow
fevels of evposure. The mgestion of YOM n PVC
powder may enhance in rats the development of ab-
dominal mesothehomas and of adenocaranomds of
the mammuary grands The ‘ao-obsened-adverse-eifect
icvel” wan lower than 17 mg VOM kg body wencht
Jay under the nigorous condituns of conunuous ofal
VOM evposures rosulung from the gradusl celease
of VM from PVC powder present tn the gastro-
msinad ragt.
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