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Vinyl Chloride: Inhalation Teratology
Study in Mice, Rats and Rabbits

by J. A. John,* F. A. Smith* and B. A. Schwetz*

These studies evaluated the elfocts of inhaled vinyl chloride monesmer (VM) on mouse, ral
und rabbit embryonal and fetal development, Groups of pregnant CF-l mice, Spraguc-Dasw ley
ratls and New Zealund white rabbits were exposed Lo 500 ppm VCM for 7 hre daily during the periogd
of major organogenesis, Subsequently, other groups of mice were similarly esposed to 50 ppm
VOM, and ratz and rabbits were exposed Lo 2500 ppm. While maternal Loxicily wis observed,
exposure 10 VOM did not cause signilicant embryonal or fetal toxicity and was nol terntogenic in
any of the three species at the concentrations tested. Nimultancous exposure of some of the
pregnant animals to VUM by inhalation plus 1577 ethanol in the drinking wiater resulted in tovic
effects greater than those assovinted with exposure (o VOM alone in the three species, The fetal
effects abserved were similar (o thase reparted for these three species fullowing administration of

cthanol without VUM exposure.

Introduction

Inhalation exposure to vinyl chloride monomer
(VCM) has been shown to be carcinogenic in
laboratory animals (7, 2) and in humans (4). The
carcinogenic potential of inhaled VOM following o
wtere exposure has been reparted (2), but observu-
tions to determine the teratogenic potential in
laboratory unimals were not made. Epidemiologic
studies (4-6) of ineidence rates for malformations of
the central nervous system among familics of
employees or residents in the vicinity of vinyl
chloride polymerization fucilities have not supported
any evidence that VOM is teratogenic in humans, A
series of studies were condueted in our Liboratory
to assess the hazard associated with exposure and
to investigate the mechanism by which VOM might
exert its toxic effects. The purpose of the studies
deseribed in this report was Lo assess the embryotoxic
and teratogenie potential of inhaled VCM in mice,
rats and rabbits,

The exposure levels tested in the teratology
studies are presented in Table 1. In an initial
experiment, groups of mice, rats and rabbits were
exposed Lo H00 ppm of VOM, 7 hre daily on days 6-15
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(mice and rats) or G-18 (rabbits) of gestation.
Subsequently. additional groups of rats wd rabbits
were exposed Lo 2500 ppus. For each concentration
tested, concurrent control groups of mice, rats and
rabbits were sham-exposed o tiltered room air,
Sinee previous studies in thiz laboratory indicated
thio the primary metabolic pathway for VOM i
blocked by ethanol {(7), it was considered possible
that simultancous adminiztration of ethanol in the
drinking water of animals exposed to VCM might -
alter its metaboli=m in a manner which would
enhance its Loxic or teratogenic potential, Thus, in
this experiment some of the VOM-exposed animals
were given 15% (wv) ethanol in their drinking
witer during the same period of gestation.

Table 1. Teratology studies with vinyl chloride: levels of

expusue.

Hpecies VOM conen, ppm Ethaned eonen, *»

Mice MUY 1

AR 15

Rl H

N 1

Ratw, rabbita R "

2.0 S

L] [0

Mive, rats, rabbits " "
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The teratogenie potential of imbibed ethanof in
mice, ratz, and rabbits was previously studied in
our laboratory and reported by Schwetz et al, (3,
No teratogenie effeets were observed when 15%
cthanol was griven in the drinking water to mice and
rats on days 6215 of gestation or to rabbits on days
6-18 of gestation, although retarded fetal growth
and development were abserved in mice and rats,

Methods

Female CF-1 mice (Carworth, Portage, Michi-

gan) weighing 25 to 30 g, Sprague-Dawley rats
(Spartan Research Animals, Ine., Huslett, Michi-
gan) weighing approximately 250 ¢ and New Zea-
land white rabbits (Langshaws Rabbitry, Augusta,
Michigam) weighing 3.5-1.5 kg were used in thix
studye, The day on which o caginal plug was
abserved or the day on which sperm were seen ina
vaginal smear was considered duy zevo of preg-
naney for mice and rats, respeetively. The day of
naturid mating was considered day zevo for rabbits,
Between daily exposures, animils were houzed in
wire-hottom cagoes in a room controlld for temper-
ature, humidity and light eyele. Commereial labora-
tory animal food (Ralston Puring Co., St Louis,
Mizsouri) and tap water or tap water containing
cthanol were availuble during the periods between
exposure to VOM. Food consumplion was mea-
sured at Aeday intervals for mice and rits and ot
Zuluy intervals Tor vabbits, All imimals were de.
prived of food and water during the 7-hr exposure
period each diy.

Exposure of bred animals wis condueted in
stainless steel chambers of 3.7 m* volume under
dyvnamic conditions, The atmosphere of VOM was
generated by diluting grascous VOM with filtered
room air at a rate calenlated to give the desired
concentration. Vinyl chloride monomer tehloroethyl-
ene) obitained from Matheson Gas Products, Joliet,
Hlinois was usced for the exposures. The actual
concentration was measured with an infrared =pec.
traphotometer (Perkin Fimer 120 or Miran D with
a multipath gas cell,

Al animiads were obzerved daily throughout proy-
naney and maternal body weights were recorded at
several intervals during gestation, Pregiant mice
and rats were saerificed by carbon dioside inhala-
tion on day 1% and 21 of gestation, respectively,
Pregnant rabbits were saerifice] on diy 20 of
gestation. The uterine horps were exteriorized
through a midline incision in the abdominal wall and
the mimber and pozition of Tive, deid and resorhed
fotuses were noted, After being weighed, meu-
sured (erown-rump lengeth) and sexed (miee and
ritls), 'Lh(‘ futuses  were ('.‘Hllnill(‘(l for oxternal
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anomiadies, Gne-thivd of vach litter wiss immediately
examined {or evidenee of soft tissue anomalies by
dissection under a Jow power microseope (), The
heads of those fetuses (mice and rats onlyi were
preserved in Bouin's solution and examined for soft
lissut bul not skeletal anomalies (10), Rabbit fe-
tuges were <exed on the basiz of examination of
internal genitadian, All fetuses were then eviseerat -
v, preserved in aleohol and subscquently eleared
and stained with Alizarin Red-8 (or examination for
skeletal anomalies (1),

The Fisher exaet probability test (1.2) was used to
evaluate the incidence of resurptions amony fitters,
Maternal and fetal body weights and hody mea-
strements and maternal liver weighls were ana-
Ivzedd statistically, by an analysis of variance and
Dunnett's test (1), The ineidence of fetal anomalies
wits analvzed by the Wilcoxon test us maditied by
Haseman and Hoel (23, The group of animals
which was exposed only Lo vingl ehloride served us
the control for those animals which were exposed to
vinvl chloride in combination with 1597 ethanol in
the drinking water. The controls for animals ex.
posed to vinyl chloride and maintained on tap witer
without ethanol were exposed to tiltered room air in
exposure chambers which were similar to thuse
used for expozure to vinyl ehloride,

Resuits and Discussion

Maternal Toxicity

Expaosure to 500 ppm VOM was maternally toxic
to mice: deaths (35 of 29 bred females), deercases in
the amount of weight grained during gestation, in
food consumption and in absolute fiver weight as
compared o the air only controls were observed,
Fovidence of toxieity was nol apparent among mice
expesed 1o 50 ppm of VOM, The combination of
VOM exposure with 1577 cthanal in the drinking
water signiticantly enhaneed the toxicity as com-
pared to VOM alone Tfor both coneentrations, though
no deaths oceurred in the 50 ppm VEM plus ethanol
rraup of mice.

Rats eaposed 1o 500 ppm VOM gained less weight
thin controls during pestation, but no other evi-
detice of toxnicity was observed at this Jevel, One
maternal death amang 15 bred females, deereased
food consumption and an inerease e liver weight
were abserved at 2500 ppm VCM in rats, Ethanol
Fiven in cambination with 2500 ppm VM was more
maternally toxie than exposure to VOM adone; the
amount of body weight pained by prepmant rats
during gestation and tocd consumption were sig-
niticantly deereased in the group given the combi-
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nation. The liver weight relative to body weight
wias inereased in this proup as compared to the rats
exposed only to VCM, but no deaths were observed
as @ result of treatment with the combination, An
ethanol group was not included among the rats
exposed 1o 500 ppm of VOM,

Some deaths were abserved amongr pregnant rab-
bits exposed Lo 2500 ppm VCM alone (one of seven
bred females) or in combination with ethanol (3 of
14 bred females); however, other evidenee of toxie-
ity in rabbits consisted only of deercases in food
consumption among those exposed ta 500 ppm VCM
alone and among rabbits given the combination of
2500 ppm plus 15% cethanol in the drinking water,

Among mice, rats and rabbits given 15% cthanol
in the drinking water during gestation, Schwetz ot
al, (8) reported that maternal toxicity, as evidenced
by deercased body weights, occurred in all three
species,

Observations at the Time of
Cesarean Section

Among litters of mice exposed to 500 ppm of
VCM, the incidence of resorptions was inereased;

1539 of the implants were resorbed versus 794 in the
concurrent air controls CFable 2). Historieal control
data from 801 Jitters of CF.1 mice in our laboratory
show the mean pereentage of implantations resorhed

to be 1% with o range of 6220, Thus, both of

these values are within the range observed for
control groups of this strain. Litter size and fetal
body weight were deercased at 500 ppm. These
effeets may have been secondary o the toxieity
obzer ed amonge pregnant dams at this exposure
level Toxie effeets on the embryo or fetus were not
abzerved among litters of mice exposed to 50 ppm
VM.

Ethanol in combination with VOM produecd greater
fetatoxicity than exposure o VOM alone at hoth
levels. In the 500 ppm VM plus ethanol group,
deerease in the pereentage of pregnant mice was
observed, This resulted in only seven litters, two of
which contained only implntations which were re-
sorbed. Fetal body measurements were decreased
amang the ethanol groups when compared to groups
griven cither 50 or 300 ppm VCM alone,

Noadverse ¢ffeets on the percentige of pregmant
dams or the incidence of implantations resorbed
were observed among ratz (Table 3), Exposure to

Tauble 2, Mice: observations at the time of cesarcan section.

A ppn VO

S0 ppn VOM

No VUM,

Na VUM,
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Tabte 3. Rats: obsersations at the time of cesareun section.
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25K ppn VOM

No VUM,

Ak ppm VOM,
nu ethinl

no ethanel

No VOM,

o ethinnl Nevethanol 15% othunal

Number of litters 2N “1 1] It {1

Live fotuses htter RREI 122 12 - Ben 12 -2

% Implantations resorluad R 3111 34s) R4 Hui 2y AT 1

Fetal hody weight, o b O PR ERETIRI ! XTI EE AR TS
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Usigmificantly different from air-exposed conirol, e,
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2500 ppm VCM plus ethanol resulted in fetal body
weights and crown-rump lengths which were lower
than feta) body measwrements among litters from
sats exposed anly o 2500 ppm VOM. In the group
exposed to 00 ppm of VCM alone, fetal body
weights were deereased as compared o coneurrent

Table 4. Rubbits: observations at

air controlz, though fetad erownaump lengths were
significantly inereased.

In rabbits, the incidence of resorptions was
significantly inercased among fitters given 2500 ppm
VOCM plus ethanol, where 53% of the implantitions
showerd evidence of resorption versus 21% among
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those exposed only to VCM (Table 4). Only five
litters were availdble for examination in the latter
group, Litter size was deereased as compared to
concurrent air controls among litlers of rabbits
exposed to the lower level of 500 ppm, but na effect
on litter size resulted from exposure to 2500 ppm of
VCM. The deereased mean litter size at 500 ppm
most likely occurred because the rabbits in this
group released fewer ova; the number of corpora
lutea observed on the ovaries was lower among
animals in this group.

In the studies by Schwetz et al. (8), a slight
increase in the incidence of resorptions was ob-
served among litters of rabbits, but not among
litters of mice or rats given 15% cthanol in their
drinking water during gestation. Decreases in fetal
body measurements were observed by Schwetz et
al. (8) among litters from both mice and rats main-
tained on drinking water containing cthanol. In the
present study, deereases in fetal body measure-
ments were more pronounced when ethanol was
given in combipation with VCM in these twa spe-
cies; however it is nat clear if this apparent syner-
gistic effect was mediated via metabolie interfers
ence in the maternal animal.

[Py QN —

Incidence of Fetal Anomalies

Among litters of mice, no external or soft tissue
anomalics were observed at a significantly higher
incidence than the respective controls for any of the
exposed groups (Table 5). Cleft palate was observed
in 40%, or two of the five litters examined, at 500
ppm VCM plus 15% ethanol. This incidence is not
statistically inereased as compared to the yroup
exposed to 500 ppm VCM alone. Due to the low
percentage of pregnancy in the females. only five
litters were available for examination in the 500
ppm VCM plus ethanol group. Among litters of
mice exposed to 500 ppm VCM without ethanol in
the drinking water, increased incidences of three
skeletal variants indicative of delayed skeletal de-
velopment were observed. Ethanol, when given in
combination with VCM, caused a siymificant inerease
in the occurrence of a number of these skeletal
variants at both levels of VCM exposure, Thus, the
occurrence of delayed skeletal development coin-
cided with those treatment regiments which were
maternally toxic and resuited in deercased fetal
body measurements,

Among rats exposed to 2500 ppm of VUM, the

Table 6A. Rats: incidence of fetal anomalies,

No. frtuses (no. fitlers) examined

No VM,
no ethanol

5K ppm VOM,
no ethanal

N (N
No VOM. 2500 ppm VOM

o ethanaf

15% ethanel

No cthand

KOYE1N)
1D
ATl
I

£H(IR)
1HCIR)
472N
222

External examination
Soft tissue examination
Skeletal examination
Bones of the skull

21416)
TR
21H15)
|ERR Y]

188016)

5{810]
Instly
12016

20

TG
22
1534014

Table 6. Rats: incidence of fetal anomalies,

1 fetuses (% fitters) affected

No VOM,
no ethanol

MK ppm VOM,
no cthimol

25 ppm VM

No VOCM,

nn cthanal No ethanol 153 ethimal

External examinution
Omphalocely

Soft tissue examination
Microphthalmia
Dilated ureter
smadl kidoey

Skeletad exumination
Vertelrae, lumbar spurs
Vertehrie, delayed

ossification

] 148
]

k)
"

0
(Y]
0

ao

{C}]

(804 R TH]

(RS ™Y} (1} (IR H)
i}

oy
{]

1]
2T
1]

i

Mimh

Z1H]
B

1dtting 12060

o) HHN 21m1e

Sinificantly different from gir-exposed control, g 005,
bshmificantiy different from VCM-exposed group, po- 2 048,
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incidence of a single anomaly, dilated ureter was
significantly higher than controls (Table 6). Kthanol
did not further inerease the incidence of this anoma-
ly. The incidence of dilated ureter was significantly
lower in the ethanol group as compared to the VCM
exposed group. Only minor skeletal vaviants were
abserved at an inereased incidence among the ex-
posed rats, Lumbar spurs occurred more often than
controlz among litters at 500 ppm, but not among
those e\puxu(l to 2500 ppm VCM alone, Thix vari-
ant was again observed at an inereased incidence
among the litters of rats treated with the combina-
tion. The incidence of delayed ossifieation of verte-
bral centra was also inercased in this group and i=
indicative of a slight delay in skeletal development,
As in mice, these skeletal chianges oeeurred in those
treatment groups where the combination of high
exposure levels of VCM and cthanol produced evi-
denee of maternal toxieity and decereased fetal body
measurements.

Among rabbits, external and soft tissue anoma-
lies were observed at a low incidence in those
groups exposed to 2500 ppm of VCM alone or in
combination with ethanol (Tuble 7). These included
a single Tetus with a dilated cerebral ventricle at
2500 ppm and a single fetus with cleft palate from
the group exposed to 2600 ppm plus 15% ethanol. A
difated renal pelvis wis observed in two fetuses
from a single litter in the latter group. Two addi-

tional fetuses from this roup exhibited an enlarged
atrium of the heart. Ossification of the fifth sternebra
was delayed at the 500 ppm level, but not at the
2500 ppm level of exposure. Only four litters were
available for examination at the 2500 ppm of VCM
exposure level,

These data show that the eombination of VCM
exposure with cthanol in the drinking water was
more toxic to the developing febus, as it was in the
maternal animal, than exposure to VCM alone,
However, neither treatment regimen was teratogenic
in the species tested, Fetal effeets consisted of
increased incidenees of minor skeletal variants in-
dicative of a delay in development in mice and rats.
Similar skeletal changes (delayed ossification of
sternehrace or vertebral centraand unfused sternebrae
or bones of the skull) were observed by Schwetz el
al, (¥) in these two speeies given 15% ethanol in
drinking water. Thus, the exposure to high coneen-
trations of VVCM in combination with ethanol in the
drinking water produced toxic effects in the devel
aping embryo or fetus which were similar to those
praduced by ethanol alone.

A similar luck of teratogenicity of VCM in mice
and of VCM alone or in combination with ethanal in
vals was reported recently by Ungvary et all (135).
sSeveral experiments were condueted. Exposure Lo
1500 ppm for 24 hre/day during organogenesis was
reported Lo have no teratogenic or fetal effects

Table 7A. Rabbits: incidence of fetal anomalies,

No fetuses . litters) exianined

No V'CM.
no ethanol

MK ppm VOML ~
no ethinaol

152018)
MILND)
152028)

External exinination
Soft tiszue examination
Skeletal examination

| RIHERY]
ATIm)
[BIEREY]

- X
Tl .
No VOM, 2500 ppm VOM Qo
no vthanol Novothatud 153 ethanal m
[BUH dh T S
2h (e} ] pord
fithgn RE/BY Tn i
(1]
N

Table 7B, Rabbits; incidence of fetal anomalies.

tetuses i litters) affected

No V(M
no ethinel

S ppm VOM,

2 ppm VUM

No VUM,

o ethanol Lo vthinel No ethanol 13 ethanol

External examination

Cleft paline U
Soft tissue examination

Dilated renal puelvis i

Dilated cerebral ventricle "

Enlarged atrium, heart 1

Skeletal examination

Sternebrae, debig ed ossitieation 2T

0 n u fan

u 0 1] s

" i} 1) o

1] " [ s~
Aney KITRRY) 16(75) SUHOTH

*signiticantly different from air-exposed control, g 0005,
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apart irom an inerease in fetal liver weight. Expo-
sure during the third part of pregnaney produeed
no deleterious effeets, whereas exposure during the
carly days of pestation inereased fetal mortaiity
and resulterd in deercased Tetal hody weights, Exe
posure to vinyl chloride and simulaneous mainte-
nanee on aliguid alesholie dict during the newrulition
period produced evidenee of skeletal retardation,
but no malfornktions in rats. Though the exact
daays of gestation during which the different treat-
ment regimens were employed were not stated by
the author, the reported results are in apparent
agreement with those from our laboratory.

A report by Mirkova et al, (26) summarized the
fetal p(hln.ll.ll effeets lullmnm.r exposure of
preguant rats to 6,15 mgm® of VCM by inhalation
throughout the entire gestation period. Aninerease
in carly embrvo deaths Gmmediately after blasto-
evst unpl.ml.nllun) and a deerease in fetal body
weipht were reported by these authors, Observed
anomalies in the offspring induded generalized he-
matomas, (S-foll inerease over controls) internal
hydrocephadus (6154 of the fetuses), eneephadacele
203870, and variations of sternehral ossification
(2.5 of the fetuses). Several postnatal effects in-
dicative of hepatotoxicity and disturbances in the
hepatobiliary system in the progeny following m
alero exposure were iso reported. The 6.15 myr m
level of exposure is equal to only 2,5 ppm of VO

The eaaet length of exposure periods and details of

the testing methads employed, especiadly as per-
Lains to vapor generation and analyses, were not
reported by Mirkova et al.: thus no explanation for
the differences in observed effects of VOM is ip-
parent, The reported results are markedly incon-
sistept with those from our liboratory where a
thuuszandfold inerease in exposure level 2500 ppm
was not embryolethal in rats, and similar fetal
anomilies were not observed.

In summiry, exposure of pregnant mice, rats or
abbits to VOM by inhalation at coneentrations
sufliv H-ntl\ high to cause mater natl toxicity was nt
teriugenie in any of these species. Fet tal effects
consisted of delayed skeletal development in mice
at a00 ppn, an exposure level which was mater-
nally toxie, and an inercase in the incidence of
dilated ureter in rats following maternal exposure
to 2500 ppm, In mice exposced to H00 ppm of VOM,
the incidence of fetal resorptions was inereased
over concurrent air controls, The incidence of re-
sorplions observed in this group was at the high
end of the range for historical control groups in our
Liboratory.

Ingestion of 15% ethanol in the drinking water

October 1981
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enhanced the toxicity of inhided VOM. Fetal bialy
mepsurements were deereased amang mice and

sils given the combination and inereases in the
oceurreree of skeletal variants indicidive of delayed
development were obzervesd in both species, The
fetal effeets phserved woere similar o those reported
forr these test species following alministration of
ethanol without VCM exposure. The incidence of
H---mplmm wits inereased in rabbits given ethanol
in combination with VOM, and maternal toxicity
was enhaneed by ingestion of ethanol in all three
species.
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