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Biological Effects of Vinyl Chloride: An 
Experimental Study ~
by M. Winell ,* B. Holmberg,* and T. Kronevi*

|
Plasma activities of alkaline phosphata.se, (Al’)p transaminases and total lactate 1

dehydrogenase (I,DH) with isoenzymes were determined in mice inhaling 50 and 550 :
ppm \inyl chloride (\C). The animals were also autopsied and the tissue pathology was 
studied.

llu* total I-DH activity was elevanted in both dose groups along with a shift to cath­
odic onzvines. Al was increased in animats exposed to 500 ppm and transaminases were 
not at all changed, knzyme changes occurred after the appearance of tumors.

Alveologenic adenomas occurred in all animals at the higher dosage and m about half 
of the animals inhaling tlie lower dose, Subperitnueal and subcutaneous hemungiosar-
comas were frequent in both dose groups; hut especially amung 5ft ppm animals. Only \
one animal had a hemangiosarcoma of the liver. No liver fibrosis was seen. All primary j
subjioritoneal and subcutaneous tumors were located in fat tissue. Telangiectasis was *
ohserved in tuo animals in the *)00 ppn\ series. FI he impoi'tance of htood \essel changes 
in the toxicology of vinyl chloride is discussed.

Introduction
Among' other toxicological effects (/), vinyl 

chloride (VC) has been found to induce liver 
injury in exposed workers (2) and has also 
been demonstrated to be an experimental (3, 
h) and a human carcinogen (.5. 6), Although 
a few studies on experimentally induced liver 
injury after chronic exposure to VC have been 
made, no atlomnt has been made to investigate 
both biochemical and histopathological param­
eters in mice. The aim of the present toxicologi­
cal study was to investigate possible changes 
in plasma enzymes and at the same time the 
histopathology of laboratorv mice exposed to
VC.

Design of Study
Groups of mice of an outbred albino com­

mercial strain (NMRI strain) were exposed 
by inhalation from 12 weeks of age to 50 and 
.-><K) ppm VC, G hr day, 5 days/week, Raeh 
group consisted of 12 females and 12 males.

T Hootion of Occupational Toxicology Department of 
Occupational Medicine, National I’.oarii of Occupational 
Safety ami Health, S-100 26 .Stockholm, Sweden.

t National Veterinary Institute, S-HM Oil Stockholm, 
Sweden.

The 50 ppm group was exposed for 52 weeks 
and the 500 ppm group for 26 weeks. A con­
trol group of 21 females and 2 1 males was ex­
posed to air only. The animals were observed 
during their life time.

'Fhe plasma activities of the following en­
zymes were analyzed in an LKB 8600 reaction 
rate analyzer at 37 C. Alkaline phosphatase 
(AP) was measured on 20 id plasma according 
to Bessey et ill. (~), except that ■l-amino-2- 
methyl-1-propanol was used as buffer as recom­
mended by Morgenstern cl al. (,S).

Glutamic-oxalacelic transaminase (GOT) was 
measured according to Karmen et al. (!>), and 
the activity of glutamic-pyruvic transaminase 
(GPT) according to Vroblewski and ba Due 
(10) on 25 /d plasma.

Lactate dehydrogenase (LDII) was mea­
sured on 20 pi plasma as described by Wroblew- 
ski and La Due (11), except that the pi I was 
7.■! in our study.

The isoenzymes of LDH were separated by 
disc electrophoresis and measured according to 
the method of Dietz and Lubrano (12). Plasma 
samples were diluted with a suitable volume 
of 40'r sucrose, depending on the total LDH 
activity, in order to obtain an LDH activity of 
around 200 mU/ml in the sample. A 10 pi 
portion of the diluted sample was added to the
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electrophoresis tube. The stained gels were 
evaluated at 550 nm in a Philip Unicam spec­
trophotometer equipped with a gel scanner.

In all groups, four animals of each sex were 
taken for pathological examination after 2G 
weeks of exposure, and in the control group 
another group was examined 52 weeks after 
the start of the experiment. The remaining 
animals wore aittopsied when moribund or 
when death occurred.

Plasma Enzyme Changes
The transaminases were not significantly 

elevated in exposed animals at any time during 
the experiment. The AP activity in animals 
exposed to 50 ppm did not difTer from normal 
values, but the 500 ppm group had an elevated 
AP activity dG weeks after the beginning of 
exposure (Fig. 1).

mU/ml

AP

• ■.( |,|.i

.weeks

Ficrm: 1, Alkaline phosphatase (AP) activity in plasma 
of exposed and control mice during one year. Kxpo- 
sure time 52 weeks (50 ppm) and 2G weeks (500 
PPm) • The AP activity is .significantly elevated 
(/) < 0.05) in the 500 ppm group at week 10. Huch 
point represents mean values of one determination 
of each animal.

At 39 weeks the 500 ppm group showed 
significantly elevated total LDH activity, as 
later did the animals exposed to 50 ppm VC 
(Fig. 2). The increase in LDH in both groups 
Wits generally accompanied by a shift toward 
cathodic isoenzymes as measured by the per­
centage of the M form (Fig, 3).

Pathology
The details of the morphological findings in 

this study are to bo published elsewhere (13).
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Fua'iu: 2. Total Lilli activity in plasma of exposed 
and control mice during one year. Exposure time 52 
weeus (50 ppm) and 20 week.-, (500 ppm). The 1.1)11 
activity is significantly elevated in the 500 ppm group 
at .')!) weeks (/<-■ (l.dtll) and in the 50 ppm group at 
■10 weeks ())< 0.001). Each point represents mean 
values of one determination on each animal.

M lorn LDH

Fiona: Percentage of M form of I.PII isoenzyme
pattern in plasma of control and exposed mice during 
one year. The M form is significantly elevated in the 
500 ppm group from -10 weeks </i < 0.001) and in the 
50 ppm group from -10 weeks (;) = 0.001) compared
to control.

Some morphological results are summarized in 
Tables 1 and 2.

In the control group three animals showed 
spontaneous tumors, namely, one mammary 
adenocarcinoma with pulmonary metastases, 
one riisgerminoma of the ovary, and one reticu­
lum cell .sarcoma of spleen and mesenteric 
lymph nodes, all 15 weeks after the start of the 
experiment.
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Table 1. Number of animals with tumors 6 months 
after start of exposure.

Number of animals with tumors

VC ex­
posure, 

ppm
bung

adenoma.'
Ilomnnjrio- 

5 sarcomas
Other

tumors

Total 
number of 
animals 

autopsied

0 0 0 0 8
50 2 0 0 8
500 8 0 1* 8

‘ Mammary adenocarcinoma.

Table 2.. Number of animals with tumors 12 months 
after start of exposure.

X umber of animals with tumors

VC ex­
posure,

PP'"
Tuntf

adenomas
Homantfio-
sarcomas

Other
tumors

Total 
number of 
animals 

autopsied

0 0 0 3* 24
50 13 1411 21 24
500 24 SJ 5‘ 24

a One mammary adenocarcinoma, one distferminoma 
of the ovary, and one reticulum coll sarcoma of the 
spleen and mesenteric lymph nodoi

11 Subperitoneal and .subcutaneous and pulmonary he- 
manariosarcomas.

c Mammary adenocarcinoma and one rhabdomyosar­
coma.

iJ Subperitoneal, subcutaneous, hepatic, and renal he* 
man^io>arcomas.

* Mammary adenocarcinoma.- and one kidney ade­
noma.

In the lower dose group about naif the ani­
mals had alveologenic adenomas; two mice of 
this group were sacriiied 2G weeks after the 
start of exposure. In animals autopsied between 
weeks 29 and 5G, subperitonoal hemangiosar- 
comas occurred in pararenal (Fig. 4 and 5) and 
paraintestinal sites, and in the pelvic/caudal 
part of the abdominal cavity as well as in 
brown frit or other subcutaneous tissues. The 
mean latency time for tumor death was 46 
weeks. Ituptures of hemangiosareomas causing 
lemocoelia occurred in about one third of the 

■exposed animals in the lower dose group.
All mice in the 500 ppm group had alveolo- 

enic adenomas (Fig. G). Also in this dose

Ictober 1976

K - ...-a

KHii'id: ■!. Jlcman^iosarcojiia fmbodded in fat tissue* is 
s»'cn on 1‘iioh side of the uterus of animal exposed to 
50 ppm VC.

!‘if;r KK 5, Pararenal homnn^iosarcoma of an animal 
exposed to 50 ppm VC. The tumor tissue is well sep­
arated from kidney tissue. PA-S; 171 X-

group subperitoneal hemangiosareomas were 
found in the pelvic caudal part of the abdom­
inal cavity although substantially fewer ani­
mals were bearing these tumors. Mammary 
adenocarcinomas were found in four animals. 
Only one animal had a hemangiosarcoma of the 
liver (Fig. 7). The mean latency time for tumor 
death was 35 wer,ks in this dose group. In two 
mice in the 500 ppm group blood vessel dilata­
tion (telangiectasis) was found in the liver 
(Fig. 8) without any other pathological liver 
changes.

All primary subcutaneous and subperitoneal 
hemangiosareomas were located in fat tissue 
in both exposed groups. So liver fibrosis was 
noticed in any mouse.
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C, Alvf'.Ju^nic .'trlrnomu of an animal exposed 
to 50 ]>i)m VC. II & E; 1TL X-

4c1
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I*’k:i ni: 7. Liver of an animal exposed to 500 ppm VC 
showing humangiosarcoma, II & E; KM X*

' V
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I'lGVKI : 6, Liver trbingirct.Tsis of on animal e\-j 
500 ppm VC. II & E; 171 X

Discussion
Changes in total plasma I.DII enzyme activ­

ity can have several causes, such as increased 
physical stress {!'.), tissue necrosis due to 
disease or chemically induced organ damage 
(IS, 1C), or tumor growth (IT). In connection 
with irreversible injury, cells are releasing in­
tracellular material including LDH (IS, IIn. 
which may result in an elevation of total plasma 
LDH and or an isoenzyme shift sometimes 
characterizing the organ damaged. Added to 
that, malignant cells leak small proteins (20) 
and may thus possibly contribute to a change 
in the total plasma LDH activity. A shift to­
wards the M form in the LDII-isoenzyme pat­
tern has been observed, for instance, in mon­
keys exposed to carbon tetrachloride (21) and 
in rats exposed to chlorinated pesticides ('22). 
The isoenzyme shift in malignant exudates is 
usually cathodic of nature (22), hut the isoen­
zyme distribution of plasma LDH of cancer 
patients seems not to be a good diagnostic tool 
for detecting malignancy (2-J).

In the present experiments total LDH was 
elevated in both exposed groups of animals. A 
tendency to a dosc-eiTc-ct relationship in the 
elevation of total LDH but not in the per­
centage of M form was seen. It is also interest­
ing to note that a change in LDH activity oc­
curred long after the first appearance of tu­
mors, benign or malign, in both exposed groups. 
The increase in percentage of M form in the 
LDII isoenzyme pattern suggests a liver in­
jury. There was, however, no elevation in trans­
aminase activities, which could serve as a 
further indication on liver injury.

AP normally decreases with increasing age 
of the animal (22), An increase in AP activity 
indicates among other things, lesions in the 
hepatobiliary tract (2U) and has been observed 
in VC-exposed workers (2T). Only those ani­
mals exposed to 500 ppm showed a significant 
increase in AP activity.

The joint biochemical data indicate a tissue 
damage in miee caused by VC although the 
data are not convincingly indicative of liver 
injury. Changes in plasma enzymes in VC- 
exposed mice seem furthermore not to be a good 
diagnostic criterion of tissue injury or early 
malignancy, as pathological lesions are mani­
fest long before a deviation from normality in 
enzyme activity is noticed (2S).
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Hemangiosarcomas of the abdominal sites 
seem often to have ruptured leading to death 
in hemocoelia- The blood vessels may thus have 
been fragilized during tumor induction or 
growth. In two animals inhaling 500 ppm blood 
sinus dilatation in the liver was seen without 
any other pathological liver change. In studies 
made on exposed workmen the blood vessels are 
involved as a target organ for vinyl chloride in 
the development of aeroosteolysis and of Ray­
naud's phenomenon as well as it is reflected in 
an overrepresentation of deaths in circulatory 
diseases among VC/PVC workers as reported 
in this symposium (20). One may thus conclude 
that blood vessel changes are part of the so- 
called vinyl chloride syndrome, including tu­
mor disease—or may even be a step in the de­
velopment of malignant tumor disease induced 
by this chemical (JO).
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