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Vinyl Chloride: An Example for Evaluating Mutagenic Effects
in Mammals in vivo after Exposure to Inhalation

Armin Basler and Gunter Rdhrborn

Insutut fir Humangenetik und Anthropologie der Universitit
Universitdtsstrasse 1. Gebdude 23.12. D-4000 Diisseldorf 1, Federal Republic of Germany

Abstract. As part of a programme of investigations on the mutagenic effects in
mammals in vivo after inhalation of environmental chemicals, the effects of the in-
dustrial compound vinyl chloride (VC) was analysed.

Chinese hamsters were exposed to 1.25%, 2.5% or 5% (v/v) VC in air for 6, 12
or 24 h. Bone marrow chromosomes were analysed for induced chromosome
aberrations and sister-chromatid-exchanges (SCEs) 26 h after beginning of ex-
posure.

The frequency of VC-induced chromosome aberrations and SCEs both de-
pend on dose and length of exposure. The highest measured effects were 33.25
SCEs/cell after an exposure to 2.5% VC for 24 h and 25.7% metaphases with aber-
rations, when exposed to 5% VC for 24 h.

Key words: Vinyl chloride — Inhalation — Chinese hamsters — Chromosome
aberrations — SCEs in vivo.

Zusammenfassung. Im Rahmen eines Programmes zur Untersuchung mutagener
Effekte beim Sduger in vivo nach [nhalation von Umweltschadstoffen wurde
Vinylchlorid (VC) untersucht.

Chinesische Hamster wurden mit 1.25%, 2.5% oder 5% (v/v) VC in Luft fiir 6,
12 oder 24 h begast. Chromosomen des Knochenmarks wurden 26 h nach Be-
gasungsbeginn pripariert und auf induzierte Chromosomenaberrationen und
Schwesterchromatid-Austausche (SCEs) hin untersucht.

Die Héufigkeit VC-induzierter Chromosomenaberrationen und SCEs hingt
sowohl von der Dosis ab, als auch von der Expositionszeit. Die hochsten er-
mittelten Werte waren 33,25 SCEs/Zelle nach einer 24stiindigen Begasung mit
2,5% VC und 25.7% Metaphasen mit Aberrationen nach 24stiindiger Begasung
mit 5% VC.

Schliisselworter: Vinylchlorid — Inhalation — Chinesische Hamster — Chromo-
somenaberrationen — SCEs in vivo.
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Introduction

In man, most serious occupational diseases arising from environmental chemicals are
caused by inhalation of these compounds. With the exception of gases, it might be pos-
sible to investigate biological effects of these substances also by oral. intraperitoneal,
intravenous or subcutaneous application to experimental animals. However, it is
preferable to expose the ammals with the compounds in form of gas, aerosols or
particles in order to estimate the potential mutagenic risk of chemicals inhalated by
man.

In the field of toxicology including cancer research inhalation toxicity has been per-
formed for decades (Gage, 1970). In mutation research especially with mammals,
experiments with inhalation mutagenicity are rare and methodical experiments to
analyse SCEs in animals exposed to gases are lacking.

As part of investigations on the mutagenic effects in mammals in vivo after
subacute inhalation of environmental chemicals, the applicability of the SCE test and
the analysis of structural chromosome aberrations were investigated. The chosen test
compound was Vinyl chloride, known to be mutagenic and cancerogenic in mammals
and man (for review see Bartsch and Montesano, 1975).

Material and Methods

Animals, Adult (10—15 weeks old) Chinese hamsters { Cricetulus griseus), weighing 30 g, were used. In all
experiments the ratio of fernale to male hamsters was 1 : 1. During the exposure period the animals were al-
lowed access to food and water,

Test Compound. Viny! chloride (Chlorethylene, C,H,C!) was purchased from Merck-Schuchardt, Darm-
stadt. FRG. The gas was supplied via a two stage pressure regulator and a flow meter in order to measure
the flow rate in I/min. The gas was mixed in a mixing chamber with air in different amounts, which was me-
tered from the compressed air taps in the laboratory via a pressure reducing valve and an air flow
meter.

Experimental Design (Fig. 1). 1.25%, 2.5% or 5% (v/v) VC in air was conveyed through an inhalation
chamber. made of Plexiglas #, with the size of 20 x 20 x 20 cm. The fresh gas inlet was on the bottom of the
chamber. the outlet was at the lid of the box, diagonal opposite to the inlet. The continuing flow of the gas

Experiment b: Experiment a and b:
implantation of a group I, I1 and III
50 mg BrdU tablet 8 mg Colchicin/kg
i +
Experiment a and b: End of End of End of Experiment a and b:
group L. II and III exposure exposure exposure group L, IT and III
beginning of exposure group [ group I group III preparation of chromosomes
v + . v +
| l L ]
0Oh + 6 h + 12 h + 24 h + 26 h

Fig. 1. Experimental design. Analysis of Vinyl chloride induced structural chromosome aberrations (a)
and SCEs (b) in bone marrow of Chinese hamsters
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muxture was 4 1/min. Up to 4 hamsters (only one sex at a time) were housed in the inhalation chamber Ani-
mals of the negative controls were kept under similar conditions. They were gased with a flow of air
only.

Analvsis of Structural Chromosome A berrrations. Chinese hamsters were exposed to 2.5% VC in air for 6.

12 or 24 h. Another group was gased with 5% VC for 24 h only. The hamsters received an intraperitoneal
injection of 8 mg colchicine/kg body weight 24 h after the beginning of exposure. Bone marrow chromo-
somes were prepared 2 h later according to Boller and Schmid (1970) and analysed for gaps. breaks. frag-
ments. deletions and exchanges. Metaphases with 5 and more aberrations were listed as multiple
aberrauons.

Analvsis of Induced SCEs. Chinese hamsters were exposed to VC for 6, 12 or 24 h. The VC con-
centrations were etther 1.25% or 2.5%. The BrdU-tablet method (Allen et al., 1977) was used to obtain in
vivo induced sister chromatid exchanges. Therefore a 50 mg BrdU-tablet (Boehringer, Mannheim. FRG)
was implanted subcutaneously into the neck of 30 g weighing Chinese hamsters immediately before
starting the VC exposure. Colchicine was tnjected 24 h later, bone marrow chromosomes were prepared
another 2 h later. After an air drying of 2 to 3 days the chromosomes were stained with Bisbenzimide
(Hogchst 33258) dye (Riedel de Haen. Seelze-Hannover, FRG) and Giemsa according to Epplen et al.
(1975).

Statistics. The data of the SCE test have been statistically analysed using the r-test. The significance of dif-
ferences in the yield of metaphases with aberrations was venified using the X*-test.

Results

The dose levels for VC were selected on the basis of toxicity studies. Groups of 4 ham-
sters were exposed for 24 hto VC in air at 1.25%, 2.5%, 5% and 7.5%. 5% VC was cho-
sen for the mutagenicity experiments as the highest exposure level as this was found to
be the maximum tolerated dose. No mortality occurs in this group within the 24 hourly
experiment, whereas higher doses were toxic in all cases.

The number and percentage of metaphases with structural chromosome aber-
rations are shown in Table 1. In 1400 metaphases of 14 hamsters of the control group
only | break (0.1%) and 8 gaps were found. The percentage of metaphases with

Table 1. Chromosome aberrations in bone marrow cells of Chinese hamster

Dose and time No. of No. of Metaphases with aberrations Metaphases with
of exposure animals meta-
phases Gaps included Gaps excluded G B+F D E ma.

No. % No. %

Control 14 1400 9 0.6 0.1 8
3

1 1
2.5% VC: 6h 4 400 0.8 3 0.8 0 3

2.5% VC: 24 h 4 400 29 7.3 18 4.5% 11 18

0
0
2.5% VC: 12 h 4 400 3 0.8 3 0.8* 0 3 0
0
5.0% VC: 24 h 10 1000 257 257 225 22.5 32 87 9

G gaps. B + F breaks a. fragments, D deletions, E exchanges. m.a. multiple aberrations
2 p < 0.02
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Table 2. [n vivo induced SCEs in bone marrow cells of Chinese hamster

Time of No. of No. of 1.25% VC in air  No. of No. of 2.5% VCn arr
exposure animals  meta- SCEs/cell + SD animals meta- SCEs/cell + SD
phases phases

Control 400 441 + 0.58 400 4.56 = 0.92
6 h 200 8.728 + 136 200 12.66° + 3.72
12h 200 17.51* + 1.55 200 19.80* + 2.60
24 h 200 22,332 + 0.67 200 33.25% + 3.26

*p o< 002

3 125% Vinyt ahloride «nair
®250% - " :

Fig. 2. In vivo induced sister
chromatid exchanges in bone
marrow chromosomes of Chinese
hamster
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time of expagure (h)

aberrations was slightly increased in those hamsters, exposed t0 2.5% VC for 6 h. Simi-
lar results were obtained following an exposure time of 24 h. In both groups the values
for induced aberrations (only breaks and fragments) were 0.8%. A distinct increase
was first noted following an inhalation time of 24 h. In 4.5% of the analysed meta-
phases breaks and fragments were induced. Gaps included, the percentage of affected
metaphases increased from 0.6% in the controls to 7.3%. Even 22.5% aberrant
metaphases (25.7% including gaps) were found if the dose of the 24 h exposure was in-
creased to 5%. The majority of aberrations were breaks and fragments, followed by ex-
changes. multiple aberrations, gaps and deletions.

The number of in vivo induced SCEs (Table 2) depends — as demonstrated for
structural chromosome aberrations — both on dose and length of exposure to VC. The
6 h lasting inhalation of 1.25% VC even doubled the SCE frequency. 4.41 SCEs per
cell were counted in the controls, whereas 8.72 were detected in this experimental
group. A lengthening of the inhalation time increased the number of SCEs. 17.51 SCEs
per cell were found following 12 hlasting inhalation and 22.33 after an exposure time of
24 h. After application of 2.5% the SCE frequency increased in all exposure-time-
groups as compared to the dose of 1.25%: 12.66 (6 h of exposure), 19.80 (12 h) and at
maximum 33.25 SCEs per cell (24 h) were analysed. The increase was nearly linear
(Fig. 2) at the investigated dose range.
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Discussion

Several studies on human lvmphocytes of workers exposed to VC have been per-
formed to ascertain whether mutations were induced in somatic tissues:

Kuéerova et al. (1979) reported both. an increase of aberrations and SCEs in
workers exposed for 1027 years to mean annual doses of VC about 20—150 ppm of
air. The SCE rates observed in this study (increase from 9.41 to 13.80 SCEs per cell),
however, have to be considered with reservation. Four out of the examined persons
were smokers and 8 of them had more or less drinking habits and both of these habits
are supposed to be mutagenic. The average number of SCEs for example is 17.2 in
heavy smokers, compared to 13.2 in nonsmokers (Lambert et al., 1978).

The level of chromosome aberrations was also positively correlated to the duration
of employment, as demonstrated by Purchase et al. (1978). The different findings of
Funes-Cravioto et al. (1973) may be the result of other factors, such as job category. In
a study of Purchase et al. (1978). for example. the autoclave workers who operated and
cleaned the autoclaves, had the greatest number of aberrations of all plant workers. No
increase was observed in workers who were not involved in the polymerisation process
(Kilian et al., 1975).

Correlations between the VC concentrations at work place and induced mutations
were reported also by Hansteen et al. (1978). Cytogenetic studies were performed first
in 1974 on workers who had been heavily exposed to VC for years. The study was re-
peated 2 years later with the same workers. Meanwhile the concentrations in plants
were reduced and the workers had only a low exposure to VC (< 1 ppm). Chromosome
aberrations increased compared to unexposed workers in the 1974 study, whereas in
the follow-up study, the chromosome breakage frequency in these workers decreased
to control level, The SCEs were tested in 1977 only, and no difference was found be-
tween workers and controls.

In heavily exposed workers, resulting in symptorms of VC illness such as acrooste-
olysis, Raynaud syndrome, thrombocytopenia and liver disturbances, the rate of
aberrations increased, compared to unexposed persons, as well as to VC workers
without these syndroms (Fleig and Thiess, 1978).

Comparing the history of exposure, it becomes evident that the yield of VC-induced
chromosome aberrations in lymphocytes of workers depend on different factors: the
category of workplace correlated to the VC concentration in the PVC plant and the
length of exposure.

Besides the induction of chromosome aberrations in somatic tissues mutational
events in germ cells and the transmission to the following generations were discussed
by Infante et al. (1976). They confirmed a significant excess of fetal mortality among
wives of workers, who were occupationally exposed to VC. The data however, have
been criticised (Paddle, 1976) because of inaccuracies in statistical methods.

Experimental investigations with mammals did not support the findings in man.
Anderson et al. (1976) exposed mice to VC by inhalation up to 30000 ppm for 6 h aday
for 5 days. No mutagenic effects on any maturation stage of spermatogenesis in treated
males were detected as measured by the dominant lethal test. Negative results were ob-
tained also in drosophila when tests on dominant lethals and translocations were
carried out with VC at 30000 ppm for 2 days. It was mutagenic only in the recessive le-
thal test (Verburgt and Vogel. 1977). The conclusion that chromosome breakage is not
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a reliable measure of mutagenic activity of VC (Verburgt and Vogel, 1977) might be rel-
evant for the test animal drosophila, not however for mammals, as shown by Fleig and
Thiess (1978a, b).

Induced aberrations were provable in Chinese hamster bone marrow chromo-
somes when treated by inhalation up to 5000 ppm VC for 4 h a day for 5 days (Fleig,
1977; Fleig and Thiess 1978b). In contrast to our finding with higher doses no dose-
effect-relationships were obtained.

In the present experiments a distinct increase was measured following an exposure
to 2.5% VC. Considering the average concentrations of VC at the work place of PYC
plants in the years 1950—1954 were 2000 ppm (Hansteen et al., 1978), the chosen dose
levels in our experiments were approximately 60 to 250 times higher, We have to state,
however, that chromosome aberrations were induced following an exposure to in-
halation of only 6 to 24 h.

The SCE test in vivois increasingly used in the field of mutagenicity testing because
of the high sensitivity. Performing the primary method (Vogel and Bauknecht, 1976;
Allen and Latt, 1976) BrdU had to be injected every hour for 6 to 8 h. Today using the
BrdU tablet method (Allen et al., 1977), BrdU is subcutaneously implanted in form of a
50 mg tablet into the neck of Chinese hamster and chromosomes are prepared 26 h lat-
er. This technique enables to expose test animals by inhalation immediately after the
tablet implantation without interruption up to 24 h when colchicine is injected. The ap-
plicability of this method is demonstrated in the experiments presented here. The SCE
frequency was even doubled following an exposure to 1.25% VC for only 6 h and in-
creased with increasing doses of VC and duration of exposure,

As mentioned above, the VC concentration at the work place was reduced within
the last years. Clues, whether the present technical guiding concentration of 5 ppm
(Deutsche Forschungsgemeinschaft, 1979) is a tolerable dose, cannot be drawn from
these experiments. As demonstrated, the exposure time plays a considerable part in the
yeald of induced mutations. A long term exposure for years, the situation for man at the
work place, cannot be reproduced experimentally, The establishment of maximum -
tolerable values, however, was not the aim of this study. We intended to demonstrate
that both cytogenetic methods in vivo are applicable to evaluate a possible mutagenic
risk of environmental agents in gaseous state. For this reason, as usually in the field of
mutagenicity testing, the animals were acutely exposed to the test compound with dose
levels selected on the basis of toxicity studies. On the basis of this experimental design,
the SCE test as well as the analysis of chromosome aberrations lead to clear cut dose
response relations.

This study was supported by the Bundesministarwum fiir Forschung und Technologie. Contract No.
CMT 6.
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