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The Toxicity of Vinyl Chloride as Determined 
bv Repeated Exposure of Laboratory 

Animals
T. R. TORKELSON. M.S.. F. OYEN. *ad V. K. ROWE, Mi.

Biochemical Research Laboratory, The Date Chemical Company. Midland. M chtgan

Group? oi laboratory animals were exposed repeatedly ior up to ?ix month? to ?ither 
500. 200. 100 or 50 ppni vinyl chloride tn air. Detectable change? occurred at aJ but 
the lowest concentration. The results are discussed and handling precautions suggested.

Introduction

n.WL chloride (CH.-*“CHCli is a chemical 
o: great industrial importance. It is used in 

tiie preparation oi polyvinyl chloride resin, as 
a copolymer in saran and other plastics, as a 
eitemicai intermediate uud as a solvent. Be* 
cause ot the flammability oi vinyl chlonde. it has 
been generally assumed that the greatest hazard 
associated with vinyl chloncie is that due to its 
flammability rather than us toxicity.1

The toxicity oi vinyl chloride lias been re­
viewed by von Oetungen5 and more recently by 
Moitrottucteo et al.‘ von Oettingen concluded 
that the gas was anesthetic in high concentra­
tions and tiut considerable interest had been 
shown m the use oi vinyl chloride as a surgical 
anesthetic. However, its effect on the circulatory 
system ha? discouraged exploitation oc this prop­
erty. No doubt the hazard trom flammability has 
also hindered this use. Only limited repeated 
exposures which were reported by Schaumann' 
were ui?cus?ed by von Uettmgen. These repeated 
exposures indicated little or no chronic effects 
even trom anesthetic concentrations.

Mostronutteo er air also discussed the pub­
lished data and reported the results oi single 
exposures ot mice, rats and guinea pigs which 
confirmed the low acme toxicity of vinyl 
chlonde. Mastronmceo reported that only two 
human fatalities due to vinyl chlonde had been 
reported.

It can be concluded from the published toxi­
cological data that anesthesia is rhe onlv sic- 
nuicant effect of acme exposure. Sufficient re­
peated exposures have not been reported to 
draw conclusions about chronic toiacuy. The 
Threshold Limit Value of 500 ppm suggested by 
the American Conference of Governmental In­
dustrial Hygienist? iACGIHi1 is reported b\ 
Smyth* to be based on single animal exposures 
and human experience.

The following report summarize? the results 
of repeated exposure? of Liberator-- animals to 
either 500. 200. 100 or 50 ppm ot v.nyl chloride. 
The significance of the results is ascussed and 
recommendations tor a threshold emir vaiue are 
nude.

Experimental Procedures

Material* Tested
Vinyl chlonde, CH-"*CHCI. i? a colorless gas. 

It has a boiling point of — 13.35'C i-r7.9o*Fi 
ami a freezing point of — 1$4*C •— 2+4.52’F). 
The material po!ymertzes readily :ad hence is 
sometimes inhibited with phene I or tertiary 
butylcatechol. Vinyl chlonde i? very flammable, 
its flashpoint being — 7>*C i-10vFi. The ex­
plosive limits are from 4G to 22' by volume. 
It has little odor although high •. mcemratioii? 
may smell faintly sweet.

A single, uninhibited sample was used in these 
studies. It was shown by mass ;?actroerapinc 
analysis to be essentially pure CE—CHCl. air 
beme the only impunry detecte-: :n eas phase 
samples.

■yoiirce and Feeding o' A/timaU
The rats and rabbits used in th^ study were 

obtained irom the stock colony c; this labora­
tory, the guinea pigs were obtained from a 
commercial grower and the dogs "cere purebred 
beagles obtained from a local kennel. The rat? 
and dogs were fed Purina Laboratory Chow* 
or Famo Laboratorv Ration* The rabbits and 
euinea pigs received Famo Rabbit Breeder 
Ration. The guinea pig diet was supplemented 
with carrots.

Experimental Protocol
The experiment? were conduced m three 

phase?. In the tir-c phase, groups of 10 male
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.iiia 10 female rat; were exposed «evm hour; per 
uay rive uays ]>er ««k to 500 ppm for 4.5 
months. Exposure; were given in a 160-liter 
chamber previously described." Mortality and 
growth records were kept. Final organ weights 
were obtained and tissue; were saved for micro­
scopic examination. Five maie and live lemaie 
rat* served a* unexposed controls.

The second phase consisted of rfpeated 7- 
hour daily exposures of 20-24 male and 24 fe­
male rats, ten maie and eight lemaie guinea pig;, 
three male and three lemaie rabbit; and one 
maie and one female do? to either 200 ppm 
or 100 ppm of vinyl chlonoe. These animals ana 
two groups of controls were raretuily selected 
and matched on the basis of age. condition and 
weight. The first group oi controls received 
no exposure and served a; unexposed controls. 
The second group received repeated daily 7- 
liour exposures to room air in a chamber similar 
»o the one used for exposures to the chemical. 
This group i; referred to a; the air-exposed con* 
• roi group. In addition to the animal; receiving 
7-hour daily exposures, eight separate groups of 
five male rat; each were exposed to either 200 
or 100 ppm for 4. 2. 1 or 0.5 hour; per dav.

The procedure; and equpmient used were bas­
ically the same as reported previously.11 Growth 
and mortality record; were kept on ali groups. 
The livers of the dog; were biopsied prior to ex­
posure and afier o'-a month; of exposure, hence 
the liver of each doe served a; it; own control. 
Pre-exposure and terminal hematological deter­
minations were made on all dogs and terminal 
determination; on representative group; of rat;. 
Urine samples were collected from the dogs and 
representative groups of rats. At the termination 
of the experiment, part of the rat; were starved 
overnight and then these and all the guinea pigs 
and rabbits were killed by decapitation on the 
dav after thetr last exposure. The dog; were 
killed by exsangumanon after anesthesia with 
thiopental, sodium iPentotlial. Abbott i. Sample; 
of blood were taken of representative group; of 
animals for determination of alkaline phospha­
tase. serum-urea-nitrogen iSUNi. serum-glu- 
tamic-pynmc-iraasanunase iSGPTl. and se­
rum-glut amic-oxa la cetic-transaminase i?GOT). 
The organs were weighed and tissues fixed for 
histopathologicai examination. The rats which 
were not killed the day after exposures were 
stopped were pastured for eight weeks and then 
sacrificed in the previously described manner.

The third phase of this experiment consisted 
of repeated daily 7-hour exposures of 24 male 
and 24 female rats, 12 male and 12 female guinea 
pigs, 3 male and 3 female rabbits and one male

and one femaie do? to 50 ppm vunl chlonde. 
Euuai matched group? served a; unexjrased and 
.ur-exposed controls. Three additional groups oi 
lu male rats each were exposed lor 4. 2 or 1 hour 
;>er day to 50 ppm.

The procedure* followed were e*-enTiailv the 
?ame as u*ed for exposure? to 200 aim 1U0 pjmi 
except that hematological examinations were 
made on the docs after three months and liver 
biopsies were made only pnor to exposure. Urine 
was collected from the rabbit* as well a? tne rat* 
and dogs. The rat* which were not sacrificed at 
the end of the exposures were pastured ior six 
weeks and then sacrificed.

Equipment L'sca
The exposure equipment used has been de- 

.-cnbed previously.'1 However, m order to cam 
additional data about the results ot repeated 
•hort daily expo*ures. it was neees?.iry to devise 
a method of introducing additional croups of 
rats. This was done without opening the door; 
of the chamber by dropping the rat; through 
chutes made of 3.25-iuch stainless -teel tubing. 
These chutes were closed with a rubber stopper 
except during the hnef time it took to insert the 
rats. The chutes, which were ;lo]ied at a 45* an­
gle, ended m covered, screened cages inside the 
chamber. The additional group* were started 3. 
5. 6 3nd 6.5 hour; after the 7-hour exposure* 
started. Since all animals were removed after the 
7-hour exposure was completed, this routine re­
sulted in exposures lasting 4. 2.1 or 0 5 hours.

The vinyl chlonde was metered irom a saran 
plastic bag winch ?erved as a reservoir for the 
gas. Metering of the gas wa; .lone bv Dual 
>vnn*e Pumps." Total air flow through the 
chambers was measured by means of calibrated 
flow meters.

Anafwu of the Chamber Atmosphere?
Anahse; of the air were made bv direct com­

bustion of a known volume of air in a heated 
quam tube. The resulting chlonde was trapped 
in IG- sodium formate—IG sodium carbonate 
-olution and subsequently Titrated bv a nncro- 
Volhard technique. The results of .the individual 
analyses were within 15r* of the theoretical con­
centrations during the exposures to 200, 100 and 
50 ppm. The average concentrations recovered 
were 107, 100.5 and 4S.7 ppm respectively.

Results of Repeated Exposures

Erooiure to 600 ppm Vinyl Chloride
The rats exposed repeatedly at 500 ppm for 

4 5 months, grew normally and no changes were
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T*»u 1
g.nwBnn- 0{ Terminal Avenge Body and Organ Weight* of Male Rat* Receiving Repeated Exposure* 

to Vinyl Chloride 3 Dan per Week

4 Future lot » >ku »lur aaoesutr* ermard.
i». p - >>.e»n 
lb' P - oi.Oul 
|C; P - U.07
(di P - i) l 
{*• P - 0.02
<( Pm o.li

apparent grossiy at autopsy. Microscopically 
then livers showed increased central lobulaT 
granular degeneration and the kidneys showed 
interstitial ana tubular changes. The average 
weight increase oi the livers of the male rats was 
statisticallv stcmhcanc l P = 0.0011. Table I. The 
average weight ot the livers of the female rats 
was above that of the controls but not statis­
tically significant, Table II. SUN. SGPT. 5- 
GOT. ami alkaline phosphatase determinations 
were within normal limits (Table IHi.

Exposure to -V) ppm Vinyl Chloride
All groups exposed seven hours per day I3S- 

14-4 times m 204 days were normal in appearance, 
mortality and growth. Hematological, SUN. $- 
GOT. SGPT and alkaline phosphatase values 
iTabie III i and the results of the urinalysis 
were wuhin normal limits. Gross pathology’ 
was normal in all species. Micropachology was 
normal in the rats, guinea pigs and dogs, how­
ever. adverse effects were noted in the liver* of

rabbits of both sexes. In the tnaie rabbits this 
was characterized by central lobular granular de­
generation and necrosis with some foamy vacuo- 
lation. In the female rabbits the changes noted 
were central lobular granular degeneration and 
necrosis with penportal cellular infiltration. All 
organ weights were normal except for the livers 
of the male and female rats which were in­
creased significantly alter repeated daily 7- 
hour exposures i Tables I. II. IV. V, VI, ana 
VII l. In the males this increase was still appar­
ent eight weeks after exposure ceased, although 
the liver weights appeared to be decreasing and 
returning to normal.

The male rats exposed to 200 ppm of vinyl 
chloride for either four or two hours per day for 
six months had elevated average liver weights 
fTable I). However, the small size of the ex­
perimental groups made the findine statistically 
insignificant (P = 0.07 and 0.1 \. The groups ex­
posed for eiih«*r 1 or 0.5 hours per day were en- 
ttrelv normal.

Industrial
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Ta*LE II

Mimman- of Average Bodv and Organ Weicinis of 
Female Rats Receivtnc Repeated 7-Hour Ex­
posure# to Vinvl Chloride 5 Davs per Week
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Expoture to IOO pp»i I’niuf Chloride 
.Ml species exposed to 100 ppm of vinyl chlo­

ride, seven hours per day, 13S-144 tunes in 204 
days, were judged normal on the basis of the fol­
lowing criteria: appearance, mortality, growth, 
hematological examination. 5UX, 5GOT, S* 
GPT. alkaline phosphatase determination, uri­
nalysis and gross and microscopic examination of 
tissue. However, rlight increases were found in

the averse* weight; ot ihe hveti oi mate and ic- 
maie rats i Table? I and II i. Although not #12- 
niheant statistically, an increase was mso seen 
in the average weight of the iivcrs 01 the maie 
rats exposed to 10Q ppm for either four or two 
hours per dav. The groups exposed for either 
1.0 or 0.5 hour per day were entirely normal.

Exposures to 50 ppm Vinyl Chloride
The increase in weight oi the rat livers, the 

only significant finding in animals exposed to 100 
ppm, did not occur m rats exposed repeatedly to 
50 ppm of vinyl chlonde, 130 tunes in 1$9 davs. 
All groups of animals were judged normal in all 
other respects. See Tables II. V, VI. VII. VIII 
and IX. A srausticallv significant decrease in 
kidney weight which was seen m the female rats 
1 Table II i was considered to be an artifact since 
it was not seen at higher concentrations.

Discussion
Repeated exposure to vinyl chloride at con­

centrations considerably below the level that has 
been considered safe for human exposure has 
been shown to have an effect on the liver and 
kidney of laboratory animals. Histopathoiogicai 
changes and increased liver weights id male and 
female rats were noted after repeated exposure 
at 500 ppm- Repeated exposure 3t 200 ppm for 
six months resulted in an increase in the average 
weight of the livers of male and female rats and 
micropatholoneal changes in the livers of the 
male and lemaie rabbits. The only effect noted 
after repeated daily 7.hour exposures to 100 ppm 
for six months was a slight increase in the aver­
age weight of the rat livers. Repeated 7-hour 
exposures to 50 ppm for six months had no effect 
on any species studied. Hence, the highest con­
centration without detectable effect on any spe­
cie? was 50 ppm.

It is interesting to speculate on the apparent 
discrepancy between the effects observed at 100 
ppm in this experiment and the lack of reported 
injury in humans using a threshold limit of 500 
ppm. Several factors may be contributory. First, 
the effects noted in animals at 500 ppm were only 
slight to moderate: growth, mortality, and gen­
eral appearance were unaffected. Hence, it is 
possible that if humans were exposed repeatedly 
at 500 ppm slight injury might occur but due to 
the lack of subjective symptoms the injury 
would escape detection. Secondly, the injury was 
apparently reversible. The liver weights of both 
male and female rats which had shown definite 
increases after exposures at 200 and 100 ppm 
were normal or approaching normal after 6-3 
weeks of recovery (Tables I, II and tTII).
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Table III
Nummary of Average Biochemical Value* Determined for Animals Receiving Repeated Exposures to

Vinyl Chloride 5 Day* per Week

specie* sad Doc No Coaceetrstiee ia ppm
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Ezaosur*. 
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* Because of ion unusually hi(h individual vaiuaa ■» ibis croup Uimc average t-aiueeare elevated aad do ao< correspond with the 
value* obtained uo tiimlar control croup* id our laboratory Normal eoeirol values are m iheaamt react* as those of tM e«penmeBtal 
group* listed in tius table

Table IV
Mininury ot Average Hematological Values tor Animals Receiving 

Repeated 7-Hour Exposures ro Vinyl Chloride
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Tablc IX
summary of Average Hematological Values for Dogs Receiving Repeated 7-Hour 

Exposures to Vinyl Chloride

Do* * Sn CtunmuM in pete
Montn* ..___

OB No. of
Ecpcn- AotmnU ! m. 
rnent : 1 1 *

Hmu*
toeni

VVBN x Ncutro-
10* phili

Ln*S-
pn> cym

Eewi»
pnile

Do* ms:... >1 C neipMctl control 0 11 u i: s 44 4: i 4
Do* *143 >1 V onpaned control ] 14 43 19 4 43 > 4 4
Da* *141 >1 L'nMpnacd aooiTTU « 14.4 44 IS 4 S3 3 3
Do* HM >1 Air npenad control i\ — — — — — — —
Do* a 144 M Air opened control 3 It.} so 13.4 44 3
Do* »I44 M Air Mooted control 6 14 40 11.1 4S 12
Dm ni«2 .11 40 0 10.4 39 13 6 4* .* 1
Do* *IU . 11 40 3 14.4 44 tt.r 4* 4' 1
Do* • |43 M 30 4 14.4 4.1 u.j 41 j'• 3
Dm * i4i F Uacipcctd coctrol 0 11 41 13. s 44 ;o V
Do* nlil F L'aezpoacd control 3 14.4 S3 33 6 6: 34 S
Dm • isi r V ncioaacd control * 14.4 14 5 4*> 13 'J
Do* »m F Air tienwl control 11 46 14 41 :? :
Do* *144 f Air czpoaed eootrol 3 16 Sir 11.3 *> *
Dm *144 F Air tipoacd eootrol 6 14 4 46 IT 0 S3 n
Dm m»i F 40 0 10.4 34 li.J Si ... 0
Dm *141 F 40 3 14.4 44 13.4 So 0
Do* »!«! F SO 4 14.4 46 13.3 43 ~ n

adjacent to the ieaki. The flammability of vinyl 
chloride precludes such severe leaks if this haz­
ard oi vinyl chlonde is to be controlled.

Industrial Hygiene standard
The data presented indicate that little like­

lihood ot injury would be expected if repeated 
daily 7- to >-hour exposures are iinuted to 100 
ppm or less.

Although the level or 100 ppm may not ap­
pear to oner an\ margin oi saiety since rats ex­
posed repeatedly to this level were very slightly 
affected, the vast amount oi human experience 
that is available while operating under an MAC 
of 500 ppm indicates that imury is not likely 
Likewise the effects ot even rather severe over­
exposure are not rerious. hence this level seems 
reasonable.

A time-weighted average for all exposure 
should probably not exceed 50 ppm

Summary

Vinyl chloride iCH-«CHCl) is a monomer 
used in very large quantities id the production of 
plastics. Repeated exposures of laboratory ani­
mals to several concentrations of vinyl chlonde 
in air were conducted to determine the chronic 
toxicity of this material towards animals in or­
der to assess the hazard to humans. Vinvl chlo­
nde was found to have a flight capacity to cause 
liver and kidney injurv on repeated exposures 
Male and female rats showed micropathologicai 
changes after repeated daily 7-hour exposures at

500 ppm for -4.5 months. Repealed 7-hour ex­
posures at 200 ppm for six mocas resulted in 
micropathologicai changes in the livers of rab­
bits and statistically sigmncanr njreases in the 
average weight oi rhe livers or and female 
rats but no detectable change; in dogs and 
guinea pigs. Repeated 7-hour exrosures at 100 
ppm resulted in slight increase? a; the average 
weight of rat livers, the other st—:ies were not 
affected. All species *tudied toi-rated repeated 
daily 7-hour exposure- ro 50 ppm : >r six months 
with no detectable iniurv.

Repeated dailv 1-hour exno4ures ai 200 and 
1U0 ppm oi vinyl chloride were without effect, 
ionger exposures c:iii?eu a slight :i Tease in lit er 
weight.

The standard for evaluating regular dailv 7- 
to 6-hour exposures may be deAr-rU as the con­
centration below which practical!" all analytical 
results must fall. The value of h'O ppm is sug­
gested as this standard for vin\. ’hlonde. with 
a time-weighted average for all er?o.-ures not to 
exceed 50 ppm.
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Industrial Hygiene Certification

THE AMERICAN BOARD OF INDUSTRIAL HYGIENE invites inquiries from 
those who are interested is applying for voluntary certification in the profession 
of industrial hygiene. Certificates nil] be issued on the basis of an examination to 

those who have eight yean of practice, following a suitable baccalaureate degree. No 
examination will be required of those who have fifteen years of practice with recognized 
contributions to the field, following acceptable education. Certain specialists within 
the field will be certified when one-fourth of their time has consistently been devoted 
to application of their specialty to industrial hygiene. A brochure describing the 
certification program, and giving more details of eligibility will be sent to those who 
direct inquiries to Henry F. Smyth, Jr., Secretary-Treasurer. American Board of 
Industrial Hygiene. 4400 Fifth Avenue. Pittsburgh 13, Pennsylvania.

The Board was chartered as a non-profit corporation under the laws of the Common­
wealth of Pennsylvania in September 1960. The incorporators were selected by the 
American Conference of Governmental Industrial Hygienists and the American In­
dustrial Hygiene Association from among their respective memberships. They are 
John C. Soet. Chairman; Lester V. Craliey, PhD.. Vice-Chairman; Henri' F. Smyth, 
Jr.. Ph.D., Secretary-Treasurer: and Edgar C. Barnes. William R. Bradley, .Ulan L. 
Coleman. Hervry B Elkins. Ph.D.. Louis F. Garber. Thomas F. Mancuso. MB., 
Kenneth M. Morse. James H. Sterner, MB., and Charles D. Ynffe.

Industrial Hygiene Engineering and Chemistry

T
he DIVISION OF OCCUPATIONAL HEALTH. Public Health Service, will 
conduct two simultaneous courses January s—19.19G2. at the Occupational Health 
Research and Training Facility, Cincinnati. Ohio. “Industrial Hygiene Engineering'' is 

designed for industrial hygienists and engineers in the field of occupational health who 
have a degree m engineering or in the physical sciences. “Industrial Hygiene Chem­
istry'1 is designed for chemists in this field who have a degree m chemistry or chemical 
engineering, or in the physical sciences with a minor in chemistry. Dunng the first 
week, trainees for both courses meet together for instruction in industrial hygiene and 
medicine, toxicology, and principles pertaining to evaluation of the environment. For 
the hygienists, the second week's work coven temperature and humidity measure­
ments, illumination, noise measurement and control, and industrial ventilation: for 
the chemists, laboratory analyses for lead, free silica, and solvents, and spectroscopy, 
poiarography, x-rav diffraction, electron microscopy, and gas chromatography. Much 
tune m both courses is spent is the laboratory.

It should be noted that applications for the course or requests for information 
should be addressed to the Chief. Training Program. Robert A. Taft Sanitary En­
gineering Center. 4676 Columbia Parkway, Cincinnati 26. Ohio, or to a DHEW 
Regional Office Director.
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EFFECTS OF VINYL CHLORIDE EXPOSURE ALONE AND IN 
COMBINATION WITH TRYPAN BLUE — APPLIED SYSTEMATICALLY 
DURING ALL THIRDS OF PREGNANCY ON THE FETUSES OF CFY 
RATS

GY. UNGVARY, ARANKA HUDAK, ERZSEBET TATRAI, M. L6RINC2 and 
G.FOLLY
Deportment* of Experimental Pathology and Chemistry, State Institute of Occupational 
Health, Budapest, H-1450 Budapest P.O.B. 22 and Institute of Experimental Medicine, 
Hungarian Academy of Sciences, Budapest, H-1450 Budapest P.OJ}. 67 (Hungary)
(Received December 29th, 1977)
(Revision received May 22nd, 1978)
(Accepted May 23rd, 1978)

SUMMARY

Vinyl chloride (VC) has been shown to be present in the fetal and maternal 
blood as well as in the amniotic fluid after the exposition of pregnant CFY 
rats to VC at an atmospheric concoitration of 5500, 18 000 or 33 000 
mg/ms (—2000, 7000 or 12 000 ppm) for 2.5 h on the 18th day of preg­
nancy, indicating the permeability of the placenta to the agent.

Teratological investigation of the offspring of pregnant rats exposed 
continuously to VC at an atmospheric concentration of 4000 mg/m3 air 
(1500 ppm) during the first, second or last third of pregnancy has shown 
that VC has no teratological effect in the rat and has no embryotoxic effects 
either, when applied during the second or last third of pregnancy in the 
above concentration. Exposition to VC during the first third of pregnancy 
resulted in an increased fetal mortality and in the manifestation of embryo- 
toxic effects. Fetal losses and induction of central nervous system malforma­
tion due to trypan blue administration were not potentiated by a combined 
exposure of pregnant rats to VC and the dye.

INTRODUCTION

VC is ranking 23rd from among the 50 most widely used industrial chemi-

Supported, in part, by the Scientific Research Council, Ministry of Health, Hungary. 
6-11'0401-03-1/MU.
Abbreviation: VC, vinyl chloride.
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cals. Carcinogenicity of the compound has been reported in rats, mice and 
hamsters [1—3). In man the occurrence of hemangiosarcoma — a rare 
malignant neoplasm — of the liver has been brought into possible causal 
relationship with VC exposure [4—8). VC or its metabolite, chloroethylene 
oxide, have been shown to induce mutagenic effects [9—14]. Chromosome 
aberrations have also been described in plant workers after VC exposure of 
various lengths (15—17). However there are only a few data on the terato­
genicity of VC. The results of the epidemiological studies are controversial. 
Infante [18] reported an increase in the incidence of congenital malforma­
tions of the central nervous system among people living near chemical plants 
working with VC. Further epidemiological study (19) did not confirm this 
finding. Infante et ah [20] found higher mortality in families where the 
father was subject to occupational exposure to VC. Paddle (21), however, 
questioned methodological aspects of this approach. The only study in 
experimental teratology with VC was conducted by John et al. [22]. They 
found no teratogenic effect after inhalation of VC at an atmospheric con­
centration of 50, 500 or 2500 ppm for 7 h daily, during organogenesis in 
S-D rats, CF-1 mice or N-Z rabbits.

The large scale' production of VC and the wide usage of the polymer PVC, 
the great number of people exposed, the reported hazardous effects, muta­
genicity and carcinogenicity of the compound as well as controversial data of 
epidemiologic studies of teratogenicity call for a detailed study of experi­
mental teratology of the compound.

The present work was aimed to answer the following questions:
(1) Does VC, inhaled by the pregnant animal, cross the placenta and result 

thus in a direct intrauterine exposure of the fetus?
(2) Does VC in itself possess teratogenic or embryotoxic effects?
(3) When given in combination with a known teratogenic agent does VC 

potentiate the teratogenic effect of the former compound?

MATERIALS AND METHODS

Female CFY rats of 240—280 g body wt. were mated in a harem system. 
The day of finding sperm in the vaginal smear was considered as the first day 
of gestation. The animals were kept on a standard rat pellet [LATI*, 
Godollft] and tap water ad lib. Body weights were recorded once a week.

Groups of 3 rats were exposed to VC for 2.5 h on the 18th day of gesta­
tion at 5500,18 000, 33 000 mg/m3 (~2000,7000,12 000 ppm) atmospheric 
concentrations. At the end of the exposure the animals were sacrificed and 
maternal and fetal blood and amniotic fluid samples were collected for VC 
determination performed by the method of LArincz [23].

Allocation of other pregnant rats to experimental groups can be seen in 
Table I. Groups LA, IC, HA and QIA inhaled air in an inhalation chamber for 
24 h/day on the days of pregnancy 1—9, 8—14 and 14—21, respectively. 
Groups IB, ID, HB and IHB were exposed to VC in an atmospheric concen-

* Institute of Laboratory Animala, GtfdtflkS.

46

RSV 0016872



R
SV 0016873

TABLK I

SUMMAHI'/.KD DATA OK KXPEH IMKNTAL GHOUPS OK PHEGNANT CI’Y RATS EXPOSED TO VINVL CHLORIDE. TRYPAN BLUE OR BOTH

Tmimunt 
*4 hfday

Daya ol 
prc| nancy

No. of 
littera

Maternal
weicltl
gain* *
<%>

No. of fetuaea Mean
litter
al/e

Mean
fetal
weight
(1)

Mean
placental
weight
<•1

Weight
rctardede
fetuaea
(%>

Liver 
wt./budy 
wl. ratio
<%l

Livtr wt./ 
reduced 
body wl.* 
ratio {%)

Live Dead Rcaoibed <%>

(1)
A Ale Inhalation 1 -» 13 64.89 t 171 1 2 1.7 13.16 t 3.61 t 0.63 t 2.3 3.71 t 4 41 i

Phya. aal. a.e.* 7-8 3 18 0.64 0.02 0.006 0.09 0.13
B VC Inhalation7 1-9 19 65.18 t 223 1 12 6.5t 11.69 t 3.74 * 0.66 t 6.7 4.28 !•* 4.92 l**

Phya. Ml. ».e,c 1-1 2 09 0.39 0.03 0.006 0.09 0.09
C Air Inhalation 1-8 13 66.68 l 131 3 32 21. m 10.16 * 3.71 l 0.67 i( 6.3 4.16 4.70 »*•

Trypan blue a.e,* 7-6 2 86 0.64 0.03 0.006 0.06 0.08
t) VC Inhalation7 1-9 18 61 12 i IB8 3 34 16.7*7 11.00 t 3.76 t 0.64 t 10.6 4.61 t •* 6.31

Trypan blue a.c.* 7-8 2.63 0.69 0.03 0.008 0.14 0.11
(ID
A Air Inhalation B—14 14 49.36 l 167 — 6 3.19 11.29 t 3.96 1 0.66 i 6.3 4.06 i 4.67 !

1.86 0.81 0.04 0.007 0.08 0.06
B VC inhalation7 8-14 28 61.70 t 374 1 18 4.64 13.36 1 3.96 I 0.62 t 3.21 4.26 t* 6.03 t*

1.12 0.37 0.02 0.004 0 06 0.07
(III)
A Air Inhalation 14-21 18 62.72 t 212 1 12 6.9 11.79 t 3.66 t 0.62 i 11.8 3.76 1 4.29 •

2 91 0.94 0.03 0.007 0.06 Oil
B VC Inhalation7 14-21 22 40.93 J 244 — 14 6.4 11.18 l 3.64 t 0.67 1 12.3 3.60 t 4.12 t

1.67 0.74 0.03 0.007 0.06 0.07
(IV)
Untreated control — 28 62.46 t 316 1 10 3.37 11.26 i 3.83 t 0.61 1 2.9 3.89 t 4 -60 t

123 0.64 0.02 0.006 0.01 0.00

* In per cent of Martina body weight.
b In per rent of total Implantation alter.
{ Per cent of living feluaea welching leu than 3.3 c.
® Maternal weight (total weight of leluaea ♦ placentae) 
•O.S ml/lOO gbody wl./dey
* 4000 tng/m* (1600 ppm)
■ 0.5 ml/lDOg body wt./dav of 1% (w/v) aoluilon.
* P < O.OS; •* P < 0.01; ((•teat)
t P < 0.06; tt= P< 0.01; (Mann Whitney U teat): t S.E.M.



tration of 4000 mg/m3 (‘*-1500 ppm) for the same length during the same 
periods of gestation as their respective controls. The volumes of the inhala­
tion chambers were 0.13 ma, the vertical flow rate of the air 2 m3/h at a 
regulated temperature of 24—25°C and 50—55% relative humidity. VC 
concentration in the inhalation chamber was determined by means of a type 
5840 A Hewlett Packard digital gaschromatograpb [24]. The rats in groups 
IC and ID were given subcutaneously 2 injections of 50 mg/kg body wt. 
trypan blue (1% solution) on the 7th and 8th day of gestation. Group IV 
was kept in the animal quarters during the whole period of gestation.

On the 21st day of gestation the animals were anesthetised with ether. 
Abdominal wall and uterine horns were cut open and the number, position 
of fetuses living, dead or resorbed were noted. Fetuses and placentae were 
excised, weighed and macroscopic investigation was carried out. Half of the 
fetuses of each mother were put into Bouin’s fixative and dissected after 
fixation under the stereomicroscope [25]. Organs with macroscopic abnorm­
alities were embedded and hematoxylin-eosin stained sections were studied 
further. Histological investigation of representative other organs was also 
carried out. In order to investigate the skeletal system the other half of the 
fetuses were fixed in alcohol and stained with alizarin-red-5 [26]. The 
mothers were dissected and their livers were processed in routine histology.

Arithmetic means and standard errors were calculated. Student's f-test 
was used for statistical comparison. The litter was regarded as the experi­
mental teratological unit [27]; affected over total fetus ratios were 
calculated. Mann-Whitney U-test was used for the statistical comparison of 
the ratios obtained.

RESULTS

Considerably high VC concentrations were found in the blood of pregnant 
rats as well as their fetuses, when the mothers were exposed to VC at an 
atmospheric concentration of 5500,18 000 or 33 000 mg/m3 (~2000, 7000, 
12 000 ppm) for 2.5 h on the 18th day of pregnancy. The presence of VC in 
the amniotic Quid was also detectable (Table ID-

Maternal loss was not encountered in the experiments- No difference in 
the weight gam of pregnant rats expressed as percentage of the starting body 
weight was found with the exception of group ttto exposed to VC during 
the third week of pregnancy. The weight gain in this group was lower, than 
in the other groups (Table I)-

The maternal liver weight and liver weight/body weight ratio increased in 
response to trypan blue as well as to VC applied in the first or second week 
of pregnancy (P < 0.01 and P < 0.05, respectively) while no difference was 
seen in these parameters after VC exposure during the third week of 
pregnancy (Table D- No pathological change was observed in the liver of VC 
treated mothers at the light microscopic level. There was a marked periportal 
histiocytic reaction in the liver of trypan blue injected animals.

The number of resorbed fetuses as well as the fetal loss taken as percent-
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TABLE II
VINYL CHLORIDE LEVELS IN MATERNAL AND FETAL BLOOD AND AMNIOTIC 
FLUID OF CFY RATS ON THE 18TH DAY OF PREGNANCY AFTER 2.5 H OF 
EXPOSURE

Inhalation chamber 
mg/m*)

Maternal blood 
(ui/ml)

Fetal blood 
(ug/ml)

Amniotte fluid 
<Mf/al)

0 0x0 0x0 0x0
5500

(-*2000 ppm)
19.02 < 1.70 12.80 x 2.92 4.27 t 0.42

18000
(-*7000 ppm)

32.40 s 2.12 22.67 t 2.75 4.93 x 0.18

33000
-12000 ppm)

48.43 x 1.95 30.52 x 3.77 13.50 x 2.99

z,S£M.

ige of the total number of implants was significantly increased in the group 
exposed to VC during the first 9 days of pregnancy (P a 0.05); there was a 
endency of increased resorption and fetal loss, though not significant in the 
*roup exposed to VC during fire second week of pregnancy (P < 0.1) and no 
iifference in the parameters was seen after an exposure to VC during the 
bird week of pregnancy. There was an increase in the number of resorbed 
'etuses as well as fetal loss in the group injected with trypan blue (P < 0.01). 
combined trypan blue administration and VC exposure was not more 
effective than the dye injection alone. The number of deal fetuses was 
ncreased by the trypan blue treatment (Table I).

A slight tendency of increase in the ratio of retarded fetuses was seen in 
he groups exposed to VC during the first 9 days of gestation or injected 
rith trypan blue, but no significant change in the mean weight of fetuses or 
placentae and in the ratio of fetuses with weight retardation (less than 3,3 g) 
vas seen no matter during which time of gestation the VC exposure occurred, 
although the ratio of retarded fetuses was higher in the groups inhaling air, 
>r VC in the inhalation chambers during the third week of gestation, this 
ifference was not significant and probably may be due to the stressor effect 
f novel environment.
The findings of the dissection and skeletal investigation of fetuses are 

hown on Table III. None of the malformations or anomalies could be 
ttributed to VC.

>lSCUSS!ON

Continuous exposure of rats to VC results in a permanent elevation of its 
lood level [28]. A permanent increase in blood level and the low molecular 
/eight of VC facilitate a rapid extnvascular distribution of the chemical 
28]. One can assume, that during a continuous exposure of pregnant rats
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TABLE III
FINDINGS OF DISSECTION AND SKELETAL INVESTIGATION OF FETUSES

Treatment

Inhalation 24 h/day of pregnancy

Air
1-9

VCb
1—9

Air
1-9

VCb
1-9

Air
8-14

VCb
8-14

Air
14-21

VCh
14-21

—

S.c. injection days of pregnancy

Phy*. sal* Phya. aal Trypan b* Trypan be _ _ _ — _
7-8 7-8 7-8 7-8 — — — — —

No. of littera examined 13 19 13 18 14 28 18 22 28

No. of live fetuses 171 223 131 196 157 374 212 244 316

Externa) malformations
Exencephaly — — 2 — — — — —

Umbilical hernia — — — 1 — — — — —

No. of fetuses dissected 83 106 63 95 76 185 102 117 166

Internal malformations
Internal hydrocephalus — - 1 1 1 — 1 _ __

Anophthalmia — 1 2 2 — — —

Microphthalmia — 1 — 2 — — — _

Polycystic lungs — — 2 — -- — 3 1 _

Thymus with processus 4 6 9 9 6 9 9 9 ___

Pyelectasia 2 4 6 2 6 20 6 — 3
Dilatation of urinary bladder - 3 — 6 1 8 7 -



Skeletal retardation aigns 
Poorly oaalfied aternebrae 
Bipart, vertebra centra 
Shortneaa of 13th rib.

2
8

Skeletal anomatiee 
Fueed aternebrae 
Supernumerary riba. 2

Skeletal mat format tone 
Miaalng orbita 
Multiplex

* 0.6 ml/100 g body art./day. 
b 4000 mg/m* (1600 ppm).
4 0.6 ml/100 g body art./day of 1% (ar/v) eotution

cn

J3
CD



to VC the fetuses like the mothers are also permanently exposed. Our 
detection of VC in the amniotic fluid and in the blood of fetuses of 
pregnant rats exposed on the 18th day of gestation (Table II) justify this 
assumption.

In order to study the possible teratogenic and embryotoxic effects of the 
compound, rats were exposed to VC at 4000 mg/m3 (1500 ppm) atmos­
pheric concentration continuously during the fust, second or third week, 
of pregnancy. In spite of the exposure at this very high level of concentra­
tion no obvious alteration in the behaviour of experimental animals was 
observed; their food and water consumption and weight gain did not differ 
from that of the controls and activation of self protective mechanisms [29] 
was not seen either.

Although our study of the great number of fetuses gave essentially 
negative results, some tendencies found — not reaching the level of signifi­
cance — might deserve further attention.

There was an increase in the number of resorbed fetuses in the groups 
subjected to VC during the first and second week of pregnancy. Though the 
increase in the number of implantations and higher birth rate might explain 
this difference in the group exposed during the second week; no increase in 
the number of implants was seen in the rats exposed during the first week. 
Thus it is most probable that the toxic effects of VC might explain the 
increased fetal loss close to the level of significance (P a 0.05). This is all 
the more probable, because toxic agents independent of their chemical 
nature have been shown to result in similar embryotoxic effects, when 
applied during the first third of pregnancy [30].

Among the offspring of mothers exposed to VC during the first week of 
pregnancy one case of microphthalmia and an other case of anophthalmia 
occurred. In spite of the fact that this was not consistent with a significant 
increase in the incidence of congenital malformations, these cases deserve 
further attention for the following reasons. None of these malformations was 
observed in the group exposed to air in the chamber, or in the untreated 
controls. Both malformations are related to the central nervous system, and 
an increased incidence of congenital malformations of the central nervous 
system have been brought into causal relationship with VC exposure by 
Infante [18].

On the basis of our results VC exposure in itself has no teratogenic effect 
in CFY rats, but an embryotoxic effect of VC exposure during the early 
stages of pregnancy at high atmospheric concentrations should be taken into 
consideration.

A similar lack of teratogenic effect of VC has been reported by John et al. 
[22]. Their conclusion is based on studies of the effect of VC applied during 
arbitrarily chosen short periods of organogenesis. One could emphasize here 
that it is a minimal requirement of experimental studies aimed to reveal the 
teratogenic effect of any particular chemical that the pregnant mothers are 
exposed to the chemical in such a way as to provide continuous exposure of the 
fetuses during the whole period of organogenesis. The fulfilment of this
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requirement is particularly important with VC and other toxic agents taken 
up by inhalation and exhaled rapidly. In our view the teratogenic effect of a 
chemical cannot be excluded in studies using shorter exposure times than the 
whole period of organogenesis.

We are not aware of any data on the effect of VC in early pregnancy. Even if 
the results of our animal experiments cannot be applied directly to the 
human and considering that an exposure to VC at 250 ppm atmospheric 
concentration would result in the saturation of the metabolizing capacity of 
VC [31], the hazards of an occupational exposure of women in the fertile 
age requires thorough consideration.

Infante [18] claims that the high incidence of congenital malformations 
of the central nervous system in the neighbourhood of PVC producing plants 
is due to VC. Edmonds et al. [19] were not able to confirm this view. Ln this 
context we studied the possibility that even if VC has no teratogenic effect 
to induce malformations of the central nervous system it might potentiate 
a teratogenic effect of other agents. Trypan blue has been reported to be 
embryotoxic and bring about malformations of the nervous system [32—34]. 
Negative results have been obtained in this respect; a concomittant exposure 
:o VC did not affect either the teratogenic or the embryotoxic effects of 
rypan blue, as no higher incidence of congenital neural malformations 
exencephaly, anophthalmia, microphthalmia, aplasia of the orbit) or higher 
?tal losses were encountered in the group with combined VC and trypan 
lue treatment.
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