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These studies evaluated the effects of inhaled vinyl chkloride on mouse, rat
and rabbit embryonal and fetal development. Groups of pregnant Swiss~
Webster mice, Sprague-Dawley rats and New Zealand white rabbits were exposed
to 500 ppm vinyl chloride 7 hrs daily during the period of major organo-'
genesis. 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 gignificant embryonal or fetal toxicity and was rnot teratogenic in

any of the species at the concentrations tested. Maternal toxicity 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
agsociated 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 AMND RABBITS

INTRODUCTION

Vinyl chloride is widely used in the preparatiun of ooly-

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 prirmary significant effect of acute exposure
to high concentrations (75,000-100,000 ppm). The effest of
repeated exposure of laboratory animals to vinyl chloride
has been reported by Torkelscn, et al., (196l). 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 al., (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-

stitial 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

428220 S%®H




- we

days/week for 12 mogtis, and subseguently maintained and
observed until deatk. Pulmonary adenomas, mammary carcinomas
and liver angiosarcomas were observed among mice exposed to

the same range of %pncentrations for 7 months. Similarly, §

Keplinger, et al., (1975), reported neoplasms in mice and
: the tentative dia¢gnosis of tumors in hamsters and rats cxposed ﬂ
]

to 50, 200 or 2,500 ppm vinvl chloricde.

! The carcinogenic potential of inhaled vinyl chloriée has also
been studied by exposing animals in utero (Maltoni, 1973), but
i ohbservations to determine effects which are more in line with X
. 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 repcrt was to

8¢8¢c0 S®H

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

mice, rats and rabbits.

Since previous studies in this laboratory suggested that

the primary metabolic pathway for vinyl ciiioride is blocked

by ethancl (Hefner, et al., 1975), i was considered possible
that administration of ethanol in the drinking water of
. animals exposed to vinyl chloride might alter its metabolism

3 in a manner which would enhance its toxic or teratogenic

. " potential. To assess this possibility, some of the vinyl
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chloride-exposed animals were given 15% ethanol in their

drinking water during the days of cxposure to vinyl chloride.

The teratogenic potential of 15% cthanol in the drinxing
water in mice, rats and rabbits is being reported senarately 7e
by Schwetz, et al., (1975), and is summarjizecd in Table 11

of this report. The majority of this study was conducted

under the auspices of the Manufacturing Chamists Association.

. a et -

METHODS

B L

Animals and Test Material. TFemale CF-1 nmice (Carworth,

Portage, Michigan), weighing 25 to 30 g, Sprague-Dawley rats ‘
(Spartan-substrain, Haslett, Michigan) weighing approximaztely

. 250 g and New Zealand white rabbits (Langshaws Rabbitry,

L T

Augusta, Michigan) weighing 3.5 to 4.5 kg were used in this

o

study. The day on which a vaginal plug was observed or the

b

: day on which sperm were seen in a vaginal smear was c¢onsidered
day zero of rpregnancy 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

628220 S%?HY

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

mice and rats and at two day intervals for rabbits.




Exposure of bred animals was conlucted in stainless steel
chambers of 3.7 cubic meter volume under dynamic conditions,

The atmosphere of viiyl chloride was generated by diluting

-

gaseous vinyl chloride with filtered room air at a ratc
calculated to give the desired concentration. Sampies oZ
inhibited vinyl chloride mcnomer (chloroethylene) obtained
from Matheson Gas Products, Joliet, Illinois, were usec for

the exposures. The actual concentration was measured with an

--nz:--*-w-—:—-_-;.»;———-_—”-a—ww—— -

infrareé spectrophotometer {(Perxin Elmer 12A) with a multipath

gas cell. In addition, the concentration in the chamber was

continuously monitored using a recording compustion analvzer

to assure the absence c¢Z sigznificant deviations from the

. g
, . desired levels. i

Experimental Design. In the initial experiment, groups of

30-40 bred mice, 20-35 bred rats and 15-20 bred rabbits were R
exposed to 500 ppm vinyl chloride for 7 hrs daily on davs 6- K

1 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. $ome 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 extceriorized 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 (érownurump length) and sexed (miceséndv
rats), the fetuses were examined for external anomélies.
One~-third of each litter was immediately examined for
evidence of soft 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 subseguently cleared
and stained with Alizarin red-S (Dawson, 1926) for examina-

)
tion for skeletal anomalies.

Statistical Evaluation. The Fisher exact probability test
(Siegel, 1956) was vsed to evaluate the incidence oflgesorpw
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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(Steel and Torrie, 1960). The incidence of fetal anomalies
was analyzed by the Wilcoxon test as modified by Haseman and

Hoel (1975).

Controls, 1In these studies the effect of inhaled vinyl
chloride alone was compared to the effect of vinyl chloride
in combination with ethanol in the drinking water. Thus, the
group of animals which was exposed only to vinyl chloride
served as the controls for those animals which were exposed
to vinyl chloride in combination with 15% ethanol in the
drinking water. The controls for animals exposed to vinyl
chloride alone were exposed concurrently to filtered room

air in inhalation chambers.

RESULTS

Maternal Toxicitv. Among mice exposed to 500 ppm vinyl

chloride by inhalation, there was a decrease in maternal
weight gain during gestation and in the absolute liver
weight at the time of cesarean section compared to control
values (Table 2). This effect was not observed among mice
exposed to 50 ppm vinyl chloride. Mice exposed to a combina-
tion of 500 ppm vinyl chloride by inhalation and 15% ethanol
in their drinking water also showed a decrease in weight
gain and liver weight (absolute and relative) on day 18 of
gestation. Ethanol in combination with 50 ppm vinyl chloride

resulted in a decrease in maternal weight gain throughout
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gestation and a decrease in absolute liver weight on day 18

of gestation. Food consumption throughout gestaticn was

decreased for mice exposed to both concentrations of vinyl

R T L el

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 cestation,

€€8220 S%H

Except for an apparent decrease in maternal weight gain in
o rats (Table 3) and a decrease in food consumption for rabbits

(Table 4), no signs of toxicity were observed in the adult

o rats or rabbits during exposure to 300 ppm vinyl chloride. i
. . The apparent decrease in maternal weight gain among rats 1

exposed to 500 ppm vinyl chloride is most likely due to the

atietin

lower body weight of the control animals on day 6 and subse- sé

.

gquently 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

i

maternal weight gain was no different from that of rats B3
. exposed to filtered room air. Maternal food consumption f
5 was, however, lower than among control rats in this group.

"gf The relative liver weight on day 21 of gestation was signi-

ficantly increased among rats exposed to 2,500 ppm vinyl

chloride and 15% ethancl. Maternal weight gain for this

group of rats was significantly decreased during days 6-10




of gestation and food consumption was decreased during

the exposure period.

No effect or maternal weight gain or liver weight was observed
among rabbits exposed 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% etharol
(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 o0f Cesarean Section. Observations

made at the time of cesarean section of mice, rats and
rabbits are presented in Tables 5-7. Maternal deaths were
observed among mice exposed to 500 pom 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 the 500 ppm vinyl chloride group. Litter size
was also reduced. These effects were augmented among mice
exposed to 500 ppm vinyl chloride in combination with 15%
ethanol. fTwo litters in this group were totally rescrbed.

In addition, the number of implantation sites per dam and
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fetal crown-rump 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 o resorptions was not signi-
ficantly greater among mice treated with 50 ppm vinyl chloride
in combination with ethanol although 2 litters were totally
resorbec.

One maternal death was observed among rats exposed to 2,500
ppm vin:l chloride by inhalation (Table 6). There was no
significant effect on litter size, the number of implantation
sites per éam or the incidence ¢Z 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 combination
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 observad 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

e S

in the number of corpora lutea per dam among rats expused
to vinyl chloride is not considered a treatment-related effect,

but rather a measure of the reproductive status of the animals

-

7 _'3. peighe W, K

bl

prior to the beginning of the experiment.

- Bagh ™ e

Among rabbits, a significant increase in the incidence cf

L e
‘
EE ek

resorptions was observed in the high concentration (2,500

VE
TR R

S
o

ppm) plus ethanol group where 7 litters were totally resorbed

" AN

e

(Table 7). Exposure of rabbits to either 500 or 2,500 ppm

e

vinyl chloride alone did not alter the incidence of resorptions.

A decrease in the number of live fetuses per litter was

i s
Bt

Y e T e A

observed among rabbits exposed to 500 ppm vinyl chloride

alone, but not among those exposed to 2,500 ppm vinvl chloride

9€8¢cc0 S®BH

alone or in combination with 15% ethanol in the drinrking
water. This decrecase 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

e o i amee e
4;.,*-‘.—""(_: T,

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

R

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

PAPLIOPR

of fetuses from mice was not significantly greater than

AT SN

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

e v
2

of mice exposed to 500 ppm vinyl chloride in combination

with 15% ethancol exhibited anopthalmia. The incidence of

e —

T R

cleft pala.e 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 creater than control in mice. Two fetuses from cnre

%!Lr- A i
Y

litter among mice exposed to 50 ppm vinyl chlorié= plus
ethanol exhibited a small thymus. Significant increzses in
the incidence of delayed ossification of sternebrae (35)

and bones of the skull were observed among litters oI mice

1£8220 S%®Hd

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 amonc
mice exposed to 50 ppm vinyl chloride. Among mice exposed

to vinyl chloride in combination with 15% ethanol, however,

O R v T e

several skeletal anomalies occurred at an incidence signi-

ficantly greater than amo:.7 mice exposed to vinyl chloride
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alone. In mice exposcd to 500 ppm plus ethanol, increasecs

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 chleride 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 (4#'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 kidhey was observed at a slightly

higher incidence than control among litters of rats exposed

to 500 ppm but not 2,500 ppm vinyl chloride. Among litters
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of rats exposed to vinyl chloride, only minor skeletal

variations were observed at an incidence higher than that of
controls. The incidence of lumbar spurs was increasecd amoﬁg
litters exposed to 500 ppm vinyl chloride. No increases in
the occurrence of skeletal anomalies wecre 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 sternehrae were
significantly decreased among lictters 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 fetuses from one

litter among rabbits exposed to 2,500 ppm pius 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 500

ppm vinyl chloride. Delayed ossification of the 5th and 6th

sternebrac wcre the only skeletal anomalies observed in
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rabbits at a significantly 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.
Delaved 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 concenirations 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 1l1. 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

w2ight 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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Exposure 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 nice,
rats or rabbits. With the exception of unilateral and
bilateral dilated ureter among litters of rats exposed o
2500 ppm vinyl chloride, no external or soft tissue anomalies
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 vinvl chloride. In 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 cthanol 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 statisticallvy

T

different than control litters. 7The effect of simultaneous
ingestion of ethanol on the disposition of vinyl chloride in
these animals seemed to enhance maternal toxicity to an g_”'

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 bv inhalation ané 15%
ethanol in the drinking water resulted in toxic effects
greater'than those associated with exposﬁre to vinyl chloride
alone in the three species. Neither exposure to vinyl chlorice
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

SN .
- __H, 'F‘. rian ofi

TR

ppm Vinyl chluride® Ethanol? ;
5
Mice 500 0 53
500 15% 3
50 0 &*
50 15% i%,
Rats 2,500 0 L
b
2,500 15% i
500 {
&
Rabbits 2,500 "3
2,500 15¢ ;
500 0 i
Mice, Rats, Rabbits 0 0
=
Q0
wn
(=
N
' >
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
¥ Ethanol in drinking water 0 0 15 0

Number of dams 21 20 19

Body weight on gestation
day 6

Weight gain during gestation

days 6-12 412 0.4:45 days 6-12 611
12-15 5¢1 432 12-18 15+3
15-18 744 7¢3

total 1746 11279

total 2013

Liver weight on gestation
day 18

absoluteb 2.75%0.26 2.76+0.40 2.37t0.52d 2.75+0.31 2.49:0.29° 1.7810.3gd
relative 59.5#¢8.7 57.8:4.5 56.617.3 55.5%5.5 54.4+4.2 45.845.1

Food consumption during
gestation days 6-15 611 611 442 611 5+1° 341

IMice 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/g body weight.
cSignificantly different from control by an analysis of variance, p<0.05.
Significantly different from vinyl chloride alone by an analysis of variance, p<0.05.
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TABLE 3

MATERNAL WEIGHT GAIN, LIVER WEIGHTS AND FOOD CONSUMPTION OF RATS EXPOSED TO
VINYI CHLORIDE BY INHALATION

a Low Concentration High Concentration
ppm Vinyl chloride in air 0 500 0 2,500 7,500
% Ethanol in drinking water 0 0 0 0 15

Number of dams 24 31 19 i6 16
g, mean * S

Body weight on gestation d
288+27 274419 272414

day 6 258126 277420
Weight gain during gestation
days 6-10° 1746 ~1:12¢
10-16 40+11 45414
16-21 82:16 77+13

total 14811 125119d 138423 120:15°

Liver weight on gestation
day 21
absolute 14.81+1.79 15.00%1.14 14.27+1.38 15.55:1.239 16.52:1.50
relative® 36.5%4.1 37.1%2.6 34.4+3.3 37.842.69 42.14+2.4°

Food consumption during a

gestation day 6-15 21+2 2242 2242 211+2 13%2

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

bInterim values for maternal weight gain-werc not available for the rats exposed to
500 ppm vinyl chloride.

cmg liver/g body weight.,
dsignificantly 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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TADLE 4

MATERNHAL WEIGHT GAIN, LIVER WEICHTS AND FOOD CONSUMPTION OF RABBITS EXPOSED TO
VINYL CHLORIDE BY INNALATION

a Low Concenlration
ppm Vinyl chloride in air a [1] SO0
4 Ethanol in drinking water 0 0

Iliqh* Concentration
2,500
]

2,500
15

Humber of dams 18 20 16

kg, mean t SD
Body weight on gestatjon

day 6 J.8540.23 3.8210.25 4.0810.21 4.3910.30° 4.0210.47

Weight gain during gestation

days

6-12
12-18
18-22
22-29

Total

-0.0610,11
0.01:0.21
0.0810.26
0.0310.16

0.05:0.1%

-0.12:0.00
0.0610.09
0.02:10.08
0.0310.15

0.0110.19

~0,1110.17
0.05:0.15
0,0710.18
0,0510.17

0,.0610.27

-0.1210.08
-0.0310.07
0.03%0.05
0.13t0.04

0.01:0.12

d
d

-0.4110.17
-0.2710.15
0.10:0.133
0.4210.36

-0.1410.42

Liver weight on gestation
day 29
absolute 96119

24.613.6

89114
23.212.9

102116
24.712.7

122125
27.745.9

116130

b 10.016.3

relative

Food consumption during

gestation days 6-18 d

981130 76129° 91136 89126 1519

2Rabbits were exposed to vinyl chloride or filtered room air by inhalation 7 hrs dajly on
days 6-18 of gestation. Some of the rabbits were given ethanol in their drinking water
(154 v/v) on days 6-18 of gestation.

Py 1liver/kg body weight.
csignificantly difrerent from control by an analysis of variance, p<0.05.

dsigniflcantly different from vinyl chloride alone by an analysis of variance, p¢0.05.
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4

ORSERVATIONS MADE AT THE TIME OF CESARCAR SECTTON OF MECHE EXPOSED TO
VINYL CHLAHDE 1Y ENIATAT (o

ym Vinyl chloride in aie” a
\ Ethanol in drinking water

o Joncent ral ion

Number of litters

Implantation sitcs/dnmb

Live lutnnus/litlurh

%, ltesorptions/implantations

%, Litters with reworptions

fwtters Lotully resarhed

Hnsorptinns/litters with
resorpt jonns

Soex ratio, M:¥
.}‘m.al body weight, ¢F

Fetal crown-rump length, me®

t, miternal deaths/
Lreated dams

1 Prcqnancyh

mice were expuscd to vinyl chlovide or Ciltered 1oom air by inhalation 7 hrs daily on days 6-15 of gestation. Some of
the mice were given ethanol in Lheir drinking water (15% v/v) on days 6-1% of geslation.

bﬂonn t 80,

“Mean of litter means i SD.
dsiqnlflcontly differcnt from control by an analysis of variance, p<0.05,
°Siqnlficnntly different from vinyl chloride alone by an analysicr of variance, p<0.05.

15 (4n/261)

e e e = AL SIME
- a - rm————— —
21 20
1242 1214
1044 1114

LI YZaT

7 (14/2Y) 5% (11/20)

2. (AD/14) 1,6 (1u/ )

S0:50 %0:%0
1.0000.1) 1,02:0.10
25,0819 24, 21004

0 (0/37) 0 (0/27)

37 (21/37) 74 (20/271)

1114
104
I (1/177)
69 (t1/16)

2

e an/zin

4H:492
0.A4v0.14"

22,441.5°%

0 (n/2R)

87 (16/2M)

Nigh Concentealion
i =50 500
e e 15
26 19 7
1442 112 10:6%
1212 ey He Rt
7 (2671500 11 (13724000 19 (13/09)
%8 (19%/24) 19 (t9/19) e (6/7)
n [{] 2
1.7 (267150 2.2 (13/1%) 2,2 (11/6)
5440 52:48 64136
1.07t0.06 0.99:0.11%  0.7810.15%
23.711.2  23.611.0 21.2¢1,5°
o w01m 17 s2n’ 13 waz30)
a8 (20/32) 197299

fslqniﬂcnntly different {rom control by Lhe Fisher axact probability test, p<0.05.

gsiqnificantly different from vinyl chloride aleonc by the Fisher ~xact probabiliiy test, p<0.05.

"Baged un the presence of fetunen and/or resorplion sites
the time of Cesnarcan section,

vhacrved by gross examingion at

72 (21/729) i

e
o
wn
o
n
n
w®
L o
(-]
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TABLE 6

OLBSERVATIONS MADE AT ‘THE TIMID OF CESARCAN SECTION OF RATS EXIOSED TO
VINYL CHLORIDE Y INHALATION

ppm Vinyl chloride in aic?

lrw Concentration
560

1 Ethanol in drinking water® o _ . _ D)
Number of litters 29 n
Corpora lutca/dam 1513 12"
Implantation sitnn/ddmb 1212 1312
Prognancy Wastage' 312 0.401"
Live fetuses/litter? 1222 1212

%, Resorptions/implantations
%, Litters with resorptions
Litters totally resorbed

Resorptions/litters with
regorptions
Sox ratio, M:F

Fetal body weight, g°

Fetal crown-rump lengtlh, wm®

%, maternal deaths/
treated dams

) Prognnncyf

1 {4/342) 3 (11/198)
14 (4/28) 29 (9/3})
0 1]

1.0 (4/4) 1.2 i/

52:48 50:50

5.6710.29  5.441:0.38Y

d

42,621.2 41.6:0.8

0 (0/29) 0 (o/7)
96 {(28/29) 94 (31/31)

Nigh Cnncontr&ting

7,500 275
0 ] 15 .
19 16 16
1412 15:2¢ 14:2°
12¢2 14+2 12:2
| E]] 2] 2:2
1242 ) 1312 1242
4 97238y 3 (6/220) 4 (1/19%)
32 (6/19) 25 (4/16) 25 (4/16) '
0 (i 0
1.5 (9/6) 1.5 (6/4) 1.8 (1/4)
49:51 53:47 51:49
5.59¢0,27  5.6240.29  5.3420.32°
41.641.5 43.311.1 42.4:0.9%
0 (07200 6 (1717} 0 (0/1T)
05 (19720}  100(17/17) 94 (16/17)

%Rats wore exposed to vinyl chloride or filtered room air by inhalation 7 hrs daily on days 6«15

of yestation. Some of the rats were given ethanol in thelr drinking water

6-15 of yostation,
Mcan & 5h.
“Mean of litter means & SD.

b,

dsigni[icantly different from control by aAn analysis of varjance, pd0,05,
esigni:icnntly different from vinyl chloride slone by an analysis of variance, p<0.05.

pascd on Lhe prosonce of fotuses and/or resorption nites observed by gross
examination at the time of Cesarnan nedction,

(15% v/v) on days

X
fo
N
(=
N
n
(v}
F -
©

.

~




TADLL 7

VUSERVATIONS MADE AT TINE OF CESAREAN SECTION OF HRATS EXPOSED TO
VINYL CHLORIOE DY THIALATION

low Concentration

fiigh Concentration

ppm Vinyl chloride in aje® £nY I 71,500 27500
\ Ethano! in drinking watar® 0 0 0 0 19
Number of litters 1] 19 11 5 16
Corpora lutea/dan® 91 a9 1012 10:7 10:2
Implantation uiles/damh 911 R!ld B2 B4 922
Preqgnancy wastnqob 0.4:] 1¢) 21 24) 1¢1
Live futuses/litter? a1l 712 6t3 614 414
v\, Resorptions/implantations 6 (10/162) 9 (14/150) 22 (19/68) 24 (10/42) $3 179/3149)°
1, Litters with resorptions 44 {a/1m) 32 (/19) 64 (7/11) RO (4/5) BB (14/16)
Litters Lotally resorbed 0 1 2 1 7
Resorptions/litters with

rasorptions 1.2 (10/8) 2.3 (14/6) 2.7 (19/7) 2.5 (10/4) 5.6 (79/14)
Sex ratio, MiF 53:47 50:50 61:39 50:50 43:57
Fetal body weight, 9"' 35.2314.82 4,134,117 16.4644.82 33,7714 .48 J2,48¢5.88
Foctal crown-rump length, mm® 91.014.2 92.615.0 92.6:4.7 87.115.,2 B87.7%6.3
i, miutecnal deaths/

troated dams 0 (o/1m) 0 (0/20) 0 (o/11) 14 (1/7) 16 (3/19)
) rregnam:y‘ 100 (ig/1a) 95 (19/20) 100 (11/11) 86 (G/7) 9% (18/19)

SRabbits were exposed to vinyl chloride or filtered room atr by inhalation 7 hrs daily on days 6-18 of gestation,
Some of the rabbits were given ethanol .in their Jdrinking water (1%t v/v) on days 6-1R of gestation.

chan t 5D.
“Mean of littor means & S0,

dsiunlflcantly different from #onirol by an analysis of variance, p<0.05,
Qslqniticantly different from vinyl chloride alon~ by the Fisher exact probability test, p<0.05.
Bascd on the prescnce of fetuses and/or resorption sites obgserved by gross cxamination at the time

of Cosarcan section.
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TADLE §

" ABDMALILE AN LITEPZ AF HICT LXPOSLD TO

VINYL CILOPIUE DY IICIALATION

niqh Concentgatioh
] v

Y J

LR T~

Lfh s cavdaau

R LT R,

S LA,

Low Conc=htration
pm Vinyl chloride in aie® L] L1 k3 kbl
* Fehanal an draAaking water [ ] 1% 13
Lusberr of [ecutivs 111 100 13} 323 LN e
Nurpar of latters 10 n 14 i 19 3
Percent affected (number sflected}
gross Anchalies
Exonccrnaly r® [ ' ° 1 1(n 2
L a ¢ -] tt2) 1o i) EL T
Ablapharia r [} [] ] 1 ] ?
L [} [} [} LIP3 ] ]
Anopthainis r [] 0 o [ [} AN EY)
L ] ] [ ] ° o 0 i
onphalncela r 2.4 (1) L] Q [] [] L]
L 3t L] [} ] ] [}
Cleft pulate r 1Lt 1 2tn 4] 112} 7
L 10 423 19 i wm 9 5 40 ()
Crauned karl r 0.4 (1) 0.401) 0.6 (1) 1 (N 1t 2
L S (1Y % (1Y T (1 5 2
et tatl r 0 0.4l L] 0 L] ]
L a 3 L] ] Q a
sofs Tisana Snnmalies
snall thymus F [] L] 4 q ] Q
19 9 [] 1t 9 1] ¢
Hemorshane, Aadncy T a ] 1] 14 R I )
L [} [} L] L3 10 3
Hemorrhage, liver T [ IO §9 ] Q 2 th 1 b
L 2 4 (1) [} « 0 3 3
Hemorrhagqa, thymus P ¢ 5 td) ] o o [}
19 o 1o -] L] ] 3
Liver hemacona r 0 a L] FEd i 3
L 0 [} [] [ I} 1] L Y] -]
Sivleral Ananalies
Saulirdeiayed
assificasion F UM s (D) 40 (41 13 12w 30 43y T (14
L 3t 3 100 and se s an®oe s
=unfuscd .
eccipleal F o 0.711} U (25 1N s 11
L N3N so ¢ 12 (n SN TR LIS
Mibs « exera r IR TTINE SR SRS X RN P Y FNERY] 16 oY
L 30 (6) 10 (§) 7w nom 12 & th
~ Bputs r 4 (B} & (1D 1M 4 (1 1 s 14
. 1 1% (M a0 1N I RN 'TTIN
Vertebrac=forked
atlas r 0.4 (1) 1 (D) 4 (&) [} [} 4
L 5 (10 (Y il ° o 20tn
= mizsirg cervical
ELLIN X r L] [ L] ] 14 LLINT38]
L ° [ o 0 10, s n?
- delayvd ousifi-
cuabiun of gervis
&al arehes r [} e 1 (2) L] [} SN
L o o 14 o o a0 (Y
starngm=ynfuscd r 1 3 m 1) (20) 2. s M oan
L 20 () 25 (9 57 "’d 19 () 42 (l)e a0 u)'l
= doelayrd ossifi-
Cdbawt r 7 (1% 2 i 4 n 1 & 1) 43 124
t s (o) 3 100 an 12 2w 100 oy
- ne, 5 steragnra
CITTILY) r Q ] 3 4 ] 1in T
L 0 o nom [ 10 20 40 "

a
Miee wory expomed td vinyl ¢Alorade or fileorwd room A by inhalacion 7 hcs Jasly on
$oma 0f Lhe Wice wore 9iven #thanol in thedl JCELRKLM wakeos

hl‘-!ct\unn Leliteors,

ah.ulu(u:.unh' difternnt from conrrol by the sodified Wilceson test, pe8.2%.

1%y vrv) on days e-1% ut .

Sasnnficantly ditferont from vingl anlocide alone by the madificd wWilcasen test, [~ 0.0%,
Spen. 2371 mulified Wilowen teak, -

N oh=1% af septation,
setation,
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FHCED S OF ALIWLIGS AMONC LITICRS OF PATS CXPOLTD T VINTL SHLOP (DL
DY IMIALATINZ

a LAw Concenrravinn i Cranerntryginns
% TRl ehdnr e an agr $64 ] S 11 Tuhi—
s Lt 3l AR iringing witnr L] ] 1 ) 15

lambcr of fvtuiun 3 7 29 L i
Lunber of litecrs mn 1 19 is 1%

Parcant Affected (number affected)

o locele 1w 0.
Iom

Gras firemalirn
4 (1 0.% {1y
P & (1)
Tail-less 1ty 0.5 i
% {1 £
Munt 0.4 (1)

3

)
St _Tin e Arcemglges

Mieenthalaig

r

Silatad urerec
= uniliteral

* baiaterdl

$25311 audncy 0

o

Ll B A I 0 |

Ferechial huenarrhage,

signey 10 0y

13 (4
0

e

Hemarrnane, liver

Hiemorrhaga, kitney
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St - tayed
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L
T
L
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Moctoned

crooked

missing

axtra

o 0 00000 VY
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Vartobras = missing

e
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- missing
ecrvical
CORLCA

Sternum = delayed
ossificacion

el dame,

o 5

= unfuscd

- fused

o -
e i

- Ridsing

—

Qther = missing
fibula L]

- miSSing
scapula ] [} [] 8.% 11y

] o ] LN $]

*Rite ware enposed to vinyl ¢hloride ar filtercd room asr by inhalav.an T neq dutly on
days é=13% ot westation. Fome of che IITs wore given SERIROL AN theil JPiMALAT mater
[13% wiv) on Jays v=i3 9! geseatiaon,

Fefetusgu; Lelittars.
L]

Suynificantly diflerant from control by the modifiod Wilcosxon vest, 9,05,
Bignaficancly Jdafferant from vinyl chloride alomw By the medifiod Wilgo=un test, 73,85,

U Frasta i




- anl e

g

TABLE 10

INCIDENCE OF ANOMALIES AMOWG LITTIFS OF PABBITS EXPOSED TO
VINYL CHLORIDE BY INHALATION

a Low Cornzentratisn High Cocncentrazion
ppm Vinyl ehloride in air™ | [ 50 I Z,509 Z.%:0
A Ethanol :n drinking water [ 0 L5

70
9

Number of fetusas 152 a2
Nunber of litcers 18

Gross Anonaliss
Clefr palate

Exencephaly

Crooked tajil

Soft Tissue Anonmalies
J kidnevs

Ji1lated renal pelvis

PR YN U RS S -

Dilated cerebral
ventricle

2 s

0
o
w
(=)
N
N
@
3]
w

Enlarged right
atriumn

btk

e

2 left sub-clavian
acrceries

5

RS U

Skeletal Aromalies

Sterhum - delayed .
ossification 5 28 (43) (52) 20 (13) 16 (5) (7n

77 (1) (17) 34 (4) 75 (D) (6)

= delayed
ossification 16 F 22 (33) (15° 10 (7 9 (3 (6)
L 72 (1Y) (9) 44 (1) 75 {3) 22 (2)

4pabbits were exposed to vinyl chloride or filtared room air by inhalation 7 hrs daily on days
6-18 of gestation. Some of the rabbits were given etharol in their drinking water (13V v/v)
on days 6-13 of gestation,

bF-tltulea: L=litters
csaniticantly different *rom control by the modified Wilcoxon test, p¢0.05.
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TANLE 11
SUMMARY - VINYL, CHLORIDE TERATOULOGY 5101
Ml Rabihi ty

Mice
SO T 0T T sd0 iy Ee0 T O TSm0 w4500 ppm
6-10 6~18 6-18

vinyl chloride, 7 hr/day
Guestation days of treatment

6-15 G-15 6=1% 6-1% 6-15

1% Ethanol in drinking water you yuu "o yus yuu no yus yus
Maternal deaths yus no no no no nn yus no
T Prugqnancy dee. - ~ —— -
tHo, litters examined 5 21 9 14
Matoernal wuight gain due, doc, dec. - wa -
Maternal foud consumptinn doe, dea, doe,  dee, dec. dec

Maturnal liver weight
= ubsotlute dueec, dec.

- relative

.q.lam.at lon sites/dam
Resorptions we  jne, - - inc.

Litters totally resorbod 2/16 o719 /1 0/21 /16 2/14 %‘?

Latter wize - duu. dec, -

Fetal body weight doc. doc, e, dec.

Fatul crown=jump length dec, doec.  dec.
External anomalies
Viscerd) anomalics

Skalotal anomalies

vs8220 s»y

4w = no change; dec. = decreaso; inc. = increase.

bhitated ureter.
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