
World Applied Sciences Journal 26 (3): 345-351, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.26.03.75143

Corresponding Author: Tahereh farkhondeh,Department of Environmental Health, Food Safety Division, 
Faculty of Public Health, University of Medical Sciences, Tehran, Iran. 
 

345

The Effect of Bisphenol A on Oxidative Stress Indices and 
Pathological Changes in the Brain of Chicken Embryos

Soraya Gharibi, Aydin Dilmaghanian, Parisa Sadighara, Ramin Mazaheri Nezhad Fard, 1 2 3 4

Ahamd Erfanmanesh, Tahereh Mohajerfar and Tahereh farkhondeh1 1 3

Academic Center for Education, Culture and research (ACECR), University of Tehran, Tehran, Iran1

Department of Basic Sciences, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran2

Department of Environmental Health, Food Safety Division, 3

Faculty of Public Health, University of Medical Sciences, Tehran, Iran
Rastegar Reference Laboratory, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran4

Submitted: Jul 3, 2013;    Accepted: Sep 2, 2013;    Published: Nov 15, 2013
Abstract: Bisphenol-A (BPA) is an important environmental contaminant. It may pose a significant health risk
to various organisms including humans due to the increased early life exposure. The present study was
designed to investigate the possible effects of BPA on pathological changes and oxidative stress in the brain
tissue of chicken embryos. Fertile eggs were randomly divided into three groups of 40 eggs in two test groups
and 20 eggs in the control group. On day 4, 50 or 200 ppm of BPA were pipetted into the air sacs of the eggs
within the test groups. The eggs within the control group only received olive oil. The eggs were placed
horizontally in the incubator at 37°C and a relative humidity of 63%. The experiment was terminated on day 20
of incubation. Then, the embryos were decapitated and brains were collected for biochemical and pathological
analyses. Results showed a significant increase in levels of malondialdehyde (MDA) and reduced glutathione
(GSH) in the test group exposed to the high concentration of BPA as well as increased protein concentrations
in two test groups compared to control group (P < 0.05). Furthermore, sever pathological changes were
observed in the test group exposed to the high concentration of BPA. BPA affects developmental brain via
impairment of the antioxidant defense systems and enhancement of reactive oxygen species (ROS) generation.

Abbreviations:
BPA Bisphenol-A
ROS Reactive oxygen species
MDA Malondialdehyde 
Reduced glutathione GSH
ERbeta Estrogen receptor beta
NMDAR N-methyl-D-aspartate receptor 
FRAP Ferric reducing ability of serum
TPTZ Tripyridyl-s-triazine 
TBA Thiobarbituric acid 
TBARS Thiobarbituric acid reactive substance 
BSA Bovine serum albumin 
SOD superoxide dismutase 
GSSG Oxidized glutathione 
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INTRODUCTION inexpensive  and  rapid  toxicity  test, providing

Epidemiological and experimental data indicate that growth retardation and metabolism as well as systemic
in utero exposure to environmental chemicals and toxicity and imunopathological effects of chemical
prescribed drugs during pregnancy can mediate early substances [16]. Fertile leghorn eggs were obtained on
embryonic losses, spontaneous abortion, fetal growth the second day of hatch from Iran Farm, Karaj, Iran. BPA
retardation and resorptions, decreased litter size, fetal powder was dissolved in olive oil and injected to eggs on
malformations and low birth weight [1-3] via ROS the fourth day. Two doses of BPA in 50 or 200 ppm
generation which damages cellular macromolecules [4,5]. concentration were injected into egg yolks while the
BPA, an environmental contaminant, is concerned as a control group only received pure olive oil. The eggs were
serious threat for human health due to its wide spread in then incubated at 37°C. During the incubation, dead
nature [6]. BPA is used in production of plastics and embryos were removed and fixed in 10% neutral formalin
resins and has been suggested to be a potential risk to for macroscopic and microscopic examinations. The
early stages of mammalian life [7]. As BPA easily crosses experiment was terminated on day 20 of incubation. Then,
the blood-brain and placental barriers; this substance is the embryos were decapitated and the embryo brains were
a serious threat for the developing nervous system in collected for biochemical and histophathological
fetuses, infants and young children. Oral exposure to BPA examination.
has been reported to interfere with proliferation of the cell
cycle in intermediate (neural) progenitor cells (IPCs) and Analysis of Antioxidant Activity: Ferric reducing ability of
neurogenesis in developing neocortex [7]. Furthermore, serum (FRAP) assay was used for the evaluation of total
exposure to BPA during neonatal and prenatal periods antioxidant activity. The antioxidant capacity of blood
has been shown to led to memory impairment, sexual serum was assessed by measuring the capacity of blood
differentiation process and behavior in the offspring of serum to reduce Fe3+ to Fe2+. The complex between Fe2+
experimental animals [8, 9] and cognitive impairment in and 2,4,6-tripyridyl-s-triazine (TPTZ) creates a blue color
rodents [9]. It has been suggested that environmental with a maximum absorbance at 593 nm[17].
exposure to BPA may affect the developing brain by
enhancing the local biosynthesis of estrogen in the brain, Determination of Lipid Peroxidation: MDA levels, as an
inhibiting estrogen receptor beta (ERbeta) and N-methyl- index of lipid peroxidation, were measured. MDA reacts
D-aspartate  receptor  (NMDAR)  expressions  [11].  The with thiobarbituric acid (TBA) as a thiobarbituric acid
effect of BPA on the expression of ERs in the brain reactive substance (TBARS) to produce a red colored
without direct affection of serotonin neurons has also complex which has peak absorbance at 532nm.3 ml
been reported [11]. However, it has been indicated that phosphoric acid (1%) and 1ml TBA (0.6%) was added to
chronic exposure to BPA during prenatal or neonatal 0.5 ml of liver homogenate in a centrifuge tube and the
period causes a decrease in tyrosine hydroxylase mixture was heated for 45 min in a boiling water bath.
immunoreactive neurons in substantia nigra only in female After cooling, 4ml of n-butanol was added the mixture and
mice brains [12]. Several experiments have indicated that vortex-mixed for 1 min followed by centrifugation at 20000
BPA induces embryotoxicity via ROS mediated pathways rpm for 20 min. The organic layer was transferred to a
[13, 14]. However, this hypothesis requires more studies fresh tube and its absorbance was measured at 532 nm
to be confirmed. Therefore, the present study was and compared with values obtained from MDA standards.
designed to investigate the possible effects of BPA on Results are expressed as nmol/mg tissue [18]. 
developing brain of chicken embryos via measuring
oxidative stress indices as possible involved mechanism. Determination of GSH: The sample solutions were mixed

MATERIALS AND METHODS supernatant was mixed with four volumes of Tris. Then,

Chemicals: All chemicals were purchased from Sigma minutes. The absorbance was read at 412 nm [19].
Company, USA.

Experimental Design: Previous studies have been content of the samples was determined using beta-
approved the current protocol used in chicken carotene standard curve and spectrophotometric method
embryotoxicity [15]. The protocol includes a sensitive, at 470 nm [20].

information  on  embryonic  lethality,  teratogenicity,

with 20% trichloroacetic acid and centrifuged. The

1mM DTNB was added to the sample and incubated for 30

Estimation of Total Carotenoids: The total carotenoids
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Measurement of Protein Content: The protein content RESULTS
was measured using Bradford method. Bovine serum
albumin (BSA) was used as standard [21]. Results show a significant increase in levels of MDA

Gross Lesion: Twenty-day-old embryos and dead of BPA (200 ppm) compared to control group (P < 0.05 for
embryos died during the study were examined for MDA and P < 0.01 for GSH) (Table 1). No significant
abnormalities. difference between levels of total antioxidant capacity and

Microscopic Lesion: Tissues from dead embryos were control group. The protein concentration in test groups
fixed in buffered formalin 10% (37%, Merck, Germany) and was higher than that in control group (P < 0.001). No
embedded in paraffin, sectioned at 6 ì and stained with H significant difference between low and high
and E for histopathology. concentrations of BPA was observed.

Statistical Analysis: Data were analyzed using ANOVA- neck torsion, leg stick, malformation, general edema,
one way by SPSS software version 16 followed by Tukey- hyperemia and cortical degeneration (Figure 1). No
Kramer post-hoc test for multiple comparisons. macroscopic  lesions  or  developmental  abnormalities
Kolmogorov Smirnov tests showed that these data were were  observed   in  control  group.  Meningeal  thickness
normally distributed. The evaluation was made by the and  edema  in  prevascular  spaces  were  seen  in the
comparison of groups. The results were presented as brain    specimens.     Hyperemia     and   demyelination
means ±SEM and P < 0.05 was considered significant. were    obvious     in     cerebellum     and     base cranium.

and GSH in the test group received the high concentration

carotenoids content was seen in test groups compared to

Developmental abnormalities of test groups include

Table 1: Oxidative and antioxidant parameters in chicken embryos exposed to 50 and 200 ppm of BPA (n = 20 per group)
Parameter Control 50 ppm 200 ppm
Total antioxidant activity 0.63±0.03 0.71±0.06 0.79±0.015
MDA 0.44±0.02 0.57±0.04 0.99±0.23 a*
GSH 0.03±0.00 0.06±0.01 0.09±0.02 a**
Total carotenoids 0.13±0.00 0.15±0.03 0.15±0.01
Total protein 0.89±0.02 1.64±0.11a*** 1.74±0.01a***
Values are presented as mean ±SEM
Statistical significance of difference between data of control group vs. 50 and 200 ppm groups: a*P < 0.05, a**P < 0.01, a***P < 0.001

Fig. 1: Gross changes of the chicken from the test group exposed to the high concentration (200 ppm of BPA. (A).
Developmental abnormalities including neck torsion, leg stick, malformation, general edema and hyperemia, B)
Hyperemia (black arrows), C) Cortical degeneration (black arrows).
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Fig. 2: Histopathological changes of the chicken brains from the test group exposed to the high concentration (200 ppm
of BPA. (A) Meningeal thickness and hyperemia (black arrows), B) Edema (black arrows), C) Demyelination (black
arrows), D) Ventricular dilatation and hyperemia, E) Necrosis in cortex (black arrows), F) Sponge-like spaces (H
and EX 100)

Furthermore, cortical necrosis was clear. The injuries were and nutritional and environmental factors may lead to
more severe in the embryos with the higher dose of BPA further increase in ROS production [22]. Consequently,
(200 ppm). Generally, the liquefied degeneration and oxidative stress has emerged as a possible promoter of
maceration were observed in the brain specimens. several pregnancy-related disorders [22]. Results of the
However, damages were more severe in the test group present study showed that exposure to high
exposed to the high concentration of BPA compared to concentration of BPA causes significant increase in the
the test group exposed to the low one (Figure 2). level of MDA in chicken embryos as well as GSH level in

Administration of high and low doses of BPA both test groups compared to control group. However,
resulted in 60% and 13% of mortalities in the chicken levels of total antioxidant capacity and carotenoids
embryos, respectively. The most deaths occurred during content in test groups were not significantly different
the first 24 h after the administration of high dose of BPA, from those in control group. Furthermore, macroscopic
while deaths occurred before day 12 of development in and microscopic pathological examinations of the chicken
another treatment group. brain tissues in the test group exposed to the high

DISCUSSION including neck torsion, leg stick, malformation, general

The presence of high level of ROS during embryonic, thickness and demyelination in the cerebellum and base
fetal and placental developments is a feature of pregnancy cranium and cortical necrosis.

concentration of BPA showed complex abnormalities

edema, hyperemia, cortical degeneration, meningeal
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There is evidence that several teratogen agents affect evidence found in the current study confirmed these
the developing embryo by increasing oxidative stress and results as injuries were only observed in the embryos
result in severe embryonic damages due to the embryo’s exposed to the high concentration of BPA. Embryo
relatively weak antioxidant defense especially at early mortality at earlier stages of development, approximately
stages of organogenesis [23]. Findings of the present before day 12 of development, is classified early dead [29].
study are supported by a published study of Lin and The observed mortality in this study was occurred before
colleagues [24] on the effect of BPA in mesencephalic day 12 of development; therefore, BPA can cause
neuronal cells obtained from 14 to15-day-old SD embryos mortality at earlier stages of chicken embryo development.
[24]. They reported that BPA dose-dependently increased In summary, results of this study show that the
the intracellular ROS in all tested groups and exposure to high concentration of BPA results in the
concomitantly decreased superoxide dismutase (SOD), induction of oxidative damages and also damages to
GSH and increased MDA. They concluded that ROS biological membranes and cellular structures in the brain
induced by BPA might play a major role in its cytotoxicity tissue of the chick embryos. Regarding previous reports
on dopaminergic neuronal cells [24]. It has also been on the main role of imbalanced cellular oxidant and
reported that increased TBARS in the brain exposed to antioxidant statues in teratogenesis in all species, the
BPA throughout embryonic, fetal or infancy life induces embryo toxicity of BPA occurs via impairment of the
tissue oxidative stress and peroxidation and ultimately antioxidant defense system and enhancement of ROS
leads to underdevelopment of the brain [13]. Oxidative generation which damages cellular macromolecules.
stress process has been proven as a basic mechanism of
the BPA toxicity in animal models for years. Kabuto and ACKNOWLEDGMENTS
colleagues [13] revealed that the TBARS level in the
mouse organs was not affected by the BPA This study was financially supported by the
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