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ABSTRACT

ARTICLE INFO

The current study aimed to investigate the effects of prenatal melatonin “MLT”
administration against bisphenol A “BPA”- induced infertility and thyroid dysfunction
in male rat offsprings (First generation “F17). For that purpose, fifty adult albino rats
(40 females and 10 males) were used and classified equally into five group (8 females
and 2 males in each group). First group (control group) in which, pregnant rats were
injected with 0.3 ml of vehicle /day. Second group (low dose BPA) where rats were
received a daily dose of 25 pg / kg B.W. Third group (high dose BPA) where rats were
received a daily dose of 250 pg / kg B.W. Forth group (low dose BPA + MLT) where
rats were received a daily dose of 25 pug BPA /kg B.W. plus 10 mg MLT / Kg B.W.
Fifth group (high dose BPA + MLT) where the rats were received a daily dose of 250
Hg BPA / kg B.W. plus 10 mg /Kg B.W. All rats within each group received their
specific treatment daily with subcutaneous injection starting from the fourth day of
pregnancy till full term. Then, the male offsprings of each group were selected and
reared till the 60" day after birth. Serum and tissue samples were collected for analyses
and microscopical examination. Although prenatal administration of both BPA doses
didn’t affect the body weight gain and testicular weights of male offsprings, they
reduced significantly the serum levels of testosterone and triodotyrosine when
compared to control group. Also, both BPA doses disturb significantly the
oxidant/antioxidant ratio. Moreover, prenatal administration of both BPA doses affected
negatively semen quality of the produced offsprings and induced marked histological
alterations in their testes and prostate. Remarkably, all serological and histological
alterations observed after BPA exposure were ameliorated significantly with MLT co-
administration. Thus, prenatal MLT administration could be considered an optimal
treatment to relieve many reproductive disorders, degenerative changes of testes and
prostate and thyroid malfunction induced in male offsprings after gestational exposure
of their dams to BPA.
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1. Introduction

The term fetal programming refers to the
process by which a stimulus or insult, when
occurring in the critical period of development,
mainly in the intra uterine life, has permanent
effects on the structure and functions of the
organism in childhood, adolescence and adult
life. The intrauterine phase is the stage which the
plasticity of the organism requires stable
modulation of gene expression (Lucchese et al.,
2017).

The current increase in the prevalence of
some common reproductive and metabolic
diseases may originated from unintentional
exposure during development to endocrine
disrupting chemicals (EDCs), which can
adversely influence the developmental trajectory
of target tissue differentiation (Heindel and vom
Saal, 2009). Low dose exposure during
development can result in disruptions that lasts
long after the EDC is gone from the body.
(Diamanti-Kandarakis et al., 2009).

Bisphenol A (2, 2-bishydroxyphenyl
propane) “BPA” is one of the most common
EDCs that affect many physiological functions
especially reproduction. BPA is a chemical
monomer primarily used to manufacture
polycarbonate plastic (e.g, water bottles), epoxy
resins (e.g, inside coating in metallic food cans)
and the non—polymer additive to other plastics.
BPA could be released from waste water
treatment plants, river water, and surface and
drinking water. Over the past three decades, the
production and use of BPA have increased
exponentially, and the exposure of human and
animals to BPA becomes so risky and need more
attention (Hoepner et al., 2013).

BPA as a potential EDC, its action mainly
based on its estrogenic properties. BPA has high
affinity to bind with a- and, to a lesser extent, 3-
estrogen receptors (ER) either in vitro or in vivo
(Caserta et al., 2011). Moreover, BPA can also
inhibit the activity of endogenous estrogens
and/or disrupt estrogen nuclear hormone receptor
action (Wetherill et al., 2007).

Developmental exposure to 25upg/kg
B.W. /day bisphenol A can cause adverse effects
on male fertility and semen quality (Salian et
al., 2009a), alter prostate weights (Timms et
al., 2005) and increase the incidence of prostatic
intraepithelial neoplasia lesions in the prostate
of adult rodents (Prins et al., 2011). It was
reported that low-dose BPA  decreased
testosterone “T” levels in gestationally or
neonatally exposed Holtzman rats (Salian et al.,
2009a). Further, gestational exposure to low-
dose BPA increased gene expression of
androgen receptor, Esrl, aromatase, and
estrogen-related receptor y in the mouse prostate
(Arase et al., 2011).

Melatonin (N-acetyl-5-
methoxytryptamine) " MLT", is an endogenous
compound has been identified in a wide variety
of organisms including bacteria, unicellular
eukaryotes and different plants, as well as in a
large number of animals (Maitra et al., 2015). In
animals, it is synthesized in various organs such
as the pineal gland, retina, intestine, bone
marrow cells, and skin. The circulating levels of
MLT vary in a daily cycle (Paredes et al., 2009).
Recent studies reveal that MLT is present in
different tissues and organs such as harderian
gland, extraorbital lacrimal gland, retina,
gastrointestinal (GI) tract and in bile in human
and many vertebrates (Maitra et al., 2015).

MLT is a small soluble indoleamine in
both water and lipids and hence, acts as a
hydrophilic and hydrophobic antioxidant and has
the effect of inhibition of the activity of a pro-
oxidative enzyme, stimulation of the activity of
antioxidant enzymes, distribution in all tissues
throughout the organism, and rapid diffusion
through all biological membranes (Ballas et al.,
2006). MLT besides its effect on the synthesis
and secretion of the hypothalamic GnRH and the
adenohypophyseal gonadotropins, may directly
modulate testicular activity. More precisely,
MLT by binding with its receptors directly
regulate T secretion, increase the responsiveness
of Sertoli cells to FSH during testicular
development and modulates cellular growth,
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proliferation, and the secretory activity of several
testicular cell types. It inhibits local
inflammatory processes and the generation of
ROS in testis to increase the rate of
spermatogenesis and fertility (Frungieri et al.,
2017). Furthermore, MLT protects the testicular
functions and spermatogenesis from many
harmful effects of many disorders (Rocha et al.,
2015). Additionally, MLT can be considered a
protective reprogramming therapy to restore the
nitric oxide and reactive oxygen species (NO-
ROS) balance in both genetic and
developmentally  programmed  hypertension
models (Tain and Joles, 2015).

2. Material and methods
2.1. Chemicals and reagents:

BPA (Lot No., MKBX9458V, > 99%)
and MLT (Lot No., SLBQ9501V, powder > 98%
"TLC") %) were purchased from Sigma-Aldrich
Co., USA and China, respectively.
2.2. Animal exposure and

design:

Fifty adult albino rats (40 females and 10
males) of 8-10 weeks old and average weighting
140-150 g B.w.t. were used and purchased from
laboratory animal center, Beni-Suef University,
Egypt.

All animals during experiment were kept
under normal environmental conditions in the lab
of physiology Department, Faculty of Veterinary
Medicine, Minia University. All animals were
left for two weeks for acclimatization and for
checking the regularity of estrus cycle for female
rats using vaginal smear method. All the
experiments in the current study were performed
in accordance with protocols and international
guidelines for care and use of laboratory animals
and approved by the local experimental ethics
committee.

All rats were housed in polypropylene
cages (BPA and estrogen free cages) with wood
bedding and glass water bottles with rubber
stoppers and special rat ration with protein
percentage 22% in a glass containers. Food and

experimental

water were available ad libitum throughout the
study.

The rats were divided equally into five
groups, each group included eight adult female
albino rats and two adult male albino rats for
breeding. The first group (control group; n=8);
each rat in this group were injected with 0.3 ml
of vehicle (50% diluted solution of DMSO in
PBS) /day. The second group (Low dose BPA,
n=8); each rat received a daily dose of 25 ug / kg
B.W. while in third group (High dose BPA; n=8),
each rat received a daily dose of 250 pg / kg
B.W. (Acevedo et al., 2013). In the fourth group
(Low dose BPA + MLT; n=8), each rat received
a daily dose of 25 pg BPA /kg B.W. plus 10 mg
MLT / Kg B.W. (El-Bakry et al., 2013) while in
the fifth group (High dose BPA + MLT; n=8),
each one received a daily dose of 250 pug BPA /
kg B.W. plus 10 mg /Kg B.W. All rats within
each group received their specific treatment in a
0.3 ml dose with subcutaneous injection using
fibroglass needle starting from the fourth day of
pregnancy till full term.

Each group were reared in 2 separated
cages with 4 females in each cage plus one adult
male for breeding. The day at which sperm cells
within vaginal film be observed was considered
the first day of gestation (GD1).

After delivery, 10 males were selected
from the litters of control and both MLT groups
while in low and high BPA doses groups,
because of their lower pregnancy rates, 6 males
were selected. All selected rats were weighted
(Initial weight) and reared under the same
environmental conditions till the 60" day after
birth (i.e. after the age of puberty). Then, on the
sixtieth day, the adult male offsprings of each
group were weighted (Final weight), subjected to
blood collection and were sacrificed and prepared
for tissue samples collection.

2.3. Body weight gain:

The rats were weighed after birth and
then on the sixtieth day after birth using digital
balance and the body weight gain for each rat
was recorded.
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2.4. Preparation of serum:

At the end of the experiment, blood
samples were drawn from the retro-orbital
venous plexus according to the method of Sorg
and Buckner (1964). Serum samples were
obtained and kept at -20°C till use.
2.5.Handling of tissue samples for

microscopical examination:

On the sixtieth day after birth and after
blood collection, the male offsprings were
sacrificed and testis and prostate glands of each
animal were quickly removed and rapidly
weighed and then part was taken and fixed using
Bouin’s fixative. Then, the organs were routinely
processed and sectioned at 4-5 mm thickness.
The obtained tissue sections were collected on
glass slides, deparaffinized and stained with
hematoxylin and eosin stain (Bancroft and
Marilyn, 2008). The sections are then examined
and observed under light microscope at 100, 200,
400 and 1000 x magnification.
2.6._.Serum analyses:

The collected serum samples were used to
evaluate the levels of T and triiodotyrosine (T3)
using competitive enzyme immunoassay (TYPE7
&5) according to Tietz (1995). Also,
malondialdehyde (MDA) and total antioxidant
activities (TAC) were analyzed using commercial
kits (Sigma-Aldrich, USA) according to Valko et
al. (2006) and Qiao et al. (2016).

2.7. Epididymal  semen  collection and
evaluation:

Semen samples were collected on clean
glass slide by maceration of the tail of the
epididymis using sterile scalpel. Aliquots of
sperm suspension were diluted with fresh saline,
and sperm concentration were determined using
a Neubauer chamber (Aydogan and Barlas,
2006). For sperm abnormalities, semen samples
were stained and percentages of abnormal
sperms were calculated according to a previous
protocol (Aydogan and Barlas, 2006).

2.8. Statistical analysis:

The data were expressed as means *
standard error of mean (M £ SE). All variables
were tested for normal distribution and
compared using the independent t-test. All
analyses were performed by one-way analysis of
variance (ANOVA) followed by Tukey’s post-
hoc test for multiple comparisons using the
Statistical Package for Social Science (SPSS)
software in a PC-compatible computer (SPSS for
windows, version 20, USA) and the significance
was set at p < 0.05.

3. Results

3.1. Effects of bisphenol A and melatonin
administration for pregnant rats on body
weight gain and testicular weight of their
male offsprings (F1) on the sixtieth day
after birth:

Table 1 clarified that neither small nor
large dose of BPA had negative effects (P>0.05)
on body weight gain and testicular weights of
male offsprings after reaching their adult age
when compared to control group. Also, Body
weight gain and testicular weight were observed
unchanged  (P>0.05) with  MLT  co-
administration.

3.2. Effects of bisphenol A and melatonin
administration for pregnant rats on serum
testosterone and T3 levels in male
offsprings:

The results illustrated in Table 2 revealed
that, prenatal exposure for 25 pg and 250 pg
BPA reduced the serum levels of T of male
neonates (F1) on the sixtieth day after birth in
comparison to control group (P < 0.05).
However, prenatal MLT co-administration was
found to have positive effects against BPA
exposure as it convalesced significantly the lower
levels of T toward control values (P < 0.05).

Concerning the effect of MLT and BPA
on serum level of T3 as shown in Table 2, it was
clear that serum levels of T3 were decreased
significantly (P<0.05) with BPA 25 pg but not
with BPA 250 pg administration in comparison
to control group. On the other side, BPA 250 ug
+ MLT treatment achieved significant increase of
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the activity of thyroid gland as they increased
significantly the serum levels of T3 when
compared to either 250 pg BPA or control groups
(P < 0.05). However, BPA 25 pg + MLT
enhanced significantly (P < 0.05) the serum level
of T3 greater than 25 pg BPA group and
amended it to the control values.

3.3. Effects of bisphenol A and melatonin
administration for pregnant rats on serum
levels of total antioxidant capacity and
malondialdehyde in male offsprings:

It was clear from Table 3 that, serum
level of TAC was reduced significantly whereas
that of MDA was elevated markedly in both
small and high BPA groups when compared to
the control one (P<0.05).

However, MLT co-administration with
small dose of BPA adjusted the oxidant /
antioxidant ratio significantly (P < 0.05) and
restored it to be near the control values. In
addition, the oxidative stress provoked by BPA
250 pg administration was ameliorated
impressively after MLT co-administration (P <
0.05) but wasn’t restored to control levels.

3.4. Effects of bisphenol A and melatonin
administration for pregnant rats on

epididymal semen quality of male
offsprings:
Table 4  clarified that, sperm

concentration was reduced significantly in 25 pg
BPA - exposed group while it is reduced slightly
in 250 pug BPA group when compared to control
one. The improving action of MLT was obvious
when co-administered with both doses of BPA as
it induced significant increase in sperm
concentration in comparison to either control or
both BPA groups.

By observing sperm  morphology
microscopically, it was noticed that prenatal
exposure for low and high doses of BPA
distorted the sperm cells morphology to
significant degree through increasing the
percentage of second degree of abnormalities in
comparison to control group (P < 0.05). In

addition, these deformities of sperm cells were
soundly recovered by MLT co-administration in
relation to BPA —exposed groups (P < 0.05).
Nevertheless, the percentages of primary
abnormalities were kept unchanged among all
treatments.

3.5. Effects of melatonin and bisphenol A on
Histopathological findings in testes and
prostate glands:

The microscopical findings of the current
study (Fig. 1 -10) revealed that BPA at both
doses showed degenerative changes in the testes
as they induced degeneration of seminiferous
tubules with disintegrated spermatogenic cells
and Sertoli cells. Also, the sperms in the lumen
of the tubules disappeared and interstitial tissue
appeared with congested blood capillaries and
inactive interstitial Leydig cells. Also, they
induced collapse in the majority of prostatic
acini and prostate glands were lined with low
columnar epithelium with few secretory
activities.

Interestingly, all of the degenerative
changes happened with both BPA doses were
recovered greatly with MLT co-administration
as it showed normal seminiferous tubules lined
with normal spermatogenic cells and Sertoli
cells. The sperms in the lumen of the tubules
increased and interstitial tissue contained
uncongested blood capillaries and active
interstitial Leydig cells. In addition, normal
prostatic acini lined with simple columnar
epithelium in different stages of secretory
activity were obvious with MLT co-
administration.
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Table 1: Effects of bisphenol A and melatonin administration for pregnant rats on body weight

gain of their male offsprings (F1) on the sixtieth day after birth. (Mean + SE).

Groups Body weight gain Testicular weight
(9) (9)
Control 201.40+5.82° 1.20+ 0.09°
25 pug BPA 208.13 +13.77° 1.34+0.11°
25 ug BPA + MLT 210.15+11.78° 1.25 £0.03°
250 ug BPA 182.60 +8.56 % 1.14 + 0.04°
250 ug BPA + MLT 206.93 + 9.18° 1.10 £0.07 ®

SE: Standard error.
In each column, values with similar small superscript letter(s) didn’t show significant difference from
each other (P >0.05).
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Table 2: Effects of bisphenol A and melatonin administration for pregnant rats on serum levels of

testosterone and triodotyrosine of their male offsprings (F1) at 60 days after birth (Mean * SE):

Grouns Testosterone T3
P (ng/ml) (ng/ml)
Control 2.76 +0.25° 69.13 +0.64 ®
25 ug BPA 1.28+0.19" 60.30 + 0.88 °
25 ug BPA + MLT 1.87+ 0.34® 71.87 +0.50
250 pg BPA 0.51+0.21° 68.73+ 1.48°
250 g BPA + MLT 2.44 +0.49 ® 72.80 + 0.44°

SE: Standard error.
Values with different superscript small superscript letter (s), show significant difference from each other
(P <0.05).
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Table 3: Effects of bisphenol A and melatonin administration for pregnant rats on serum levels of

total antioxidant capacity and malondialdehyde of their male offsprings (F1) on the sixtieth day
after birth. (Mean £ SE).

Total antioxidant ~ Malonaldhyde O_X|d_ant
Groups antioxidant
(mM /L) (nmol / ml) .
ratio

Control 3.18+0.04° 1.35+0.07° 0.42 0.02°
25 ug BPA 2.33+0.12° 1.88+0.16°" 0.81+0.07°
25 ug BPA + MLT 2.61 £0.09° 1.68+0.13% 0.64 +0.04
250 pg BPA 1.76 +0.069 ¢ 3.45+0.13° 1.70+0.10°
250 pug BPA + MLT 1.80 + 0.06 ¢ 2.62 + 0.06 ¢ 1.47 +0.04¢

SE: Standard error.
In the same column, values with different small superscript letter(s), show significant difference from
each other (P < 0.05).
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Table 4: Effects of bisphenol A and melatonin administration for pregnant rats on epdididymal

sperm quality of their male offsprings (F1) on the sixtieth day after birth (Mean + SE).

Sperm Primary Secondary
Groups concentration/ abnormality abnormality/100
x 10% ml % sperm
Control 85.50 + 1.06 2.00+0.26 ° 24.33+3.04°
25 ug BPA 43.67 +13.62° 3.67+0.92° 42.17+0.91°
2SHIBPA+ 15650+ 10.44° 1.67 +0.42° 27.33+2.04°
MLT
250 ug BPA  63.67 + 12.26%® 2.50+0.22° 59.50 + 1.75 ©
PONIBPAT 13033 +a86° 233+ 056 25,83 + 2.66 °

SE: Standard error.

In the same column, values with different small superscript letter (s), show significant difference from

each other (P < 0.05).




Hassanin et al. (2019)

Fig (1): A photomicrograph of testis in adult male albino rats of control group showing seminefrous
tubules lined with spermatogenic cells (C) and Sertoli cells. A huge amount of sperms located in the

lumen of the tubules (S). Note, an interstitial tissue containing blood capillaries(V) and interstitial cells

L¥ o
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Fig (2): A photomirograp
seminefrous tubules lined with spermatogenic cells(C) and Sertoli cells. The sperms in the lumen of the
tubules reduced. Note, an interstitial tissue containing blood capillaries and less active interstitial cells of

Leydig(arrow). (H&E) stain X200.

of testis in adult male aIbi rats of 25u Bispenol A group showing
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Fig (3): A phot
seminefrous tubules lined with spermatogenic cells and Sertoli cells suffering from degeneration

3

omicrog}aph of testis in adult Ie albino rats of 25u Bis

(arrow). The sperms in the lumen of the tubules disappeared. Note, an interstitial tissue containing

inactive interstitial cells of Leydig (arrow head). (H&E) stain X200.

Fig (4): A photomicrograph of testis in adult male albino rats of 25u Bisphenol A+ Melatonin group
showing normal seminefrous tubules lined with normal spermatogenic cells (C) and Sertoli cells. The
sperms (Star) in the lumen of the tubules increased. Note, an interstitial tissue containing blood

capillaries and active interstitial cells of Leydig (arrow). (H&E) stain X200.
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Fig (5): A photomicrograph of testis in adult male albino rats of 250u Bisphenol A+ Melatonin group
showing normal seminefrous tubules (S) lined with spermatogenic cells and Sertoli cells with sperms
(star) in the lumen of the tubules. The other tubules (L) lined with degenerated spermatogenic cells and
free from any sperms. Note, an interstitial tissue containing blood capillaries (v) and less active

interstitial cells of Leydig (arrow). (H&E) stain X200.

L3

Fig (6): A photomicrograph of prostate gland in adult male albino rat of control group showing normal
prostatic acini (P) lined with simple columnar epithelium (arrow) in different stages of secretory
activity. The acini separated by very thin connective tissue stroma (arrow head). Note, the lumen of

acini expanded containing huge amount of secretory materials (star). (H&E) stain X200.
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Fig (7): A photomicrograph of prostate gland in adult male albino rats of 25u Bisphenol A group
showing some prostatic acini (P) lined with simple columnar epithelium in different stages of secretory
activity containing secretory materials. The others (L) appeared collapsed and inactive separated by

thick connective tissue stroma (arrow). (H&E) stain X200.

Fig (8): A photomicrograph of prostate gland in adult male albino rats of 250 Bisphenol A group

showing the majority of prostatic acini (L) appeared collapsed and inactive separated by thick
connective tissue stroma (star). It lined with low columnar epithelium with few secretory activity

(arrow). Note, few prostatic acini (P) appeared active and secratory (H&E) stain X200.
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Fig (9): A photomicrograph of prostate gland in adult male albino rats of 25u Bisphenol A+ Melatonin

group showing normal prostatic acini lined with simple columnar epithelium in different stages of
secretory activity (arrow). The acini separated by very thin connective tissue stroma (arrow head). Note,

the lumen of acini contain few secretory materials (star). (H&E) stain X200.

Fo~

Fig (10): A photomicrograph of prostate gland in adult male albino rats of 250u Bisphenol A+
Melatonin group showing the most of prostatic (P) acini lined with columnar epithelium with secretory

activity (arrow). The others remained collapsed and inactive (L). The acini separated by thin connective

tissue stroma (arrow head). (H&E) stain X200.
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4. Discussion

Bisphenol A is a potent EDC and induced
many complications in the fertility of animal and
human especially if it is exposed during
gestation. Thus, this study was conducted to
investigate the effects of prenatal MLT
administration against BPA- induced impairment
of fertility as well as thyroid activities of male rat
offsprings (F1).

It was clear that, neither small nor large
dose of BPA had negative effects (P>0.05) on
body weight gain of male offsprings (Table 1)
after reaching their adult age when compared to
control group. Also, body weight gain was
observed unchanged (P>0.05) with MLT co-
administration. This met agreement with
previous study of Kobayashi et al. (2002) who
reported that in utero and lactational exposure of
rats to various doses of BPA didn’t induce any
significant changes in body weight gain
compared to the vehicle-exposed control. A study
of Kwon et al. (2000) clarified that oral
administration of BPA at high doses had no
effects on the body weight of rats. In fact, the
discrepancy in the findings of body weight
changes remain enigmatic and could be due to
many factors such as differences in the sensitivity
of the strain used, dose, route of exposure,
window of exposure (age) and duration of
exposure (Mendoza-Rodriguez et al., 2011).

Also, the findings in Table 1 displayed
that neither small nor high dose of BPA had
significant effects on the testicular weights when
compared with control values. Additionally,
MLT co-administration didn’t induce any
significant effects on testicular weights. This met
agreement with previous study of Kobayashi et
al. (2002) who reported that in utero exposure of
rats to various doses of BPA didn’t induce any
significant changes in testes weight compared to
the control group. Also, rats when were given
BPA at 0.2, 2, 20 or 200 pg/kg/day by gastric
intubation throughout the study beginning at the
onset of a 10- and 2-week premating period, in
FO males and females, respectively, and
continuing through the mating, gestation, and

lactation periods, for two generations. They
observed no changes in main organ weights
including testes under their conditions (Ema et
al., 2001).

Prenatal exposure for both BPA doses
reduced the serum levels of T of male offspring
(F1) in comparison to control group (P<0.05).
This met agreement with a study of Quan et al.
(2016) who reported that gestational exposure of
rats to different doses of BPA induced significant
reduction in serum T level of male offspring
compared with the control group and the
reduction level run parallel with increasing the
doses. In addition, low-dose BPA decreased T
levels in gestationally or neonatally exposed
Holtzman rats (Salian et al. 2009a, 2009b),
adult-exposed albino rats (El Beshbishy et al.,
2012) and adult exposed Wistar rats (D’Cruz et
al., 2012). These adverse effects could be
explained by studies of Horstman et al. (2012)
and Qiu et al. (2013) who reported that BPA
decreases expression of steroidogenic enzymes.
In addition, previous reports proved that perinatal
and postnatal BPA exposure disrupting the
hypothalamic-pituitary-testicular axis of male
animals and consequently affecting the hormone
secretion (Wisniewski et al., 2015). Moreover,
the reduced level of T has been suggested as
being caused by the oxidative damage of BPA to
the Leydig cell population (Nakamura et al.,
2010). Furthermore, the exposure to BPA or its
fluorinated derivative resulted in a dramatic
decline in genes and protein involved in
cholesterol biosynthesis, transport, and steroid
biosynthesis (Feng et al., 2012) and caused a
failure of spermatogenesis (Qiu et al., 2013).

However, prenatal MLT co-
administration was found to have positive effects
against BPA exposure as it convalesced
significantly the lower levels of T toward control
values (P<0.05). This was coincided with study
of Othman et al. (2016) who documented that
MLT treatment along with BPA significantly
maintained T levels near the control values
compared with the BPA-treated group. The
protective effects of MLT could be referred to its
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known action on the hypothalamic— pituitary—
gonadal (HPG) axis, resulting in modification of
sex hormone production, including estrogen, T,
FSH, and LH (Didolkar et al., 1980). Moreover,
keeping the T level by MLT against BPA-
induced oxidative stress is due to the strong
antioxidant properties of MLT as it activates
antioxidant enzymes including superoxide
dismutase, glutathione reductase and glutathione
peroxidase (Reiter et al., 2000).

In the current study, it was clear that
serum levels of T3 were decreased significantly
(P<0.05) with BPA 25 ug but not with BPA 250
Kg administration in comparison to control group
(Table 2). In this respect, BPA may act as an
agonist or antagonist of the thyroid hormone
receptor because of its structural similarity to
thyroid hormone. Furthermore, BPA was
observed to distribute rapidly in fetuses via
placental transfer after a single BPA
administration to pregnant female rats
(Takahashi et al., 2000) as the placental barrier
cannot block BPA transfer. Furthermore, BPA
was shown to suppress T3-stimulated
transcriptional activity (Moriyama et al., 2002).
All of the previous studies confirmed and
explained why serum T3 levels were dramatically
decreased with gestational BPA exposure.

On the other side, BPA 250 pug + MLT
treatment achieved marked improvement of the
activity of thyroid gland as they increased
significantly the serum levels of T3 when
compared to either 250 pug BPA or control groups
(P < 0.05). However, BPA 25 pg + MLT
enhanced significantly the serum levels of T3
greater than 25 pg BPA group and amended it to
the control values. In this regard, Garcia —Marin
et al. (2015) showed evidence for the
involvement of MLT in thyroid function by
directly-regulating thyroglobulin gene expression
in follicular cells. In juvenile and adult mammals,
MLT controls reproductive endocrine function
through effects on the pars tuberalis (PT) of the
anterior pituitary gland. This tissue contains
MLT1  receptor  expressing thyrotrophic
endocrine cells (Garcia-Marin et al., 2012),

which produce thyroid stimulating hormone
(TSH) (Chiamolera et al., 2009). TSH produced
by the PT acts on ependymal cells in the
neighboring basal hypothalamus, known as
tanycytes, which express TSH receptors
(TSHRs), and in turn regulate local thyroid
hormone (TH) levels (Chiamolera et al., 2009).
Thus, MLT could be considered a useful
treatment to maintain secretory activity of
thyroid gland against the undesirable effects of
BPA.

Serum levels of TAC were reduced
significantly whereas that of MDA were elevated
markedly in both BPA groups in male offsprings
(Table 3) when compared to the control group
(P<0.05). In this concern, many studies have
shown that BPA can induce oxidative stress and
reproductive toxicity in testes (Anjum et al.,
2011). Kabuto et al. (2004) also reported that
perinatal BPA exposure increased oxidative
injury and caused underdevelopment of the testes
in mice. These results indicated that although
partly metabolized and eliminated by the
mothers, BPA still can induce oxidative stress in
offspring, because it can cross the placental
barrier readily and accumulate both in the
placenta and the fetus (Avissar-Whiting et al.,
2010). Quan et al. (2016) proved that feeding
pregnant rats BPA at doses ranging from 1 to 100
mg/kg b.w.t. during gestation days 14-21
resulted in significant elevation of superoxide
production and MDA contents in the medium-
and high-dose groups (P < 0.05).

However, MLT co-administration with
both BPA doses adjusted the oxidant /
antioxidant ratio significantly (P < 0.05). This
come in accordance with a study of Othman et
al. (2016) who found that treatment with MLT
and BPA concurrently resulted in a significant
decrease in the MDA and H;O, levels in the
testes and sperm compared with the BPA-treated
rats. MLT is attracting increased attention in
recent years due to its known ability to reduce
oxidative stress (Othman et al., 2008), with
negligible toxicity even in very high doses
(Reiter et al., 2013). MLT is not only an
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effective hydroxyl radical scavenger (Reiter et
al., 2004), but also has the capacity to detoxify
other ROS and reactive nitrogen species as well
as their metabolites (peroxynitrous acid and
intermediates H,0;) (Tan et al., 2002).
Moreover, MLT enhanced the antioxidant
potential of the cell by the upregulation of several
antioxidant enzymes (Pandi-Perumal et al.,
2013).

Epdididymal semen quality was reduced
significantly in BPA - exposed groups whereas
MLT co-administration improved them greatly.
In this regard, Quan et al. (2016) found that
prenatal BPA exposure can cause endocrine
disruption and oxidative stress in male offspring,
leading to inhibition of spermatogenesis by
suppressing the Akt/mTOR pathway and
activating the mitochondrial apoptosis pathway.
Moreover, BPA was suggested to have adverse
effects on spermatogenesis in the adult following
either prenatal or early postnatal exposure
(Richter et al. 2007). Gestational exposure to
low-dose BPA resulted in a decreased number of
elongated spermatids present in seminiferous
tubules in pubertal ICR mice (Okada and Kai,
2008) and decreased sperm counts in Holtzman
rats (Salian et al. 2009a). Similarly, both low-
and high-dose BPA exposure during early post -
natal development or around the time of puberty
increased apoptosis and/or decreased
spermatogenesis in male mice and rats (Liu et al.
2013; Qiu et al. 2013). In addition, many studies
using various routes of exposure (oral and sub
cutaneous) and different exposure times
(embryonic, fetal, perinatal, and adult) have
reported that low dose BPA impairs sperm
motility in rats and mice (Tiwari and Vanage,
2013). These harmful effects on semen quality
could be attributed to the oxidative stress induced
by gestational exposure of BPA (Quan et al.,
2016).

In contrast, when MLT was administered
concurrently  with  BPA, it significantly
ameliorated the effects of BPA on the
percentages of ploidy levels in the sperm
(Othman et al., 2016). Recently, Zhang et al.

(2018) reported that in vitro exposure of
prepuberal mouse testes to two well-known
endocrine disruptors (EDs), BPA or diethylhexyl
phthalate (DEHP), impairs spermatogenesis with
perturbing self-renewal, spermatogonia activity
and meiosis. On the other side, MLT was found
to protect the testis from the negative ED impacts
with preserving spermatogonia stem and meiotic
cells, along with maintaining normal H3K9 di-
methylation in these cells. Evidence showed that
MLT can pass through blood-testis barrier
(Guneli et al., 2008) and is present in the testis
which also expresses MLT receptors (Frungieri
et al., 2017). Several publications indicated that
MLT is potentially a key local player in the
regulation of testicular steroidogenesis and
spermatogenesis (Yang et al., 2014; Moayeri et
al., 2018). Interestingly, recent findings show
that the action of MLT converges on epigenetic
modification of DNA and histones (Mayo et al.,
2017). Further, MLT is potent antioxidant and
can protect testis and enhance spermatogenesis
against BPA-induced oxidative stress (Othman
et al., 2016). Taken together, the previous studies
established that BPA could adversely affect
spermatogenesis and perturb crucial epigenetic
activities in male germ cells and proved the
useful roles of MLT to protect spermatogenesis
and accordingly to improve semen quality.

The microscopical findings in the current
study was parallel with the serological findings
and revealed that BPA at both doses showed
degenerative changes in the testes and prostate
glands which recovered markedly with MLT co-
administration. In  this regard, gestational
exposure to low-dose BPA resulted in a
decreased number of elongated spermatids
present in seminiferous tubules in pubertal ICR
mice (Okada and Kai, 2008). The testes of rats
treated with BPA for 3weeks displayed
vacuolization, sloughing, and reduction of
spermatogenic cells. In addition« the testes of 6-
week BPA-treated rats displayed extensive
histopathological alterations including atrophy
with significant loss of spermatogenesis in most
of the  seminiferous  tubules,  marked
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vacuolization degeneration, sloughing, and
reduction of spermatogenic cells. Moreover,
interstitial hemorrhage, vacuolated, degenerated,
and poorly developed Leydig cells were noticed.
The administration of MLT concurrently with
BPA for 3 and 6 weeks markedly ameliorated
BPA-induced histopathological effects (Othman
et al., 2016). Also, prenatal exposure to BPA
may affect the development of prostate cancer in
later life Timms et al. (2005). The degenerative
effects of BPA on testes and prostate glands
could be attributed to the oxidative stress induced
by BPA and the ameliorative effects of MLT
might be due to its potent antioxidant properties.
5- Conclusion

Thus, MLT might be considered an
optimal treatment that can relieve degenerative
changes of testes and many reproductive
disorders as well as thyroid malfunction induced
in male offsprings after gestational exposure of
their dams to BPA.
References:

Acevedo N, Davis B, Schaeberle CM,
Sonnenschein C, Soto AM (2013). Perinatally
administered bisphenol A acts as a mammary
gland carcinogen in rats. Environ Health
Perspect 121: 1040-1046.

Anjum S, Rahman S, Kaur M, Ahmad F, Rashid
H, Ansari RA, Raisuddin S (2011). Melatonin
ameliorates bisphenol A-induced biochemical
toxicity in testicular mitochondria of mouse.
Food Chem Toxicol 49: 2849-2854.

Arase S, Ishii K, lgarashi K, Aisaki K, Yoshio
Y, Matsushima A (2011). Endocrine disrupter
bisphenol A increases in situ estrogen
production in the mouse urogenital sinus. Biol
Reprod 84(4): 734-742.

Avissar-Whiting M, Veiga KR, Uhl KM,
Maccani MA, Gagne LA, Moen EL-Marsit CJ
(2010).  Bisphenol A exposure leads to
specific microRNA alterations in placental
cells. Reprod Toxicol 29: 401-406.

Aydogan, M., Barlas, N. (2006). Effects of
maternal 4-tert-octylphenol exposure on the
reproductive tract of male rats at adulthood.
Reprod Toxicol 22: 455-460.

Ballas LK, Elkin EB, Schrag D, Minsky BD and
Bach PB (2006). Radiation therapy facilities
in the United States. Int J Radiat Oncol Biol
Phys 66: 1204-1211.

Bancroft JD, Marilyn G (2008). Theory and
practice of histological techniques. 6th Ed.
London: Churchill Livingstone.

Caserta D, Mantovani A, Marci R, Fazi A,
Ciardo F, La Rocca C, Maranghi F,
Moscarini M (2011). Environment and
women's reproductive health. Human Reprod
Update 17: 418-433.

Chiamolera MI, Wondisford FE (2009).
Minireview: Thyrotropin-releasing hormone
and the thyroid hormone feedback mechanism.
Endocrinol 50(3): 1091-1096.

D’Cruz SC, Jubendradass R, Jayakanthan M,
Rani SJ, Mathur PP (2012). Bisphenol A
impairs insulin  signaling and glucose
homeostasis and decreases steroidogenesis in
rat testis: an in vivo and in silico study. Food
Chem Toxicol 50(3-4): 1124- 1133.

Diamanti- Kandarakis E, Bourguignon JP,
Giudice LC, Hauser R, Prins GS, Soto AM
(2009). Endocrine-disrupting chemicals: an

Endocrine  Society scientific  statement,
Endocr. Rev. 30 (4): 293 — 342.
Didolkar AK, Gurjar A, Joshi UM, Sheth

AR, Roychowdhury D. Effect of
prostaglandins A-1, E-2 and F-2 alpha on
blood plasma levels of testosterone, LH and
FSH in male rats. Andrologia 13(1): 50-5.

El-Bakry HA, Abd-Elghany MI, Safaa SS
(2013). Preventive Effect of Commiphora
molmol on Rat Mammary Carcinogenesis
Induced by 7, 12-Dimethylbenz(A)Anthracene
(DMBA) in Comparison with Melatonin.
Global Journal of Pharmacology 7 (4): 398-
411.

El Beshbishy HA, Aly HA, El Shafey M (2012).
Lipoic acid mitigates bisphenol A-induced
testicular mitochondrial toxicity in rats.
Toxicol Ind Health 875-887.

Ema M, Miyawaki E, Kawashima K (2000).
Critical period for adverse effects on
development of reproductive system in male



https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Didolkar%20AK%5BAuthor%5D&sort=ac&from=/6789715/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Gurjar%20A%5BAuthor%5D&sort=ac&from=/6789715/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Joshi%20UM%5BAuthor%5D&sort=ac&from=/6789715/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Sheth%20AR%5BAuthor%5D&sort=ac&from=/6789715/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Sheth%20AR%5BAuthor%5D&sort=ac&from=/6789715/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Roychowdhury%20D%5BAuthor%5D&sort=ac&from=/6789715/ac

JOURNAL OF VETERINARY MEDICAL RESEARCH 2019, 26 (2): xx-xx

offspring of rats given di-n-butyl phthalate
during late pregnancy. Toxicol Lett 111: 271-
278.

Feng Y, Yin J, Jiao Z (2012). Bisphenol AF
may cause testosterone reduction by directly
affecting testis function in adult male rats.
Toxicol Letter 211: 201-209.

Frungieri MB, Calandra RS, Rossi SP (2017).
Local actions of melatonin in somatic cells of
the testis. Int J Mol Sci 18: 1170.

Garcia-Marin V, Blazquez-Llorca L, Rodriguez
JR, Boluda S, Muntane G, Ferrer I, Defelipe J.
(2012). Diminished perisomatic GABAergic
terminals on cortical neurons adjacent to
amyloid plaques. Front Neuroanat 20 (3): 28.

Garcia-Marin R, Fernandez-Santos JM, Morillo-
Bernal JF, Gordillo-martenz VV, Martin-Laca
VE (2015). Melatonin in the thyroid gland:
regulation by thyroid-stimulating hormone and
role in thyroglobulin gene expression. Journal
of Physiol and Pharmacol 66 (5): 643-652.

Guneli E, Tugyan K, Ozturk H, Gumustekin M,
Cilaker S, Uysal N (2008). Effect of melatonin
on testicular damage in streptozotocin induced
diabetes rats. Eur Surg Res 40: 354- 360.

Heindel JJ, vom Saal FS (2009). Role of
nutrition and  environmental  endocrine
disrupting chemicals during the perinatal
period on the aetiology of obesity. Mol Cell
Endocrinol 304: 90 —96.

Hoepner LA, Whyatt RM, Just AC, Calafat AM,
Perera FP, Rundle AG (2013). Urinary
concentrations of bisphenol A in an urban
minority birth cohort in New York City,
prenatal through age 7 years. Environ Res
122: 38-44.

Horstman KA, Naciff JM, Overmann GJ,
Foertsch LM, Richardson BD, Daston GP
(2012). Effects of transplacental a-ethynyl
estradiol or bisphenol A on the developmental
profile of steroidogenic acute regulatory
protein in the rat testis. Birth Defects Res B
Dev Reprod Toxicol 95 (4): 318- 325.

Kabuto H, Amakawa M, Shishibori T (2004).
Exposure  to  bisphenol A  during
embryonic/fetal life and infancy increases

oxidative injury and causes underdevelopment
of the brain and testis in mice. Life
Sci 74(24): 2931-2940.

Kobayashi k, Miyagawa M, Wang r, Sekiguchi
S, Suda M, Honma T (2002). Effects of in
Utero and Lactational Exposure to Bisphenol
A on Somatic Growth and Anogenital
Distance in F1Rat Offspring. Industrial Health
40: 375-381.

Kwon S, Stedman DB, Elswick BA, Cattley RC,
Welsch F (2000). Pubertal development and
reproductive functions of Crl:CD BR Sprague-
Dawley rats exposed to bisphenol a during
prenatal and postnatal development. Toxicol
Sci 55: 399-406.

Li L, Xie X, Qin J (2009). The nuclear orphan
receptor COUP-TFII plays an essential role in
adipogenesis, glucose homeostasis, and energy
metabolism. Cell Metab 9: 77-87.

Lucchese TA, Grunow N, Werner |, Luisa de
Jesus A, Arbex AK (2017). Endocrine
Disruptors and Fetal Programming. Open
Journal of Endocrine and Metabolic
Diseases 7: 59-76.

Maitra SK, Mukherjee S, Hasan KN (2015).
Melatonin: Endogenous sources and role in
the regulation of fish reproduction. In: Catala
A (Ed) Indoleamines: Sources, Role in
Biological Processes and Health Effects,
Chapter 2. Nova Science Publishers, Inc.,
Hauppauge NY, USA pp. 43 -78.

Mayo JC, Sainz RM, Gonzélez Menéndez P,
Cepas V, Tan DX, Reiter RJ (2017).
Melatonin and sirtuins: A "not-so unexpected"
relationship. J Pineal Res 62(2): e12391.

Mendoza-Rodriguez CA, Garcia-Guzman M,
Baranda-Avila N, Morimoto S, Perrot-
Applanat M, Cerbon M (2011).
Administration of bisphenol A to dams during
perinatal period modifies molecular and
morphological reproductive parameters of the
offspring. Reprod Toxicol 31: 177-183.

Moayeri A, Mokhtari T, Hedayatpour A (2018).
Impact of melatonin supplementation in the rat
spermatogenesis  subjected to  forced
swimming exercise. Andrologia 50: e12907.



https://www.ncbi.nlm.nih.gov/pubmed/19949482
https://www.ncbi.nlm.nih.gov/pubmed/15051418
https://www.ncbi.nlm.nih.gov/pubmed/15051418

Hassanin et al. (2019)

Moriyama K, Tagami T, Akamizu T, Usui T,
Saijo M, Kanamoto N, Hataya Y, Shimatsu A,
Kuzuya H, Nakao K (2002). Thyroid hormone
action is disrupted by bisphenol A as an
antagonist. J Clin Endocrinol Metab. 87:
5185-5190.

Nakamura D, Yanagiba Y, Duan Z (2010).
Bisphenol A may cause testosterone reduction
by adversely affecting both testis and pituitary
systems similar to estradiol. Toxicology
Letters 194: 16-25.

Okada A, Kai O (2008). Effects of estradiol-
17beta and bisphenol A administered
chronically to mice throughout pregnancy and
lactation on the male pups' reproductive
system. Asian J Androl 10(2): 271-276.

Othman Al, Edrees GM, EI-Missiry MA, Ali
DA, Aboel-Nour M and Dabdoub BR (2016).
Melatonin controlled apoptosis and protected
the testes and sperm quality against bisphenol
A-induced oxidative toxicity. Toxicology and
Industrial Health 32(9): 1537-1549.

Othman Al, El-Missiry MA, Amer MA (2008).
Melatonin controls oxidative stress and
modulates iron, ferritin, and transferrin levels
in adriamycin treated rats. Life Sci 83: 563—
568.

Pandi-Perumal SR, Bahammam AS, Brown GM
(2013). Melatonin antioxidative defense:
therapeutical implications for aging and
neurodegenerative processes. Neurotoxicity
Res 23: 267-300.

Paredes SD, Korkmaz A, Manchester LC, Tan
DX, Reiter RJ (2009). Phytomelatonin : a
review. J Exp Bot 60: 57-609.

Prins GS, Ye SH, Birch L, Ho SM, Kannan K
(2011). Serum bisphenol A pharmacokinetics
and prostate neoplastic responses following
oral and subcutaneous exposures in neonatal
Sprague-Dawley rats. Reprod Toxicol 31: 1-9.

Qiao YF, Guo W, Li L, Shao S, Qiao X, Shao J,
Zhag Q , Li QS and Wang L (2016) .
Melatonin attenuates hypertension-induced
renal injury partially through inhibiting
oxidative stress in rats. Mol Med Rep 13: 21-
26.

Qiu LL, Wang X, Zhang XH, Zhang Z, Gu J,
Liu L (2013). Decreased androgen receptor
expression may contribute to spermatogenesis
failure in rats exposed to low concentration of
bisphenol A. Toxicol Lett 219: 116-124.

Quan C, Wang C, Duan P, Wen TH, Kedi Y.
(2016). Prenatal bisphenol a exposure leads to
reproductive hazards on male offspring via the
Akt/mTOR and mitochondrial apoptosis
pathways. Wiley Online Library 1007- 1023.

Reiter RJ, Rosales-Corral SA, Manchester LC,
Tan D-X (2013). Peripheral reproductive
organ health and melatonin: Ready for Prime
time. Int J Mol Sci (14) 4: 7231-7272.

Reiter RJ, Tan DX, Gitto E (2004).
Pharmacological utility of melatonin in
reducing oxidative cellular and molecular
damage. Polish J of Pharmacol 56:159-170.

Reiter RJ, Tan DX, Osuna C, Gitto E. (2000).
Actions of melatonin in the reduction of
oxidative stress. A review. J Biomed Sci. 7(6):
444-458.

Richter CA, Birnbaum LS, Farabollini F (2007).
In vivo effects of bisphenol A in laboratory
rodent studies. Reprod Toxicol 24(2): 199 —
224,

Rocha CS, Rato L, Martins AD, Alves MG,
Oliveira PF (2015). Melatonin and Male
Reproductive Health: Relevance of Darkness
and Antioxidant Properties. Curr Mol Med 15:
1-13.

Salian S, Doshi T, Vanage G (2009a). Neonatal
exposure of male rats to bisphenol A impairs
fertility and expression of Sertoli cell
junctional proteins in the testis. Toxicol 265:
56-67.

Salian S, Doshi T, Vanage G (2009b). Perinatal
exposure of rats to bisphenol A affects the
fertility of male offspring. Life Sci 85: 742—
752.

Sorg DA, Buckner BA (1964). Asimple method
of obtaining venous blood from small
laboratory animals. Proc Soc Exp Biol Med
115:1131-2.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Okada%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18286211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kai%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18286211
https://www.ncbi.nlm.nih.gov/pubmed

JOURNAL OF VETERINARY MEDICAL RESEARCH 2019, 26 (2): xx-xx

Tain YL, Joles JA (2015). Reprogramming: A
preventive strategy in hypertension focusing
on the kidney. Int. J. Mol. Sci. 17, E23.

Takahashi O, Oishi S (2000). Disposition of
orally  administered 2, 2-Bis  (4-
hydroxyphenyl) propane (Bisphenol A) in
pregnant rats and the placental transfer to
fetuses. Environ Health Perspect, 108: 931-
935.

Tan DX, Reiter RJ, Manchester LC (2002).
Chemical and physical properties and
potential mechanisms: melatonin as abroad
spectrum antioxidant and free radical
scavenger. Current Topics in Med Chem 2:
181-197.

Tietz NW (1995). Clinical Guide to Laboratory
Tests (ELISA). 3rd Edition, W.B. Saunders,
Co., Philadelphia 22-23.

Timms BG, Howdeshell KL, Barton L, Bradley
S, Richter CA, vom Saal FS (2005).
Estrogenic chemicals in plastic and oral
contraceptives disrupt development of the
fetal mouse prostate and urethra. Proc Natl
Acad Sci USA.102: 7014-7019.

Tiwari D, Vanage G (2013). Mutagenic effect of
bisphenol A on adult rat male germ cells and
their fertility. Reprod Toxicol 40-68.

Valko M, Leibfritz D, Moncol J, Cronin MT,
Mazur M, Telser J (2006). Free radicals and

antioxidants in normal physiological functions
and human disease. Int J Biochem Cell Biol
39(1): 44-84.

Wetherill YB, Akingbemi BT, Kanno J,
McLachlan JA, Nadal A, Sonnenschein C,
Watson CS, Zoeller RT, Belcher SM (2007).
In vitro molecular mechanisms of bisphenol A
action. Reprod Toxicol, 24(2): 178-98.

Wisniewski P, Romano RM, Kizys MM,
Oliveira KC, Kasamatsu T, Giannocco G,
Chiamolera MlI, Dias-da-Silva MR, Romano
MA. (2015). Adult exposure to bisphenol A
(BPA) in Wistar rats reduces sperm quality
with disruption of the hypothalamic-pituitary-
testicular axis. Toxicol 2 (329): 1-9.

Yang WC, Tang KQ, Fu CZ, Riaz H, Zhang Q,
Zan LS (2014). Melatonin regulates the
development and function of bovine Sertoli
cells via its receptors MT1 and MT2. Anim
Reprod Sci. 147:10- 16.

Zhang T, Zhou Y, Li L, Zhao Y, De Felici M,
Reiter RJ, Shen W (2018). Melatonin protects
prepuberal testis from deleterious effects of
bisphenol A or diethylhexyl phthalate by
preserving H3K9 methylation. Wiley Online
Library e12497.




