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Abstract

The protective effect of Melatonin (MLT) against Bisphenol-A (BPA) induced perturbation of the
epididymis of Wistar rats was studied. Forty adult male rats assigned into four groups A-D (n=10)
were used for the study. Group A (Control rats) received 0.2 ml of olive oil orally. Group B (MLT-
treated rats): 10 mg/kg per day body weight MLT administered intra-peritoneally. Group C (BPA-
treated rats): oral 10 mg/kg per day body weight BPA suspended in 0.2 ml olive and Group D
(BPA+MLT-treated rats): All treatments lasted for 45 days. The results showed a significant
reduction in epididymal weight, decreased sperm motility, livability and counts, decrease in
catalase, superoxide dismutase, glutathione reductase and glutathione peroxidase activities while
hydrogen peroxide generation and lipid peroxidation were significantly increased compared with
the control. Exposed rats also showed induced necrosis and epithelial sloughing as well as
decreases in the expression of alpha Smooth Muscle Actin (aSMA), Vimectin (Vm) and S-100
proteins in the epididymidis. However, co-administration of MLT alongside BPA averted BPA-
induced alterations in biochemical markers of oxidative stress, semen quality, protein expression
and tissue architecture. Hence, MLT averts BPA-induced perturbations of the epididymis in Wistar
rats.
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Introduction manufacture of polycarbonate plastic making
it present in several consumer products
including the interior coatings of food cans,
milk containers, and baby formula bottles as
well as in dental sealants (Welshons et al.,

2006; Doerge et al., 2011). However, BPA

Bisphenol A (BPA), has been the focus of
increasing  environmental  toxicological
research due to its widespread presence in
several consumer products and its adverse

effects on reproduction (Erler and Novak,
2010; Dekant and Colnot, 2013; Ahbab et al.,
2017). BPA is a major constituent of epoxy
and polystyrene resin. It is used in the

possesses certain hormone-like properties
and these have raised health concerns about
its suitability in consumer products and food
containers. Reproductive toxicities induced



by BPA have been associated with increasing
cases of male infertility resulting from
alterations in the process of spermatogenesis
(Qiu et al., 2013), perturbations in the blood-
testis barrier (Li et al, 2009) and
androgen/estrogen receptors (Matthews et
al., 2001). BPA, like other environmental
contaminants, have been shown to induce
reactive oxygen species (ROS) generation in
cells, resulting in cell death and tissue injury
(Ho et al., 1998). There are plethoras of
evidence that environmental contaminants
alter the antioxidant system in the testis
(Sujatha et al., 2001; Latchoumycandane et
al., 2002) and epididymis of rats (Chitra et
al., 2001, 2002; Latchoumycandane et al.,
2002).

Melatonin (N-acetyl-5-methoxytryptamine,
MLT), a neuro-hormone derived from
tryptophan and mainly released from the
pineal gland, possesses antioxidant and

Materials and Methods
Chemicals

Bisphenol-A (BPA) and Melatonin (MLT)
were purchased from Sigma-Aldrich Co. (St
Louis, Missouri, USA). Every other reagent
used in this study was of standard grades.

Experimental Animals

Forty (40) male albino rats weighing 160 +
10 g were used in the study. The rats were
obtained from the Experimental Animal
House of the Faculty of Veterinary Medicine,
University of Ibadan, Ibadan, Nigeria. The
rats were kept in cages (60 x 60 x 50 cm)
under controlled conditions of temperature
(25 £ 2.0°C), relative humidity (50 £ 15%)
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prophylactic properties against oxidative
stress (Reiter et al., 2000). The antioxidant
properties of MLT have been demonstrated
in several experimental and clinical
conditions with a large safety margin (EI-
Missiry, 2000; Reiter et al., 2004). Studies
have demonstrated the prevention and/ or
reduction of BPA-induced toxicity using
antioxidants such as lipoic acid, N-
acetylcysteine and vitamin C (Korkmaz et
al., 2010; Jain et al., 2011; El-Beshbishy et
al.,2012). Anjum et al. (2011) demonstrated
the ameliorative role of MLT in BPA-
induced biochemical toxicity in testicular
mitochondria of the mouse. There is a paucity
of research information on the preventive
role of MLT on BPA-induced toxicity of
epididymal  spermatozoa. This  study
investigated the effects of the co-
administration of Melatonin in BPA-induced
perturbations of the epididymis of Wistar rats

and normal photoperiod (12 hours light and
12 hours dark). The rats were fed with a
standard rat diet (commercial pellet) and
water was provided ad [libitum. The
procedures used in the study were performed
following standard practices and were
approved (Ref: UI-ACUREC /17/0069) by
the Animal Care, Use and Research Ethical
Committee, University of Ibadan, Nigeria.

Experimental Protocol

The rats were randomly assigned into four
experimental groups of ten animals each as
follows:

Group A (Control rats): 0.2 ml of olive oil
orally administered. Group B (MLT-treated
rats): 10 mg/kg per day of bodyweight MLT
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(dissolved in 0.5% ethanol in normal saline)
administered intra-peritoneally for 45 days
(Anjum et al., 2011). Group C (BPA-treated
rats): 10 mg/kg per day bodyweight BPA
suspended in 0.2 ml olive oil, orally
administered for 45 days (El-Beshbishy et
al., 2012). Group D (BPA+MLT-treated
rats): Orally administered BPA (10 mg/kg
per day of bodyweight) with a concomitant
MLT, 10 mgkg of bodyweight intra-
peritoneally administered (Anjum et al.,
2011; El-Beshbishy et al., 2012).

Necropsy, organ and body weight of rats

The rats were fasted overnight before
sacrifice, weighed, anaesthesized using an
overdose of ether and slaughtered 24 hours
after the last treatment (Chitra et al., 2003).
After taking the body weight of each rat, the
right and left epididymides were harvested,
and a semen sample was collected thereafter
from the tail of the left epididymis through an
incision made with a scalpel blade while the
right epididymis was stored at -20° C till the
time of biochemical assays.

Epididymal sperm motility, liveability and
count

As reported by Latchoumycandane et al.,
(2002); sperm motility was estimated by
aspirating fluid from the cauda epididymides.
The aspirate was diluted to 2 ml of Ham's F-
12 medium at 32° C. Using the Neubauer-
type hemocytometer (Deep 1/10 mm,
LABART, Germany), motile and non-motile
sperm were counted and sperm motility was
expressed as a percentage of motile sperm of
the total sperm counted (Chitra ef al., 2003).
For sperm liveability assessment, a drop of
semen sample was placed on a warm glass

slide and stained with Eosin-Nigrosin stain
after which a thin smear was then made, air-
dried and observed wunder the light
microscope (Oyeyemi et al, 2011).
Spermatozoa were counted by using the
Neubauer-type hemocytometer (Deep 1/10
mm, LABART, Germany) chamber as
described by Pant and Srivastava (2004).

Biochemical assays

The procedure for epididymal tissue
homogenization was carried out as reported
by El-Beshbishy ef al., 2012. Cauda
epididymides (1g/ sample) were
homogenized in 50 mM Tris—HCI buffer (pH
7.4) containing 1.15% potassium chloride.
The epididymal homogenate was centrifuged
at 4000 r/min for 10 min at 4 °C. The
supernatant obtained was used as an enzyme
source for biochemical assays. Estimation of
catalase activity was by the method of
Claiborne (1985) using H202 as substrate
while the method of Marklund and Marklund
(1974) was used in estimating Superoxide
dismutase (SOD) activity. An assay for
glutathione peroxidase (GPX) was carried
out according to the method of Mohandas et
al. (1984). Lipid peroxidation was measured
by the method of Ohkawa et al. (1979). The
assay for hydrogen peroxide (H202)
generation was by the method of Pick and
Keisari (1981) while glutathione peroxidase
activity was estimated as described by
Mohandas et al. (1984).

Histopathology and histomorphometry

Samples of the epididymis were fixed in
buffered neutral formalin and embedded in
paraffin blocks. Sections 2-4 um thick were
cut and stained with Haematoxylin and



Eosin, H&E (Olukole et al., 2014). The slides
were then viewed under a light microscope
(Olympus BX63 with a DP72 camera) and
sections were observed for lesions across the
groups. Morphometric analyses of sections
were performed with the aid of GIMP 2
Software using five serial sections of each of
ten epididymal tissues stained with H&E,
totalling 50 serial sections per parameter
studied.

Immunohistochemistry

Immunohistochemistry for the localization of
Smooth Muscle Actin (SMA), S-100 protein
and Vimentin (Vm) was carried out as
reported by Salian et al. (2009). Briefly,
epididymal sections were placed on super
frost slides, de-waxed in xylene and
rehydrated through decreasing
concentrations of alcohol. Following the
initial blocking of endogenous activity using
3% hydrogen peroxide, antigen retrieval
from slides was carried out by heating
epididymal sections in 0.1M Citrate buffer
(pH 6.0) in a microwave at 750 W for three
cycles of 7 minutes each. Slides were then
allowed to cool for 20 minutes after which
they were washed with Phosphate-buffered
solution (PBS, pH 7.2) thrice for 5 minutes
each. Further permeabilization of slides was
carried out in 0.1 M phosphate buffer
containing 0.3% (v/v) Triton X-100 (Sigma,
USA) for 10 minutes. Normal goat serum
supplied with the Immunocruz mouse
staining kit was used in blocking the slides
for 1 hour before incubation with primary
antibodies to SMA (1:200), S-100 (1:2000)
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and Vm (1:200), being incubated overnight at
4 °C in a humified chamber. For the negative
control, the adjacent section on the same slide
was incubated with preimmune sera. This
was followed by washing of slides with PBS
after which slides were incubated with
biotinylated goat anti-mouse secondary
antibody for 90 minutes. The slides were then
washed with PBS thrice for 5 minutes each
followed by incubation with a streptavidin-
horseradish peroxidase
(Immunocruz kit) for 30 minutes. Again,
sections were then washed with PBS thrice
for 5 minutes each and immunostaining was
visualized following the addition of 0.05%
(w/v) 3, 3, 9-diaminobenzidine (DAB) tetra-
hydrochloride solution (Sigma, USA).
Counterstaining of sections was carried out
using Mayer's haematoxylin, mounted and
visualized wusing a bright-field light
microscope.  Thereafter, images were
captured using a light microscope (Olympus
BX63 with a DP72 camera). Using 10 non-
overlapping fields for each animal, the
percentage positive contributions of each
antibody in the epididymis was determined
with the aid of the image analyser computer
system, Lecia Qwin 500 C (Cambridge, UK)
as reported by El-Ghamrawy et al. (2014).

complex

Statistical analyses

Data were expressed as means and standard
deviation (SD) while analyses were
performed wusing One-way Analysis of
Variance (ANOVA) with significance set at
P < 0.05 using the GraphPad Prism, version
6.
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Results

Effect of BPA and MLT on the body and
epididymal weights of rats

There was no significant difference between
the control and MLT groups in terms of
epididymal and body weights (Table 1).
However, treatment with BPA resulted in a
significant decrease (P> 0.05) in body and
epididymal weights in the rats (Table 1).
Melatonin did not significantly affect the
body weight of the BPA-treated rats whereas
it caused a significant increase in epididymal
weight in the BPA-treated group.

Effect of BPA and MLT on the sperm
motility, livability and counts

Also, there was no significant difference
between the control and MLT groups in terms
of sperm motility and livability (Figures 1
and 2). However, sperm motility and
livability differed significantly between
BPA-treated rats and the control group.
Sperm motility and livability differed also
differed significantly between the BPA and
BPA+MLT groups. There was no significant
difference in sperm count between the
control and MLT groups (Figure 3).
Nevertheless, BPA resulted in a significant
decrease in sperm count when compared to
the control while MLT attenuated the
decreased sperm count caused by BPA.

Effect of BPA and MLT on epididymal
sperm oxidative stress markers

The results of the effect of MLT on BPA-
induced oxidative stress markers are given in
Figures 4-9. In BPA-treated rats, there were
significant decreases (p > 0.05) in the

activities of catalase, SOD, GSH and GPX
compared to the control rats (Figures 4, 5, 6
and 9). However, BPA-MLT intake resulted
in significant increases (p > 0.05) in the
activities of catalase, SOD, GSH and GPX
compared to the BPA-treated rats.
Conversely, BPA-treated rats exhibited
significant increases (p > 0.05) in LPO and
H202 activities (figures 7 and 8). On
concomitant treatment with MLT, these
activities were significantly (p > 0.05)
reduced. In comparison with the control
group, MLT caused significant increases (p >
0.05) in the activities of GSH and H202
(Figures 6 and 8). In all the oxidative stress
markers estimated, MLT demonstrated a
significant ameliorative effect on BPA-
induced epididymal sperm oxidative stress.

Effect of BPA and MLT on histopathology
and histomorphometry of the epididymis

The epididymis of the control and MLT-
treated rats showed intact epithelial cells,
normal interstitium, normal duct membrane
and intact lumen filled with spermatozoa.
However, the BPA-treated rats revealed
severe histopathological changes including
the disintegration of the duct membrane,
sloughing off of epithelial cells as well as
spermatozoa within the lumen and moderate
erosion of the epididymal interstitium (Figure
10). In terms of histomorphological
parameters of the epididymis, BPA
significantly reduced luminal diameter,
ductal diameter and epithelial height when
compared with the control rats (table 2).
Though not significant, concomitant
treatment with MLT increased the values for
the luminal diameter, ductal diameter and



epithelial height compared to the BPA-
treated group (Table 2).

Effect of BPA and MLT on
Immunohistochemical localization of
proteins

The percentage contributions of positive
reactions to SMA, S-100 and Vm in the
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epididymis of rats in the present study are
given in Table 3. BPA caused a collapse in
the localization of SMA, S-100 and Vm in the
caudal  epididymis  (figures  11-13).
Concomitant treatment with MLT improved
the percentage contributions of positive
reactions to SMA, S-100 and Vm in the cauda
epididymis of the rats.

Table I. Protective effect of MLT on BPA-induced epididymal toxicity in rats

Parameters Control MLT BPA BPA+MLT
Body weight of animals (g) 157.17+5.87 156.67+£3.71 147.33£3.19  154.00+2.25
Epididymal weight (g) 0.59+0.042 0.55+0.03* 0.38 +0.03" 0.41+0.062

Values expressed as Means * Standard Deviation (SD)
Means with different superscripts within row are significantly different (P<0.05).

Table I1. Effect of MLT on BPA-induced changes in epididymal morphometry in rats

Parameters Luminal diameter Tubular diameter ~ Epithelial height
Control 295.34=x11.62° 382.31£27.37 28.48E2.677
MLT 285.14+17.532 394.74+17.56 24.15+3.17%
BPA 255.72 £14.61° 365.72+22.35 21.43+£3.21°
BPA + MLT 260.13 £11.732 370.19£17.23 25.93+4.34*

Values expressed as Means + Standard Deviation (SD)
Means with different superscripts within row are significantly different (P<0.05).

Table II1. Percentage contribution of positive reactions to proteins in the epididymis of rats

Proteins CONTROL MLT BPA BPA+MLT
SMA (%) 9.14+0.652 8.32+0.61° 3.74+0.37° 5.72+2.25%
S-100 (%) 5.30+0.52¢ 5.83+0.61*° 1.934+0.02° 4.36+0.25°
Vm (%) 8.87x1.47% I1.26£1.157 2.28+1.12° 6.81+0.257

Values expressed as Means + Standard Deviation (SD)
Means with different superscripts within row are significantly different (P<0.05).
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Figure 3. Protective effect of MLT on BPA-
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Figure 6. Protective effect of MLT on BPA-
induced GSH content in cauda epididymis of
rats
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Figure 10. Cross section of the cauda epididymis (H&E).
A. Control group showing epididymal lumen filled with
spermatozoa (star) with normal interstitium (arrow head).
B. MLT treated group showing the lumen of epididymis
with more compactly packed spermatozoa (star) and
normal interstitium (arrow head). C. BPA treated group
showing eroded interstitium (arrow head), disintegration
of the duct membrane of epididymis (arrow) as well as
sloughing off of spermatozoa (star) within the lumen of
the epididymis. D. BPA + MLT group showing normal
interstitium (arrow head) and spermatozoa (star) within
the lumen of the epididymis.

Figure 11. Immunohistochemical localization of SMA in
the cauda epididymis. A. Control groupshowing SMA-
positive epididymal duct membrane (arrow head) and
endothelium (arrow). B. MLT treated group showing
SMA -positive interstitium (arrow head) and endothelium
(arrow) C. BPA treated group showing weakly SMA-
positive epididymal duct (arrow head) and endothelium
(arrow) D. BPA + MLT group showing SMA-positive
epididymal duct membrane (arrow head).



Melatonin and BPA

Figure 12. Immunohistochemical localization of S-
100 protein in the cauda epididymis. A. Control
group showing S-100-positive interstitium (star) and
endothelium (arrow). B. MLT treated group
showing S-100-positive interstitium (star) and
endothelium (arrow) C. BPA treated group showing
weakly S-100-positive interstitium (star). D. BPA +
MLT group showing S-100-positive interstitium
(star) and endothelium.

Discussion

In the present study, the absence of
significant differences in the body weight of
the rats in the control and treatment groups
suggests that BPA, as well as MLT, did not
change the metabolic activities of the rats.
This conforms to the report of Chitra et al.
(2003). However, the BPA-induced
reduction in epididymal weight observed in
the present study is indicative of BPA
toxicity in the epididymis. Previous authors
have demonstrated a significant decrease in
testicular and epididymal weights in response
to BPA toxicity even without any significant
increase in body weight (Thiele et al., 1995;
Takahashi and Oishi, 2001; Chitra et al.,
2003; Yang et al., 2010). BPA-induced
decrease in the weight of male reproductive
organs has been linked to the ability of BPA

Figure 13. Immunohistochemical localization of Vm
in the cauda epididymis. A. Control group showing
Vm-positive interstitium (star) and endothelium
(arrow). B. MLT treated group showing Vm-
positive interstitium (star) and endothelium (arrow)
C. BPA treated group showing weakly Vm-positive
interstitium (star). D. BPA + MLT group showing
Vm-positive interstitium (star) and endothelium.

to  inhibit decrease
elongated spermatids and alter steroidogenic
enzyme activities (Takahashi and Oishi,

2001).

spermatogenesis,

Recent research on the effect of BPA on the
fertility of male rats has consistently shown
that it impaired male fertility causing severe
testicular dysfunction, including induction of
apoptosis of testicular germ cells, disruption
of the junctional proteins of the blood-testis
barrier, alterations in the levels of androgen
binding protein and steroidogenic enzymes
(Peretz et al., 2014; Wang et al., 2015; Quan
et al.,2016; Durando et al., 2016; Tian et al.,
2017). Conversely, the significant increase in
epididymal weight in the BPA+MLT group
compared to the BPA group suggests the



ameliorative effect of MLT on BPA-induced
male reproductive toxicity.

The BPA-induced significant decrease in
epididymal sperm motility, livability and
count observed in the present study shows
that oral administration of BPA (10 mg/kg
per day body weight) in adult rats for 45 days
can result in male reproductive perturbations.
Thiele et al. (1995) have suggested that BPA-
induced decrease in epididymal sperm
motility, livability and count are a result of
increased lipid peroxidation. Our present
finding of increased lipid peroxidation after
BPA intoxication in rats confirms this. In the
present study, MLT appears to have
ameliorated BPA-induced decrease in
epididymal sperm motility, livability and
count, showing its ability to prevent BPA
toxicity. This claim is supported by previous
authors that the prevention of BPA-induced
toxicity has been mediated through the use of
several antioxidants (Anjum ef al., 2011; Jain
etal.,2011).

The significant decreases in the activities of
catalase, SOD, GSH and GPX as well as the
increase in LPO and H202 content in the
epididymis due to BPA intoxication observed
in the present study are inconsonant with the
findings of Chitra et al. (2003) as well as
those of Anjum et al. (2011). The ability of
MLT to ameliorate these observed changes in
the oxidative stress markers of epididymal
sperm of adult rats is a clear indication of the
antioxidant properties of MLT. In the present
study, BPA induced an increase in LPO and
H202 content in epididymal sperm. Authors
have reported that increased levels of H202
mediate toxic

10
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effects through the formation of hydroxyl
radical a potent activator of lipid
peroxidation (Saradha and Mathur, 2006;
Oyagbemi et al, 2010). It has been
demonstrated that a marked reduction in the
activity of catalase reflects the inability of
epididymal sperm to eliminate H202
generated due to BPA intoxication as
glutathione peroxidase has been shown to
directly act as antioxidant enzymes resulting
in the inhibition of sperm lipid peroxidation
(Lenzi et al., 1994; Sikka, 2001; Chitra et al.,
2003).

The the
assessment of the epididymis showed that
BPA perturbs the epididymis significantly
and explains the observations on biochemical
The injury inflicted upon the
epididymis by BPA in the present study
confirms the findings of previous authors on
the effect of BPA on male reproductive
organs (Molina-Molina et al., 2013; Ullah et
al., 2016; Feng et al., 2016). The sloughing
off of epithelial cells of the cauda epididymis
observed in the study is capable of affecting
the secretory role of the epididymal
epithelium. The mammalian epididymis has
been demonstrated to induce biochemical
changes in gametes by its catalytic activity of
acid hydrolases secreted by the epididymal
epithelium (Tulsiani et al., 1998; Dacheux et
al., 2005; Tulsiani & Abou-Haila, 2011;
Ullah et al., 2016). Authors have opined that
the secretory activity of cauda epididymis is
vital to sperm maturation (Dacheux et
al.,2005; Tulsiani & Abou-Haila, 2011;
Carvelli ef al., 2014). Epididymal epithelial
cells monitor the secretory and endocytotic
activities of the epididymis and thus ensure

results  of histopathological

assays.
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that an adequate amount of protein as well as
water and ions required for sperm maturation
are made available (Turner, 2002).

The observed BPA-induced injuries to the
epididymis have great potential to affect the
storage of spermatozoa in the cauda
epididymis of the rats. The cauda epididymis
not only stores the sperm but also makes
available the enabling environment for
holding sperm in a quiescent state of
metabolism. The exact mechanisms, which
maintain potentially motile mature sperm in
a quiescent state, are not completely
understood (Setchell et al., 1993). The BPA-
induced decreased localization of SMA and
Vm in the cauda epididymis observed in the
study implies that the sperm maturation
function of the cauda epididymis will be
affected. For example, the BPA-induced
collapse of SMA and Vm observed in the rats
is capable of reducing the contractile activity
of the epididymis and in turn negatively
affecting sperm transport, a major function of
the epididymis.

In the present study, BPA induced a decrease
in the expression of S-100 protein. The S-100
protein is a multifunctional subfamily of
Ca*-binding proteins that have been
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