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Abstract

Article history:

Polyvinyl chloride (PVC) has toxic effects through the induction of oxidative stress in the
body and testicles. Vitamin E (Vit E) is a dietary compound that functions as an antioxidant
scavenging toxic free radicals. The present study aimed to probe the protective effect of Vit E
against PVC-induced reprotoxicity in male rats. In this experimental study, 24 male rats were
randomly divided into four groups (n=6) including control, Vit E (150 mg kg-1 per day; orally),
PVC (1000 mg kg-1 per day; orally) and PVC + Vit E. After 40 days, rats were euthanized and
epididymal sperms characteristics, embryo development and malondialdehyde (MDA) and
testosterone levels were examined. The PVC decreased sperm count, motility and viability as
well as testosterone level and increased sperms with damaged chromatin in comparison with
controls. Also, the percentages of fertilization, two-cell embryos and blastocysts as well as MDA
levels were decreased in PVC-treated rats. However, Vit E improved PVC-induced alterations in
aforesaid parameters. The results indicated that PVC can reduce fertility potential in male rats
probably through androgen and sperm quality and quantity reductions, while Vit E can exert
protective effects in PVC-related reproductive toxicities.
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Introduction
Polyvinyl chloride (PVC) is used as a raw material in
the manufacture of chemical and plastic industries
including disposable containers and plastic tubes, cables
and wires, floor coverings, film photography, automotive
electronics and toys.1 Due to the increasing production of
the above-mentioned products, PVC production will also
increase, resulting in more PVC exposure.2 Since PVC is not
chemically bonded to the polymer, it is removed at the
time of production and use of the polymer. Therefore, it is
transmitted to humans through air, water, food and even
using medical devices.3 One of the most important uses of
PVC is in the manufacture of medical devices and
laboratory equipment.4 Blood storage bags, injection and
hemodialysis devices and chip tubes contain large
quantities of PVC. A lot of the materials used to make PVC
industries are found in the blood and tissues of patients
having a frequent transfusion.5 However, the main source
of human exposure to PVC is food.6 Most of the previous

studies have been focused on the effects of PVC on the liver
because the first organ that is damaged by its exposure is
the liver. In PVC exposed cases, the risk of liver
angiosarcoma developing was 11 to 16 times and the risk
of brain cancer developing was four times higher than
normal people.7 It has been shown that PVC exerts
hepatotoxic, teratogenic, mutagenic and carcinogenic
effects and produces renal, pulmonary and reproductive
dysfunctions. The liver and testes appear to be the target
organs of PVC toxicity. The PVC and other plasticizers have
been reported to cause testicular atrophy associated with
a decreased zinc concentration in the testes. Also, PVC can
decrease the serum level of testosterone.8 Other studies
have also shown that PVC causes apoptosis in testis,
induces oxidative stress and reduces the activity of the
antioxidant enzyme.9,10 Since oxidative stress in the testicle
is one of the main causes of apoptosis in the germ cells, it
has a high concentration of antioxidants such ascorbic acid
and vitamin E (Vit E).10 These antioxidants protect the
germ cells against DNA oxidative damage and play an
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important role in spermatogenesis.11 These facts show that
the mechanism of defense against oxidative stress plays a
vital role in preserving spermatogenesis and preventing
testicular atrophy.
The reactive oxygen species (ROS) can damage the
DNA of sperm in a variety of ways, such as changing the
structure of DNA strands, the abnormal corrosion of DNA
and re-matching the chromosomes.12 Awareness of the
damage to the DNA of sperm will be beneficial for the
adoption of a suitable method to establish treatment and
laboratory assists strategies. Sperms used in the
laboratory issues are usually exposed to oxidative stress
resulting in DNA damage in a large number of sperms.13 As
a result; there is the possibility of selecting sperm with a
high risk of DNA damage.14
Today, due to the increasing use of plastic products, an
increase in the consumption of PVC and more exposure to
this environmental pollutant became a matter of great
concern. Several treatments have been proposed to reduce
the oxidative stress levels induced by PVC in testicular
tissue. Vitamin E as a potent antioxidant acting against free
radicals has a protective effect against the oxidative damage
of DNA and can inhibit the lipid peroxidation in cell
membranes via restricting free radicals adverse effects.15
Therefore, in the present experimental study, rats
were given PVC as an oxidative stress inducer and Vit E
as an antioxidant defense system promoter. This study
aimed to determine the protective effect of Vit E against
PVC-induced spermatotoxicity, embryotoxicity and
testosterone concentration changes.
Materials and Methods
Animals and treatment. In this study, 24 male adult
Wistar rats weighing 180 ± 20 g were purchased from
authorized laboratory animal breeding center (Laboratory
Animal House, Urmia University, Urmia, Iran). They were
housed in a specific pathogen-free environment under
standard conditions of temperature (22.00 ± 2.00 ˚C),
relative humidity (50.00 ± 10.00%) and light (12 hr
light/dark), fed with a standard pellet diet and had free
access to water. Animal work was conducted in
compliance with Guidelines for the Humane Care and Use
of Laboratory Animals using protocols approved by the
Urmia University (No. 2.PAD.299, 2017). Following two
weeks, the rats were divided into four groups (n=6)
including control, Vit E (150 mg kg-1 per day) (Jaber Ebn
Hayan, Tehran, Iran), PVC (1000 mg kg-1 per day) and PVC
(1000 mg kg-1 per day) + Vit E (150 mg kg-1 per day). The
oral administration method was used and the duration of
this study was considered as 40 days. The chemicals were
purchased from Sigma (St. Louis, USA) unless otherwise
stated. The PVC (Merck, Darmstadt, Germany) and Vit E
were dissolved in normal saline and olive oil (Mazo Light,
Tehran, Iran), respectively.16

Sampling. At the end of the treatment period, the rats
were euthanized with 75.00 mg kg-1 ketamine (Alfasan,
Woerden, The Netherlands) and 10.00 mg kg-1 xylazine
(Alfasan, Woerden, The Netherlands), both intraperitoneally (IP). Through a caudal abdominal incision, the
reproductive system was exposed. The epididymis was
carefully separated from the testis and placed in a 1.00 mL
of modified rat 1-cell embryo culture medium (mR1ECM;
Sigma) with 4 mg mL-1 bovine serum albumin (BSA).
Sperm characteristics. Epididymal sperms were
collected by chopping one caudal epididymis in 1 mL of
mR1ECM medium and incubated for 60 min at 37.00 ˚C in
an atmosphere of 5.00% CO2 incubator to allow sperms to
swim out of the epididymal tubules. To assess the sperm
motility, one drop of sperm suspension was placed on a
microscope slide and a coverslip was placed over the
droplet. At least 10 microscopic fields were observed at
400× magnification using a phase-contrast microscope
and motile sperms percentages were calculated.17
The epididymal sperm counts were obtained by the
standard hemocytometric method as described
previously.18 Briefly, after dilution of epididymal sperm to
1:20 in distilled water, approximately 10.00 μL of the
diluted specimen was transferred to each of the counting
chambers of the hemocytometer. The cells were
sedimented during this time and counted with a light
microscope at 400× magnification. The sperm count was
expressed as the number of sperm per milliliter.
Acridine orange (AO) staining was used to assess the
cauda epididymal sperm DNA denaturation. For the
analysis of sperm DNA integrity with fluorescence
microscopy, thick smears were fixed in Carnoy’s fixative
(methanol: acetic acid; 1: 3) for at least 2 hr. The slides
were stained for 5 min and gently rinsed with deionized
water. Two-hundred sperms were evaluated and sperm
heads with denatured chromatin displayed an orange-red
fluorescence compared to those with intact chromatin
emitting green fluorescence.19
Evaluation of sperm abnormalities was performed as
described previously.20 Sperm smears were prepared on
clean and grease-free slides, allowed to air-dry overnight,
stained with 1.00% eosin-Y/ 5.00% nigrosin and
examined at 400x magnification for morphological
abnormalities. Teratozoospermia index (TZI) was defined
as the number of abnormalities present per abnormal
spermatozoon. Each abnormal spermatozoon can have
one to four abnormalities including head, neck/midpiece
and tail defects or presence of cytoplasmic residues. The
spermatozoa were recorded as normal or abnormal and
distributed into specific groups (head, neck/midpiece and
tail defects or cytoplasmic residues groups). The total
number of abnormalities was then added together and
divided by the number of abnormal spermatozoa.21
Oocyte collection. Female rats were super-ovulated
with 25.00 IU of PMSG (Folligon, Boxmeer, Netherlands)
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hormone and 15.00 IU of hCG (Folligon, Boxmeer, The
Netherlands) hormone, both IP. Twelve to sixteen hr
after hCG injection, oocytes were harvested through the
dissecting of the oviduct. The mR1ECM with 4.00 mg
mL-1 BSA was placed in the 5.00% CO2 incubator at 37.00
˚C overnight.One fertilization drop (500 μL), two wash
drops (150 μL) and two overnight culture drops (150 μL)
of the medium were put into 3×3 cm Petri dish and drops
were covered by mineral oil. The oocytes were put in the
fertilization drop and then capacitated sperms (1 × 106
per mL) were added to the fertilization drop. After 4 hr,
the percentage of fertilized oocytes was examined under
the inverted microscope and fertilized oocytes (zygotes)
were transferred to fresh medium after washing.
Meanwhile, the percentages of two-cell embryos and
blastocysts were examined.22
Preparation of mR1ECM: Stock A. To prepare the
stock, 0.239 g potassium chloride, 6.420 g sodium chloride,
1.352 g glucose, 0.075 g penicillin G, 0.050 g streptomycin
and 1.900 mL sodium lactate were dissolved in 100 mL
distilled water and the solution was sterilized by filtration
through 0.20 μm filter and stored at 4.00 ˚C as stock A.
Preparation of mR1ECM: Stock B. The reagents
including 0.102 g magnesium chloride and 0.294 g calcium
chloride were dissolved in distilled water and adjusted to
the volume of 100 mL. The solution was sterilized by
filtration through a 0.20 μm filter and stored at 4.00 ˚C as
stock B. All reagents (10.00 mL stock A, 10 mL stock B,
0.210 g sodium, 0.0055 g sodium pyruvate, 0.0146 g Lglutamine, 2.00 mL of essential amino acids and 1.00 mL
non-essential amino acids) were dissolved in distilled
water and adjusted to the volume of 100 mL. The osmotic
pressure was adjusted to about 310 mOsm. The solution
was sterilized by filtration through a 0.20 μm filter and
stored at 4.00 ˚C.
Malondialdehyde (MDA) level determination. After
homogenizing the testes, the levels of MDA were
evaluated. To this end, 0.20 g of the testicular tissue was
transferred to 0 °C 0.05M phosphate buffer with pH=7.40
(10.00% w/v) and ground by mortar and pestle. Then, the
resulting solution was centrifuged at 1000 rpm.
Afterward, 150 μg of the supernatant of the centrifuged
specimen was removed and 300 μg of 10.00%
trichloroacetic acid was added and centrifuged at 1000
rpm, 4 °C, for 10 min. Then, 300 μL of the supernatant
was transferred to the test tube and incubated with 300
μL of 0.67% thiobarbituric acid at 100 °C for 25 min. After
5 min of cooling the solution, the pink color resulting
from the reaction between MDA and thiobarbituric acid
appeared and evaluated with a spectrophotometer at
535 nm wavelength. The concentration of MDA was
calculated using the MDA absorption coefficient and
expressed as nmol per g tissue.23
Testosterone level measurement. To measure the
changes in serum levels of testosterone, blood samples
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were collected and centrifuged and sera were stored at –
80.00 °C until testing. The concentrations of testosterone
were measured by an ELISA method using a commercial
kit (Ideal Tashkhis Atieh, Tehran, Iran).
Statistical analysis. Statistical analysis was performed
using one-way ANOVA and Bonferroni test via the
computer-based statistical programs (SPSS; version 24.0,
IBM Corp., Armonk, USA). A p-value of less than 0.05 was
considered statistically significant.
Results
Sperm count. The number of sperm in the PVC
receiving group was significantly reduced compared to
the control and Vit E groups (p < 0.05). However, the
number of sperm was not significantly different in the
PVC + Vit E group compared to the control and Vit E
groups (p > 0.05; Table 1).
Sperm motility. The percentage of sperm motility in
the PVC receiving group was significantly lower than the
control and Vit E groups (p < 0.05). However, the
administration of Vit E plus PVC resulted in an
improvement in the percentage of motile sperms, which
showed no significant difference compared to the control
and Vit E groups (p > 0.05; Table 1).
Sperm viability. The percentage of sperm viability
was significantly reduced due to PVC treatment (p < 0.05).
However, the administration of Vit E in combination with
PVC could improve the sperm viability, which was not
significantly different compared to the control group (p >
0.05; Table 1 and Fig. 1A).
Sperm DNA damage. To investigate the sperms with
abnormal DNA via AO staining, it was found that in the
PVC group, the number of sperms with abnormal DNA
increased significantly compared to the control and Vit E
groups (p < 0.05; Table 1 and Fig. 1B). In PVC + Vit E group,
this increase was not significantly different compared to
the control group (p > 0.05).
In vitro fertilization (IVF) outcome. Table 2 shows
the IVF results in the experimental groups. According to
the results, the zygote percentage in the PVC receiving
group was significantly lower than that of the control and
Vit E groups (p < 0.05). While, in the PVC + Vit E group, the
zygote percentage was not significantly different from that
of control and Vit E groups (p > 0.05). The mean of two-cell
embryos in the PVC group showed a significant decrease
compared to the control and Vit E groups (p < 0.05).
Vitamin E significantly improved this alteration and there
was no significant difference compared to the control and
Vit E groups (p > 0.05). A significant reduction in the
percentage of blastocysts was observed in the PVC group
(p < 0.05). However, there was no significant difference in
the percentage of blastocysts in the PVC + Vit E group
compared to the control and Vit E groups (p > 0.05).
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Table 1. Effect of polyvinyl chloride (PVC) and vitamin E (Vit E) on epididymal sperm characteristics in different groups (Mean ± SEM).
Groups
Sperm count (×106 mL-1)
Sperm motility (%)
Sperm viability (%)
Sperms with damaged DNA (%)
Control
34.25 ± 2.71 a
88.25 ± 3.01 a
89.00 ± 2.41 a
5.53 ± 0.40 a
Vit E
36.50 ± 3.09 a
86.75 ± 2.01 a
86.50 ± 2.90 ab
4.36 ± 0.67 a
PVC
25.00 ± 1.29 b
73.50 ± 3.22 b
73.75 ± 2.92 b
11.70 ± 1.76 b
PVC + Vit E
27.50 ± 1.19 ab
79.50 ± 1.32 ab
79.50 ± 1.32 ab
9.05 ± 0.80 ab
ab Different letters indicate a significant difference between groups in each column (p < 0.05).

The rate of completely hatched blastocysts was
significantly lower in PVC-received rats compared to the
controls (p < 0.05), while this ratio in PVC + Vit E group,
was nearly restored to the control levels (p > 0.05).
The percentage of arrested embryos in the PVC group
was significantly lower than the control and Vit E groups
(p < 0.05). However, in PVC + Vit E group, this parameter
did not show a significant difference compared to control
and Vit E groups (p > 0.05; Table 2 and Figs. 1C-1F).

Testosterone level. Testosterone levels in PVC group
significantly decreased compared to the control group,
while the testosterone concentration was improved in PVC
+ Vit E group. However, there was a significant difference
compared to the control group (p < 0.05; Fig. 2A).
Malondialdehyde level. The MDA concentration
significantly reduced in PVC group compared to controls,
while it was significantly improved in PVC + Vit E group
compared to the PVC-only group (p < 0.05; Fig. 2B).

Fig. 1. A) Photomicrograph of epididymal sperms stained with
eosin-nigrosin in polyvinyl chloride (PVC) group. Live sperm (1)
is not stained and dead sperm (2) appears pink (×1000); B)
Sperms with the orange-colored head (1) having damaged
chromatin and green-colored sperms with healthy chromatin (2)
are seen in the PVC group (acridine orange staining technique,
1000×); C) Arrested 4-cell embryo; D) Blastocyst stage; E)
Morula stage; F) Hatching embryo.

Fig. 2. Effect of vitamin E (Vit E) and polyvinyl chloride (PVC) on
concentrations of A) testosterone and B) malondialdehyde
(MDA) in the testis of different experimental groups (Mean ±
SEM). abc Different letters indicate a significant difference
between groups in each column (p < 0.05).

Table 2. Effect of polyvinyl chloride (PVC) and vitamin E (Vit E) on in vitro fertilization outcomes in different groups (Mean ± SEM).
Groups
Zygote (%)
Two-cell embryos (%) Blastocysts (%) Hatching embryos (%) Arrested embryos (%)
Control
85.57 ± 2.01 a
85.63 ± 1.63 a
72.86 ± 1.86 a
57.77 ± 3.00 a
11.36 ± 2.09 a
Vit E
80.93 ± 2.14 a
84.11 ± 2.54 a
70.78 ± 2.45 a
54.57 ± 1.60 ab
16.56 ± 0.70 ab
PVC
59.41 ± 1.23 b
71.88 ± 0.93 b
52.94 ± 2.94 b
45.49 ± 1.38 b
22.96 ± 2.96 b
PVC + Vit E 71.04 ± 4.56 ab
81.42 ± 1.42 a
56.00 ± 4.00 b
50.14 ± 1.57 ab
18.34 ± 2.34 ab
ab Different letters indicate a significant difference between groups in each column (p < 0.05).
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Discussion
The PVC, an environmental contaminant, has been
shown to interfere with normal reproductive processes
leading to decreased sperm count and motility and semen
quality.24 Conventionally, semen quality is typically
measured by assessing sperm count, motility, morphology
and vitality. Recently, sperm chromatin DNA integrity has
also been considered as an important parameter for
evaluating semen quality and might be correlated with
other measures.25 Sperm DNA fragmentation and
decondensation are being increasingly recognized as
indicating parameters of early and late failures in
reproductive technologies, respectively.26 In the present
study, PVC caused a significant decrease in sperm count
and percentage of live sperms. Studies have shown that
PVC induces oxidative stress, reduces the activity of
antioxidant enzymes and thus causes apoptosis in
testicular tissue.27 One possible mechanism is that ROS
generation might be correlated with PVC-induced calcium
(Ca) entry, potentially through the Ca-mediated activation
of the nicotinamide adenine dinucleotide phosphate
complex.28 An experimental study using comet assay has
shown that in vitro exposure to PVC induces DNA damage
through the ROS generation in mouse Leydig cells.29
Oxidative stress may induce DNA damages in
spermatozoa.30 The mechanism by which PVC-induced
ROS generation causes damage to sperm DNA requires
further investigations. Oxidative stress can cause DNA
damage and apoptosis in the sperm resulting in reduced
fertility.31 Previous studies have shown that the use of
antioxidants in the culture medium improves the fertility
ratio and implantation.32 Also, other reports have
confirmed the role of antioxidants in reducing DNA
damage and improving the proportion of blastocysts
development in mice.33 The administration of Vit E (alphatocopherol), a potent antioxidant, showed a beneficial
effect on spermatozoon by protecting the acrosome and
improving mitochondrial activity. Vitamin E has been
shown to react with free radicals via producing the alphatocopherol radical. This radical, once produced, can
neutralize the existing free radicals.34 Alternatively,
decreased sperm count can be associated with decreased
testosterone secretion as the spermatogenesis process
depends on the action of testosterone.35 It has been shown
that the administration of PVC causes the destruction of
Leydig cells and consequently decreases testosterone
levels.36 In the present study, the concentration of
testosterone was significantly reduced in the PVC group,
indicating a toxic effect of PVC on Leydig cells. The
initiation of spermatogenesis at puberty and the
maintenance of this process in adults are testosteronedependent. Testosterone is required for the completion of
meiosis, differentiation of the spermatids and maturation
and conversion of round spermatids to elongated ones.37 It
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has been confirmed that the conversion of round
spermatids to elongated ones is suppressed when
testosterone in the interstitial fluid is only 5% of the
control group concentration.38 In addition, it has been
demonstrated that sperm DNA damage leads to decreased
fertilization rates and/or embryo cleavage.39 Because
structurally abnormal spermatozoa are the major source
of ROS production in semen, embryo development arrest
in PVC-administered rats may be attributed to the adverse
effects of ROS-producing damaged spermatozoa during in
vitro insemination of oocytes.40 In the current study,
concomitant administration of Vit E to PVC receiving rats
noticeably improved the PVC-induced negative changes in
the sperm parameters and embryo development. The
protection offered by Vit E against PVC evoked
reproductive toxicity is likely thanks to its ability to
suppress oxidative stress through ROS over-production
inhibition. Similar to our findings, it has been shown that
Vit E with anti-inflammatory and antioxidant activities
improves sperm parameters and embryo development.41
Collectively, in investigating the potential protective
effects of Vit E in PVC-related reproductive toxicities, Vit E
through its antioxidant functions provides a marked
protective effect against PVC-induced sperm impairment
and embryotoxicity. Further studies will be needed to
disclose the applicability of Vit E in clinical trials.
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