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Toxicological Effect Of Polyvinyl Chloride on Reproductive System ‘of Albino Rats
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ABSTRACT

‘ Effect of polyvinyl chloride on reproductive system of male and female rats were studied. Polyvinyl chloride

was given orally at 5 ppm dose level (Threshold limit value, Egyption Environmental Jaw 1994) to pregnant female
saes dailyfrom 6 th-15 th day of pregnancy and a second group was kept as control. PVC was also administercd
with same dosc Lo male alhino rats three time/week for two months. Pregnant female rat§were sacrificed on 20th
gestation day. There were reduction in number of fetuses,fetal viability, feta! weight and fetal length. Enlarged
wer and hypoplasia of brain were the only visceral abnormalities detected. Skeletal development appeared similar
® that of control animals except absence of codal vertebra in one case. Seminal changes recorded were decrease in

sperm cell concentration and individual movement percent, in addition to incrcase of total sperm abnormalities
percentage. Histopathological examination of reproductive organs revealed congestion of blood vessel, deposition
of haemosidren pigment in uterus and ovary, degeneration of some ovarian follicle. Edems of testis. destruction of
sperm and eosinophilic mass in somniferous tubules were also detected.

INTRODUCTION

Polymer materials are incriminated in
furniture, clothing, packaging systems and
may be parts of tissue and organ implanted
into man to save or prolong life. The
expanding use of all types of man made
materials has underlined the importance of
toxic potential of these compounds. Polyvinyl
chloride (PVC) is a very durable, practical and
economical plastic, which is so wide spread in
its use that it may become difficult to replace
it. The annual amount of world production has
been constantly increasing. While PVC is so
useful, the heaith hazards which accompany
this plastic are causing alarm in the industrially
countries Polyvinyl chloride caused
angiosarcoma of the liver, Acro-osteolysis of
the fingers and sclerodermic type skin lesions
(1). Oral administration of polyvinyl chloride
caused marked hyperplasia of gasteroentric
mucosa; with polipoid figures activation of
pulmonary inforeticular tissue and
subcutaneous histiocytic lymphoma in rats (2).
Three patients with industrial exposure 10 PVC
developed angio-sarcomas of the liver. One
patient has multi-lobular primary
hepatocellular carcinoma (3).

Rats inhaled polyvinyl chloride dust at
concentration of 10 mg/in3 for 6 hriday, 5
days/week for 15 weeks showed scattered lung
lesions (4). Polyvinyl choride (PVC) used in
processing of certain tubes used in medical
practice administration devices, catheters, part
of dialysis devices and plastic bottles for
packaging of liquors. Possible toxic interaction
bétween food and PVC container can occur

(5). The same. auther added that human
exposed to vinyl chloride in air at a
concentration of 6000 ppm for half an hour
showed dizziness and drowsiness. Mean pH of
platelet storage in polyviny| chloride container
was droped from 7.23 on day 0 to 6.68 by day
5 (6). 253 cases of death were recorded in
seven plants used polyviny! chloride. Where
informaton from death certificate indicated
that 14 caseshad liver cancer; and seven with
angiosarcoma and two with hepato cellular
carcinoma (7). Single intratracheal instiilation
of 25 mg/rat polyvinyl chloride caused
increase in Llotal organ fresh weight, dry
weight, DNA RNA and protein content (8).
Polyinyl chiride has carcinogenic action on the
liver (9); and oliguric renal failure (10). Acute
toxicity may occurr.. due to product of
conveyer tap burning "Tape used in coal mines
and processed from polyvinyl chioride” (11).
Growth of human umbilical endothelial cells
cultured on soft polyvinyl chloride plastics
plate was significantly less than that on the
control plate (polystyrene cell culture plates)
with the same coated substance. Tissue
plasminogen activator from cell cultured on
PVC was up to four times than control cells
(72). Incidence of seminoma and embryonal
testicular cancer were increased, in exposure to
polyvinyl chloride than other types of plastics
(13). Vinyl chloride affected two genotypes,
CYP2 El and GSTTI, which may play
important roles in the biotransformation of
vinyl chloride (14). Platelets stored in
polyvinyl chloride bag showed increase CO2
tension and low in O2 tension (I5). Women's
come contact with common estrogenic
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compounds as detergents, plastics and
polychlorinated biphenyls should be limited
(16). American conference of Goverment
Industrial Hygienists recorded that threshold
limit value (TLv) of vinyl chloride is | ppm,
while Egyption environmental law (law No. 4,
1994) recorded that maximum permissible
limit is 5 ppm.

The purpose in the present study was to
give an idea about the possible teratogenic
effect of polyvinyl chloride on female albino
rats and on semen quality of male albino rats.

MATERIALS AND METHODS
A:Chemicals ;

Polyviny! chloride is white fine crystals
obtained from "BDH laboratory supplies,
Poole, Dorset, England “.The chemical unit
structures of polyvinyl Chloride is
{-CHCL-CCH2-).

B: Experimental design :

Effect on pregnant females: This study
was carried out on twenty mature female
albino rats weighing 180-200g. Daily vaginal
smears were examined for detection of female
in oestrus. Female in oestrus was left with
male over night and a vaginal smear was
examined to detect zero day of pregnancy.
Two equal groups of pregnant female each of
10 were used. The first group kept as non
treated control group. The second was given
polyvinyl chloride at dose level of 5 ppm
which was equal to threshold limit values
according to Egyption Environmental law for
1994, The studied substance was. given daily
in corn oil by metallic stomach tube from 6 th
to 15 th day of gestation. During this period,
the different organs developed and become
more sensitive to the effect of tested material
(17). Both control and treated pregnant females
were kept under observation until the 20 th day
of gestation at which they were sacrificed by
decapitation and dissected to examine the
effect of polyvinyl chloride on fetal
development. The uterus and uterine horns
were examined carefully for resorption sites,
foeti from each mother were examined
morphologically by counted and separated to
dead and live foeti. Each foetus was dried on
absorbent paper, where weight and crown
rump length (CVR) were recorded and
examined for external malformation. Some of
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the foeti were fixed in Bouin's solution for at
least one week for examining visceral
abnormalities (18). Other foeti were
eviscerated and kept in 95% ethanol for one
week then cleared with 2% KOH for 24-32
hours. Then the foeti were immersed in
Mallsch's solution with alizerin red for 24 h.
(19). The stained foetuses were kept in
Mallsch's solution alone for 2 days, then rinsed
in cold water and cleared by successive
passage in graded concentration of glycerol in
2% ptassium hydroxide solution. The stained
skeleton was examined under the sterio
microscope for skeletal malformations.

Effect on male rats: Twenty mature male
albino rats were dg¢vided into two equal Sroups
each of 10 rats. First group kept as a control .
Second group given three time weekly
polyvinyl chloride in corn oil at concentration
of S5ppm (Tlv according to Egyption
Environmental law, 1994) by stomach tube for
two months. Animals were sacrificed and sera
were obtained for estimation of testosterone by
direct radioimmuno assay (20) and the testis
were desiccated. Semen samples were
obtained by cutting the tail of epididymis and
crushed it gently in clean petri dish which
contained 2 ml normal saline solution. Semen
was evaluated (21).

Pathological examination

intestne,
placenta, ovary and testis were processed for

Specimens from uterus,
routine histopathological examination.
Statistical analysis of our data were performed

by“t”test using steatease program (22).

RESULTS

Table (1) shows . morphology of
foetuses obtained from female pregnant rats
administered orally 5 ppm of polyvinyl
chloride from the 6 th to 15th day of gestation
in comparison to foetuses from non-treated
mother. Percentage of viable featuses from
female pregnant rats was 78.6%, while that of
dead fetuses was 21.4%. Twenty two resorbed
foetueses were recorded in polyvinyl chioride
treated rats while control group showed no
fetal resorption (Table 1, Fig.1). A significant
decrease ~ was recorded in both foetal weight
and crown rump length (Fig.2). The mean
values of foetal body weight and crown-rump
length were 2.840.29 and 3.4+ 0.14 cm while
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those from control group were 5+0.11 and
4.8+0.34 cm (Table 1).

Table (1): Effect of Polyvinyi chioride on morphology of foetuses
obtained from mother given S ppm of PVCrom 6th to15th
day of pregnancy.

Paramelers Contro! group

Group given Sppm
polyvifyl chlor?de

Number of female rats 10

10
33

No. of viable foetuses 65

Viable foetuses %

No. of dead foetnses 9

2 4%
22
2.8%440.2

Dead loetuses %

No. of resomed foctuses

Fetal body weight (g) 54011

Fetal crown-rump fengths| 484031

(cm.) 34*%0.41

* Significant at P<0.05 **Signilicant at P<0.01

Visceral examination of living fetuses
obtained from mothers given 5 ppm oral dose of
polyvinyl chloride from 6th to 15th day of

gestation revealed some visceral abnormalities -

such as liver enlargement (Fig.3) in 26.6%
(Four cases from 15 examined featus).
Hypoplasia of brain was detected in one case
(Fig.4). Examination of skeleton of fetues
obtained from dams given Sppm polyvinyl
chloride from 6th to 15th day of pregnancy
showed absence of caudal vertebrae only in one
case from examined foetuses as clear in Fig.5.

Table (2) shows non significant changes
in weights of right or left testis from male
albino rats administered 5 ppm polyvinyl
chloride orally. Highly significant decrease in
sperm cell concentration was detected in male
Albino rats administered orally 5ppm polyvinyl
chloride for two months. Sperm cell

concentrtions were 160.6_-t3.33):106 ml for

treated group in comparison to 240.6+6.6x 108
ml for control group. Administration of Sppm
polyvinyl chloride to male albino rats induced a
significant increase in total sperm
abnormalities percentage and individual
movement.

Total sperm abnormalities and individual
movement percentages were 8.33433.3% and
45+2.3% respectively in comparison to
1.66+1.2 and 73+.52% for control group.
Testosterone level - decreased to 2.1+0.06
while that of control was 3.6+0.1ng/ml of
control group.

Table (2): Seminal changes of male albino rats after oral
adminstration of Sppm of polyvinyl chloride for two
months {Mean +S.E.).

Parameters Controf group |Group (administered

orally Sppm PVC

Weight of right tests 1.5%0.08

0.8:0.03
2406196

1.440.05

Weight of left tests 0.740.05

Total sperm cell enc. X106mL 16068441333

Total sperm abrormalities % | 1 66412 83344333

Individual movement % 1311.52

3.640.1

450423
Testosterone (ng/ml)

21%440.06

* Significant at P<D.05 **Significant at P<(.01

Pathological finding '

Uterus: Microscopic examination of
uterus revealed congestion of blood vessels
with focal desquamtion of endometrial
epithelial cells. In addition, focal deposition
of goldenyellow granules of haemosiderin
pigment were prevalent (Fig.6 and 7).
Mononuclear inflammatory cellular
infiltration of endometrium was also
detected.

Ovary: Congestion of blood vessels
with inflammatory cellular infiltration of
ovarian tissues were seen. Degeneration of
some ovarian follicles was also observed
(Fig.8). Perivascular edema and muiltiple
areas of haemosiderosis were also detected.
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Placenta : Congestin of placental blood
vessels with hyperplasia of lining epithelium
were detected. Homogenous eosinphilic
necrtic tissue was seen (Fig.9). Moreover,
focal areas of edema were also recorded.

Intestine: Congestion of submucosal
blood vessels with mononuclear cellular
infiltration of laminapropria and submucosa
were found. Focal hyperplasia of lining
epithelium of intestinal mucosa was recorded

(Fig.10). Moreover cellular debris within
Jlumen of intestine was found in some
examined cases.

Testis : Histopathological examination
of testis showed congestion of blood vessel
and odema of intertubular tissue. Moreover,
destruction and necrosis of sperms with,
presence of homogenous eonsinophilic mass
structures within some somniferous tubules
were aiso recorded (Fig.11).
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Fig. (6 and 7): Uterus of female albino rats administered 5 ppm PVC showed congestion of
blood vessel, focal desquamation of endometrial epithelial cells and focal deposition of
haemosiderin pigment (H&E) X 200.




Fig. (8): Ovary showed con
degencration of some o

Fig. (9): Placenta showed ¢

gestion of blood vessel and inflammatory cellular infiltration and
varian follicles (H&E) X 400.

ongeston of blood vessel, hyperplasia of lining epithelium and
homogenous cosionphilic necrotic tissue(H&E) X 400.




Fig. (10): Intestine showed mononuclear cellular infiltration of lamina propria, focal hyperplas::
of lining epithelium (H&E) X 400.

Fig. (11): Testes of male albino rat showed destruction and necrosis of sperms and homogenous
eosinophilic mass within somniferous tubules (H&E) X 400.




DISCUSSION

In the present work effect of 5 ppm
polyvimyl chloride was detected on female and
male ive efficiency. From our results
effect on rats; which clarified by resorbed and
dead foetuses, decrease in fetal weight and
length; liver enlargment; brain hypoplasia and
finally absences of ‘caudal vertebrae. These
observation were not previously recorded but
polyvinyl chloride has an effect on DNA and
RNA of rat (8); decreased the growth of human
umbilical endothelial cell (12) and affected two
genotypes that may play a role in PVC
biotransformation and one of estrogenic
compound (16). This result:3s confirmed by
pathological findings of uterus, ovary and
placenta.

Effects of polyvinyl chloride on fertility
of male rats was pronounced and manifested
by reduction in sperm cell concentration,
percentage of individual motility and increase
in total sperm abnormality in additon to
decrease in level of (estosterone. These results
may be atiributed to the effects of vinly
chloride on fertility (I3). The outher§(I3)
recorded an increased incidence of seminoma
and embryonal testicular cancer in exposure to
polyviny! chloride than other plastics infertility
action was confirmed by pathological finding
of the testis.

The available literaturefdid not provide

sufficient information about pathological
changes of reproductive organs associated with
administration of PVC. However the present
study revealed that polyvinyl chloride caused
some changes in the form of congestion of
blood vessels. cellular infiltration, edema,
mecrosis and degeneration of some ovarian
follickes. These alteratons may be returned Lo
toxic effect of hvdrochloric acid, carbon
monoxide and phosgene that rcleased from
decompositon of polyvinyl chloride (23).
Testicular changes recorded in our result in
form of edema destruction and necrosis of
sperm are in agreement with a previously
cited record (13), who recorded seminoma and
embryonal testicular cancer in workers
exposed to polyvinyl chloride. These results
may be due to simular effect as mention
peviously in female reproductive organs.

that harmful effects

iny! chloride had a teratogenic

of new man-made materials as plastics are
much more prevalent than originally
suspected.
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