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ABSTRACT

These studies evaluated the effects of inhaled vinyl chloride
on mouse, rat and rabbit embryonal and fetal development.
Gfoups of pregnant CF-1 mice, Sprague-Dawley rats and New
Zealand white rabbits were exposed to 500 ppm vinyl chloride

7 hrs daily during the period of major organogenesis.

Subsequently, other groups of mice were similarly exposed to

50 ppm vinyl chloride and rats and rabbits were exposed to

2500 ppm vinyl chloride. While maternal toxicity was observed,
vinyl chloride alone did not cause significant embryonal or -
fetal toxicity and was not teratogenic in ény of the speciesi'
at the concentrations tested. Maternal tuxicity was more
prominent among mice than among rats and rabbits. Simultaneous
exposure of some of the pregnant animals to vinyl chloride

by inhalation plus 15% ethanol in the drinking water resulted
in toxic effects greater than those associated with exposure

to vinyl chloride alone in the three species. The maternal

toxicity was enhanced to an extent greater than the embryotoxicity.
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THE EFFECTS OF MATERNALLY INHALED VINYL CHLORIDE ON
EMBRYONAL AND FETAL DEVELOPMENT IN MICE, RATS AND RABBITS

INTRODUCTION

Vinyl chloride is widely used in the preparation of poly-
vinyl chloride resin and as a copolymer in plastics, and
to a lesser extent as a solvent and as a chemical intermediate.
A report of the effect of single exposures of mice, rats and
guinea pigs to vinyl chloride by Mastromatteo et al., (1960)
indicates that this compound has very low acute toxicity.
Anesthesia is the primary significant effect of acute exposure
to high concentrations (75,000-100,000 ppm). The effect of :
repeated exposure of laboratory animals to vinyl chloride

has been reported by Torkelson, et g&., (1961) . Repeated
exposure for six months to 200 ppm resulted in histologic
changes in the centrilobular area of the livers of rabbits

but not in rats, guinea pigs or dogs. In a study reported

by Viola et 3&., (1971), rats were exposed to 30,000 ppm

vinyl chloride vapor for 12 months, Findings on these rats
were reported to include severe chronic hepatitis, inter-
-gtitial pneumonia, as well as tumors of the skin, lungs and
bones. Maltoni and Lefemine (1974) reported the oncogenic
effects of repeated exposure to inhaled vinyl chloride in

rats and mice. Angiosarcomas, zymbal gland carcinomas and
nephroblastomas developed in rats exposed to concentrations

of vinyl chloride ranging from 50-10,000 ppm, 4 hr/day, 5
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days/week for 12 months, and subsequently maintained and

obgerved until death. Pulmonary adenomas, mammary carcinomas
and liver angiosarcomas were observed among mice exposed to
the same range of concentrations for 7 months. Similarly,
Keplinger, et E&" (1975) , reported neoplasms in mice and

the tentative diagnosis of tumors in hamsters and rats exposed

to 50, 200 or 2,500 ppm vinyl chloride.

The carcinogenic potential of inhaled vinyl chloride has also
been studied by exposing animals in utero (Maltoni, 1975), but
observations to determine effects which are more in line witﬁ.
a classical teratology study were not made. Reports on

the embryotoxic potential of vinyl chloride in laboratory
animals have not been found in the literature. Thus, the
purpose of the studies described in this report was to

assess the potential of inhaled vinyl chloride to have a
deleterious effect on embryonal and fetal development in

mice, rats and rabbits.

Since previous studies in this laboratory suggested that

the primary metabolic pathway for vinyl chloride is blocked
by ethanol (Hefner, et al., 1975), it was considered possible
that administration of ethanol in the drinking water of
animals exposed to vinyl chloride might alter its metabolism
in a manner which would enhance its toxic or teratoéenic

potential. To assess this possibility, some of the vinyl
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chloride;exposed animals were given 15% ethanol in their
drinking'ﬁater during the days of exposure to vinyl chloride.
The teratogenic potential of 15% ethanol in the drinking
water in mice, rats and rabbits is being reported separately
by Schwetz, et al., (1975), and is summarized in Table 1l

of this report. The majority of this study was conducted

under the auspices of the Manufacturing Chemists Association.

METHODS

Animals and Test Material. Female CF-1 mice (Carworth,

r

Portage, Michigan), weighing 25 to 30 g, Sprague-Dawley rats
(Sspartan=-substrain, Haslett, Michigan) weighing approximately‘
250 g and New Zealand white rabbits (Langshaws Rabbitry,
Augusta, Michigan) weighing 3.5 to 4.5 kg were used in this
study. The day on which a vaginal plug was observed or the
day on which sperm were seen in a vaginal smear was considered
day zero of pregnancy for mice and rats, respectively. The
day of hand mating was considered day zero for rabbits.
Between daily exposures, animals were housed in wire-bottom
cages in a room controlled for temperature, humidity and

light cycle. Commercial laboratory animal food (Ralston
Purina Company; St. Louis, Missouri) and water were available.
Food consumption was measured at three day intervals for

mice and rats and at two day intervals for rabbits,
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Exposure of bred animals was conducted in stainless steei
chambers of 3.7 cubic meter volume under dynamic conditions.
The atmosphere of vinyl chloride was generated by diluting
gaseous vinyl chloride with filtered room air at a rate
calculated to give the desired concentration. Samples of
inhibited vinyl chloride monomer (chloroethylene) obtained
from Matheson Gas Products, Joliet, Illinois, were used for
the exposures. The actual concentration was measured with an
infrared spectrophotometer (Perkin Elmer 12A) with a multipath
gas cell. In addition, the concentration in the chamber was
continuously monitored using a recorxrding combustion analyzer
to assure the absence of significant deviations from the

desired levels.

Experimental Design. In the initial experiment, groups of

30-40 bred mice, 20-35 bred rats and 15-20 bred rabbits were
exposed to 500 ppm vinyl chloride for 7 hrs daily on days 6~
15 (mice and rats) or 6-18 (rabbits) of gestation. Some of
the mice were also given 15% ethanol in the drinking water.
Subsequently, additional groups of mice were exposed to 50
ppm vinyl chloride. Some of these mice also received 15%
ethanol in the drinking water. Additional groups of rats and
rabbits were exposed to 2,500 ppm vinyl chloride. Some of
these rats and rabbits also received 15% ethanol in the

drinking water., The experimental design for each of the

three species is summarized in Table 1.
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Maternal and Fetal Observations. All animals were observed

daily throughout pregnancy and maternal body weights were
recorded on gestation days 6, 12, 15 and 18 for mice and on
days 6, 10, 16 and 21 for rats. Maternal body weights for
rabbits were recorded on days 6, 12, 18, 22 and 29 of gestation.
Pregnant mice and rats were sacrificed by carbon dioxide
inhalation on day 18 and 21 of gestation, respectively.
Pregnant rabbits were sacrificed on day 29 of gestation,

The uterine horns were exteriorized through a mid-line
incision in the abdominal wall and the number and position

of live, dead and resorbed fetuses were noted. After being -
weighed, measured (crown-rump length) and sexed (mice and
rats), the fetuses were examined for external anomalies.
One-third of each litter was immediately examined for
evidence of goft tissue anomalies by dissection under a low
power microscope. Rabbit fetuses were sexed on the basis of
examination of internal genitalia., All fetuses were then
eviscerated, preserved in alcohol and subsequently cleared
and stained with Alizarin red-$ (Dawson, 1926) for examina-

tion for skeletal anomalies.

Statistical Evaluation. The Fisher exact probability test

(Siegel, 1956) was used to evaluate the incidence of resorp-
tions among litters. Maternal and fetal body weights and
body measurements and maternal liver weights were analyzed

statistically, by an analysis of variance and Dunnett's test
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gestation and a decrease in absolute liver weight on day 18

of gestation. Food consumption throughout gestation was
decreased for mice exposed to both concentrations of vinyl
chloride in combination with ethanol. Food consumption was
decreased for mice exposed to 500 ppm vinyl chloride alone

but not 50 ppm during days 6-15 of gestation.

Except for an apparent decrease in maternal weight gain in
rats (Table 3) and a decrease in food consumption for rabbits
(Table 4), no signs of toxicity were observed in the adult
rats or rabbits during exposure to 500 ppm vinyl chloride.
The apparent decrease in maternal weight gain among rats
exposed to 500 ppm vinyl chloride is most likely due to the
lower body weight of the control animals on day 6 and subse-
quently a higher weight gain of these animals during the
later days of gestation. Among rats exposed to 2,500 ppm
vinyl chloride, both the absolute and relative liver weight
were significantly increased on day 21 of gestation, but
maternal weight gain was no different from that of rats
exposed to filtered room air. Maternal food consumption
was, however, lower than among‘control rats in this group.
The relative liver weight on day 21 of gestation was signi-
ficantly increased among rats exposed to 2,500 ppm vinyl
chloride and 15% ethanol. Maternal weight gain for this

group of rats was significantly decreased during days 6-10

CMA 001072




of gestation and food consumption was decreased during

the exposure period.

No effect on maternal weight gain or liver weight was observed
among rabbits exéosed to 2,500 ppm vinyl chloride by inhala-
tion. A decrease in maternal weight gain during days 6-

12 and 12-18 of gestation was observed among rabbits exposed

to 2,500 ppm vinyl chloride in combination with 15% ethanol
(Table 4), but total weight gain in this group was not different
from that among rabbits exposed to 2,500 ppm vinyl chloride
alone. Food consumption was, however, significantly decreased

among these rabbits exposed to 2,500 ppm plus ethanol.

Observations made at the time of Cesarean Section. Observations

made at the time of césarean section of mice, rats and
rabbits are presented in Tables 5~7. Maternal deaths were
observed among mice exposed to 500 ppm vinyl chloride alone
and in combination with ethanol (Table 5). The percent
pregnancy was reduced among mice exposed to 500 ppm vinyl
chloride and ethanol. There was an increase in the incidence
of resorptions and the fetal body weights were lower than in
controls for ﬁhe 500 ppm vinyl chloride group. Litter size
was also reduced. These effects were augmented among mice
exposed to 5300 ppm vinyl chloride in combination with 15%
ethanol. Two litters in this group were totally resorbed.

In addition, the number of implantation sites per dam and

CMA 001073




—

fetal d?own—fump length were significantly lower in the
ethanol group as compared to mice receiving 500 ppm vinyl
chloride alone., Among mice exposed to 50 ppm vinyl chloride,
the fetal crown-rump length was significantly greater than
among controls; a decrease in fetal body weight and crown-
rump length was observed in the 50 ppm vinyl chloride plus
ethanol group. The incidence of resorptions was not signi-
ficantly greater among mice treated with 50 ppm vinyl chloride
in combination with ethanol although 2 litters were totaily

resorbed,

One maternal death was observed among rats exposed to 2,500 )
ppm vinyl chloride by inhalation (Table 6). There was no
significant effect on litter size, the number of implantation
éites per dam or the incidence of resorptions among any of
the exposed groups of rats. The pregnancy wastage was
significantly lower among rats exposed to 500 ppm vinyl
chloride than among the control rats. Percent pregnancy was
unaffected among rats exposed to vinyl chloride alone or in
combination with 15% ethanol in the drinking water. Fetal
body weight and crown~-rump length were significantly reduced
among rats exposed to 2,500 ppm vinyl chloride in ¢ombination
with ethanol. A significant reduction in fetal body weight
was also observed among rats exposed to 500 ppm vinyl chloride
alone, but not among those exposed to 2,500 ppm. Signifi-
cant decreases in the number of corpora lutea per dam were

observed among rats exposed to 500 ppm vinyl chloride alone
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and among those exposed to 2,500 ppm in combination with 15%
ethanol, A significant increase, however, in the number of
corpora lutea per dam was observed among rats exposed only

to 2,500 ppm vinyl chloride. Since the number of corpora lutea
is established prior to day 6 of gestation, these differences
in the number of corpora lutea per dam among rats exposed

to vinyl chloride is not considered a treatment-related effect,
but rather a measure of the reproductive status of the animals

prior to the beginning of the experiment.

Among rabbits, a significant increase in the incidence of .
resorptions was observed in the high concentration (2,500 ‘
ppm) plus ethanol group where 7 litters were totally resorbed
(Table 7). Exposure of rabbits to either 500 or 2,500 ppm
vinyl chloride alone did not alter the incidence of resorptions.
A decrease in the number of live fetuses per litter was
observed among rabbits exposed to 500 ppm vinyl chloride
alone, but not among those exposed to 2,500 ppm vinyl chloride
alone or in combination with 15% ethanol in the drinking
water. This decrease in litter size was associated with a
decrease in the number of corpora lutea and implantation

sites in these does and therefore is probably not due to
exposure to vinyl chloride. No differences in fetal body

weight or crown-rump length were observed in any of the

exposed groups of rabbits.
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Incidence of Anomalies. The incidence of anomalies among

litters of mice, rats and rabbits exposed to vinyl chloride

by inhalation are indicated in Tables 8, 9 and 10, respectively.
The incidence of gross anomalies observed by external examination
of fetuses from mice was not significantly greater than

among control litters (Table 8). One fetus among the litters

of mice exposed to 500 ppm vinyl chloride in combination

with 15% ethanol exhibited anopthalmia. The incidence of

cleft palate in this group was slightly higher than that

observed among mice receiving vinyl chloride alone.

No soft tissue anomalies occurred at an incidence signifi-
cantly greater than control in mice. Two fetuses from one
litter among mice exposed to 50 ppm vinyl chloride plus
ethanol exhibited a small thymus. Significant increases in
the incidence of delayed ossification of sternebrae (45)

and bones of the skull were observed among litters of mice
exposed to 500 ppm vinyl chloride. The incidence of unfused
centers of ossification of sternebrae was also significantly
higher in this group. No skeletal anomalies were observed
at an incidence significantly greater than in controls among
mice exposed to 50 ppm vinyl chloride. Among mice exposed
to vinyl chloride in combination with 15% ethanol, however,
several skeletal anomalies occurred at an incidence signi-

ficantly greater than among mice exposed to vinyl chloride
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alone. -In mice exposed to 500 ppm plus ethanol, increases
in the incidence of delayed ossification of bones of the
skull, sternebrae (#'s 2-6) and arches of the cervical
vertebrae were observed. Significant increases in the
incidence of lumbar spurs, missing centra of cervical vertebra
and missing 5th sternebra were observed in this group as
well. The incidence of extra ribs was slightly increased
compared to the controls. Among litters of mice exposed to
50 ppm vinyl chloride plus ethanol, increases in the inci-
dence of delayed ossification of bones of the skull and
sternebrae (#'s 4-6) were again observed upon skeletal
examination. The incidences of unfused occiptal, unfused
sternebrae (#'s 5 and 6) and forked atlas were also signifi-

cantly increased in the 50 ppm plus ethanol group.

In rats, no gross anomalies occurred at an incidence signi-
ficantly greater than among control animals (Table 9).

Among litters of rats exposed to 2,500 ppm vinyl chloride,
the incidences of unilateral and bilateral dilated ureter
were significantly higher than among control litters, The
incidence of dilated ureter was not affected by concomitant
exposure to 2,500 ppm vinyl chloride and 15% ethanol.
Petechial hemorrhage in the kidney was observed at a slightly
higher incidence than control among litters of rats exposed

teo 500 ppm but not 2,500 ppm vinyl chloride., Among litters

CMA 001077




-13-
of rats'éxposéd to vinyl chloride, only minor skeletal
variations were observed at an incidence higher than that of
controls. The incidence of lumbar spurs was increased among
litters exposed to 500 ppm vinyl chloride. No increases in

the occurrence of skeletal anomalies were observed among
litters of rats exposed to 2500 ppm vinyl chloride. The
incidences of delayed ossification of bones of the skull and
unfused centers of ossification of skull and sternebrae wer
significantly decreased among litters of this group. The
incidences of lumbar spurs and missing centers of the cervical
vertebrae were, however, increased among litters of rats
exposed to 2500 ppm vinyl chloride in combination with 15%

ethanol in the drinking water,

In rabbits, no gross anomalies were observed at an incidence
greater than among control litters, though a cleft palate
was observed in one fetus among litters of rabbits exposed

to 2,500 ppm vinyl chloride plus ethanol (Table 10). Dilated
renal pelvis was also observed in two fefuses from one

litter among rabbits exposed to 2,500 ppm plus ethanol. Two
fetuses from this group also exhibited an enlarged right
atrium of the heart. One fetus with 3 kidneys of normal

size was observed among litters of rabbits exposed to 300

ppm vinyl chloride. Delayed ossification of the 5th and é6th

sternebrae were the only skeletal anomalies observed in
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rabbits at a éignificantly different incidence from controls.
Among litters of rabbits exposed to 500 ppm vinyl chloride,
the incidence of delayed ossification of the 5th sternebra
was increased whereas that of the 6th sternebra was decreased.
Delayed ossification of sternebrae did not occur at a higher
incidence than control among litters of rabbits exposed to
2,500 ppm vinyl chloride alone or in combination with 15%

ethanol in the drinking water.

DISCUSSION

The results of these studies indicate that exposure of
pregnant mice, rats or rabbits to vinyl chloride by inhalation
at concentrations sufficiently high to cause maternal toxicity
was not teratogenic in any of the three species. The responses
of mice, rats and rabbits are summarized in Table 1ll. Less
maternal toxicity was observed among rats and rabbits than
mice during exposure or at the time of cesarean section.

Among rats one maternal death and an increase in liver

weight was observed at 2,500 ppm while only a slight decrease
in maternal weight gain was observed at 500 ppm. Among
rabbits, one maternal death was observed at 2,500 ppm and
there was a decrease in food consumption at 500 ppm. 1In
comparison, 500 ppm was quite maternally toxic to mice as
evidenced by the significantly decreased weight gain and

food consumption and by the occurrence of a number of maternal

deaths.
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Exposuré to vinyl chloride was not consistently embryotoxic
in the three species studied. A significant increase in the
percent resorptions was observed among mice exposed to 500
ppm vinyl chloride, but not among rats or rabbits exposed to
500 ppm or 2500 ppm vinyl chloride. Some decreases in

fetal body weight and crown-rump length were observed in
rats and mice but not rabbits. A teratogenic response to
maternally inhaled vinyl chloride was not observed in mice,
rats or rabbits, With the exception of unilateral and

bilateral dilated ureter among litters of rats exposed to

2500 ppm vinyl chloride, no external or soft tissue anomalieé

were observed at an incidence significantly higher than
control in any of the three species. Examination of the
skeletons revealed only minor skeletal variants; no skeletal
malformations were found at an incidence significantly

greater than in the control groups.

Ingestion of 15% ethanol in the drinking water enhanced some

of the effects of inhaled vinyl chloride. 1In each of the

three species tested, maternal weight gain and food consumption
was lower than among animals exposed to vinyl chloride

alone. The percent resorptions was slightly increased among
mice and significantly increased among rabbits exposed to
vinyl chloride in combination with 15% ethanol in the drinking

water. Fetal body measurements were lower among litters of
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mice and rats which received ethanol and vinyl chloride
compared to vinyl chloride alone. Certain malformations

were observed among litters of mice, rats and rabbits which
also received ethanol but their incidence was not statistically
different than control litters. The effect of simultaneous
ingestion of ethanol on the disposition of wvinyl chloride in
these animals seemed to enhance maternal toxicity to an

extent greater than embryotoxicity.

In summary, the results of these studies indicate that
exposure of pregnant mice, rats and rabbits to vinyl chloride
by inhalation was not teratogenic at the concentrations |
tested. Mice were more susceptible to the toxic effects of
vinyl chloride than either of the other two species., Simul-
taneous exposure to vinyl chloride by inhalation and 15%
ethanol in the drinking water resulted in toxic effects
greater than those associated with exposure to vinyl chloride
alone in the three species. Neither exposure to vinyl chloride
alone or in combination with 15% ethanol in the drinking

water caused a significant teratogenic response in mice, rats or

rabbits.
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TABLE 1

TERATOLOGY STUDIES WITH VINYL CHLORIDE

ppm Vinyl chloride? Ethanol?
Mice 500 0
500 15%
50 0
50 15%
Rats 2,500 0
2,500 15%
500 0
Rabbits 2,500 0 |
2,500 15%
500 0
Mice, Rats, Rabbits 0 Q

3Mice and rats were exposed to vinyl chloride or filtered room
air by inhalation 7 hrs daily on days 6-15 of gestation. Some
of the mice and rats were given ethanol in their drinking water
(15% v/v) on days 6-15 of gestation. Rabbits were exposed to
vinyl chloride on days 6-18 of gestation. Some of the rabbits
were given ethanol in their drinking water on days 6-18 of
gestation.
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TABLE 2

MATERNAL WEIGHT GAIN, LIVER WEIGHTS AND FOOD CONSUMPTION OF MICE EXPOSED TO
VINYL CHLORIDE BY INHALATION

a Low Concentration High Concentration |
ppm Vinyl chloride in air a 0 50 50 0 500 300
% Ethanol in drinking water 0 0 15 0 0 15
—
Number of dams 21 20 16 26 19 7

g, mean t SD
Body weight on gestation

day 6 3012 3142 3112 2912 2943 3043
Weight gain during gestation
days 6-12 33 412 0.4145 days 6-12 611 544 1429
12-15 613 51 412 12-18 15+3 1243° 86
15-18 742 714 743
total A 1614 17t6 11379 total 2013 17+4€ 10479
Liver weight on gestation
day 18
absolute, 2.7510.26 2.76£0.40 2.37t0.529 2.7510.31 2.49:0.29° 1.7810.38d
relative 59.518.7 57.8t4.5 56.6%7.3 55.515.5 54.414.2 45.845.1
Food consumption during a a
gestation days 6-15 611 61 42 641 5+1° 31

OMice were exposed to vinyl chloride or filtered room air by inhalation 7 hrs daily on days 6-15

of gestation. Some of the mice were given ethanol in their drinking water (15% v/v) on days 6-15
of gestation.

bmg liver/qg body weight.

cSignificantly different from control by an analysis of variance, p<(.05.

Significantly different from vinyl chloride alone by an analysis of variance, p<0.05.
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MATERNAL WEIGHT GAIN, LIVER WEIGHTS AND FOOD CONSUMPTION OF RATS EXPOSED TO
VINYL CHLORIDE BY INHALATION

TABLE 3

Low Concentration

High Concentration

ppm Vinyl chloride in air 0 500 0 2,500 7,500 l
% Ethanol in drinking water 0 0 0 0 15
g !
Number of dams 28 31 19 16 16
Body weight on gestation dg' mean  SD
day 6 258126 277120 288127 274419 272+14
Weight gain during gestation
days 6-10° 13£10 1716 ~1£12%
10-16 37+11 40111 45114
16-21 77$15 8216 77+13
total 148111 125.+.19d 12715 138423 120+15°F
Liver weight on gestation
day 21
absolute 14.81+1.79 15.00%1.14 14.2711.38 15.55&1.23d 16.52+1.50
relative® 36.5¢4.1  37.112.6 34.413.3 37.8:2.6%  42.112.4°
Food consumption during a e
gestation day 6-15 21+2 2212 2212 2112 1312

%Rats were exposed to vinyl chloride or filtered room air by inhalation 7 hrs daily on

days 6-15 of gestation.

(15% v/v) on days 6-15 of gestation.

Some of the rats were given ethanol in their drinking water

Interim values for maternal weight gain were not available for the rats exposed to

500 ppm vinyl chloride.
cmg liver/g body weight.

Significantly different from control by an analysis of variance, p<0.05.

eSignificantly different from vinyl chloride alone by an-analysis of variance, p<0.05.
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MATERMAL WEIGHT GAIN, LIVER WEIGHTS AND FOOD CONSUMPTION OF RABBITS EXPOSED TO

TABLE 4

VINYL CHLORIDE BY INHALATION

Low Concentration
[

High® Concentration

PPm Vinyl chloride in air® a 500 0 ~Z,500 3,500
% Ethanol in drinking water [ [} 0 0 15 0
Rumber of dams 18 20 1k 5 16
kg, moan & SD
Body welght on gastation )
day’ 6 3.8510,2) 3.8210.25 4.0840.21 4.3910.30° 4.0210.47
Welight gain during gestation
days &~12 -0,06¢0.11 -0.1230.00 -0.1130.17 -0.1210.08 —0.4110.17d
12-18 0,01:0.21 0.0610.,09 0.0510.15 -0.0310.07 -0.2710.15d
18-22 0.0010.26 0.0210.08 0.07120.18 0.0310.05 0.101D.33
22-29 0.0310.16 0.0310.15 0.0510.17 0.13:0.04 0.4210.36
Total 0.05¢0.1% 0.01:0.19 0.0610.27 0.0120.13 -0.1410.42
Liver weight on gestation
day 2
absolute 96119 09114 102t16 122125 116130
relative® 24.613.6 231,212.9 24.712.7 27.715.9 30.016.1
Pood consumption during a
gestation days 6-18 99130 76129° 91136 89126 1519

2Rabbits were exposed to vinyl chloride or filtered room air by inhalation 7 hrs dajly on

days 6-180 of geatation.

{15% v/v) on days &-18@ of gestation,.

bg liver/kg body weight.

csignificantly different from control by an analysis of variance, p<0.05.

a

Some of the rabbita were given ethanol im their drinking water

Significantly different from vinyl chloride alone by an analysis of variance, p<0.05,
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TADLE 5

OBSERVATIONS WADE AT THE TIME OF CESAREAN SECTION OF MICE EXPOSED TO
VINYL CHLORIDE BY INNALATION

a Low Concentration High Concentration ot

ppa Vinyl chloride in air [1] 50 1] 1] 500 500
% EBthanol in drinking water o o 15 1] 0 15
Number of litters 21 20 16 26 19 7
Implantation slt.s/dalb 1212 1214 1124 1412 1312 1016® I
Live fetusas/iitter® 1014 1144 1014 1212 11229 816°
%, Resorptions/implaantations 15 {40/261) 8 (18/238) 11 {19/171) 7 (26/351) 11 (33/2481t 19 {13/69)
t, Litters with resorptions 6T (14/21) 55 (11/20) 69 (11716} 58 (15726} 79 {(15/1%9) 86 (6/7)
Litters totally resorbed |} 0 2 ] o 2
Resorptions/litters with

rescrptions 2.9 (407143 E.6 {18711} 1.7 {19/11) 1.7 {26/15) 2.2 {33/15) 2.2 (13/6)
Eex ratio, M:F 50:50 50:50 48:52 54:46 52:48 64:36
Fetal body weight, g© 1.0010,11 1.0240.10 0.8410.14° 1.0710.06 0.9910.119  0.78:0.15°
Fatal crown-rump length, mm’ 23.0t1.9 24.210.89 22.411.5% 23.781.2  23.611.0 21.211.5%
%, maternal deaths/ £

treated dams 0 (0/37) 0 {(0/27) ¢ (0/28) a (0/10) 17 {5/19) 131 {4/38)
L] Pregnancyh 57 {2L/37) 74 120/27) 57 {16/20) 88 (28/32) 12 (21729} 31 (9/29)9

2nice were exposed to vinyl chloride or filtered room air by inhalation 7 hrs daily on days 6-15 of gestation. Some of
the mice were given ethanol im their drinking water {15% v/v) on days 6-15 of gestation.

Hean &t SD.
Mean of lltter means t 5D.

-4

- r]

Significantly different from control by an analysis of variance, p<G¢.95,
esignificantly different from vinyl chloride alone by an analysis of variance, p<0.05.
fslqnlficantly different from control by the Fisher exact probabllity test, p<0.0S.
gsignlticantly ditferent from vinyl chloride alone by the Fisher exact probability test, p<0.0S.

Based on the presence of fetuses and/or resorption sites cbserved by gross examinalion at
the time of Cesarean Bection.
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TABLE &

OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RATS EXPOSED TO
VINYL CHLORIDE BY INHALATION

Low Concentzation Kigh Concentration
ppm Vinyl chloride in air® ] 550 —6““"9‘1‘531)‘—'_!—550‘— "

% Ethanol in drioking water® [ ] a ] 15
Hulhgr of littars 23 3l 9 16 16
Corpora: lutea/dam® 1583 13129 1412 15229 1412°
Implantation llt.s/danb 1222 1312 1212 1412 1222
Pregnancy Wastage® 312 04139 111 m 212
Live fetuses/littar® 1212 1202 12142 1382 1212
%, Resorptions/implantations 1 ({47342} 3 (11/398) 4 (5/238) 3 {(6/220) 4 {3/195)
8, Litters with resorptions 14 {4/28) 29 19/31) 32 (6/19} 25 (4/16) 25 (4/16)
Litters totally resorbed o 0 [} ] 1]
Resorptions/litters with

resorptions 1.0 (4/4) 1.2 (11/9) 1.5 {9/&) 1.5 (6/4) 1.8 {1/4)
Sex ratio, MHF 52:432 50:50 49;:51 53:47 51:49
Petal body weight, g¢° 5.6710.29 5,440,389 £.5910.27 5.6210.29 5.3410.32%

d

Petal crows-rump length, am® 42.6t1.2 43.610.8 43.611.5 43.3¢11.1 42.410.9%

3, maternal deaths/
treated dams 0 (0/29) 0 {(0/313) 0 {0/20) 6 {1/17) o (0/127)

3 Pregnancyt 96 (28/29) 94 (31/33) 95 (19/20) 100(17/17) 94 (16/17)
%pats were exposed to vinyl chloride or filtered room air by inhalation 7 hra daily on days 6-15

of gestation. Some of the rats were given ethanol in thelr drinking water {15% v/v} on daye
&-15 of gestation.

hﬂean t SD.
®mean of litter meana t SD.
d

Significantly different from control by an analysis of variance, p<8.05.
aSignificanl:ly different from vinyl chloride alone by an analysis of variance, p<0.05,

fIlased on the presence of fetuses and/or resorption sites cbeerved by gross
examination at the time of Cesarean section.
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TABLE 7

DRSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RABBITS EXPOSED TO
VINYL CHLORIDE DY INHALATION

ppm Vinyl chléride in air®

% Ethanol in drinking water®

Number of litters

Corpora lutea/damb

Implantation sites/daub
Pregnancy wastageb
Live fetuses/litterb
%, Resorptions/implantations
$, Litters with resorptions
Litters totally resorbed

Resorptions/litters with
resorptions

Sex ratio, M:F
Fetal body weight, gc
Fetal crown-rump length, mm®

%, maternal deaths/
treaped dams

3 Pregnancyf

8Rabbits were exposed to vinyl chloride or filtered room air by inhalation 7 hrs daily on days 6-18 of gestation.
Some of the rabbits were given ethanol in their drinking water (15% v/v)} on days 6-18 of gestation.

o

Mean % SD.
Mean of litter means t SD.

0

= 0 o

Low Concentration

) 500
0 0
18 19
911 g+14
911 a1t
0.411 11,
81l 7424
6 (10/162) 9 (14/150)
44 (8/18) 32 (6/19)
0 1
1.2 (10/8) 2.3 (14/6)
53:47 50:50
35.2314.82 34.1314.17
91.0£4.2 92.615.0
0 (0/18) 0 (0/20)
100 (18/18) 95 (19/20)

High Concentration

1] 2,500 2,500
0 0 15 |
11 5 16
1042 1017 1042
82 8t4 912
241 213 1t1
613 64 414
22 (19/88) 24 (10/42) 53 (79/149)¢
64 (7/11) 80 (4/5) 88 (14/16)
2 1 7
2.7 (19/7) 2.5 {10/4) 5.6 (79/14)
61:39 50:50 43:57
36.4614 .82 33.77t4.48 32.4815.88
92.644.7 87.145.2 87.746.3
0 (0/11) 14 (1/7) 16 (3/19)
100 (11/11) 86 (6/7) 95 (18/19)

Siqni;icantly different from control by an analysis of variance, p<0.05.
Significantly different from vinyl chloride alone by the Fisher exact probability test, p<0.0S.

Based on the presence of fetuses and/or resorption sites cobserved by gross examination at the time
of Cesarean section.




TARLE I

INCIOESRCE OF ANOMALIES AMOYG LITTEPS OF MICE EXPOSED TO

—" VINYL CHLONIDE BY IMIALATION
a  —iev Soncencracion . —ilah Copcancracion,
ppm Vingl chloctdo in aie™ o 3
3 Ethanol un drigkicg water ) 3 8] : 3 L3
Lumbur of [otuucs 1L 1) 13} 318 21 4
Numpar of litears 20 ] 14 b} 19 5
Parcent affegcmd (number affected)
Gross Anomaliss
trencepnaly ol 0 0" o 1D 1) 2
L [} [ [ [T W0 (D
Ablopharvia r a ] 9 1 ] 1]
L [} [ 0 (2 [ [
Anopthalmie r ] 9 ] -] Q 2
L [ [ 0 [ ¢ 20 (1
Cmphalocelo r 6.4 (1) -] a [} [] a
t s (1) ° [ [} e °
Cleft palate r L L 1 (H ] 1L LT -
L 10 (1) 1o (1) 1 [ S (L 40
Crooked tail r 0.4 (1) 0.4{) 0.6 1) 1 (D 1 ]
L $ (1 81 7L §3) (I8 2
Short tail r 9 0.4l [ [ [ [
L LI I35} 0 [ [} 0
Satt Tiswua nvomalies
saall thymus r [ [ 4 9 9 o
L [ [ 7 0 [ [
Hemorpnage, Xidney P 0 0 [ 2 (2 12 9 -
L [ [ ? [ ¢} 10 () []
Hemorrhage, liver P 2 11 L} 2 1 (L a
L a3« 1 4 3 (1 9
Howorrhage, thymus F L} § 1) [} ) o L}
L 9 10 (D [ 9 [ [
Liver hemacoms 4 0 Q [} 1.2 1 i q
% [ [ ° 8 () S (L 9
Sroletil Anomalios
Skull—jgtayed
ossification r 9 (13 8 (D) 40 (41) 13 (2m) 30 (42) 0 (26)
L 3 3 m tee ned 4 a0 9w anee md
=unfusad
ocEipital r o 0.7(L) 24 29 L $ (M 11
L o 3 s (m? 12 0 ) 20
RibS - extra r CINCLE BN VR N 63 31 an 16 e m®
L 30 (6) 30 (®) 7 (0 n 126 w0 (D
- spucs ? M 8 an 2 4« an 108 4
} A 3 (M W m n n n w0
Vorsobraa-{orked
atlas ’ 0.4 (1) 1 (D 46 [] [ @
. $ () 10 e ) e 20 (1
= migsing gurvisal
aunkra r q [] [} [ ] 1 w o
t 0 o 0 0 10 s0 (n?
- delayod oesifi~
cation of garvi=-
catl archas r [} [} 1) [ [ s (B
L 0 [ 14 (D ) o 40 (nt
Starfumeunfusod r 1 3 13 (a0 110 Yy 19 4 um
1 20 (4) 13 (% 17 (m? 19 (9 R TR
= dolayed ossifi-
cation r T (19 4 (9 “ n 1 € (12) 43 (24)
L 30 (100 1(7 100 aad 12 (3 12 108 (58
= no. 4 stamenra
ALzsing r [] [] 30 0 113 7 (4)
L a ] iy ° 10 @ 40 (1

*Mice vare oxposed to vinyl shloride or filtared room 4ir by inhalation 7 hrs daily on daym 6-1% of gestation,
Soma Of the wice wmce Jiven sthanol in thesir drinking watar (185% v/v) on days 6=15 of gustation.

°r-fe:uaelx Le=litcers.

=5Lqﬂifldlﬂ¢lv different from control by the modifisd wilcoxon cest, p«<0.0%.
Suvinificancly differont Erom vinyl chloride alone by the modified Wilcoxen tese, £/0.0%.
®000.087; modifiod Wileoxon tesc.

CMA 001090




TADLE %

DICIOENCT OF ALOMALIES AMOMG LITTERS OF RATS EXPOGCD 7O VINYL CHLORIDE
8Y INIALATION

. a Low Concsneration I1igh Conconeracian
—— spm Vinyl ehloride in air 2 T e .

_s_Ethanal n drinking watar 1} '] a 0 T
_luabgr of fucusns 119 I8 1% 4 188
Lusber of littors ] n 14 16 is

Peccent Affectad (numbar 4ffectad)

Sroasd Anrmalies

grass Anomaliss .
Orbnalocule " 0 1@ 0.4 (L 9 2.5 {1
L 0 3 (W s o € (1)
Tailelega r 0 a 1L a 2.3 (1)
L ] a 5 (1) o 6 (1
runt r o a 0.4 (1 9 a
2 [ ) IS 0 0
Sufe Tinuu Avimalics
Micepehaleia [ 4 [ L] ? [} 2 (1)
L ° % 0 ¢ (L
Dilaced uyroter
- uailateral ’ PN R PV 4 15 un 1
L 11 (3 3w 0 4 MmS 12
- Bijateral r [ Lo 1 12w 11 -
. o 3w s W wm* W ’
$mall kudnoy r a ? ° 0 11
L [ ° a ° % (1)
vatoshial homorrhage,
K tdney r 0 10 an 0 0 [
. 8 13 (9 0 [ a
Hemorrhage, liver r ] q L) 1ty -]
4 0 [ [} € (1 9
Homorrhagqe, Kidnoy r [} 3} (L) 9 [] a
L [ 1w [ ° 0
Short trunk; aetapia . g
ovaries r 9 [ ] 1 {1 [} a
t [ 0 s W [ 9
Skglotal Anomalios
3xull = dolayed
ansiticaeion r 16 (3% 12 Ay wan s m 30
|3 ©an 1 an 0w 2Nt 1w
- unfusad ’ [ a £3 (81) 31 (&) 2
L [] [ 0 N 12 f 12 ()
Ribs = shortaned r [} ] 1 ] Q
L [ 9 s ), o 0
- crooked ’ ) [ 0.4 (1} 0 L
L [ [} 3 a [ Y]
- miseing ’ 0 e 3 0.5 2 ()
L 2 2 FU RN €T3 WY 19 1y
- antce r [ [} 0.4 (13 0.4 4 n
L [ [ L RN I A3V 19 (O
- spucs r 9 Qe 14 Y 12 an 15 (48)
L ¢ 2 ae® e an e an e und
Vertebcam - aisaing ¥ o ] 1 ° FINS
L [ ° s (L [} 12 (2
- miasing
carvical
centrs ’ 0.1 (1 1 7 (8 4 (R 1 a0
L ) 33 (101 30 () w and
Starnun - delayed
assificavios P P} 2 (40 ? (21) 2 amn 1 oan
L 1N A (8 131 4D 56 (9)
- unfused 'z 0 1 3 (m 0.5(1 L
L [} § nw s 11
- fusad ’ a a 9.4 (1) o 8.5 (1}
L 0 [ 5 (1 [ & (1
- migsing r [ 0.2 (1) 2t ) [
L [} 3 16 (B ° 9
Other - miweing
tibula 9. ] 0.4 () 4 [}
L ] ] S (1) ] [ ]
" teapeid r s ] ) a o3
L a [ ] ] &

“aata ware exposed to viayl enun« ar filcerwl room air by iahalacion 7 hre daily on
days =13 of gestacion., Soms Of che Tats ware gives sthanol in their drinking watoy
(154 v/v) o0 daye €=1% aof quuun.

”r-!“umn Lalicvars.
°nqm.uanuy different from control by thy modifisd Wilcazun case, ped,04%,
“lwmucuuy diffarent from vinyl chloride alome by che sodified Wildosoa test, ped.q8.
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TABLE 10

INCIDENGCE OF ANOMALIES AMONG LITTERS OF RABBITS EXPOSED TO
VINYL CHLORIDE BY INHALATION

a Low Concentration High gin%!gg;‘nga
ppm Viayl chloride in air™ . 0 500 ’ ’

\ Ethanol in drinking water 0 0 0 1] 15
Number of fatuses 1%2 136 69 32 70
Number of litters 13 13 9 4 9

Pegcent affectad (number affected)
Gross Ancmalies

Clafe palate P 0 0 o 0 1 (L
L 0 [} 0 0 11 (1)
Exsncephaly r 1 (1) 0 9 1] [i]
L 6§ (L) 0 0 0 0
Crooked tail r [} L (1 [+} [1} [+}
L (] 6 (L) 0 0 ] -
3oft Tissue Anomalies
3 kidneys r 0 2 (1) 1} 0 0
L 0 § (1) 0 0 0
Dilated renal pelvis T 0 0 0 0 8 ()
' L Q Q 0 0 11 (L)
Dilated cerebral
ventricle r 9 0 4] 10 (1) 0
L 0 0 Q 25 (1) 0
Enlarged right
atrium r 0 0 0 0 8 (2)
L 0 0 0 0 11 (L
1 left sub-clavian
artearies r 0 Q 0 [/} 4 (1)
L 0 0 Q 0 11 (1)
Skeletal Anomalies
Sternum ~ dalayed e
oseificacion 48 4 ) 18 (43) LN ¥ ) 0 (14) 16 (%) 24 (1Y
L 77 (14) 9 (17) “ W) 75 (3) 67 (6)
~ dalayed e
ossification #6 r 22 (33) 11 (1% 10 (7) 9 (3) 9 (6)
b 72 (13) 50 (9) 4 (4 75 (3) 22 (2)

2pabbits wers sxposed to vinyl chloride or filtered room air by inhalation 7 hrs daily on days
6-18 of geatation. Soma of the rabbits wers given ethanol in their drinking water (15Vv v/v)
on days 6-18 of geseation.

b?-fatua.s; Lalitters
Sgignificantly diffarent from control by the modified Wilcoxon test, p<0.0%.

CMA 001092
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TABLE 11

SUMMARY ~ VINYL CHLORIDE TERATOLOGY STUDIES

Mice Rats Rabbita

Vinyl chloride, 7 hr/day M ppm 500 ppm 0 500 ppm 2508 ppm [] 560 ppms 2500 ppm []
Gestation days of treatment 615 6-15 6-15 6-15 6-15 6-15 6-18 6-18 6-18
15%¢ Ethanol in drinking watexr no yes no yes  yes no o yes yes no na yes yes
Mateérnal deatha , no no yes yoa no no yes (] no no yes yes no
$ Pregnancy T e - == dec. - - - -— -- - - - -
Ho. littere examined 0 ic 19 13 21 k11 it 16 19 18 4 9 14
Maternal weight gain - dec. dec. dac. -- dec. - dec. - - - - -
Maternal food consumption - dac. dec. dec. dec. - dec. dec. dec. dec. -- dec. dec.
Maternal liver welght

- absolute - dec. dec. dec, - - inc. - - - - -~ -

- relative -—- - - dec, - -— inc. inc. ime. - - - -
Implantation sites/dam - -—— - dec. - - - - - deo. -- - -
A Reaorptions - --  inc. -- -- - - -- -- - - inc. -
Litters totally resorbed 0/20 2716 0719 2/7  0/2) 0/31 0/i6  0/16 0719 1/1% /5 /6 2/14
Litter aize - -- dec. dec. -- - -— -— —_— dec. - _— -
Fetal body weight -- dec, dec. dec. dec. dec -- dec. dec. - - - -
Petal crown-rump length inc., dec, -- dec., dec. inc. -— dec, - -— - - -
External anomalies -~ - -- - -- -— - - - - - - -
Visceral anomalies - - -— - - - j.nc_h - - - —_— - -
Bkeletal anomalies - - - inc. inc, - - -- inc. -— - - -

% .o change; dec, = decrease; inc., = increass,

hDiiited ureter.




