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Embryotoxicity and Fetotoxicity of Inhaled or Ingested Vinylidene Chloride in Rats 
and Rabbits. MURRAY, F. J., NITSCHKE, K. D., RAMPY, L. W., AND SCHWETZ, B. A. (1979). 
Toxicol. App/. Pharmacal. 49, 189-202. The teratogenic potential of inhaled or ingested 
vinylidene chloride was evaluated in Sprague-Dawley rats and New Zealand white rabbits. 
Both species were exposed to the test material by inhalation for 7 hr/day at concentrations 
of 20 (rats only), 80, or 160 ppm. For the ingestion study, rats were given drinking water 
containing 200 ppm vinylidene chloride. Rats were given vinylidene chloride from the 
6th to the 15th days of gestation and rabbits on the 6th to the 18th days. A teratogenic 
effect was not seen in rats or rabbits inhaling concentrations of up to 160 ppm vinylidene 
chloride for 7 hr/day or in rats given drinking water containing 200 ppm vinylidene 
chloride. Toxicity to both the dams and their developing embryos was observed among the 
rats inhaling 80 or 160 ppm and among the rabbits inhaling 160 ppm. At exposure levels 
which caused little or no maternal toxicity (20 ppm in rats and 80 ppm in rabbits), there 
was no effect on embryonal or fetal development. Among the rats given drinking water 
containing 200 ppm VDC, there was no evidence of toxicity to the dams or their offspring. 

Yinylidene chloride (1,1-dichloroethylene, 
VDC, CHr=(:CI2) is used in the manufacture 
of various plastics, including films and 
coatings for food packaging. Reports on the 
acute toxicity of vinylidene chloride in 
laboratory animals have indicated moderate 
toxicity when given by inhalation or by 
~vage (Carpenter eta/., 1949; Rylova, 1953; 
Stege} et a/., 197 I ; Jenkins et a/., 1972; 
Jaeger e~ a/., 1973). Exposure by inhalation 
to 100 ppm vinylidene chloride for 6 weeks 

. resulted in some weight loss in rabbits and 
monkeys, but not in rats, guinea pigs, or 
dogs (Prendergast, 1967). Rats exposed for 
up to 4 weeks to 500 ppm vinylidene chloride 
exhibited nasal irritation, decreased weight 
gain, and liver cell degeneration; at 200 ppm, 
the only sign of toxicity was slight nasal 
irritation (Gage, 1970). 

Vinylidene chloride has been shown to be 
a weak mutagen in certain strains of bacteria 
(McCann et a/., 1975; Greim et a/., 1975; 
Bartsch et a/., 1975). This effect was seen in 
bacterial systems only under conditions of 
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activation with microsomal enzymes, impli
cating a metabolite of vinylidene chloride 
rather than vinylidene chloride itself as the 
causative agent. 

No information regarding the teratogenic 
potential of vinylidene chloride was found in 
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the scientific literature. Thus, these studies 
were undertaken to evaluate the potential of 
inhaled or ingested vinylidene chloride to 
adversely affect embryonal and fetal develop
ment in rats and rabbits. For the inhalation 
studies, both rats and rabbits were exposed to 
vinylidene chloride at concentrations as 
large as 160 ppm. The Threshold Limit Value 
of vinylidene chloride is 10 ppm (ACGIH, 
1978). In order to simulate exposure by 
ingestion, rats were given the test material in 
the drinking ·water. The concentration of 
vinylidene chloride given in the drinking 
water, 200 ppm, was the upper limit of 
solubility of the compound in water. 

METHODS 

Test material. Production grade vinylidene chloride• 
was used. Each sample of the test material had a 
minimum purity of 99.5 %. That used for the inhala
tion studies contained 200-400 ppm monomethylether 
of hydroquinone (MEHQ) to inhibit polymerization. 
Since the vinylidene chloride used in various co
polymers for food packaging applications is distilled 
to remove the inhibitor MEHQ, the test chemical 
added to the drinking water was distilled to obtain 
a residual concentration of 1-5 ppm MEHQ. 

Animals. Adult Sprague-Dawley rats,• weighing 
approximately 250 g, and New Zealand white rabbits,6 

weighing 3.4-4.7 kg, were used. The day on which 
sperm were found in the vaginal smear of rats was 
considered Day 0 of pregnancy; in rabbits, the day of 
natural mating was designated Day 0 of pregnancy. 
Animals were noused individually in wire-bottom 
cages and fed commercial laboratory animal chow' 
and tap water ad libitum. Animals did not have 
access to food or water while in the exposure chamber. 
The food and water consumption of rats was measured 
at intervals of 3 days or less during the experimental 
period. 

Experimental design. In the initial inhalation 
experiment, 30 bred rats and 18 bred rabbits were 
exposed to 160 ppm vinylidene chloride for 7 hr/day 
from Days 6 to 15 and 6 to 18 of gestation, respec
tively. Subsequently, an additional group of 30 
bred rats and 22 bred rabbits was exposed to 80 ppm. 
Because some embryotoxicity was observed in rats 

• The Dow Chemical Company, Midland, Mich. 
• Rats were obtained from Spartan Research 

Animals, Inc., Haslett, Mich. 
• Rabbits were obtained from Langshaw's Rabbitry, 

Augusta, Mich. 
' Ralston Purina Co., St. Louis, Mo. 

exposed to 80 ppm, an additional group of 44 ~ 
rats was exposed to 20 ppm. Groups of 20-47 brt<J 
rats and 16 bred rabbits were exposed in chambers to 
filtered room air to serve as negative controls; t~ 
was a concurrent control group for each level 0( 

exposure. 
Pregnant animals were exposed in stainless-steel 

and glass Rochester-type chambers of 4.3-m3 volume 
under dynamic airflow conditions. The chamber 
atmosphere was generated by metering vinylidene 
chloride at a known rate into a heated vaporization 
flask and then into yre airstream being drawn into the 
exposure chamber. The concentration of vinylidene 
chloride in the chamber was analyzed continuously 
during exposure using a Miran I infrared SJleCtro. 
photometer at a wavelength of 9.2 pm. The time. 
weighted mean analytical concentrations of vinylidene 
chloride in the chamber for the 20, 80, and 160 ppm 
exposures were 20 ± I, 80 ± 5, and !58± 6 ppm 
(mean± SD), respectively. 

For the ingestion study, 26 bred rats were given tap 
water containing 200 ppm vinylidene chloride from 
Days 6 to !5 of gestation. A group of 24 bred control 
rats was given tap water without vinylidene chloride. 
Water bottles were emptied and refilled daily from 
freshly prepared stock solutions. In an earlier study, 
vinylidene chloride was determined to be relatively 
stable in water for 24 hr. 

Maternal and fetal obsenations. Animals were 
observed daily throughout the experimental period 
for signs of toxicity. The maternal body weights of 
rabbits were recorded on Days 6, 12, and 19 of 
gestation. The body weights of rats were recorded on 
Days 6, 10, and 16 of gestation. In addition, maternal 
body weight and the weight of the maternal liver were 
recorded at the time of Cesarean section (Day 21 in 
rats and Day 29 in rabbits). 

The dams were killed with carbon dioxide, and the 
number and position of live, dead, and resorbed 
fetuses were noted. The uteri of nonpregnant animals 
were stained with a 10% solution of sodium sulfide 
and examined for evidence of early resorption sites 
(Kopf eta/., 1964); this procedure was conducted for 
the sole purpose of determining which dams con
ceived, not the incidence of resorptions. After being 
weighed, measured (crown-rump length), and the 
sexes noted, all fetuses were examined for external 
alterations and cleft palate. One-third of the fetuses 
from each litter, selected at random, was examined 
immediately for evidence of soft-tissue alterations by 
dissection under a stereomicroscope (Staples, 1974). 
The head of each rat fetus which was examined for 
soft-tissue alterations was placed in Bouin's solution 
and subsequently examined by the razor section 
technique of Wilson (1965). All fetuses were cleared 
with KOH, stained with alizarin red-S (Dawson, 
1926), and examined for skeletal alterations. 
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Statistical evaluation. The incidence of pregnancy 
was analyzed by the Fisher exact probability test 
(Siegel, 1956). The Wilcoxon test as modified by 
Haseman and Hoe! (1974) was used to evaluate the 
incidence of fetal alterations. Fetal body weights and 
body measurements, maternal body and liver weights, 
and food and water consumption data were analyzed 
by a one-way analysis of variance (Steel and Torrie, 
1960). The level of significance reported wasp< 0.05. 

RESULTS 

Rats 

Maternal toxicity. No test dams died 
(Table I). The incidence of pregnancy was 
not significantly altered by exposure to 
vinylidene chloride by either route of adminis
tration. Maternal weight gain on Days 6 
through 9 of gestation was decreased signi
ficantly at 80 and 160 ppm (Table 1 ). Com
pared to the control dams, an increase in 
maternal weight gain was noted during the 
postexposure period among the dams ex
posed to 160 ppm. No significant effect on 
maternal body weight gain was discerned 
among the dams inhaling 20 ppm of vinyli
dene chloride or among those given the 
compound in the drinking water. 

The amount of food consumed by the 
pregnant rats exposed to vinylidene chloride 
by inhalation was significantly decreased at 
80 and 160 ppm but not at 20 ppm. Statis
tically significant increas~s in the amount of 
water consumed by the pregnant rats in
haling vinylidene chloride were observed at 
aU concentrations. Inclusion of ·vinylidene 
chloride in the drinking water did not signi
ficantly affect the amount of food or liquid 
COnsumed by the dams. Dams given vinyli
dene chloride in their drinking water received 
Ill apProximate daily dose of 40 mg vinyli
dene chloride/kg body wtfday. 

Inhalation exposure of the dams to 
1~ PPm vinylidene chloride resulted in a 
"lllificant increase in maternal liver weight 
rtlative to body weight, but the absolute liver 

'
~tight was unaffected (Table I). The maternal 
JYer • h tbe WtJg t was not altered by exposure to 

lower levels of inhaled vinylidene chloride 

or by ingestion of drinking water containing 
vinylidene chloride. 

Embryo- and fetotoxicity. A statistically 
significant increase in the average number of 
corpora lutea per dam was discerned among 
the rats receiving vinylidene chloride in the 
drinking water but not among those exposed 
by inhalation (Table 2); since the number of 
corpora lutea is established before Day 6 of 
gestation, this increase was not a compound
related effect. No significant effect on the 
average number of implantations, live fetuses, 
or resorptions was discerned among litters of 
rats given vinylidene chloride by either route 
of administration. Exposure to vinylidene 
chloride by either route did not alter the fetal 
sex ratio or body weight. The mean fetal 
crown-rump length among the litters of rats 
receiving drinking water containing vinyli
dene chloride was significantly greater than 
that of the controls; this parameter was 
unaffected among the litters of rats exposed 
to the compound by inhalation. 

The incidence of major malformations, 
considered individually or collectively, among 
the litters of rats given vinylidene chloride by 
inhalation or ingestion was not significantly 
different from that of the concurrent control 
litters (Table 3). Several minor skeletal 
alterations occurred significantly more often 
among the litters of rats exposed to 80 or 
160 ppm vinylidene chloride by inhalation. 
At I 60 ppm, these included delayed ossifica
tion of centra of cervical vertebrae, wavy ribs, 
and delayed ossification of bones of the skull. 
At 80 ppm, incidences of delayed ossification 
of skull bones and of wavy ribs were signifi
cantly increased. Since the amount of wavi
ness varied between fetuses, wavy ribs were 
classified as either type I, those in which only 
a gentle curve in one or more ribs was 
observed, or type II, those in which one or 
more ribs had either a focal enlargement in 
width or a "U"-shaped bend (Figs. I and 2). 
Among the litters of rats exposed to I 60 ppm 
ofvinylidene chloride, the incidence of type II 
but not type I wavy ribs was significantly 
increased; in contrast, type I but not type II 



No. deaths/No. females 

%(No.) Pregnant 

No. additional pregnancies 
detected by stain 

Body weight (g)< of dams 
on gestation Day 6 

Body weight gain (g)• of 
dams on gestation Days 

6-9 
10-15 
16-20 

Liver weight on gestation 
Day 21 

g Liver 
g Liver/kg body wt• 

TABLE 1 

MATERNAL TOXICITY AMONG RATS EXPOSED TO YINYLIDENE CHLORIDE 

Route of exposure• (ppm vinylidene chloride) 

Inhalation 

0 20 0 80 0 160 

0/47 0/44 0/21 0/30 0/18 0/30 

85 (40) 91 (40) 95 (20) 97 (29)b 94 (17) 90 (27)b 

0 1 I I 0 0 

255±26 246±27 244± 15 242± 18 278±21 268±21 

15±12 12±12 20±8 11±4• 14±13 2±10" 
37± 17 44± 14 43±12 41 ± 18 36±7 44±14 
80± 18 80± 12 15± 15 72±16 64±10 80± II 

15.2± 1.9 15.1±1.6 15.9± 1.0 15.7±1.7 15.9± 1.4 16.7± 1.9 
39.0±3.8 19.5±2.9 41.7±2.5 43.1 ±3.7 39.8±2.2 42.5±3.94 

Drinking water 

0 200 

0/27 0/26 

89 (24) 100 (26) 

0 0 

290± 13 284±30 

19±7 16± 18 
39±6 40± 14 
72±16 72±20 

15.9± 1.7 15.2± 1.4 
37.0±3.9 37.0±3.4 

• Rats were exposed to 20, 80, or 160 ppm vinylidene chloride for 7 hr/day or were given drinking water containing 200 ppm of the 
compound from Days 6 to IS of gestation. 

b Single dams at 80 arrd 160 ppm delivered a litter on Days 18 and 21 of gestation, respectively; due to the possibility of cannibaliza
tion, their litters were not examined for fetal alterations. 

•Mean±SD. 
• Significantly different from the concurrent control value by a one-way analysis of variance, p < 0.05. 
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TABLE 2 

OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RATS EXPOSED TO V!NYLIDENE CHLORIDE 

Route of exposure• (ppm vinylidene chloride) 

Inhalation Drinking water 
---

0 20 0 80 0 160 0 200 

No. of litters 40 40 20 28 17 26 24 26 

Corpora lutea/dam• 13±2 14±3 12±2 12±2 14±2 13±2 12±2 14±3< 

Implantation sites/dam• 12±3 12±2 12±2 II ±3 13±2 12±2 II ±3 12±4 

Pregnancy wastage•·4 1±2 2±2 1±2 1±2 1±1 1±2 2±2 3±3 

Live fetuses/litter" 12±3 12±2 12±2 10±4 12±2 II ±2 10±3 11±4 

Resorptions/litter"·• 0.2±0.5 0.4±0.7 0.4±0.9 0.8±2.4 0.4±0.7 0.5 ±0.7 0.3±0.5 0.4±0.8 

Fetal sex ratio (M : F) 50:50 53:47 43:57 50:50 48:52 51:49 49:51 50:50 

Fetal body weight (g)1 5.60±0.40 5.61 ±0.28 5.54±0.26 5.72±0.45 5.52±0.26 5.47±0.82 5.79±0.44 5.70±0.30 

Fetal crown-rump 43.9± 1.1 44.0±0.9 44.4± 1.0 45.1 ± 1.3 43.8±0.8 43.6± 2.6 46.6±2.4 47.8± u· 
length (mm)1 

• Rats were exposed to 20, 80, or 160 ppm vinylidene chloride for 7 hr/day or were given drinking water containing 200 ppm of the 
compound from Days 6 to 15 of gestation. 

• Mean±SD. 
• Significantly different from the concurrent control value by a one-way analysis of variance, p<0.05. 
4 No. of corpora lutea minus No. of implantations. 
• Resorptions detected only by sodium sulfide staining were not included in these calculations. 
1 Mean of the litter means± SD. 
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TABLE 3 

INCIDENCE OF FETAL ALTERATIONS AMONG RATS EXPOSED TO YINYLIDENE CHLORIDE 
BY INHALATION OR BY INGESTION 

Route of exposure• (ppm vinylidene chloride) 

Inhalation Drinking water 

0 20 0 80 0 160 0 200 

No. fetuses examined/No. litters examined 
External and skeletal examination 470/40 462/40 230/20 292/27 209/17 291/26 250/24 290/25 

Soft tissue examination 162/40 158(40 77/20 103/27 70/17 100/26 86/24 100/25 

Bones of the skull 308/39 304/39 153/20 189/26 139/17 191/26 164/23 190/24 

External examination No. fetuses (litters) affected 
Multiple defectsb I (I) 0 0 0 I (I) 0 0 0 
Omphalocele 0 0 0 1 (I) 0 0 0 0 
Narrow head, pointed snout 0 0 0 I (I) 0 0 0 0 

Sort tissue examination 
Diaphragmatic hernia 0 0 I (I) 0 0 0 0 0 
Ectopic ovaries (only) I (I) 0 0 0 0 0 0 0 

Skeletal examination 
Missing one thoracic and one lumbar vertebrae 0 0 0 0 2 (I) 14 (4) 0 0 
Extra thoracic vertebrae and pair of ribs 0 0 0 0 I (I) 0 0 0 
Vertebrae, delayed ossification of centra of 34 (17) 58 {19) 24 (14) 47 (17) 30 (13) 107 (20)4 46 (16) 72 (18) 

cervica I vertebraer 
Wavy ribs• 

Type I• 5 (5) 10 (7) 0 9(W 2 (I) 9 (5) 0 3 (2) 
Type II' 4 (4) 3 (2) 0 2 (2) 1 (1) 13 (9)d I (I) 0 
Total 9 (7) 13 (7) 0 11(9)d 3 (I) 22 (IO)d I (I) 3 (2) 

Skull, delayed ossification• 42 (17) 36 (18) 13 (7) 38 (13)4 24 (8) 59 (20)d 19 (10) 32 (II) 

Total malformed fetuses 2 (2) 0 1 (I) 2 (2) 4 (2) 14 (4) 0 0 

• Rats were exposed to 20, 80, or 160 ppm vinylidene chloride for 7 hr/day or were given drinking water containing 200 ppm of the 
compoun(l from Days 6 to 15 of gestation. · 

6 Each of these fetuses had: short trunk, hypoplastic tail, ectopic ovaries, missing all lumbar and sacral vertebrae, and missing ribs. 
• This alteration was considered to be a skeletal variant and was not included in the calculation of the totaJ malformed fetuses. 
4 Significantly different from control value by a modified Wilcoxon test, p<O.os: 

· • Type I, pntle wave; Type II, callous or "U"-shaped bend in rib. 
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F1o. I. Type I wavy ribs in a rat fetus from a dam exposed to 80 ppm of vinylidene chloride. 
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FIG. 2. Type II wavy ribs in a rat fetus from a dam exposed to 160 ppm of vinylidene chloride. 
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wavy ribs occurred significantly more often 
at 80 ppm. No skeletal alteration occurred at 
an increased incidence among the litters of 
rats inhaling 20 ppm vinylidene chloride or 
ingesting water containing 200 ppm vinyli
dene chloride. 

Rabbits 

Maternal toxicity. Two control dams, one 
exposed to 80 ppm, and two exposed to 
160 ppm vinylidene chloride died (Table 4). 
All of these deaths were associated with 
pneumonia, enteritis, or perimetritis, and 
thus did not appear to be compound related. 
Fertility was not altered by exposure to either 
concentration of vinylidene chloride. 

The body weight gain of dams exposed to 
160 ppm vinylidene chloride was significantly 
decreased on Days 6-11 and 12-18 of gesta
tion (during the period of exposure), and 
significantly increased on Days 19-28 (post
exposure) (Table 4). At the beginning of the 

experiment (Day 6 of gestation), dams ex
posed to 80 ppm weighed significantly less 
than the controls. The maternal weight gain 
of the 80 ppm-exposed dams was not signi
ficantly different from the control value 
during the period of exposure, but a signifi
cant increase was observed during the post
exposure period. 

The liver weight of the dams exposed to 
80 ppm was significantly increased on both 
an absolute and relative basis (Table 4). No 
effect on maternal liver weight was discerned 
among the dams exposed to 160 ppm. 

Embryo- and fetotoxicity. No statistically 
significant effect on the mean number of 
corpora Jutea, implantations, or live fetuses 
was noted among the rabbits inhaling 
vinylidene chloride (Table 5). The average 
number of resorptions among the litters of 
rabbits exposed to 160 ppm vinylidene 
chloride was significantly increased com
pared to controls. Four dams that inhaled 

TABLE 4 

MATERNAL TOXICITY AMONG RABBITS EXPOSED TO VINYLIDENE CHLORIDE 

No. deaths/No. does 

~·~<No.) Pregnant 

No. additional pregnancies 
detected by stain 

8ody weight (kg)< of dams on 
leltation Day 6 

8octy weight gain (kg)< of dams on 
testation Days 

6-11 
12-18 
19-.28 

0 

1/16 

100 (16f 

0 

4.33±0.32 

-0.05±0.06 
0.06±0.07 
0.07±0.10 

Vinylidene chloride" (ppm) 

80 

1/22 

91 (2W 

-0.03±0.11 
-0.02±0.22 

0.23±0.154 

0 

1/16 

88 (14) 

0 

4.03±0.27 

-0.02±0.09 
0.12±0.08 
0.o7±0.22 

104± 16 
liver Weight on gestation Day 29 

I liver< 99± 14 107 ± 124 

24.8±4.0 

160 

2/18 

94 (17) 

0 

4.07±0.38 

-0.17±0.144 

-0.04±0.144 

0.21 ±0.134 

109±19 
26.5±3.6 ~/kg body wt< 22.3± 2.9 25.3± 3.04 

~------------------------------------------------------------------:Rabbits were exposed to 80 or 160 ppm vinylidene chloride for 7 hr/day from Days 6 to 18 of gestation. 
!lflett Orte 80 PPm-exposed dam and one concurrent control dam delivered litters on Day 28 of gestation; their 

• M were not examined for fetal alterations. 
'Si ea~±SD. 

lnificantly different from the concurrent control value by a one-way analysis of variance, p < 0.05. 
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TABLE 5 

OBSERVATIONS MADE AT THE TIME OF CESAREAN SECTION OF RABBITS 

EXPOSED TO YINYLIDENE CHLORIDE 

Vinylidene chloride• (ppm) 

0 80 0 

No. of litters 14 18 13 

Corpora lutea/dam• 9±2 9±2 9±2 

Implantation sites/dam• 9±2 9±1 9±3 

Pregnancy wastage•·• 0.1±0.4 0.3±0.8 1.0± 1.8 

Live fetuses/litter" 8±2 9±1 8±3 

Resorptions/litter"·• 0.8± 1.2 0.7±0.9 0.3±0.6 

Fetal sex ratio (M : F) 52:48 56:44 52:48 

Fetal body weight (g)1 36.8±3.7 36.9±5.0 37.4±7.6 

Fetal crown-rump length' (mm)' 94.6±2.8 93.4±4.1 93.4± 6.2 

160 

15 

8±3 

9±2 

0.6±0.8 

6±4 

2.7±3.~ 

53:47 : 

36.0±4.2 

92.9±4.7 

• Rabbits were exposed to 80 or 160 ppm vinylidene chloride for 7 hr/day from Days 6 to 18 or 
gestation. 

• Mean±SD. 
< No. of corpora lutea minus No. of implantations. 
4 Resorptions detected only by sodium sulfide staining of the uterus were not included in these 

calculations. 
• Significantly different from the control mean by a one-way analysis of variance, p < 0.05. 
1 Mean of litter means± SD. 

TABLE 6 

INCIDENCE OF FETAL MALFORMATIONS AMONG LITTERS OF RABBITS 

EXPOSED TO Y!NYLIDENE CHLORIDE 

Vinylidene chloride' (ppm) 

0 80 0 

No. fetuses/No. litters examined 
External and skeletal examination 116/14 155/18 111/13 
Soft tissue examination 44/14 56/18 42/13 

External examination No. fetuses (litters) affected 
No malformation observed 

Soft tissue examination 
Dilated cerebral ventricles 0 I (I) 0 
Thinning of ventricular wall of heart 0 0 0 

Skeletal examination 
Missing ribs 0 0 I (I) 

Extra vertebrae 0 I (I) I (I) 

Hemivertebrae and fused ribs 0 I (I) 0 

Total malformed fetuses 0 3 (3) 2 (2) 

160 

91/12 
37/12 

0 
I (I) 

0 
0 
I (I) 

2 (2) 

• Rabbits were exposed to 80 or 160 ppm vinylidene chloride for 7 hr/day from Days 6 to 
15 of gestation. No value differed significantly from the control value by a modified Wilcoxon 
test, p < 0.05. 

_;::,JJ 
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TABLE 7 

SUMMARY-VINYLIDENE CHLORIDE TERATOLOGY STUDIES 

20 

Maternal toxicity 
Altered appearance No 
Body weight gain -• 
Food consumption 
Water consumption Inc 
liver weight 

Absolute 
Relative 

Embryo- and fetotoxicity 
Resorptions 
Fetal body weight 
Fetal crown-rump length 
External alterations 
Soft tissue alterations 
Skeletal alteration 
Major malformations 

Inhalation 

80 

No 
Dec 
Dec 
Inc 

Inc 

Vinylidene chloride (ppm) 

Rats 

Drinking water 

160 200 

No No 
Dec 
Dec 
Inc 

Inc 

Inc 

Inc 

Rabbits 

Inhalation 

80 

No 

ND 
ND 

Inc 
Inc 

160 

No 
Dec 
ND 
ND 

Inc 

Dec" 
Yes' 

• (-), Not significantly different from the concurrent control value; Dec, decreased; Inc, increased; 
ND, no data. 

6 Decreased incidence of minor satellite vessels off innominate artery. 
~ Decreased incidence of delayed ossification of the fifth sternebra and increased incidence of 13 

pairs of ribs. 

160 PPm had pregnancies in which all or 
~ost of the implantations were resorbed; they 
OSt an average of approximately 450 g 
body wt during Days 6-17 of gestation. 
~sno~s the litters of dams exposed to 80 ppm 
~nyhdene chloride, the incidence of resorp
IOns Was unaffected. Exposure to either 

tonc:entration of vinylidene chloride had no 
"&nificant effect on fetal body weight, 
ttown-rump length: or sex ratio. 

The incidence of major malformations was "01 • . 
.., .lliJllficantly affected by exposure to 
t..::::n~ chloride (Table 6). A significant 
•lid In the incidence of 13 pairs of ribs 
~ 1 ~ecrease in the incidence of delayed 
~lion of the fifth sternebrae (neither 
tile If red to be terata) was observed among 

~s of rabbits inhaling 160 ppm 
chloride. At 80 ppm, no skeletal 

variant was observed at an incidence signi
ficantly different from that of the controls. 

DISCUSSION 

The results of these studies, summarized in 
Table 7, indicate that vinylidene chloride 
was not teratogenic in rats or rabbits inhaling 
the compound for 1 hrfday at concentrations 
sufficiently high to produce maternal toxicity. 
In rats, inhalation of 80 or 160 ppm vinylidene 
chloride produced significant maternal effects 
including decreased weight gain, decreased 
food consumption, increased water consump
tion, and increased liver weight ( 160 ppm 
only). At 20 ppm, the only effect noted among 
the dams was a minor increase in the amount 
of water consumed. In comparison, pregnant 
rabbits inhaling vinylidene chloride gained 
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less weight at 160 ppm but not at 80 ppm. 
A statistically significant increase in liver 
weight was noted among the rabbits exposed 
to 80 ppm vinylidene chloride; because a 
similar effect was not discerned at 160 ppm, 
this increase was not interpreted to be 
compound related. 

No single major malformation occurred 
among the litters of vinylidene chloride
exposed rats or rabbits at an incidence 
significantly different from that seen in the 
control litters. In addition, the incidence of 
major malformations, when considered col
lectively, was not significantly altered by 
vinylidene chloride in either species. The few 
major malformations which were observed 
among the vinylidene chloride-exposed litters 
have been noted to occur among control 
litters in past studies. 

Although a teratogenic effect was not 
observed, some evidence of embryotoxicity 
and fetotoxicity was noted in both rats and 
rabbits. In rats, exposure to' inhaled vinylidene 
chloride resulted in a significantly increased 
incidence of several skeletal alterations at 80 
and 160 ppm, concentrations which were 
toxic to the mother. These alterations in
cluded wavy ribs and delayed ossification of 
various bones. At 20 ppm, a concentration 
which caused little evidence of maternal 
toxicity, no adverse effect on embryonal or 
fetal development was discerned. 

Rabbits exposed to 160 ppm vinylidene 
chloride had a marked increase in the 
incidence of resorptions. The occurrence of 
resorptions in each litter correlated well with 
the degree of weight Joss observed in the 
individual dams. Thus, it is not clear whether 
the increased incidence of resorptions was 
due directly to the compound or indirectly to 
maternal toxicity. Exposure of rabbits to 
160 ppm vinylidene chloride also resulted in a 
significant change in the incidence of several 
minor skeletal variations, including an in
creased incidence of 13 pairs of ribs (the 
normal number is 12 or 13) and a decreased 
incidence of delayed ossification of the fifth 
sternebra. At 80 ppm, there was no evidence 

of toxicity to the dams or their uc1tPir •• L 

offspring. 
The severity of the wavy ribs seen in rats. 

this study increased in a dose-related mann: 
At 160 ppm, most of the fetuses With wa . 
ribs exhibited a focal enlargement in Wid~ 
or a "U"-shaped bend in the rib, whereas 
80 ppm a gentle wave in the rib was se: 
more often. The increased occurrence or 
wavy ribs in rats is regarded to be 

1 
manifestation of embryotoxicity often OC· 
curring concurrent!!' ~ith maternal toxicity 
(personal commumcatwn, J. G. Wilson~• 
Wavy ribs have been associated with 5eVtfti 
compounds including insulin (Lichtenstein 
et a/., 1951), clomiphene, and other basic: 
phenolic ethers (Diener and Hsu, 1967) and 
hexachlorophene (Kimmel eta/., 1972). 

The consumption by rats of drinking water 
containing 200 ppm of vinylidene chloride 
resulted in fewer adverse effects (darn and 
offspring) than did exposure to either 80 or 
160 ppm of the test material by inhalation. 
The average daily dose of vinylidene chloride 
received by the rats given the compound in 
drinking water was calculated to be approxi
mately 40 mg/kgfday. Estimates of the total 
amount of vinylidene chloride metabolized 
in rats indicate that a single administration 
of 40 mg/kg vinylidene chloride by gavage is 
approximately equivalent to a single 7-hr 
inhalation exposure to 120 ppm of the com
pound (personal communication, M. J. 
McKenna).9 Thus, the sensitivity of the rat 
to vinylidene chloride was apparently greater 
when vinylidene chloride was inhaled than 
when it was ingested. 

Diurnal variation in the metabolism of 
vinylidene chloride may have been respon· 
sible for the apparent route-dependent dif
ference in the sensitivity to vinylidene 
chloride. A major pathway for the detoxifi
cation of vinylidene chloride is conjugation 
of a reactive metabolite with glutathione 

8 Childrens Hospital Research Foundation, Eiland 
and Bethesda A venues, Cincinnati, Ohio. -

• Toxicology Research Laboratory, The Dow 
Chemical Company, Midland, Mich. 
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(McKenna et a/., 1977). Levels of gluta
thione are known to undergo diurnal varia
tion (Jaeger et a/., 1973; Watanabe et a/., 
1976), rising markedly during the late evening 
and early morning hours (the period during 
which the rat normally eats and drinks). 
Therefore, it is hypothesized that the avail
able levels of glutathione may have been 
sufficient to prevent toxicity in rats given 
water containing VDC, whereas in the inha
lation study, toxicity may have resulted due 
to the lowered availability of glutathione 
during the exposure period (approximately 
8:30 AM-3 :30 PM). 

In these studies, adult rats appeared to be 
slightly more sensitive than adult rabbits to 
t-he toxicity of inhaled vinylidene chloride. 
However, the susceptibility of the developing 
embryo to vinylidene chloride appeared to be 
comparable in the two species since embryo
toxicity was observed only at levels of 
exposure which caused maternal toxicity. 

In conclusion, vinylidene chloride was not 
teratogenic in rats or rabbits inhaling up to 
160 ppm of the compound for 7 hrjday or in 
rats given water containing 200 ppm of the 
compound. Some evidence of embryotoxicity 
or fetotoxicity was observed in both rats and 
~abbits exposed to vinylidene chloride by 
Inhalation; these effects were associated with 
maternal toxicity. At concentrations of 
Yinylidene chloride which had little or no 
effect on the dam, no adverse effect on 
embryonal or fetal development was dis
cerned in either species. 
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