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Summary

The mutagenic activity of vinyl chloride (VC) at three exposure levels was as­
sessed in ferHle mate CD-I mice with the dominant lethal test.

Male mice were exposured by inhalation to VC at 3000. 10.000 and 30.000 
ppm for 6 h a day for 5 days. By comparison with control males exposed to air, 
no mutagenic effects on any maturation stage of spermatogenesis in treated 
males were detected. There was no significant increase in the number of post- 
implantational early foetal deaths as shown by the number of females with one 
or more early deaths or number of early deaths/pregnancy or the number of 
early deaths/total implants/prepiancy. There was no evidence of pre-implanta- 
tional egg looses as indicated by the total implanis/pregnant female. There was 
also no reduction in fertility.

The lack of effect was not due to the insensitivity of the system used since a 
dominant lethal effect was clearly demonstated in male mice dosed i.p. with 
cyclophosphamide (CTX) at 200 mg/kg body weight and ethyl mcthanesul- 
phonatc (KMS) orally at 200 mg/kg’body weight once a day for 5 days. During 
dosing these animals were housed under similar exposure conditions to those 
animals exposed to the test substances but with a flow of air through the ex­
posure chambers.

Thus vinyl chloride is not mutagenic in the mouse at the stated exposure lev­
els as measured by the dominant lethal test.

Introduction

Vinyl chloride (VC) used in the manufacture of polyvinyl chloride has been 
found to cause tumours in rats [12] and man [6]. It has also been shown to
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produce chromosome brooks in exposed workers [7,10.13] and to cause muta­
tions in Salmonella typhimirium [5]. We therefore carried out a dominant le­
thal study to determine if there were any mutagenic effects of this type in mice 
after vinyl chloride exposure at 3 different levels. At the same time, negative 
control animals, exposed to air, and positive control animals, also exposed to 
air and given ethyl methanesulphonate and cyclophosphamide, were assayed.

Materials and methods

Chemicals
VC was obtained from Air Products Limited, Worsley, Walkden, Lancs, and 

mixed with air which was metered from the compressed air taps in these labora­
tories. Kthyl methancsulphonutc (EMS) was obtained from Koch-Light Lim­
ited, Colnhrook, Rucks, England, and cyclophosphamide B" (Hndoxana) was 
obtained from Ward Blenkinsop Limited, London. England. Both of these sub­
stances were prepared as aqueous solutions immediately before use.
Animals

CD-I mice (Charles River, Manston, Kent) were used throughout the experi­
ment. Undosed females were S—10 weeks old when mated and male mice im­
mediately after dosing were 10—12 weeks old. Males were caged individually 
and females in pairs. They received food and water ad libitum. All females were 
examined daily during the experiment for evidence of clinical or behavioural 
abnormalities.

Dosing of male mice
Dose levels for VC were selected on the basis of toxicity studies. Groups of 6 

mice were given 5 daily 6 h exposures of VC at 30.000. 20.000. 15.000. 10.000 
and 5000 ppm. Doses of 30.000. 10.000 and 3000 ppm were chosen for the 
main study. 30,000 ppm was chosen as the highest exposure level as this was 
found to be in the toxic range and it was desirable that the maximum tolerated 
dose or higher should be used. The required concentrations were generated by 
mixing known volumes of VC and air using rotameters as indicators.

During dosing the mice were housed individually in compartments in cham­
bers made of stainless steel and glass with an internal capacity of 3 litres and 
they received food and water in agar cubes.

All groups, including positive and negative controls, were housed under simi­
lar conditions during the 5-day treatment period with a flow of air (mixed with 
the appropriate percentage of compound, where necessary) through the cham­
bers.

Groups of between 15 and 25 mice (numbers shown in parentheses below) 
of proven fertility were treated in the following ways immediately before test­
mating began.
Group 1 (20 mice), air.
Group 2 (20 mice), 3000 ppm VC for 6 It per day for 5 days.
Group 3 120 mice), 10.000 ppm VC for 6 h per day for 5 days.
Group -1 (20 mice), 30.000 ppm VC for (» h per day for 5 days.
Group 5 (15 mice), 200 mg cyclophosphamide in water per kg body weight 

once by i.p. injection on day 5.
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Group 6 (25 mice), 200 mg ethyl methanesulphonate in water per kg bodj 
weight orally once a day for 5 days.

Mating

Fertility testing
200 male mice were caged with ‘100 virgin female mice, 1 male and 2 female 

mice in each cage. After 5 days die females were transferred to other cages. The 
female mice were killed fifteen days after first introducing them to the males 
and examined for pregnancies. 106 males which survived dosing and were suc­
cessful in fertilising at least 1 female in their cage were selected for continua­
tion in the experiment.

i
5 Experimental mating

2 virgin female mice 8—10 weeks old were put into each of the 106 cages in 
which the males were individually housed. After 5 days, the females were re­
moved and rehoused in pairs.

A week after the initial introduction the males were caged with another two 
virgin females and again left for 5 days. This process was repeated until the 
treated male mice had been mated at weekly intervals for 8 weeks with virgin, 
females. The males were then killed and not examined further. No attempts 
were made to establish whether mating had occurred. Instead, it was assumed 
that most matings leading to fertilisation would occur 2 or 3 days after intro­
ducing female mice to the cages containing males.

Female mice were killed 13 days after the assumed date of fertilisation, i.e. 
15 or 16 days after caging females with males.

Assessment
Uteri of the killed mice were examined for live implantations, early deaths 

and late deaths.

Statistics
The data have been statistically analysed as reported previously [1).

Results

Mating weeks after treatment are represented in Tables by numbers 1—8 and 
the mating week before treatment is represented by week 0. Assessment of fe­
males which became pregnant during the fertility test yielded the data for week 
0 but only data from those animals that survived treatment have been included 

' in week 0—S.

Survival data
The number of males surviving treatment are shown in Table I. The only sig­

nificant mortality occurs in the groups exposed to the highest level of VC.

Successful mating frequency
The numbers and percentage of males successfully mating at each week is
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NUMBER AKIJ PERCENTAGE OF MALE falCfc v/HlCff SORViVED TIlE ATM ENT S UCCkSf'ULLY MATING AT RACK WEEK

Group i 
Air

Group 2 
VC
3000 ppm 
(G h X&)

Group 3
VC
10,000 ppm 
{0hX61

Group 4
VC
30,000 pmm 
(fi hX5)

Group 5
CTX
200 mc/ki? 
i.p.

Group G
EMIj

200 infi/kt 
oral X 5

No. of 
mice

% No, ci (
mice

% No. of
mice

% No. of
mice

% No. ot
mice

% No. of 
m ice

%

Week 0C 20 100 18 100 19 100 9 100 15 100 25 100
1 20 100 18 100 1« 100 7 77.8 14 93.3 3 12.2
2 20 100 18 100 19 100 9 100 14 93.3 23 92.0
3 20 100 18 100 19 100 9 100 14 93.3 23 92.0
4 20 100 18 100 19 100 9 100 15 100 25 100
5 19 95.0 18 100 19 100 7 77.8 15 100 25 100
6 20 300 18 100 19 100 9 100 No Is a No fs a

14 1 DO 24 100
7 20 100 18 100 19 100 0 100 14 93.3 25 100
8 20 100 18 100 19 100 8 88.9 1 nil b 25 10 0

dead
13 92.9

% Sur- ioo% 90% 05% 45% 100% toor-i
vival (20/20) (1 B/20) (19/20) (9/20) (15/15) (25/25)
*fl*t iwccpt at
treatment wn-k «

A No fs, females were not caned with males,
^ nit, male,

c Data in week 0 only refers lo animals surviving treatment.

I
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TABLE II

NUMBER OF MATED FEMALES BECOMING PREGNANT

Group
Air

1 Group 2
VC
3000 ppm 
(C h *5)

Group 3
VC
10.000 ppm 
<0 l\ X5)

Group 4
VC
30.000 ppm 
(G h X 5)

Group 5
CTX
200 mc/kc 
i.p.

G roup G
KMS
200 m*:/kn 
or.il X 5

Mo.
pre&.

No.
mated

No.
prvg.

No,
mated

No.
pita.

No.
muted

No,
pres.

No,
mated

No.
preii.

No.
mated

No.
Prcu.

No.
mated

Week 0 35 40 30 30 28 38 15 18 25 30 37 GO
1 35 40 33 36 32 No fs a 11 18 26 30 4 c 50
2 au 40 30 30 33 3ii 15 18 2 5 30 31 d GO
3 34 40 30 3G 34 38 1G 18 2G 30 40 50
4 as *10 34 36 33 38 17 18 30 30 46 50
b 33 40 34 36 30 as 12 18 28 30 47 GO
6 36' 40 33 3G 36 38 18 18 20 No Is a 47 No Is a

28 48
7 37 40 31 36 37 38 18 18 22 30 41 GO
S 37 40 32 36 31 1 f. dead 14 18 23 1 ml “ dead 4 5 50

37 28

* No Is, females were not cased with males. 
** ns!, male. 
c /' < o.oot, 
dP< o.ot.

etzsot s*u
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also shown in Table I. Numbers remained high during the experiment. No sta- 
tisLicnlly significant differences in the mating frequency were found between 
VC treatment groups and the control at any week using a Chi-squared test. 
There was, however, a significant difference between the EMS-treated group 
and the control in week 1.

Pregnancy frequency
The numbers of females in each group which became prepiant at each week 

of mating is shown in Tabic 11. Statistical differences between treated groups 
and the control group were only found in the EMS treated group at weeks 1 
and 2 using a Chi-square test.

These results indicate that VC does not decrease fertility at the administered 
doses.

364

Total implantations
The total number of implants per pregnant female in each group is shown in 

Table III. The mean values were adjusted to take account of the unequal num­
bers of pregnant females per male and were compared statistically at each week 
using an analysis of variance and a Dunnett's ‘t’ test. There were statistically 
significant differences between the positive control groups (5 and 6) and the 
negative control. The differences were evident in week 1 in the cyclophos­
phamide-treated group and weeks 1 and 2 in the EMS-treated group. A signifi­
cant difference (P < 0.05) in week 4 was also found between the group ex­
posed to the highest dose of VC (Group 4) and the negative control.

Early deaths
Early deaths are considered to be important in the assessment of a dominant 

lethal effect [4], and there are various ways in which the results may be evalu­
ated, each producing some bias.

TABLE III

average total implants per pregnant female

Group 1
Air

Group 2
VC
3000 ppm 
(6 h X5)

Group 3
VC
10,000 ppm 
(G h X5)

Group 4
VC
30,000 ppm 
(6hX5)

Group 5 
CTX
200 mg/kg 
i.p.

Group 6
KMS
200 mu/kn 
oral X5

Week O 11.90 12,G 1 11.07 13.05 11.33 11.78
1 12.03 13.56 13.36 12.68 8.82 b 4.00 b
2 12.es 12.G7 13.03 13. G7 10.93 8.43 b
a 12.50 12.53 12.30 11.16 10.92 12.50
4 12.3S 12.14 1 3.GG 10.00 3 1 2.60 12.68
5 13.68 12.72 14.13 12.79 12.30 12.66
6 11.75 11.94 12.50 12.56 12.46 12.10
7 11.80 11.56 1 1.76 11.94 1 2.50 12.36
a 12.68 12,14 12.56 12.13 12.46 12,52

1 /■ < 0.05. 
b /' < 0.01.
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TABLE IV

NUMBER OK PREGNANT FEMALES WITH 1 OK MOHR EARLY DEATHS

ED *

Group 1
Air

Group 2
VC
3000 ppm
CG h X 5)

Group 3
VC
1 0,000 ppm 
(G h X 5}

Group 4
VC
30,000 ppm 
<R h X&)

Group 5
CTX
200 mg/ke 
i-P-

Group G
EMS
200 mfc/ku 
otjI X &

0 >1 0 >1 0 >1 0 >1 0 >1 0 >1

Week 0 18 17 21 0 Iti 22 10 5 22 3 ^ 21 26
1 15 20 1G 17 10 21 G 5 1 25 b 1 3
2 10 17 IB 18 13 20 G 9 2 23 b r> 2G b
3 18 1C 1G 14 10 10 9 G 8 18 15 25
4 1 C> 22 17 17 20 13 9 7 14 1G 19 27
& 17. 18 18 10 14 22 3 9 12 1G 25 22
6 17 10 11 22 21 15 7 11 13 13 24 23
7 18 10 13 18 21 1G 8 10 10 12 22 19
8 13 24 14 18 1 5 1C 8 G 13 10 22 23

a ED, early diMlIis. 
b P < 0.01.

r
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The number of pregnancies with one or more early deaths (Table TV)
Cyclophosphamide and EMS treatment caused increases in the number of 

pregnancies with early deaths. The effect was significant (Chi-square) in weeks 
1 and 2 for the cyclophosphamide-treated group and in week 2 for the EMS- 
treated group. Xo differences from the control group were seen in the VC-ireat- 
ed group.

Number of early deaths per pregnancy (Table Va)
The number of early deaths per pregnancy was only increased in the cyclo­

phosphamide and EMS-treated positive controls. A statistical analy sis of the 
data is shown in Table Vb. A large number of low or zero values was encoun­
tered so it was necessary to stabilise the variance prior to analysis. The variance 
ratio test on the transformed data showed that groups 5 and 6 were different 
from group 1. Differences were evident in weeks 1 and 2 with cyclophosphamide 
treatment and week 2 with EMS treatment, whereas VC treatment induced no 
increase in early deaths.

TABLE Va

average early deaths per pregnant female

Group 1 
Air

Group 2
VC
3000 Ppm 
(6 h X 5)

Group 3
VC
10,000 ppm 
(6 h X5)

Croup 4
VC
30.000 ppm 
(G h X5)

Group 5
CTX
200 m:/kc 
i.p.

Group 6
K MS
200 mc/kt 
oral X 5

Week 0 0.77 0.33 0.54 0.40 0.16 0.59
1 0.86 0.91 1.00 0.4 5 4.27 3.50
2 0.83 1.00 1.15 0.93 4.8i 2.58
3 0.91 0.73 0.88 0.93 1.54 1.45
4 0.89 0.79 0.61 0.69 1.13 0.85
5 1.06 0.71 1.03 1.00 1.11 0.72
G 0.97 0.91 0.75 1.39 0.65 0.85
7 0.76 0.87 0.68 0.89 0.62 0.63
8 1.03 0.88 1.00 0.71 0.70 0.73

TABLE V5

TRANSFORMED EARLY DEATHS PER PREGNANT FEMALE

Group 1 
Air

Group 2
VC
3000 ppm 
<6 hX5)

Group 3
VC
10,000 ppm 
(6 h X5>

Group 4
VC
30.000 ppm 
(6 h X5)

Group 5
CTX
200 mg/kg 
i.P.

Group 6
EMS
200 mc/k* 
oral X &

Week 0 1.92 1.49 l.<>4 1.59 1.66 1.74
1 2.08 2.08 2.21 1.61 4.18 * 3.06
2 1.9 2.02 2.21 2.1 4.57 1 3.28 a
3 2.02 1.89 2,01 2.0S 2.52 2.38
4 2.05 1.92 1.61 3.7 2.16 1.99
5 2,10 1.82 2.10 2.32 2.16 1.S1
6 2.00 2.09 1.90 2.30 1.76 1.91
7 1.89 2.04 1.76 1.99 1.91 1.69
8 2.19 2.07 1.99 1.85 1.90 1.85
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TABLE Via

early deaths as a percentage ok total implants per group

Group 1
Air

Group 2
VC
3000 ppm 
(0 h X5>

Group 3
VC
10.000 ppm 
(6 h X5)

Group 4
VC
30,000 ppm 
(6 h X 51

Croup 5
CTX
200 mg/kjt

Group 6 
fclMS
200 mg/kg 
oral X 5

Week 0 G.49 2.67 4.42 3,09 1.42 5.08
1 6.(35 G.67 7.49 2,69 49.12 77.73
o 6.41 7,89 9.57 6.90 44.65 31.50
3 7.35 5.87 6*99 7.82 14.08 11.58
4 7.23 6*55 4.48 6.55 8.99 6.70
5 7.81 5,54 7*28 7.95 9.06 5.73
6 8.16 7.50 6.02 1 l.OG 5.21 7.04
7 6.36 7.34 5,66 7.44 6.98 5.10
3 3.02 7.18 8,09 5.88 5.67 5.92

TABLE VTb

TRANSFORMED EARLY DEATHS PER TOTAL IMPLANT PER PREGNANT FEMALE

Group 1 
Air

Group 2
VC
3000 ppm 
(G h X5)

Group 3
VC
J 0,000 ppm 
(6 h X 5)

Group 4
VC
30,000 ppm 
(6hX5)

Group 5
CTX
200 me/Kg 
i.P.

Group 6
EMS
200 mc/kg 
oral X 5

Week O 0.55 0.41 0.46 0.4 5 0.35 * 0.50
1 0.59 0.56 0,61 0.44 1.5G b 1.64 b
2 0.55 0.57 0.65 0.59 1.40 b 1.25 b
3 0.58 0.54 0.57 0.71 0,78 0,68
4 0.58 0.56 0.43 0.55 0.61 0.57
5 0.57 0.51 0.57 0.CG 0.63 0.51
6 • 0.59 0.60 C.5'1 0.6G 0.49 0.56
7 0.55 0.69 0.51 0.59 0.56 0.50
8 0.62 0.59 0.56 0.53 0.55 0.52

* P < 0.05.
b y < o.oi.

Percentage of total implants recorded as early deaths per pregnancy (Table 
Via)

Again it was necessary to stabilise the variance prior to analysis (Table VIb). 
The variance ratio test on the transformed data showed that groups 5 and 6 
were different in weeks 1 and 2 from the negative control, whereas VC-treated 
groups were not. Group 5, however, also showed a difference from the negative 
control in week 0 (week 0 being the pre-treatment week).

Percentage induced pre- and post-implantational dominant lethality
These values are shown in Table VII. The typical variation of the data falls 

between —14 and +12. Only groups 5 and 6 show large values in weeks 1 and 2 
and group 5 also shows a slightly increased value in week 3. A similar value is 
also seen in week 4 for the highest VC exposure group. The remaining values lie 
within the typical variation range suggesting that VC shows no induced pre- and 
post-implantational dominant lethality.
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TABLE VII

PERCENTAGE INDUCED PRE- AND POST-IMPLANTATIONAL DOMINANT LETHALITY

• Group 2
VC
300a ppm 
(G h X5)

Group 3
VC
10.000 ppm 
(G h N5)

Group 4
VC
30.000 ppm 
(6hXS)

Group 5
CTX
200 mc/kj; 
i-P.

Group 6 
EMS
200
orial X5

Week 0 -10.3 -3.0 -13.7 —0.4 -0.5
i —4.8 —2,4 —6.5 +62,3 +9 5.9
2 + 2.9 + 1.2 —G.O +4*\3 +51.3

30 , 3 —1.8 +0.7 + 11.7 + 19.1 +4.7
4 + 1.2 -13.6 + 19.0 +0.2 -2.1

cn s +4,8 -3.8 +6.6 + 11.3 + 5.4
s —2.3 -9.0 -3.6 —{) _5 —4.4

O 7 + 2,3 +3.3 —0.1 + 3.3 —6.3
cn 8 +3.3 +0,3 + 2.0 -0,9 -1.2

-A
00

Late deaths
Late deaths are not as important as early deaths in the assessment of the mu­

tagenic potential of a test substance [4]. Late deaths were randomly distrib­
uted throughlout the groups and did not appear to be treatment-related. This 
would suggest that the induction of late deaths is independent of the males and 
that males and females contribute to the effect which is not increased by treat­
ment of the males cither with the mutagens or test substance.

Conjoined placentae were seen in this strain. They were the result of very 
close implantation sites and were not monozygotic twins [3], In this experi­
ment they were classified as double implantations. Since they occurred with 
equal frequency in all groups, they did not appear to be correlated with treat­
ment.

Discussion

The best indication of mutagenic activity of a substance in the dominant le­
thal test is an increase in the number of post-implantational foetal early deaths 
[4]. From the early deaths data there was no evidence in this study of a muta­
genic effect with VC at the administered exposure levels. This did not appear to 
be a result of lack of sensitivity of the animals used, since there was a marked 
response to CTX and EMS.

Different evaluation methods were used for the early death data because 
there is some conflict concerning the commonly-used mutagenic index (early 
deaths or dead implants/total implants). Epstein et ah [9] 'nave reported a lack 
of statistical correlation between dead implants and total implants using a 
weekly mean, whereas Green and Springer [11] do find a correlation, although 
not a strong one. (The positive correlation indicates that dead implants per fe­
male should be adjusted by the total implants for that female — that is essen­
tially.what the index does.) The U.S. Food and Drug Administration has ana­
lysed all data in dead implants in two ways (both on dead implants/total im- 
planls/femnle and dead implanls/femalc basis) and infers that equally signifi­
cant data are pruvided by both [11]. Since there are no standard methods of



analysis both methods have been included in this report, but in an attempt to 
increase the sensitivity, early deaths only were considered and late deaths were 
not included. A third method was also used (number of females with one or 
more early deaths). With ail three methods of evaluating the results the lack of 
effect of VC was consistent. This was in spite of the fact that exceptionally 
high levels of VC were used in the* present study where only 9 out of 20 ani­
mals survived at the top exposure level.

Pre-implantation egg losses, whilst representing some of the mutagenic ef­
fect, are not as important as the post-implantational losses [4]. Pre-implanta­
tion egg losses in the present study have been considered on their own or 
pooled with post-implantational losses. Pre-implantation egg losses have been 
indicated by comparing values of total implants in females mated with treated 
males and those mated with control males, as suggested earlier [5] (as opposed 
to counting corpora lutea). There was no pre-implantation egg ioss by compari­
son of treated groups with the control except at the highest VC exposure group 
in week 4. This loss was at a low level of significance (P< 0.05). When a posi­
tive control is significant there is a uniform reduction of implants, whereas in 
the highest VC exposure group in week 4 the low result was due to a large ex­
tent to the result from one female. Without this female the mean value for total 
implants per pregnancy would be 11.19 which is not significantly different 
from the control, and for percentage induced pre- and post-implantational 
dominant lethality would be S.7 which lies within the range of normal varia­
tion. Therefore the results in group 4 week 4 are not biologically significant.

. There was no reduction in fertility as measured by the mating and pregnancy 
frequency at any week at these exposure levels of VC, suggesting no antifertiii- 
ty effect.

Much of the data was subjected to various methods of statistical analysis, in­
cluding an analysis of variance. When an analysis of variance is performed, it is 
assumed that the data are normally distributed, variances are equal in all groups 
and results are independent. The data for early deaths for individual females 
had a skewed distribution since there were many females with zero early 
deaths, so a variance'stabilising transformation was used both for the method 
of determining early deaths/prognancy and early deaths/total impiants/preg- 
nancy. This helped to reduce the skewedness of the distribution of early deaths 
for individual females. Since the male was the test organism (and the female the 
indicator organism) the necessary independence of results was provided by tak­
ing the male as the basic- unit. The statistical analysis then involved estimating 
missing values for non-pregr.ant females and using the “between male” variabili­
ty for assessing statistical significance. The only criterion which was not com­
pletely satisfied was the normality of the distribution. An analysis of variance 
however, is relatively robust to departure from normality, whereas it is not so 
to departure from independence.

A fertility study was undertaken prior to the experiment because previously 
unmated males react differently in the first week of mating when compared 
with the remaining weeks of the study [11] and also to ensure a high fertility 
throughout the remainder of the experiment. From these initial fertility data 
the background dominant lethality of all groups was determined, primarily to 
ascertain that thei’c were no initial differences between groups.
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The purpose of the high doses of CTX and EMS used in the present study 
was to obtain a highly significant positive result. However, the dominant lethal 
assay in our hands is at least as sensitive as ihat reported for other studies. We 
have shown EMS to give a positive result in a single i.p. dose of 150 mg/kg 
body weight which is comparable to that reported previously for the same 
mouse strain f 14] and HN, to give a positive result where it has previously been 
reported negative [9].

In conclusion, therefore, whilst mutagenic effects of vinyl chloride, as mea­
sured by chromosomal aberrations in exposed workers, have been reported [7, 
10,13], no such effects as determined in the present study occur in the germ 
cells of male CD-I mice.
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