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Final Report – Group One 
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Final Report – Group Two 



BPA: Big threat or much ado about nothing? 

 
Introduction 

Bisphenol A (BPA) was first synthesized in the late 1800s1
, but it wasn’t 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 — coupled with BPA’s now widespread use in food storage 
containers, including baby bottles — 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 
“compounds 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.”4  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 
BPA’s 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 BPA’s 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 BPA’s 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 “low dose” 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 “low dose” exposures that spanned more than 9 orders of magnitude (from 0.005 
to 10,000,000 μg/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 “low 

dose” 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.   It’s 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 — 
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 — and reported statistically significant effects — 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, it’s 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 isn’t biased toward a 

resistant or susceptible genetic background that would mask — or exaggerate — 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 tooth”.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 μg/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 compound’s 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 “safer” 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, “the dose makes the poison.”  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 — 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 BPA’s toxicity.  Traditionally, it is 

easier to replace a known dangerous chemical with a novel, presumably safe one — although 
“safety” is often analogous to “undefined risk.”  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, “safe” 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 — or largely refuting — 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 µg/L (higher in occupational 
settings, up to 102 µg/L)

• Phthalates (urinary): DEHP 5.1 ug/L, DEP 
91.3 ug/L, 41.4 ug/L DBP, 39.4 ug/L BBP. 



9/19/2014

4

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 correlati on… 
reflect(ing) poorer SRS (Social Responsiveness Scal e) 
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
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Control BPA

BPA implanted pellets, 
20ug/kg/day

Defect in synapsis and increase end-to-end associat ion
Increase recombination between homologs via ER β

pathway(antagonist).
Increase aneuploidy in eggs and embryos from adult females

BPA serum levels: 0.3-0.9ng/mL
(unconjugated)



9/19/2014

8

(1uM,~228ng/ml
)

BPA:20, 200 ng/ml or 
20ug/ml
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Cardiovascular
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• Disrupting cardiovascular function 
presents both an immediate concern 
(cardiac arrhythmias, sudden death), as 
well as promotes remodeling leading to 
irreparable damage that manifests as 
chronic heart disease (congestive heart 
failure, cardiomyopathy, cardiac 
hypertrophy)

• These effects are indeed tangible, 
although not all are immediately evident

Who is at Risk?

Everyone

Disease

Age

Socio-
economic 

Status

Sex
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Populations at Risk
• Age

– Shiue I, Starr J. Circulating urine phthalates are not 
associated with a decline in cognition in adults and 
the elderly: NHANES, 1999-2002. 
Neuroepidemiology. 2012

• Sex of individual
• SES

– Associations between socioeconomic status and 
environmental toxicant concentrations in adults in 
the USA: NHANES 2001-2010. Tyrrell et al Environ 
Int. 2013 

– Perera F et al Prenatal Bisphenol A Exposure and 
Child Behavior in an Inner-City Cohort. Environ 
Health Perspect. 2012 Aug;120(8):1190-4 

• Race
– Trasande L et al 2013 Race/ethnicity-specific 

associations of urinary phthalates with childhood 
body mass in a nationally representative sample. 
Environ Health. 2013

– Huang T et al Gender and racial/ethnic differences 
in the associations of urinary phthalate metabolites 
with markers of diabetes risk: national health and 
nutrition examination survey 2001 – 2008 Environ 
Health. 2014 Feb 5;13(1):6.  

• Disease
– Soriano S et al. Rapid insulinotropic action of low 

doses of bisphenol-A on mouse and human islets of 
Langerhans: role of estrogen receptor β. PLoS One. 
2012;7(2):e31109. 

– Lang IA et al. Association of urinary bisphenol A 
concentration with medical disorders and laboratory 
abnormalities in adults. JAMA. 2008 Sep 
17;300(11):1303-10.

Higher BPA exposure

Risk Conferred by Altered 
Pharmacokinetics

• Diseases that may alter the ADME of BPA, 
either as a consequence of the disease itself, or 
through interactions with chronic medications

• Diseases that decrease glucuronidation 
potential:
– Hepatitis, cirrhosis
– Hypothyroidism
– HIV
– Gilbert-Meulengracht syndrome
– Crigler-Najjar syndrome
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Perinatal/Neonatal Exposures

• Timing is key! Toxicant exposure during 
development can have far reaching 
consequences (e.g. diethylstilbestrol)

• Neonatal patients in NICU can have 10x 
urinary BPA vs children and adults

• Neonatal drug clearance is low vs adults
– Lower glomerular filtration
– Less tubular absorption and excretion
– Lower capacity to metabolize drugs
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Mixtures: Interactions with other 
pollutants

Overall Conclusions
• At relevant human exposure levels, BPA and phthalates 

can negatively impact neurobehavioral, reproductive, 
and cardiovascular endpoints

• These effects may not be consequential to a healthy 
adult

• Most susceptible to these toxic effects are special 
subpopulations defined by: Age, Sex, Socioeconomic 
status, Race, Disease

• Timing of exposure is critical, especially considering the 
reduced capacity to metabolize toxicants by infants and 
young children

• BPA and phthalates may potentially exacerbate existing 
diseases
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Recommendations

• Exposure to BPA and phthalates should be severely 
limited in susceptible individuals (e.g. pregnant women, 
infants, patients with chronic conditions such as heart 
disease)

Recommendations

• Exposure to BPA and phthalates should be severely 
limited in susceptible individuals (e.g. pregnant women, 
infants, patients with chronic conditions such as heart 
disease)

• Better research to bridge the gap between 
estrogenicity/androgenicity and endocrine disruption

• Stronger regulations regarding plastic monomers and 
additives, and better understanding of how these 
similarly-structured compounds impact human health 
endpoints (structure-activity relationships)
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Recommendations

[BPA]

Toxic
Effect

[endogenous ligand]

+BPA

• Contributions of BPA and phthalates to disease
• Much research has been on the effects of  BPA per se
• How does BPA interact with (patho)physiological 

processes to bring about synergistic effects?



 

 

 

 

 

 

Appendices:  Group Two Presentation 



9/19/2014

1

BPA: As good as it gets

ETX 298

Emma, Doug, and Keith

Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions
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Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions

Bisphenol A (BPA)

• High-volume chemical used for production of 

polycarbonate plastics and epoxy resins

• Commonly used for food/drink packaging, 

some dental sealants/composites

• Majority of human exposure occurs through 

diet

• Ubiquitous in US population: detectible in 93% 

of Americans (2003-2004 NHANES)

http://www.niehs.nih.gov/health/topics/agents/sya-bpa/
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BPA as Estrogenic Risk

• Initially identified as synthetic estrogen in 1930s

• Rediscovered as estrogenic compound in 1990s 

• As unstable ester bond linking BPA-based polymers 
decays, BPA can be released into surrounding material

Dodds, EC and W Lawson 1938. Molecular structure… Proceedings of the Royal Society. London B. 125:222-232.

Current BPA Risk Assessment

http://www.niehs.nih.gov/health/topics/agents/sya-bpa/
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Endocrine Glands/Organs/Tissues

Integrated secretion of hormones 

dictates several human functions:

• Growth 

• Height, hair, organs

• Metabolism

• Digestion, absorption

• Immunity

• Inflammatory responses

• Reproduction

• Sexual preference, 

activity, health

• CNS

• Mood, circadian 

responses

Hormonal imbalances are linked 

to numerous adverse health 

outcomes

Human Developmental 

Windows WHO EDC 2013



9/19/2014

5

Late-Onset Adverse Health Outcomes 

linked to Endocrine Disruption

WHO EDC 2013

Windows of Susceptibility

WHO EDC 2013
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Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions

Extreme Routes of EDC Exposure

1. Pre-implantation mouse embryos cultured in 

1.0 nm BPA that were transplanted into 

unexposed females

2. Siliastic Implants of E2 into adolescent mice

3. Intra-cranial injection of BPA

1. Takai Y, Tsutsumi O, Ikezuki Y, Kamei Y, Osuga Y, Yano T, Taketan Y 2001 Preimplantation exposure to bisphenol A 

advances postnatal development. Reprod Toxicol 15:71–74

2. PMID: 10455051 

3. DOI: 10.1016/j.chemosphere.2009.11.010 **not all pups littermates**
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Why we need to define criteria

Ample evidence implicating BPA can produce 
negative health outcomes. . .but how relevant are 
these data to human health?

Excluded Studies

• No correlation studies

• No in vitro studies

What can be considered?

Outline

• Background

• Criteria for Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions
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Equivalent Models

• Modeling Human Populations:
– Species

– Genotype

– Sex

– Age

Intra-Uterine Effects

Female E2 

98 -138 pg/ml

Female T

1.5-2.5 ng/ml

Male E2 

78-101 pg/ml

Male T

4.2-5.7 ng/ml

Vandenberg (2012) Hormones and Endocrine-Disrupting Chemicals: Low-Dose Effects... Endocr Rev
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Sexual Dimorphic Responses to EDCs

Manikkam M, Tracey R, Guerrero-Bosagna C, Skinner MK (2013) Plastics Derived Endocrine Disruptors (BPA, DEHP and 

DBP) Induce Epigenetic Transgenerational Inheritance of Obesity, Reproductive Disease and Sperm Epimutations. PLoS

ONE 8(1): e55387. doi:10.1371/journal.pone.0055387

SD-Rat Model Limitations

Gear RB (2007) Charles River Sprague Dawley Rats Lack Early Age-Dependent Susceptibility to DMBA-Induced 

Mammary Carcinogenesis. Int J Biol Sci
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Differences in Mouse Susceptibility

Genetic Variation in Susceptibility to Endocrine Disruption by Estrogen in Mice Spearow et al. 1999, Science

Differential Tissue Effects

CD1 LIVER

Genetic variation in physiological sensitivity to estrogen in mice. Spearow et al. 2001, APMIS
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Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions

Study description N Country Citatio
n

(µg/kg/day)
Lower Mean Upper

Spot urine biomonitoring based exposure assessments
World Health Organization a

1–5 months 47
German
y b – 0.07 1.61

3–5 years 599
German
y c – 0.12 0.78

6–11 years 314
United 
States d – 0.07 0.31

NHANES 2003–2004
251
7

United 
States e 0.024 0.047 0.27

NHANES 2005–2006
254
8

United 
States f 0.017 0.035 0.22

CHMS
547
2 Canada g 0.021 0.089

Japanese adults 22 Japan i 0.008 0.028 0.075
Japanese adults 36 Japan j 0.004 0.02 0.23
Males 5 Japan j 0.01 0.022 0.22
Pregnant 56 Japan k – – 0.16
College students 48 Japan l 0.002 0.015 0.24

Girls 6–8 years old 90
United 
States m 0.012 0.07 2.17

24 h Urine biomonitoring based exposure assessments

Adult 596
German
y n 0.0002 0.037 0.171

Adult 8
German
y o – 0.07 –

Adult 20
United 
States p 0.03 0.27 0.86

Adult 8
United 
States q 0.05 0.07 0.09

Pre-school children 81
United 
States r 0.057 0.105 0.458

(a) Data for neonatal and childhood exposures were 
compiled from the following report: (World Health 
Organization and Food and Agriculture Oranization of 
the United Nations, 2011). The primary citation and 
country of origin for each perinatal study population is 
also provided.(b) Völkel et al. (2011).(c) Becker et al. 
(2009).(d) Calafat et al. (2008).(e) Lakind and Naiman
(2008).(f) Lakind and Naiman (2010).(g) Lakind et al. 
(2012).(i) Tsukioka et al. (2004).(j) Arakawa et al. 
(2004).(k) Fujimaki et al. (2004).(l) Ouchi and 
Watanabe (2002).(m) Wolff et al.(2007).(n) Koch et al. 
(2012).(o) Moors et al. (2007).(p) Teeguarden et al. 
(2011).(q) Ye et al. (2011).(r) Morgan et al. (2011).

•Average “Mean” exposure = 0.07 
µg/kg/day
•Average “Upper” exposure = 0.5 
µg/kg/day

Summary of urine biomonitoring based human BPA 
exposure measures

Teeguarden JG & Hanson-Drury  S. Food and Chem. Tox.  2013;62:935-948
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External exposures and corresponding human serum 
concentrations

Cohort Source

Upper bound exposure 

(μg/kg/day)

Corresponding peak human serum 

concentrations (nM)

Adult NHANES 2004-2005a 0.27 0.01

Adult NHANES 2005-2006a 0.22 0.01

Child (1-5 months) World Health Organizationa 1.61 0.08

Child (3-5 years) World Health Organizationa 0.78 0.04

Child (6-11 years) World Health Organizationa 0.31 0.02

(a) Data for neonatal and childhood exposures were compiled from the following report: (World Health Organization and 
Food and Agriculture Oranization of the United Nations, 2011). 

Teeguarden JG & Hanson-Drury  S. Food and Chem. Tox.  2013;62:935-948

Teeguarden JG & Hanson-Drury  S. Food and Chem. Tox.  2013;62:935-948

Comparison of BPA external exposure levels in “low dose” in 
vivo animal studies to human aggregate external exposure levels

Teeguarden & Hanson-Drury (2013) vom Saal and Welshons (2006)

• 6% of the 342 tested exposures in these studies were in the range of adult human 

exposure; of these, 1% of studies exposed animals by oral route.

• 9% of the 342 tested exposures in these studies were in the range of infant and child 

exposure; of these, 1% reflected oral-route exposure.

• No studies had more than two exposures in the range of human exposure.
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Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions

Route of Exposure
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Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions

Three criteria for causation

1) Suitable model organism (mammal)

2) Relevant human exposure

3) Appropriate route of exposure
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Accelerated Mammary Tumorigenesis

• MMTV-erbB2 mice were 

genetically designed to 

develop mammary tumors.

• At 2.5 ug/L and 25 ug/L the 

mice had earlier onset of 

mammary tumors.

• However, at 250 ug/L and 

2500 ug/L, no accelerated 

tumorigenesis was observed.

Jenkins, S. et al (2011). Chronic oral exposure to bisphenol A results in a nonmonotonic dose response in mammary 

carcinogenesis and metastasis in MMTV-erbB2 mice. Environmental Health Perspectives 119, 1604–1609.

Perinatal exposure
• Two studies exposed mothers 

to BPA and looked at offspring. 

• Both found an increase in 

weight for the offspring but 

one looked at length and 

determined the BPA exposed 

group grew faster. No changes 

once adult were observed.

• The other group found sex 

differences in sweet 

preference when BPA exposed.
Xu, X., Tan, L., Himi, T., Sadamatsu, M., Tsutsumi, S., Akaike, M., Kato, N., 2011a. Changed preference for sweet taste in adulthood induced 

by perinatal exposure to bisphenol A–A probable link to overweight and obesity. Neurotoxicology and Teratology 33, 458–463.

Gioiosa, L., Fissore, E., Ghirardelli, G., Parmigiani, S. & Palanza, P. Developmental exposure to low-dose estrogenic endocrine disruptors 

alters sex differences in exploration and emotional responses in mice. Hormones and behavior 52, 307-316, 

doi:10.1016/j.yhbeh.2007.05.006 (2007).
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Other Group effects

Of the 19 papers presented under “Health Effects”:

– 9 human correlation studies

– 2 in vitro

– 8 inappropriate does and/or route of exposure

Phthalates

Outside the scope of this review.
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Summary of Health Effects

• There were no studies that showed a danger 

of BPA to the general population.

• There could be a danger to:

– Pregnant women (children show accelerated 

maturation)

– High risk for breast cancer (maybe)

Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions
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How “safe” are alternative chemicals to BPA?

H295R Steroidogenesis Assay - Performed to assess 

test compounds’ potential to affect steroid hormone 

synthesis. Add test compounds to cells, incubate, then 

use solid phase extraction to extract hormone from 

cell supernatant. Quantify using HPLC-MS/MS

• Progestogens – A class of steroid hormones that 

activate the progesterone receptor. Involved in 

maintaining pregnancy and are present in phases of 

the menstrual cycle.

• Corticosteroids – A class of steroid hormones 

involved in a number of responses including stress 

response, immune response, inflammation, etc.\

• Androgens– A class of steroid hormones that control 

the development and maintenance of male 

characteristics.

• Estrogens – Primary female sex hormones.

Rosenmai A K et al. Toxicol. Sci. 2014;139:35-47

How “safe” are alternative chemicals to BPA?

No change deactivation activation
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How “safe” are alternative chemicals to BPA?

No change deactivation activation

Outline

• Background

• Three Criteria of Reasonable Experiments:

1. Equivalent Models

2. Human Exposure Levels

3. Route of Exposure

• Experiments that meet criteria

• Alternative chemicals

• Conclusions
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Conclusions

BPA is used in a wide variety of plastics that 

increase longevity and quality of human life.

Conclusions

Potentially at-risk populations:

Breast Cancer + Pregnanct
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Conclusions

• Hard plastics are an 

essential part of our 

daily lives. 

• Other chemicals 

haven’t been tested.

• Incorporation of 

experimental criteria 

for better designed 

studies.

Conclusions
Ideal experimental parameters for characterizing EDC 

toxicity:

• In sensitive mammalian model (mouse/rat)

• Multiple doses
• Lower dose(s) (0.07 ug/kg/day)

• Highest dose (0.5 ug/kg/day)

• Oral exposure (water or food)

• No polycarbonate water bottles or cage components

• Sexual Dimorphism?
• Male vs. Female

• Define windows of susceptibility
• Adult

• Gestational exposure � adult phenotypes
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Thank You


