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Abstract

Background: Bisphenol A (BPA) has been acknowledged as an estrogenic chemical able to interact with estrogen receptors. Bisphe-
nol A at high concentration inhibited the GABAA receptor mediated response.
Objectives: The study was conducted to investigate the effect of BPA on GABAAα1 receptors density in amygdala and cerebellum of
adult rats and the possible modulatory effect of passive avoidance learning.
Methods: Thirty male Sprague-Dawley rats weighting 200 to 220 g were used. Bisphenol A 5 and 50 mg kg-1 day-1 were adminis-
trated by oral intake for 15 days. Learning and memory tasks were performed by shuttle-box. Densities of GABAAα1 receptor were
investigated by immunohistochemical procedure.
Results: Rats with learning had significantly higher GABAAα1 receptor as compared to control rats. The administration of BPA at both
low and high doses significantly reduced receptor density in a dose-dependent manner in comparison with control rats. Learning
significantly increased receptor density in rats treated with BPA as compared to unlearned BPA treated rats, however, it could not
completely reverse this parameter and these rats still had lower receptor density than controls.
Conclusions: In conclusion, BPA induces dose-dependent down-regulation of GABAAα1 receptors in the amygdala and Purkinje cell
layer of cerebellum of adult rats, which could be partially compensated by learning.
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1. Background

Endocrine disruptors are synthetic or natural sub-
stances with the ability to affect the function of endoge-
nous hormones by mimicking or blocking their actions
and may also modify synthesis, transport, metabolism or
elimination of natural hormones (1). Recently, the general
public has received alarming reports regarding the repro-
duction and health hazards of endocrine disrupting chem-
icals in the environment (2). One of the most common en-
docrine disruptors is Bisphenol A (BPA) (3). Bisphenol A
is a well-known ‘environmental endocrine disrupter’ with
mixed estrogen agonist/antagonist properties (4). This
substance has two phenol rings with structural homology
with a ring of ß-estradiol and is suspected to bind to estro-
gen receptors, which leads to adverse effects on humans
and wild animals (5).

Furthermore, γ-Amino Butyric Acid (GABA) is a ma-
jor inhibitory neurotransmitter throughout the central
nervous system that acts on GABAA, GABAB and GABAC re-
ceptors. The receptors of GABAA mainly mediate fast in-

hibitory synaptic transmissions in the whole brain, and
thus they are important targets for many pharmacologi-
cal agents such as synthetic and endogenous steroids (6).
McCabe et al. (2001) reported that in vitro GABA release
in intermediate and medial hyper striatum ventral slices
of chick brain increases following training (7). There is a
profound difference in affinity of GABAA receptors of dif-
ferent brain regions. The use of molecular biological tech-
niques has revealed that a single amino acid is responsible
for this difference in affinity and the function of the recep-
tor. The presence of a histidine residue at position 101 of the
primary amino acid sequence of the α subunit produces
α1 subunit, which confers high affinity for binding of di-
azepam (8). Behavioral examination of genetically modi-
fied animals has suggested that theα1 subunit-containing
GABAA receptors comprise the memory modulating popu-
lation of these receptors (9). Savic et al. (2005) showed that
α1 subunit-containing GABAA receptors have an important
role in modulation of memory acquisition (10).

Several studies have shown that exposure of animals
to BPA in prenatal and neonatal stages as well as in adult-
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hood can induce impairment of learning and memory (2,
11, 12). In 2007, Choi et al. reported that BPA could act
through GABAA receptors. However, it is not likely that BPA
acts on the GABA binding sites of GABAA receptors to open
Cl- channels, since it did not induce any GABAA receptor-
mediated currents in dorsal root ganglion neurons, which
express functional GABA receptors. Instead, BPA may bind
to the modulatory sites located close to the GABAA receptor
Cl- channel complex, and thus affects GABAA receptor func-
tion (11).

As far as we know, the effect of BPA on GABAA recep-
tor density and the possible modulatory effect of learning
have not been addressed yet.

2. Objectives

The present study was conducted to investigate the ef-
fect of short-term repeated dose administration of BPA at
two doses (high and low) on GABAAα1 receptors density in
amygdala and cerebellum of adult rats and the possible
modulatory effect of passive avoidance learning.

3. Methods

3.1. Animals and Experimental Design

Thirty adult male Sprague Dawley rats 10 - 12 weeks
old and weighing 200 - 220g were used. Food and water
were available ad libitum during the study. The rats were
housed under a 12-hour light/dark (lights on at 6 am) and
controlled temperature (20 ± 4°C) condition.

After a week of adaptation, animals were randomly al-
located to six equal groups (n = 5 each) and treated as fol-
lows: group1 (sham l): received sesame oil on a daily basis
by oral gavages in a volume similar to BPA administered
to rats with the same weight for 15 days; group 2 (sham
2): received sesame oil as above accompanied by learn-
ing; group 3 (experimental 1): received BPA 5 mg kg-1 day-1

by oral gavages (12) for 15 days; group 4: (experimental 2)
received BPA 50 mg kg-1 day-1 by oral gavages for 15 days;
group 5 (experimental 3): received BPA 5 mg kg-1 day-1 by
oral gavages for 15 days with learning and group 6 (exper-
imental 4): received BPA 50 mg kg-1 day-1 by oral gavages
for 15 days with learning. Bisphenol A was purchased from
sigma-Aldrich Co. and dissolved in sesame oil.

3.2. Learning Procedure

A two-way shuttle-box with acrylic walls and steel floor
bars was used. The box, 44 × 20 × 19 cm, was bisected by
a vertical partition with an opening in the middle that al-
lows the animal to move freely from one compartment to
other, including light and dark compartments. In the light

compartment, the animal was safe while in the dark com-
partment it received a foot shock of 0.6 mA for one sec-
ond, with a latent period of one second. On the first day,
all animals were individually subjected to two minutes of
adaptation to the shuttle box, in which the rat could ex-
plore the light compartment and move about freely. At this
stage since the rat prefers the dark compartment, if the rat
did not move to the dark compartment after 120 seconds, it
was excluded from the study. This adaptation was repeated
30 minutes later. On the second day, the rats were placed in
the light compartment box and one second after entering
the dark compartment received a 0.6 mA foot shock for one
second, this session was considered as initial latency. On
the third day, the procedure was similar with the second
day, and was considered as the learning session. On the
fourth day, as memory consolidation, the procedure was
like the learning days without foot shock and was consid-
ered as the consolidation session. On the fifth day, which
was the memory retention session, the procedure was sim-
ilar to the fourth day. The rats were thought to have com-
pletely learned the adaptation, if they did not move to the
dark compartment after 120 second during third, fourth
and fifth sessions of the experiment.

All the procedures involving animal subjects were re-
viewed and approved by the Institutional Research Ethics
Committee of the School of Veterinary Medicine of Shiraz
University.

3.3. Sample Preparation

At the end of the experiment, rats from all groups were
anesthetized by sodium thiopental and their hearts were
perfused with 10% formaldehyde. Then the whole brain
and cerebellum were removed and washed with normal
saline and fixed for 24 hours in 10% formaldehyde in 0.1
M Phosphate Buffer (pH 7.4), which was followed by post-
fixing in 4% formaldehyde in 0.1 M phosphate buffer (pH
7.4). Tissue processing was accomplished in an automated
tissue processor and paraffin blocks were prepared. Fur-
thermore, 5 µm serial sections of amygdala and cerebel-
lum were made and mounted on 25% L-lysine coated glass
slides.

3.4. Immunohistochemical Study

The slide-mounted sections were dried and subse-
quently stored in a -20°C freezer until use for antibody
labeling. After removal from the freezer, slide-mounted
sections were brought to room temperature, washed and
outlined with a liquid-repellent slide marker pen. Sec-
tions were incubated over night with primary antibodies
against GABAAα1 (abcam, UK) (with a dilution of 1 × 10-3).
The next day, sections were rinsed with PBS and incubated
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in secondary antibody (DAKO Co Denmark) (envision) and
further washed in PBS. Finally, the sections were rinsed in
PBS three times for 10 minutes and reacted with cromogen
(Dab) (DAKO Co Denmark) followed by a rinse in PBS. Then
the sections were placed in hematoxylin for nucleus stain-
ing. Negative control sections were incubated with PBS
in the absence of primary antibody and no immunoreac-
tivity was detected in amygdala and purkinje cell layer of
cerebellum. Figure 1 shows the negative control of cere-
bellum and amygdala sections. After preparing digital im-
ages from slides, density of GABAAα1 receptors was assayed
by using the Image Analyzer (version 1.33) software. This
program determines the density of receptors, according
to three characters including hue, saturation and inten-
sity, and shows a number that has reverse relation with the
receptor density; this means that higher receptor density
was represented by lower number in the program.

3.5. Statistical Analysis

Statistical analysis was performed using the SPSS (ver-
sion 18) software. One-way analysis of variance (ANOVA)
method and Tukey’s test as the post hoc were used to de-
termine the difference between groups. P < 0.05 was con-
sidered as the level of significance and data was reported
as mean ± standard error of the mean (SEM).

4. Results

According to our data, exposure to BPA with doses
of 5 and 50 mg kg-1 day-1 for 15 days without learn-
ing, significantly (P < 0.05) decreases immunoreactive
GABAAα1 receptor density in Purkinje cell of cerebellum
and amygdala in comparison to sham 1 (Figures 2, 3, 4, 5).

On the other hand, exposure to BPA at doses 5 and 50
mg kg-1 day-1 in 15 days with learning also significantly (P <
0.05) decreases immunoreactive GABAAα1 receptor density
in Purkinje cell of cerebellum and amygdala in compari-
son to sham 2 (Figures 2, 3, 4, 5). There was a significant
difference (P < 0.05) between sham 1 and sham 2 that is, in
sham 2 group immunoreactive GABAAα1 receptor density
in Purkinje cell of cerebellum and amygdala was higher
than sham 1; so learning led to an increase in immunore-
active GABA Aα1 receptor density in Purkinje cell of cerebel-
lum and amygdala (Figures 2, 3, 4, 5).

However, comparison between with and without
learning groups that were exposed to BPA at two doses,
revealed that the immunoreactive GABAAα1 receptor den-
sity was significantly (P < 0.05) lower in without learning
groups relative to groups with learning in amygdala but
not in Purkinje cell of cerebellum (Figures 2, 3, 4, 5). This
means that learning can compensate the effect of BPA on

GABAAα1 receptor density in amygdala but not in Purkinje
cell of cerebellum.

5. Discussion

One of the main findings of the present study was
that short-term repeated dose treatment with BPA induces
dose-dependent down-regulation of GABAAα1 receptors in
the amygdala and Purkinje cell layer of cerebellum of adult
rats. Noriega et al., (2009) observed that 17 β-estradiol ad-
ministration to ovariectomized rhesus macaque reduces
GABAAα1 expression in amygdala as compared to controls.
Regarding the fact that BPA mimics the action of the natu-
ral hormone 17 β-estradiol (13), it is speculated that the de-
creased GABAAα1 receptor density in our study may be the
result of decreased expression of its gene due to estradiol-
mimicking effects of BPA. Although this hypothesis needs
to be investigated in future studies. The role of GABAA re-
ceptors in learning has been clearly demonstrated previ-
ously. Zheng et al. (2007) reported that both the protein
and mRNA of GABAA receptor a1 subunit in hippocampus
and prefrontal cortex of rat brain were affected by acute
restraint stress. They suggest GABAA receptor could play
a role in the regulation of learning and memory (14). It
was demonstrated that inhibitory transmission mediated
by GABAAα1 receptors plays a critical role in amygdala plas-
ticity and fear learning. Lech et al., (2001) reported that
learning-associated activation of the cerebral cortex in-
creases expression of GABAAα1 receptor mRNA after a short
post-training delay. Consistent with this, another interest-
ing finding of our study was that learning has a compen-
satory effect and mitigates receptor loss due to BPA admin-
istration. The increased density of GABAAα1 can be caused
either by increased synthesis of receptors or by changes
in subunit composition. Changes in subunit composition
of GABAA receptors in the hippocampus were found in the
kindling and kainic acid induced epilepsy in rats and sub-
unit switching was also found in hypothalamic oxytocin
neurons in lactation–pregnancy cycle (15).

In conclusion, short-term repeated dose treatment
with BPA induces dose-dependent down-regulation of
GABAAα1 receptors in the amygdala and Purkinje cell layer
of cerebellum of adult rats, which could be partially com-
pensated by learning.
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Figure 1. Photograph of Negative Control of Brain A) Purkinje Cell Layer of Cerebellum and B) Amygdala (Magnification 40 × 10)
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Figure 2. Color intensity (mean and SEM) of immunohistochemically stained amyg-
dala slides of rats in different groups, which inversely demonstrates GABAAα1 recep-
tor density; different letters show significant differences (P < 0.05).
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Figure 4. Color intensity (mean and SEM) of immunohistochemically stained cere-
bellum slides of rats in different groups which inversely demonstrates GABAAα1 re-
ceptor density; different letters indicate significant differences (P < 0.05).
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Figure 3. Photograph of the Effect of Bisphenol A on GABAAα1 Receptor Density in Amygdala of Male Rats in Different Groups (Magnification 40 × 10)
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Figure 5. Photograph of Effect of Bisphenol A on GABAAα1 Receptor Density in Purkinje Cell Layer of Cerebellum of Male Rats in Different Groups (Magnification 40 × 10)
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