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What is BPA? or
. Bisphenol-A (BPA) is a chemical B

compound in plastics and epoxy @“

resins.
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» Acts as an endocrine disruptor p-Estradiol
Has been linked to several health HiC  CHs

complications ﬂ
* Less than a day half-life." © @
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Presentation Notes
Bisphenol A is a chemical compound that is used to produce several polycarbonate plastics and epoxy resins due to its stabilizing abilities with the two phenol groups. 
- Because of the structural similaries to estradiol due to the phenol group, it can act as an endocrine disruptor by binding to estrogen receptors . 
This causes BPA to act as an endocrine disruptor that leads to endocrine dysfunction in the body. 
Therefore, BPA has been linked to several health complications such as cancer development, reduced fertility, and early puberty.



Sources of BPA

* Mainly used in the
production of epoxy
resins and polycarbonate > g &
plastics.?

* Found in numerous items

part of everyday life. l l l l l l

- BPA alternatives (BPS and |
BPF) S

Male
reproductive
Adipose apparatus
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Found in toys, water supply pipes, medical tubing, and food container linings, eyeglass lenses, sports safety equipment, dental monomers, medical equipment and tubing, and consumer electronics. 
Recent studies suggest that more than 90% of the U.S. population has detectable levels of BPA in urine samples. 
Can be absorbed dermally, orally. 
BPS (bisphenol S) BPF (bisphenol F)


BPA in Feminine Hygiene Products

* A recent study has
detected BPA leaching
out of feminine

hygiene products.?

 Seen to decrease the
viability of oocytes.?
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The U.S. Environmental Protection Agency calculated reference dose for BPA to be 50 µg/kg/day. However, BPA can cause adverse effects in animals at doses several orders of magnititude lower than this reference dose, suggested the need for the “safe” human exposure level for BPA to be re-evaluated. 
One of the main exposures I have researched is the detection of BPA leaching out of feminine hygiene products. 
Traidtional monotonic curve on the left and the non-monotonic curve on the right. BPA has more of the monotonic curve. 
The dermal absorption pathway from the use of pads, pantyliners, and tampons were significant. 
In a study, they saw as BPA dose increased, there was a decrease in the percentage of oocytes that progressed to MII and increases in the percentage of oocytes that were degenerated. 
Heat also causes more BPA to leach out of these products. 




Sex Differences in Exposure

 Females were seen to have higher urinary BPA
concentrations than males.?

 Effects of gestational BPA exposure on behavior
domains larger among girls than boys.?
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In a study done iin Cincinnati, Ohio, they found that the effects of gestational BPA exposure on these behavioral domains of anxiety, hyperactivity, emotional control, and behavioral inhibition were larger among girls than boys. 


What is an Endocrine Disruptor?

« EDCs are natural or man- —
made chemicals that block

or mimic the body’s
hormones.6 W / \

 Exposure in utero or early ’

postnatal could cause \ f‘f'
growth and development.®

(Female reproductive system) Ph

{Adrenal gland)

E (Pituitary gland]
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6. https://www.niehs.nih.gov/health/topics/agents/endocrine
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Many researchers hypothesize that exposure to these endocrine disruptors during critical periods of development like in utero or early postnatal life could cause functional alternations in humans by influencing growth, reproduction, and development. 


Prenatal Exposure

 BPA is able to cross the placenta
and accumulate in the fetal
compartment.’

* Prenatal higher BPA alternative
exposure is associated with
impaired psychomotor
development.?
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An article I found discussed the prenatal exposure to BPA and its alternatives. I specifically looked at the neurodevelopmental effects and the effects of behavior patterns. 
Maternal BPA alternative BPF exposure was reported the alter offspring behavior by increasing anxiety and depressive state in rodents. 
There was a recent study that provided epidemiological evidence that prenatal higher BPS (BPA alternative) was associated with impaired psychomotor development. 
Also, exposure to BPA in the second trimester was negatively associated with mental development at age 
Placenta does not act as a barrier against BPA, inability of fetus to efficiently metabolize BPA.
The observed adverse effects are diverse, and include altered development of the male and female reproductive tracts, altered development and tissue organization of the mammary gland, increased prostate gland volume, disruption of sexual differentiation in the brain, accelerated growth and puberty, higher incidence of breast and prostate cancer, increased body weight, altered reproductive function and sexual behavior, and immune dysregulation. 





Child Developmental Effects

* Prenatal exposure has been
reported to cause
neurodevelopmental and
behavioral effects in children.

* Significant results found
gestational BPA exposure =
associated with higher measures \W
of subsequent behavioral
patterns.?
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Concentration of BPA was found highest in children, then adolesncets, and then the lowest level in adults. 
BPA is capable of binding to the estrogen receptors and can affect thyroid and gonadal hormone signaling, and seems to affect normal brain development and subsequent behavior patterns. 
Maternal BPF exposure was reported to alter offspring behavior significiantly, resulting in increases in anxiety and depressive state.
Gestational BPA exposure was associated with higher scores for measures of anxiety, hyperactivity, emotional control, and behavior inhibition. 



Autism and ADHD Mechanisms

* A study investigated the mechanisms underlying
autism and ADHD.’

* BPA increased gene expression of dopamine
transporter in a study in adult rats after neonatal
exposure.’
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There is few amounts of research regarding the specific comparisons between BPA exposure effects and autism and adhd mechanisms. 
Study with rats looking at BPA increase gene expression  showed that rats were hyperactive and serving as possible models of autism or ADHD. 
- Tying back to the study done in cincinati ohio, gestational bpa exposure was shown to significantly be correlated with hyperactivity and behavioral inhibition. These could be linked to autism and adhd. 


Epigenetic Influence

* In utero and early postnatal
exposure may produce
effects such as impaired
brain development, sexual
differentiation, behavior,
and immune function.®

 Genetics and the
enVironment CO ntribUte to [Rep@litive beh-.winurJ h Anxious behaviour | l Social dysfunction J
these effeCtS.8 [ Attention deficit ] i Sensory disorder | [ Sleep illnesses ]

/ Environment »
f Maternal nutrition/ Age
Sever infection
Toxic exposure
Medicine/ Drugs

~ Genetic
Gene alteration
CNVs/ SNPs
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Animal studies suggest that in utero and early postnatal exposure may produce broad range of effects
Several studies have provided evidence that maternal exposure to BPA results in postnatal changes in DNA methylation status and altered expression of specific genes in offspring. 



Model for Epigenetic Effects
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Long-term consequences of prenatal BPA exposure suggests that BPA may induce changes in the developing fetus that are maintained in adulthood. 
Epigenetic gene regulation is possible. 
Maternal exposure to BPA results in postnatal changes in DNA methylation status and altered gene expression of genes.8
Chromatin (DNA wrapped around histone proteins) structure around genome region tightly packed, gene expression is repressed. More open chromatin, DNA and histones loosely interact, transcription factors can attach to the promotors and initiate gene expression. 
Chromatin structure is largely determined by DNA methylation or modifications to histone proteins. 
BPA as can agent has the ability to affect the epigenome that can induce adverse developmental effects
The model is based on the Agouti viable yellow mouse model. BPA exposure in utero influence the epigenome through the ER or other signaling pathways. BPA induces hypomethylation of the CpG sites that then results in up-regulation of the corresponding gene expression. 
In addition, there is very limited information on how BPA influences histone modifications and chromatin structure. We propose that BPA may affect both DNA methylation and histone modifications in specific gene regulatory regions, which work in concert to change local chromatin structure, leading to corresponding up- or down-regulation of gene expression.


BPA and Schizophrenia?

* Schizophrenia research has continued to find
evidence of possible endocrine involvement in the
disease.’

 Numerous proposals of endocrine disruption caused
by BPA as a presumed cause of schizophrenia.’
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In BPA research, schizophrenia research has continued to find evidence of possible endocrine or neurodendocrine involvement in the disease. 
Sufficient information now exists for a comparison of the neurotoxicological and behavioral pathology associated with exposure to BPA and other endocrine disruptors to the abnormailities observed in schizophrenia. 
A review article I found summarizes these findings and proposed a theory of endocrine disruption (like with BPA exposure) in 11 broad categories. 
BPA is an estrogenic endocrine disruptor, and BPA exposure causes estrogen-associated changes relevant to schizophrenia. 
BPA is not the only cause  an estrogen mimic or other endocrine signal from some source in prental life could be reduced, delayed, increased, or premature which disrupts brain development so as to cause schizophrenia. 
The review article I looks at showed endocrine disruptors causing 11 categories of pathological abnormalities with similar findings in schizophrenia. 



Estrogen Effects

Various lines of evidence
support the role of estrogen-
related abnormalities in
schizophrenia.’

Estrogen receptors play a
role in neuropsychiatric
disorders.’

ER,,na MRNA is decreased in HO
the amygdala, frontal cortex,
and hippocampus in
psychiatric illnesses.’
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- Low estrogen levels associated with schizophrenia symptoms in males and females. 
Estrogen regulated the growth-associated protein GAP-43, GAP-43 is abnormal in schizophrenia. (BPA disrupts estrogen functions, causing abnormalities potentially in GAP-43)
- ER’s play a role in neuropsychiatric disorders as Eralpha mRNA is decreased in the amygdala, frontal cortex, and hippocampus in major psychiatric disorders. 
- Neonatal and pubertal exposure to BPA alters or disrupts hypothalamic Eralpha transcription. 



Abnormalities of Proteins and Processes

A relationship between schizophrenia and BPA

disruption is related to the Sonic Hedgehog(SH)
factor.’

 Hypomethylation occurs in both schizophrenia and
BPA exposure.’

« Ca?* abnormalities may be linked between BPA
exposure and schizophrenia.’
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The signaling molecule and dopamine neuron development factor, sonic hedgehog (sh), is involved in development of the brain, eyes, limbs, and foregut. 
Relationship between schizo and BPA disruption of SH is suggested between disruption of SH is associated with developmental disorders of the brain. 
DNA methylation may influence gene-environment interactions associated with schizophrenia.
Like I said previously, BPA hypomethylates DNA by decreasing cytosine-guanine dinucleotide methylation (CpG) that changes the coat color of mice offspring. 
CpG methylation and hypomethylation are found in schizophrenia, Huntington disease, and bipolar disorder. 
In schizophrenia, Ca2+ abnormalities may be the link thru which elevations of calcyon and neuronal calcium sensor-1 protein influence the development of schizophrenia. 
BPA enhances Ca2+ signaling. 


Abnormalities of Behavior

* Fear is a correlation between symptoms of
schizophrenia and offspring of prenatal BPA
exposure.’

* Changes in pain sensitivity were observed in both
schizophrenia and BPA exposure.’

» Correlation does not equal causation.
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Symptoms of schizo include paranoia (fear) and male offspring of pregnant rats exposed to prenatal BPA exhibit changes in normal response to fear-inducing stimuli. 
In schizo, pain sensitivity appears altered in some patients. In prenatal BPA administration to pregnant rats alters pain perception in male and female offspring. 
Researchers concluded that these responses likely resulted from BPA’s estrogen-like effects on supraspinal neural or opoid effects. 



Summary
* BPA is an estrogen-mimicking compound found in
numerous plastic-like materials.

* Prenatal exposure to BPA contributes to
developmental, behavioral, and mental health
effects.

* Epigenetic influence of BPA can occur in utero.
* The "safe dose’” needs to be reevaluated.
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