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and tumour occurrence in mice after chronic VC exposure some 
pathologic observations were reported. Detailed results of the 
pathologic examinatiion are reported here. 

MATERIALS AND METHODS 
Outbred albino NMRI mice were taken for experiment at 

12 weeks of age. Twenty-four animals, 12 males and 12 females, 
were exposed in e1ach group to 50 or 500 p.p.m. ± 10 % VC, 6 hrs./ 
day, five days/week. 

One control series was run parallel to the 50 p.p.m. series, 
which was exposed for 52 weeks. Another control s.eflies wa1s run 
parallel to the 500 p.p.m. series, which was exposed for 26 weeks. 
Those two series were started two months after the 50 p.p.m. 
and corresponding control series. In al.l series, four animals of 
each S·ex were sacrificed 1and .subjected to pathological examina
tion 26 weeks after stiart of exposure. Furthermore, four control 
aillimals were sacrificed one year a.f1ter the start of experiment. 
The rest of the animals were subjected to pathologicaJ examina
tion when moribund or spontaneously dead. AH 1animals in the 
50, 500 p.p.m. and one of the control series were kept in dark 
cylindric metal inhalation chambers (.air volume 20 1) in which 
a constant flow of air was int•roduced. Air content of VC was 
analysed regularly by gas chrornatogmphy for control of the VC 
concentl'lation. One control series, which was started at the same 
time as the 500 p.p.m. 1s.eries, was kept in laboratory air outside 
the inhalation chrumber. As no signi:£ioont difference was observed 
between the two control s.erie:s their data were treated together. 
Food and water were withdrawn during the daily exposure for 
all gmups. 

Total body weight was registered every two weeks. Spleen 
and liver of all animal1s were weighed. All mice were necrops.ied. 
Material for hisfological examination was fixed in 10 % neutral 
formalin. Ey:e and liver were fixed also in Bouin fluid. 

Spleen, lung, Liver, kidney and brain .as well as those organs 
and tis1sues where tumours were visible were his.tologically ex
amined in all mice. In severail mice of each group the .following 
organs were also histologically examined: ·skeletal muscle, my
ocardium, oesophagus, trachea, thyroid, brown fat, parotis, spinal 
cord, eye, lacrimal gland, eyelids, stomach, pancreas, small and 
large intestine, mesenteric lymph nodes, ovary, uterus, testicle, 
seminal vesicle, urinary bladder, bone marrow, and metatarsus. 
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Figure 1. Para.renal haemangiosarcoma (arrow). 50 p.p.m. s.erie-s. 
Haemangiosar·coma is adherernt to the k>idney (K), but does not in
fiHrate norm·al kidney ·tissue. The tumour does, however, in.filtrate 

the sublumbar muscie. 
Figure 2. Pararenal haemangiosarcoma (arrow). 50 p.p.m. series. 
Haemangiooarcoma is adherenit ·to the kidney, but does not infiltrate 

normal kidney hlssue. Noote renal cysts. 
Figure 3. Parain.testinal haemangiosarcoma (arrow). 50 p.p.m. 

serioes. 
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F·igure 4. Lungs. Multiple alveo1ogenic adenomas. 500 p .p.m. 
series. 

Figure 5. Lungs. Alveolog;enic adenoma. 500 p.p.m. series. H and 
E. X 32. 
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Figure 6. Haemangi·osarcoma in brown fat tissue. (Arr-0w). 500 

p.p.m. series. Note also pararenal haemangiosarcoma. (P). 
Figure 7. Liver. Telangfoctasis. 500 p.p.m. series. 
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Frozen sections of skeletal muscle, myocardium, liver and 
kidney as well as some tumour and lung tissue sections were 
stained wi.th scarlet red. 

AU embedded sections were stained with haematoxylin and 
eosin (HE). The tumours and some other organs were also 
stained with van Gi,eson, PAS and Pearl's method for ferric iron. 

RESULTS 
The total body weight of exposed animals did not increase at 

the same rate as non-e:xiposed animals. Thus, from 24 weeks after 
sfad of exposure the total body weight curves of both e:xcposed 
groups r.eached a pfateau. Af.ter 40 weeks a decrease in body 
weight could generally be observed in exposed animals. Body fot 
was also reduced in VC-treated mice at the later half of the ex
periment. Spleen and liver weights ife1l within the nornnal range 
throughout .the observation tirme. No significant differ.ence .in 
tiissue or total body weights between the two exposed animal 
s.eries could be observed. 

Two oontrol animalis died two months after start of experi
ment, one during anaesthesia 1and the other by unknown c,ause. 

In control seriies three animals out of a total of 48 animals 
were obs.erved with tumours. One an.ima'l had a mammary adeno
carcinoma on the left side of the chest with pu1monary meta
stasis occurring 38 weeks after exposure. The seoond aniimaJ was 
obs·erved with a disgerminoma of the ovary at 46 weeks and the 
thi1rd animal died at 65 weeks with a reticulum cell sarcoma of 
the spl:een and mesentedc lyimph nodes. No other signiffoant 
pathologic changes were observed in control animals. 

The main features of 1the hi:stopatho1ogic data in VC-exposed 

Figure 8. Haemangiosaircoma from pelvic/caudal part of the 
aibdominal cavity. 50 p.p.m. series. Note that tumour .tissue is em-

Figure 9. 

Figure 1 0. 

Figure 11. 
Figure 1 2. 
Figure 1 3. 

bedded in fat tissue. Scarlet red. 
Haemangiosarcoma frrom pelvic/caudal part of ab
dominal cavity. 500 p.1p.m. series. H and E. 
Haemangiosarcoma in the browin fat tissue. 500 p.p.m. 
series. H and E. 
Liver haemangiosarcoma. 500 p.p.m. series. H and E. 
Liver. Telangiecta1>iis. 500 p.p.m. series. H and E. 
Haemangiosarcoma embedded iin fart tissue is seen on 
each side of the uterus. 50 p.p.m. series. 
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culated on the fotal number of animail1s used in each group. When 
the mean number of tumours is calculated on the number of 
tumour bearing animals only, the mean number of tumour per 
animal in the 50 p.p.m. group, on the other hand, increases to 2.3. 
It is in this connection interesHng that for other carcinogens, 
such as pentacyclic hydrocarbons (Cramer & Stowell 1943, Payne 
et al. 1960, Wynder et al. 1960), it has also been observed that 
a low exposure during a longer time may intensify the biological 
response, comparing to a high exposure dm1ing a short Hme 
period, or comparing to single exposure. 

In animals exposed to 500 p.p.m. the f1irst malignant tumour 
(mammary carcinoma) was observed already at 26 week:s, 
although the fi11st tumour death occurred at 32 weeks. If mam
ma1ry carcinoma ,is accepted as a consequence of VC exposure, 
as sugges,ted by other data (Maltoni), this might .indicate that 
500 p.p.m. for 26 weeks is sufficient to induce malignant 
tumours Thus, the "threshold time" - or minimal true induc
tion time - for malignant tumours iis shorter than 26 weekis 
for 500 p.p.m. It is to be noted that the exposure to 500 p.p.m. 
was terminated at 26 weeks. Exposure to 50 p.p.m. did, however, 
not induce other tumours ,than two lung adenomas during the 
first six months anid no conclusion can be drawn about the true 
induction time for t1his dose l,evel. The f1i-rst death due to tumour 
among the 50 p.p.m. animal:s occurred after 36 weeks. 

A tendency to a dose-dependent latency time may thus be 
suggested, when considering the time of the fhist death in malig
nant tumour. The higher dos1e level was thus associated wi,th a de
creased latency tiime at 1four weeks. The higher dose level was 
also as,sociated with a decrease in 11 weeks, when mean survival 
Hme is consideved. This is in acco11dance with the inverted re
lationship between dose anid latency time, which is a weH ... known 
obs,erviation for other carcinogens (Bryan & Shimkin 1943). The 
difference in mean survival tiJrne between s1exes exposed to 50 
p.p.m. might also indicate that female mice are more sens-itive 
to low dose levels of VC than male mice. 

The majority of tumours in mice exposed to 50 and 500 p.p.m. 
of VC was lung adenom:as. This was also observed by Maltoni, 
who noted a tendency to malignant transformation of lung 
tumours 61 weeks aft.er exposure to 50 p.p.m. VC 4 hrs./day, 
five days/week for 30 weeks (30,000 p.p.m. hrs.). In spite of a 
total dose rate of 78,000 p.p.m. hrs. for 50 p.p.m. in our experi-
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and the acroosteolysis of VC-exposed workmen (for further 
references, see Holmberg & Molina 1974) and is furthermore 
suggested by an overrepresellltation in deaths of circulatory dis
eases, ,as observed amon:g Swed·ish VC/PVC-workers (Byren et al. 
1976). 

All subperitoneal and subcutaneous haemangiosarcomas pre
sently observed were located in fiat tissue. Histologically the para
renal ,tumours, for instance, were distinctly s,eparated .from the 
kidney tissue. VC iis, like other agents with anesthetic effects, 
lipophilic and the appearance of almost all haemangiosarcomas 
in fat tissue may reflect that physical ohar:acteristic. The VC con
centration .in fat might be comparatively very high, while the 
concentra1tion of ,the shortlived possible ultimate caT'Cinogen (Van 
Duuren 1975), the highly mutagenic (Rannug et al. 1976) chlor
oethylene epoxide is probably low. As white fat genernlly is a 
slowly metabolising tiis•sue, one might ,specu1ate ,that the e,poxida
tion is merely performed in the endothelial cells of the blood 
vessels at transport to and from fat Hissue, thus subjecting these 
ceHs to genetic damage leading to neop1as.tic transformation. 

The presence of haemangiosarcomas .in fat tiS1sue would 
sugg.est that VC-induced tumours might be found also in the 
central nervous system. This was not the case in this experiment, 
nor in previous experimental studies. A tendency to an increased 
frequency of brain tumoulis was, however, observed in an epi
demiological study on around 8,300 workers in PVC-polymeriza
tion industries ,in USA (Tabershaw & Gaffey 1974). 
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