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Abstract The role of bisphenol A (BPA) in autism was
investigated in 49 children (mean age = 5.950 +
1.911 years) with autism spectrum disorders (ASDs) and
40 comparable age and sex matched children used as
controls (mean age = 5.333 £ 2.279 years). In addition,
8-Hydroxydeoxyguanosine (8-oxodG) was also studied as
a biomarker of oxidative stress in the same set of two
selected groups. The results showed that both BPA and
8-0xodG were significantly higher in children with autism
than those of control children (p values = 0.025 and
0.0001, respectively). There were positive correlations
between both BPA and 8-oxodG with ASDs severity
(r = 0.400 and 0.805, respectively), these correlations
were highly significant (p values = 0.004 and 0.001,
respectively). There was a significance positive correla-
tion between BMI and BPA, but the correlation between
BMI and 8-oxodG was not significant in children with
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autism. The observed results revealed that BPA may
increase oxidative stress resulting in mitochondrial dys-
function that affecting the behavior and functioning of
ASDs children.
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Introduction

BPA (2,2 bis(4-hydroxyphenyl) propane) is a monomer used
in the manufacture polycarbonate plastics, as an antioxidant in
some plasticizers, in polyvinyl chloride (PVC) manufacture,
and the epoxy resins that used to coat the inside of many food
and beverage cans [1]. BPA has been shown to leach out of
products, and high levels of the monomer have been identified
in human and animal samples [2]. Human exposure of BPA
can be attained through oral route (viz. food wrapped in
plastics, drinking water, food and beverage containers), as
well as through trans-dermal route (viz. flooring, direct con-
tact with plastic products, bathing in water contaminated by
BPA), and also via inhalation of contaminated indoor air [1].

The effect of BPA on endocrine disruption has been
extensively studied on perinatal, childhood and adult health
[3]. On the other hand, some recent studies introduced
indirect evidence linking exposure to BPA and ASDs
[4, 5]. Epidemiological studies found that increased
maternal prenatal exposure to BPA was associated with
behavioral problems including ASDs in their children later
[6]. A Swedish study found that using PVC flooring
material at home was linked with ASDs [7]. It was reported
that BPA caused neurological effects with respect to fetal
brain development that promoted neurodegenerative dis-
eases [8]. Synaptogenesis inhibition and synaptic structural
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modification were recorded in mice models that exposed
perinatal to BPA [9].

ASDs are a group of neurodevelopmental disorders that
are characterized by communication and social deficits that
accompanied with repetitive behaviors [10]. The etiology
of ASDs is believed to be multifactorial including geneti-
cally and environmental origin [11]. Introduction of
chemicals produced by human activity into the environ-
ment can have adverse effects on human health [11].
Several studies suggested that exposure of genetically
sensitive individuals to an environmental toxicant is
responsible for ASD manifestation [12].

On the other hand, ASD are characterized by oxidative
stress, mitochondrial dysfunction, deficits in antioxidant and
detoxification capacity as well as immunological distur-
bance [13]. Oxidative stress may be a key link between
mitochondrial dysfunction and ASD, where reactive oxygen
species (ROS) generated from pro-oxidant environmental
toxicants and activated immune cells can cause mitochon-
drial dysfunction [14]. There are several lines of evidence
suggesting that environmental exposure to plasticizers
including BPA is associated with oxidative stress [15]. It
was reported that BPA increases the generation of ROS and
induced hepatic damage and mitochondrial dysfunction [16].
Recently, Eid et al. [17] found that early life exposure to
BPA significantly increased oxidative/nitrosative stress,
decreased antioxidant enzyme activities, inducing DNA
damage and chronic severe inflammation in the hepatic
tissue of female rat offspring in a time dependent manner.

8-0x0dG was used extensively as biomarker for oxida-
tive stress-derived DNA damage, mitochondrial dysfunc-
tion and afflicted metabolism [18]. Its level in the blood
and urine is associated with the severity of internal DNA
damage [19]. For the above reasons, the concentration of
both BPA and 8-0xodG in the serum of the two selected
groups of children were measured in the present study.

Methods
Participants

Forty-nine children with autism and another forty children
matched for age and sex as controls were included in the
present study. Control children are free from any develop-
mental, neurological, chronic or recurrent medical impair-
ment. Subjects were selected from the out-patients clinic of
Learning Disability and Neuro-Rehabilitation at Medical
Excellence Centre, National Research Centre, Dokki, Egypt.
ASD clinical diagnosis has been confirmed according to the
criteria of Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSM-IV-TR) [20].
The severity of autism was assessed using the Childhood

Autism Rating Scale (CARS) [21]. All subjects with other
causes of mental subnormality and delayed language were
excluded. A comprehensive history was taken from the par-
ents of the selected patients. Medical history was including:
pregnancy history, perinatal history, developmental history,
family history, and child’s medical and behavioral history, the
age of onset at which manifestation of the disorder was
recorded. Head circumference, body weight and height were
measured followed by BMI calculation for each participant.
All measurements followed the recommendations of the
International Biological Program (IBP) [22].

Ethical Approval

All procedures performed in the current study involving
human participants were in accordance with the ethical
standards of the Medical Research Ethics Committee of the
National Research Centre- Egypt, and with 1964 Helsinki
declaration and its later amendments. Informed consent
was obtained from parents of each individual participant
included in the study.

Sampling

Blood samples were collected in 5-ml vaccutainer plain
tubes followed by serum isolation by centrifugation at
3000 rpm within 30 min after collection. Aliquots of serum
samples were kept immediately at —40 °C until assayed.

Procedures

The concentration of total BPA was analyzed in the col-
lected serum samples for each individual using Enzyme-
Linked Immunosorbent Assay technique (ELISA). BPA
concentrations were measured by using Human PBA
ELISA kit (GSCIENCE, USA) according to supplier’s
instructions. The serum levels of 8-0xodG were measured
using Human 8-oxodG ELISA kit (GSCIENCE, USA)
following the manufacturer’s instructions. Body mass
index (BMI) for patients and control subjects were calcu-
lated according to the following equation:

Weight in kilogram

BMI = .
(Body length in meter)

BMI for ASD patients and controls were compared to
World Health Organization growth charts to check that
they are normal or overweight [23].

Statistical Analyses

Data analysis was performed using Mann—Whitney test for
comparing two nonparametric groups. Quantitative data
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Table 1 General and clinical characteristics of the study groups

Table 2 Values of BPA and 8-0xodG in the study groups

2

Characteristics ASD Control X p value ASD Control
Number 49 40 Number 49 40
Gender BPA (ng/ml)
Males 81.6% 72.5% 1.054 0.305 Minimum 2.15 1.19
Females 18.4% 27.5% Maximum 65.9 10.71
Mean £+ SD ttest  p value Median 8.67 4.73
Mann-Whitney 708.00*
Age (years) 5950 +£ 1911 5.333 +£2.279 1.350 0.180 p value 0.025
BMI 17.713 + 4228 15994 + 0.691 2.541* 0.007 8-0x0dG (ng/ml)
ASD severity Minimum 0.08 0.06
Severe 6.1% Maximum 2.08 0.8
Moderate  34.7% Median 02 0.09
Mild 59.2% Mann-Whitney 312.50%*
p value 0.0001

* The value is significant at p < 0.01 level

were statistically represented in terms minimum, maxi-
mum, and median. Qualitative data were statistically rep-
resented in terms number and percent. A probability value
was considered significant at p < 0.05. Correlations
between various variables were done using Spearman rank
correlation coefficient (r). All statistical calculations were
done using computer program Statistical Package for
Social Science (SPSS) statistical program version (16.0).
Graphs were done using Microsoft Excel program version
2010.

Results

Table 1 shows general and clinical characteristics of ASDs
and control subjects. As shown in Table 1, there were no
significance differences between age and sex in the two
studied groups. Statistical significant difference was
observed in the BMI between the two studied groups
(p = 0.007). ASD severity was classified into severe
(6.1%), moderate (34.7%) and mild (59.2%) in the studied
children with autism. Table 2 represents BPA and 8-oxodG
values among ASD and control groups. As seen in Table 2,
levels of both BPA and 8-0xodG were high in ASD group
than those of control group and the difference was statis-
tically significant for BPA (p = 0.025) and highly signifi-
cant for 8-0xodG (p = 0.0001). In addition, Figs. 1 and 2
illustrates the distribution of BPA and 8-oxodG values,
respectively in ASD and control children. As illustrated in
Fig. 1 and 2 the median and maximum values are higher in
ASD group than those of control group. On the other hand,
Table 3 demonstrates the correlation between BPA and
8-0xodG among the studied ASD children. As shown in
Table 3, a significant positive correlation was found

@ Springer

* The value is significant at p < 0.05
** The value is highly significant at the p < 0.01 level
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Fig. 1 Distribution of BPA between the study groups (no. = 89)

between BPA and 8-oxodG in both autistic males and
females (r = 0.390* and 0.735%; p values = 0.013 and
0.024, respectively). Moreover, the correlation between
BMI and BPA was significant (r = 0.299* and
p value = 0.037) in autistic children but not significant in
control group. However, the positive correlation between
BMI and 8-oxodG was not significant in the two studied
groups (Table 4). ASD severity was found to be positively
correlated with both BPA and 8-oxodG values
(r = 0.400** and 0.805**, respectively) and the correla-
tion was found to be highly significant (p < 0.01)
(Table 5).
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Fig. 2 Distribution of 8-oxod G between the study groups (no. = 89)

Table 3 Correlation coefficient between BPA and 8-0xodG in ASD
children

Sex Spearman p value
correlation (r)
BPA (ng/ml) with Male 0.390%* 0.013
8-0x0dG (ng/ml) Female 0.735% 0.024

* The value is significant at the p < 0.05 level

Table 4 Correlation coefficient between BMI with BPA and 8-ox-
0dG values in the studied groups

BMI with BPA (ng/ml) Spearman correlation (r) p value
ASD 0.299* 0.037
Control 0.029 0.859
BMI with 8-0x0dG (ng/ml)

ASD 0.024 0.872
Control 0.057 0.725

* The value is significant at the p < 0.05 level

Discussion

The prevalence of autism has been exponentional increased
in the past few years. This increasing couldn’t be attributed
only to improved diagnostic programs and awareness but
also to the interaction between genetic, epigenetic, and

environmental factors [13, 24]. ASD has traditionally been
considered as behavioral disorder. However, research results
are accumulating to support an evidence that it is charac-
terized by specific physiological abnormalities including
oxidative stress; mitochondrial dysfunction; immune dys-
regulation and inflammation [25, 26]. It has been reported
that reactive oxygen species (ROS) are induced in response
to BPA exposure [15]. Unfortunately, limited numbers of
studies were done to investigate the effect of BPA on
oxidative stress in children with autism [24].

The results of the present study showed that there was
no statistical significance between age and sex of the two
study groups (Table 1). However, a significant difference
was observed in the BMI of autistic and control children
(Table 1). In addition, statistically significant correlation
was observed between BMI and BPA in children with
autism but no significance was found in control group
(Table 4). The correlation between BMI and 8-oxodG was
not significant in the study groups (Table 4). These results
are in agreement with other studies suggested that BPA
could be a potential new environmental obesogen [27].

Referring to Table 2 and Fig. 1 the values of BPA in
ASD group are higher than that of control group. In addi-
tion, a significant positive correlation was found between
ASD severity and BPA (7: 0.400) (Table 5). The direct
effect of BPA on the autism has been studied by different
research groups [4, 5]. Recently, Kaur and his coworkers
[24] give direct evidence linking the exposure to BPA and
ASD incidence, namely, the effect of BPA on: cell via-
bility, mitochondrial membrane potential, generation of
reactive oxygen species (ROS), and mtDNA copy number
in lymphoblas from ASD children and unaffected siblings.
Their results confirm that BPA may act as risk factor for
autism in genetically susceptible children. Furthermore,
Kaur and his coauthors, proposed that BPA increased
oxidative stress and mitochondrial dysfunction in autism.
Table 2 and Figs. 1 and 2, indicated that the values of BPA
and 8-oxodG in ASD group are higher than those of control
group. These results run in a good harmony with the results
of Kaur et al., In conclusion, the obtained results can be
attributed to the effect of BPA which increased the
oxidative stress in ASD children.

On the other hand, it has been reported that BPA
exposure to lympphoblastoid cells from autistic subjects
and age-matched unaffected siblings controls showed a
decrease in mitochondrial membrane potential (MMP) in a

Table 5 Correlation between

severity of ASD with BPA and
8-0x0dG values

Spearman Correlation (r) p value
ASD Severity with BPA (ng/ml) 0.400%* 0.004
ASD Severity with 8-oxodG (ng/ml) 0.805%** 0.001

** Correlation is significant at the p < 0.01 level
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dose-dependent manner in both groups. The MMP is an
important indicator of the energy status of the cell.
Decreasing in MMP is an initial step in apoptosis. Con-
tinuous BPA exposure can lead to cell death [24]. The
results of the present study showed a significant positive
correlation between BPA and 8-0oxodG in both males and
females groups among ASD children as shown in Table 3.
These results are in consistent with the results of Kaur et al.
[24]. These observed results could be explained on the
basis that elevated BPA in children with autism increased
ROS generation that supported by elevation in 8-oxodG
levels in autistic children compared to control group.
According to Kaur et al. [24] BPA-induced increase in
ROS production could result in the loss of cellular mem-
brane integrity and fluidity.

A recent meta-analysis showed that the prevalence of
mitochondrial disease in ASD children was 5% [28]. In
addition, it was reported that BPA exposure increased ROS
generation and decrease mitochondrial membrane potential
(MMP), which is the initial step in apoptosis, and increased
copy number variation (CNV) of the genes necessary for
mitochondrial oxidative phosphorylation. These effects
may cause defect in mitochondrial electron transport chain
(ETC) and mtDNA damage [24, 29].

The results in this work can be further explained by
adapting the above suggestion of Kaur et al. [24] and
Rossignol and Frye [28] namely, the prenatal exposure to
BPA may increase oxidative stress that might damage the
mitochondrial function and over production of ROS can
affect functioning and behavior of children with autism.
These effects of prenatal exposure of BPA on the behavior
and functioning of children were reported elsewhere [30].
In the present study a positive correlation was observed
between severity of ASD with BPA and 8-0xodG as shown
in Table 5. These results support the idea that BPA expo-
sure increases oxidative stress that could affect the severity
of ASD. Further studies are needed to investigate CNVs of
mitochondrial ETC complexes I and III and MMP in the
studied cases and controls.
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