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BPA: Big threat or much ado about nothing? 

 
Introduction 

Bisphenol A (BPA) was first synthesized in the late 1800s1
, but it wasnít until the mid-

1950s, when the plastics industry exploded, that it began flooding the consumer marketplace. 
When BPA reacts with phosgene (COCl2), the result is a durable polycarbonate that can be used 
in a wide array of applications ranging from electrical insulation to lightweight construction 
materials and food contact surfaces.2  The resulting ubiquitous crystal-clear BPA-based plastics 
offered a much welcomed shatterproof substitute for glass for more than half a century. 
Advertised as safe, strong, and inexpensive, these materials were presumed to be as benign as 
glass.  However, an accidental discovery in 1992 turned up evidence of estrogenic activity 
associated with polycarbonate plastic flasks, but not glass ones. This implicated BPA as a 
synthetic estrogen.3 The discovery ó coupled with BPAís now widespread use in food storage 
containers, including baby bottles ó raised concerns that BPA might pose a significant risk to 
human health throughout the developed world.   

The World Health Organization defines endocrine disrupting chemicals (EDCs) as 
ìcompounds either natural or synthetic, which through environmental or inappropriate 
developmental exposures alters the hormonal and homeostatic systems that enable the organism 
to communicate with and respond to its environment.î4  The endocrine system includes more 
than ten tissues that influence almost every cellular function.5 Responsive tissues are exquisitely 
sensitive to low levels of circulating hormones. Indeed, very low levels can regulate a wide 
variety of functions including growth, development, sexual processes, reproduction, metabolism 
and mood.6  While the endocrine system is responsible for regulation of critical physiological 
activities throughout the day, such as circadian behavior and metabolism, the most sensitive 
windows of exposure are during development and sexual maturation. This is when tissue 
signaling and differentiation are particularly vulnerable to environmental perturbations.7 
BPAís potential to alter normal physiology through chronic exposure to an exogenous estrogen 
mimic has been a contentious area of concern.8  A growing body of literature supports the 
argument that BPA can act as an EDC, triggering myriad negative health impacts.9,10   
 However, the experiments that turned up such impacts have been conducted using a wide 
variety of species, ages, doses, and routes of exposure. This broad variability has made 
comparisons of apparent or potential toxicity between experiments difficult to assess.   

To ascertain BPAís toxicity, we attempt to identify benchmarks across studies that 
represent relevant dosing ranges, model species, and windows of peak susceptibility. We hope 
that by better defining these parameters, potential alternatives to BPA can be tested with the 
same rigor and quality so that EDCs can be more definitively characterized in the future. 
 
Requisite Experimental Considerations 

 Abundant information about BPAís alleged toxicity exists. But how useful is it? While 
many studies provide evidence suggesting health risks associated with BPA exposure, few 
definitively indict BPA to adverse health outcomes. Screenings and correlation are useful for 
initially flagging potentially dangerous chemicals. But thorough follow-up testing is then needed 
to establish the physiological mechanisms that might explain how exposures could lead to the 
witnessed adverse impacts. We have therefore identified three benchmarks that must be met to 
establish the toxicological relevance of a chemical-specific adverse effect, namely: use of 



relevant human-exposure levels, an appropriate animal model, and an appropriate routes of 
exposure. 
 
 1. Relevant human exposure. Although an extensive array of studies indicate BPA 
might adversely affect human health, one must consider the dose of BPA used in these 
experiments in order to accurately assess the potential risk of a given population.  To accurately 
gauge human exposures to BPA, Teeguarden and Hanson-Drury have evaluated urine-based 
biomonitoring data from 18 studies, including two national-scale studies11 . Across all age 
groups, mean human exposure was determined to be 0.07 ug/kg/day, with an upper exposure 
limit of 0.5 ug/kg/day. The authors then conducted an analysis of reported ìlow doseî exposure 
studies from the published literature in order to assess exposure levels used in mouse and/or rat 
models. They identified 123 in vivo studies that met the criteria for inclusion. Data from those 
studies reported ìlow doseî exposures that spanned more than 9 orders of magnitude (from 0.005 
to 10,000,000 !g/kg/day), see Figure 1, below. Shockingly, only 6% of the 342 different 
concentrations tested in these studies were actually in the range of adult human exposure of 
which a mere 1% exposed animals orally.  Similarly, only nine percent of the 342 experiments 
exposed animals to BPA in ranges that fell within observed ranges reflective of infant and child 
exposures; of those studies, only 1% reflected oral exposure. More importantly, no studies 
examined more than two exposure concentrations that fell within the range of likely human 
exposures. When considering this information, it is clear that guidelines must be established for 
in vivo BPA dosing if we are to estimate the risk of BPA toxicity based on body-burdens 
measured in human populations. 
 
 

Figure 1. Comparison of BPA exposures from ìlow 

doseî in vivo animal studies to human aggregate 
external exposure levels (based on blood serum 
concentrations). Blue circles represent oral route of 
exposure and grey circles represent non-oral 
exposures. Borrowed from Teeguarden & Hanson-
Drury, 2013.  

 
 
2. Appropriate rodent models. To understand the effects on human health, a chemical 

needs to be tested in vivo.  Since purposefully exposing humans to potentially harmful chemicals 
is morally and ethically wrong, we rely on animal models as a proxy.  However, not every rodent 
model yields data physiologically relevant to humans. For instance, Sprague-Dawley-derived CD 
rats are much more resistant to estrogenic disruption of reproduction than are F344 rats12,13,1415.  
Similarly, C57BL/6J mice are than 16-fold more sensitive to estrogenic impairment of male 
gonadal development by estradiol than are three more sensitive strains (B6, C17/JI, and 
S15/JI)16. Estrogen-resistant rodent strains often are chosen because of their large litter sizes, 
making them especially useful in research.17 Their larger litters allow for littermate replicates. 
However, these resistant strains likely underestimate the effects of EDCs while simultaneously 
supporting the safety of higher environmental doses of these chemicals.   Itís unclear which, if 

any, at-risk human populations these inbred rodent strains might best serve as surrogate model 



systems.  Another factor complicating the use of rodents in modeling human health is the 
influence that fetal neighbors have on littermates. A life-long influence of intrauterine hormone 
signaling has been observed in litter-bearing species as well as in singleton/twin births. 18  
However, the fixed position of fetuses within rodent uterine horns guarantees that embryos will 
be exposed to differential hormone signaling based on the sex of their immediate neighbors ó 
the effects of which are often masked until animals have reached puberty.  
 3. Route of exposure. Human exposure to BPA can occur through various routes 
including indoor inhalation of contaminated dust and through contact with soil or bathing water 
that has been contaminated with free BPA from landfills.19 However, when concerned with BPA 
exposure, the most significant route is oral exposure20. Furthermore, oral exposure in in vivo 
models should reflect exposures from the diet and dental sealants rather than oral gavage. 
Contact with chemicals such as BPA encountered via the diet can be absorbed more efficiently 
through oral cavity surfaces, thus evading first-pass metabolism by the intestine and liver21. And 
first pass metabolism via the gut wall is relevant in rats exposed to BPA, but not in humans, 
where liver first-pass metabolism is more important. Therefore, appropriate in vivo studies 
should accurately reflect this by oral route of exposure through diet or drinking water. Of the 19 
in vivo studies reviewed by Teeguarden and Hanson-Drury that used BPA exposures in the range 
of human external exposure ó and reported statistically significant effects ó two studies 
exposed animals through drinking water and one study used oral exposure through diet. Fifteen 
other studies exposed animals through oral gavage or subcutaneous injection and one study 
injected BPA directly into the brain of rats11. From this information alone, it is clear that 
guidelines for routes of exposure must be established in order to accurately assess relevant 
human exposures to BPA. Indeed, these data would seem to support the need for further 
experiments to be conducted on BPA using in vivo models. 

Overwhelming a system with a foreign chemical is bound to alter homeostasis and 
normal physiology.  Therefore, itís essential to design experiments that mimic actual human 
exposures with regard to dose, routes of exposure, and windows of vulnerability.  In this way, we 
can better identify whether potential EDCs, including BPA, are toxic to the entire population or 
just to some especially vulnerable subpopulations.  To identify susceptible populations only 
doses reflective of actual human exposures administered via the primary route of exposure (oral) 
should be tested.  Because inbred strains can vary with regard to toxicant sensitivity, care should 
be taken when choosing model species and strains to ensure that a study isnít biased toward a 

resistant or susceptible genetic background that would mask ó or exaggerate ó findings.   
 
Is BPA Associated with Adverse Health Outcomes? 
 Now that we have outlined experimental standards for examining BPA toxicity, we will 
only consider experiments that have met these criteria. Interestingly, the single factor that 
eliminated most studies was the use of excessively high doses of BPA in order to elicit negative 
health effects. If we restrict studies to doses of BPA reflective of what occurs in people, 80% of 
published studies must be discarded: Their administered doses were several-fold too high. In 
fact, only nine percent of the doses included fall into the highest anticipated dose ranges of 
human exposures. We further eliminated experiments that used non-oral routes of exposure. That 
left us with only nine experiments. Of those, only three exposed animals by adding BPA to food 
or water.   These three studies, summarized below, met our criteria for relevant human exposure 
levels via oral administration.    



 One study suggested that adult exposure to BPA in drinking water could accelerate the 
onset of mammary tumorigenesis in genetically engineered mice with a predisposition for 
developing mammary tumors (MMTV-erbB2 mice).22 Both low and moderate doses of BPA (2.5 
and 25 µg BPA/L drinking water) resulted in mice developing tumors earlier than controls. 
However, extremely high doses of BPA  (250 and 2,500 µg BPA/L) did not differentially alter 
mammary tumorigenesis.  Non-linear dose responses are often observed in EDC studies; 
endocrine effects occur preferentially at low doses and disappear at higher ones. Another study 
found that perinatal BPA exposure caused male rats to develop a "sweet toothî.23  Pregnant mice 
were exposed to 0.1 and 1.0 mg BPA/L drinking water; F1 males exposed to BPA perinatally 
displayed a preference to sweeter water and increased body weight compared to male mice 
without earlier life exposure to BPA.  However, F1 female littermates showed an opposite 
response: their sucrose preference was suppressed compared to female controls.  Sexually 
dimorphic findings are common in endocrine disruption studies, suggesting that EDCs may 
produce sex-dependent phenotypes through multiple mechanisms.24,25,26 

The third study confirmed that the initial weight gain observed from perinatal BPA in F1 
males was actually due to premature maturation, not acute obesity.27 These differences in weight 
from an accelerated maturation were not sustained into adulthood, suggesting that perinatal BPA 
does not produce adult obesity.  However, it is unclear whether this accelerated maturation 
produces any adverse reproductive effects in the offspring.   
  
BPA Analogs 

To avoid potential toxicological risks of BPA, industry has been quick to switch to BPA 
analogs, like bisphenol S (BPS). In fact, Liao et al. detected BPS in 81% of urine samples from 
the general population of the United States and of seven Asian countries. This analysis estimated 
human BPS exposure at 0.930 ± 2.48 !g/day (n=315)28. Despite this finding, there is little or no 
toxicological information on  BPA analogs, such as BPS. Yet due to their structural similarities 
to BPA, these substitutes are predicted to produce a spectrum of adverse effects similar to those 
caused by BPA. To address this, Rosenmai et al. compared the hazards of BPS, BPB, BPE, BPF 
and 4-cumylphenol (HPP) to BPA through use of a series of in vitro assays 29. The authors used 
several cell-based assays to test a given compoundís potential to affect steroid hormone synthesis 
and stimulate hormone-receptor-dependent gene expression. BPA and its analogs showed an 
effect on estrogen-receptor (ER) and androgen-receptor (AR) signaling and steroid hormone 
synthesis activity in cells. These cellular-activity assays suggest that all BPA analogs may 
interfere with the endocrine system to varying degrees and by different modes of action. In the 
H295R assay, BPS was the only analog that did not affect estrogen levels. Overall, BPB and 
HPP treatment caused the highest increase in estrogen levels when compared to all other analogs.  

Anti-androgenic effects often accompany adverse estrogenic male reproductive system 
effects.30  Decreases in androgen levels were observed for all test compounds, causing AR-
receptor inhibition and affecting estrogen synthesis. BPA and BPE were the most potent 
compounds in terms of decreasing androgen levels. All compounds except BPA generally 
increased progesterone levels, with BPS and BPF producing the greatest activation of hormone 
synthesis. Lastly, BPE and BPF increased corticosteroid levels, which are associated with the 
development of both cardio-metabolic and behavioral disorders in adulthood. 31  All other 
compounds, including BPA, led to decreased corticosteroid levels. 

From these data, it seems apparent that current BPA alternatives, which often make modest 
changes to a  single substituent may pose a similar health risk to the general population through a 



variety of hormone-receptor-dependent mechanisms.  However, follow-up studies should be 
conducted to further support this claim. 
 
Conclusions 

The ubiquitous appeal of polycarbonate plastics makes fully characterizing the potential 
toxicity of BPA essential before it is banned in favor of supposedly ìsaferî but little-tested 
alternatives.  While in vitro screening of compounds can identify potential estrogenic activity on 
a cellular level, confirming that estrogenicity in an intact animal is far more complicated and 
difficult to demonstrate irrefutably. At a minimum, it requires testing of compounds in vivo to 
establish whether they elicit a biological/toxicological effect.   

Paracelsus, the father of toxicology, is credited for coming up with the fundamental 
notion, ìthe dose makes the poison.î  This mantra is not universally applicable to endocrine 

disruptors because they can mimic hormonal signaling at concentrations lower than that of 
typical environmental exposures.  Additionally, the onset of observable effects can be delayed 
greatly from the initial window of exposure ó making it difficult to definitively tie a particular 
toxic response to a particular exposure.   As a result, it is important that EDC toxicity parameters 
be clearly defined so that appropriate assessments of risk can be assigned.   

We have attempted to address several inconsistent areas of experimental design that 
currently limit our ability to draw firm conclusions about BPAís toxicity.  Traditionally, it is 

easier to replace a known dangerous chemical with a novel, presumably safe one ó although 
ìsafetyî is often analogous to ìundefined risk.î  The problem with rushing to substitutes is that 
this does not necessarily reduce the risk posed to the public; rather, it just substitutes a known, 
dangerous exposure with a perceived, ìsafeî unknown.   

Plastics are so pervasive in contemporary society that eliminating them due to their 
potential, low-grade toxicity is not feasible.  However, we do appreciate that certain 
subpopulations, like pregnant women or those with a genetic propensity for an adverse health 
outcome linked to hormonal imbalances are potentially more sensitive to chronic exposure to 
these chemicals. For them, it may be prudent to reduce their exposure, if it cannot be prevented, 
until more data emerge establishing ó or largely refuting ó toxicity.  Therefore, we propose a 
novel set of mandatory experimental benchmarks to better ascertain the real risks associated with 
present polycarbonate plastics. These should lead to more realistic and defensible assessments of 
whether BPA, its proposed alternatives, or other potential EDCs pose true and substantial health 
risks. Going forward, it will be necessary to implement well-designed experiments that use 
appropriately sensitive models, dosing paradigms that reflect relevant human routes of exposure, 
and that windows of exposure that represent the greatest risks. Only then can data from such 
experiments confidently be compared. Additionally, necessary positive controls need to included 
in order to implement legislation that better reflects the true risk of toxicants.   
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Indicting Plastics: How 
Bisphenol A and Phthalates 

Impact Human Health

H Chen
S Tang

R Zhang
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Over-Reporting of BPA�s 
association with chronic 
diseases? Limitations�
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?

� BPA (serum): Concentrations in serum range 
between 0.1-10 �g/L (higher in occupational 
settings, up to 102 �g/L)

� Phthalates (urinary): DEHP 5.1 ug/L, DEP 
91.3 ug/L, 41.4 ug/L DBP, 39.4 ug/L BBP. 
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Neurobehavioral
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Neurobehavioral Effects of Plasticizers

�Each 10-fold increase in gestational BPA concentrat ions was 
associated with more anxious and depressed behavior� and 
poorer emotional control and inhibition (in 3 year olds).� 

In unadjusted models, we found a positive correlation� 
reflect(ing) poorer SRS (Social Responsiveness Scale) 
scores with increasing BPA and phthalate metabolite 
concentrations.�

Reproductive
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Bisphenol A and Reproductive Health

BPA is an ovarian toxicant in animal models and wom en.
affects the onset of meiosis in ovaries.
accelerates follicle transition
alters steroidogenesis
reduces oocyte quality

Patricia A.  Hunt , Terry J.  Hassold. Trends in Genetics, 2008

Nagaoka et al.,  Nature review Genetics, 2012

BPA










































































