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ARTICLE INFO ABSTRACT

We report the data from the guideline-compliant two-year toxicology study conducted as part of the Consortium
Linking Academic and Regulatory Insights on Bisphenol A Toxicity (CLARITY-BPA). BPA (0, 2.5, 25, 250, 2,500,
and 25,000 pug/kg body weight (bw)/day) was administered daily by gavage in 0.3% carboxymethylcellulose
vehicle to NCTR Sprague-Dawley rats from gestation day 6 through the start of parturition and then directly to
pups from the day after birth until postnatal day 21 (stop-dose arm) or continuously until termination at one or
two years. The stop-dose arm was included to assess the potential for any BPA effects that were due to devel-
opmental exposure. No BPA-related effects were evident in the in-life and non-histopathology data. Neoplastic
and nonneoplastic lesions diagnosed in both females and males were common age-associated lesions that were
variable across control and BPA-treated groups. The lack of consistent responses within the continuous- and stop-
dose arms within and across tissues brought into question the plausible relationship of most of these lesions to
BPA treatment. There was a possible relationship between the increased incidences of lesions in the female
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reproductive tract and the male pituitary and exposure to the 25,000 ug BPA/kg bw/day dose level.

1. Introduction

Bisphenol A (BPA) has been widely used in the production of
polycarbonate plastics and epoxy resins that have broad applications in
consumer products, including storage containers for foods and bev-
erages, and in medical devices. Human exposure occurs predominantly
through the migration of BPA from packaging material into food.
Because of ubiquitous exposure, BPA has undergone extensive tox-
icological evaluations, but the conclusions derived from the aggregate
results of the studies remain subjects of debate by certain groups.
Current safety assessments by the preponderance of international reg-
ulatory agencies conclude that BPA at current exposure levels (95th
percentile of typical daily aggregate exposure < 0.5 ug/kg body weight
(bw)/day) does not pose a risk to humans via dietary exposure at any
life stage (Health Canada, 2012; EFSA, 2015; FDA, 2014). In contrast,
others have concluded that the overall body of evidence indicates that
BPA is likely to be a human health hazard. France has banned the use of
BPA in food contact materials based on the assessment of the French
Agency for Food, Environmental Health and Safety (ANSES, 2013). The
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European Union has banned the use of BPA-containing polymers in
bottles or cups intended for use by infants and young children based on
the precautionary principle (EC, 2011), and the Office of Environmental
Health Hazard Assessment of the California Environmental Protection
Agency has listed BPA as a reproductive toxicant under California's
Proposition 65 (OEHHA, 2015). The US FDA repealed its regulations
establishing safe conditions of use for BPA in infant feeding bottles and
spill-proof cups (“sippy cups”) (77 FR 41899, July 17, 2012) and in
epoxy resins as coatings in packaging for infant formula (78 FR 41840,
July 12, 2013) because these uses have been abandoned. The US EPA
established a reference dose of 50 ug BPA/kg bw/day based on the
application of a 1,000-fold safety factor to a lowest-observed-adverse-
effect level, which was a reduction in body weight at 50,000 pg/kg bw/
day in a rat feeding study (EPA, 1988). EFSA established a tolerable
daily intake (TDI) of 50 ug BPA/kg bw/day, which was later revised to a
temporary TDI of 4pug/kgbw/day after a reevaluation of the data
(EFSA, 2006, 2015). Both the previous and updated EFSA TDIs are
based on general toxicological effects in the liver and kidney and not on
reproductive or endocrine-mediated effects. Following its
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comprehensive review of BPA toxicity and exposure literature in 2014,
the FDA confirmed its position that the most appropriate no-observed-
adverse-effect level from animal oral exposure studies was 50,000 ug/
kg bw/day for systemic toxicity and that the margin of safety based on
current exposures of all age groups was well over 1,000 (FDA, 2014).

The National Toxicology Program (NTP) previously assessed BPA in
two-year dietary administration studies in both sexes of F344 rats and
B6C3F1 mice, using dose levels = 50,000 ug/kg bw/day (NTP, 1982),
levels far above potential human dietary exposure. In addition, these
studies started dosing at six weeks of age, and thus did not address any
potential for toxicities resulting from developmental exposures. The
NTP conclusions from these two-year studies were that there was no
convincing evidence of BPA-induced carcinogenesis in rats or mice.
Similarly, several other guideline-compliant studies only found clear
adverse effects of BPA at doses several orders of magnitude above po-
tential human exposures (e.g., Delclos et al., 2014; Stump et al., 2010;
Tyl et al., 2002, 2008). Given the on-going public controversy on the
potential toxicity of BPA to humans, the National Institute of En-
vironmental Health Sciences (NIEHS) Division of Extramural Research
and Training (DERT) and the NTP sponsored a research program
termed the Consortium Linking Academic and Regulatory Insights on
BPA Toxicity (CLARITY-BPA). CLARITY-BPA designed and conducted a
rat study involving exposures to a broad range of BPA doses, included
developmental exposure, and, in addition to evaluating endpoints ty-
pically used for regulatory decision making (“core study”), provided
animals and biological samples to a group of NIEHS-funded university-
based scientists to pursue hypothesis-driven studies in various organ
systems (“grantee studies”). Most of these hypothesis-driven studies
included methodology not typically used in guideline-compliant stu-
dies. The doses selected for the CLARITY-BPA study ranged from 2.5 pug
BPA/kg bw/day, a dose reasonably close to human exposure levels and
approximately 10-fold above the level that could potentially result from
consumption of background BPA in the laboratory rodent diet, to
25,000 ug BPA/kg bw/day, a level at least 50,000-fold higher than the
estimated 95th percentile human dietary exposures. Detailed descrip-
tions of the general plan of the CLARITY-BPA project have been pub-
lished (Birnbaum et al., 2012; Heindel et al., 2015; Schug et al., 2013),
and all primary data generated in both the core and grantee studies are
available to the public (NTP, 2018a, b, c). Here we report the conduct
of and results from the core study. In addition to continuously dosed
groups, the study design included BPA treatment groups that were
dosed only until weaning and then were continued untreated until re-
moval from the study at one or two years. Although the stop-dose ex-
posure regimen is of dubious relevance to the existing continuous
lifetime human exposure to BPA, this dosing arm was included because
long-lasting effects following developmental exposure to BPA have
been a focus of concern in the literature. An interim sacrifice at one year
was included to allow for evaluation of histopathology and other end-
points that were less confounded by background lesions of aging than
those encountered at the terminal sacrifice at two years. Since the in-
terpretation of the study relied most heavily on the histopathology
evaluation, those data are the focus of the data presentation and dis-
cussion.

2. Materials and methods
2.1. CLARITY-BPA core study

A comprehensive description of the materials and methods used in
core study, which was conducted in compliance with the Food and Drug
Administration (FDA) Good Laboratory Practice (GLP) for the conduct
of nonclinical laboratory studies (United States Code of Federal
Regulations Title 21, Part 58), is available in the NTP Research Report
on the study (NTP, 2018b), and in an abbreviated form in Heindel et al.
(2015). Essential elements of the study are recapitulated below and in
Supplemental Table 1.
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2.1.1. Test chemicals and vehicle

The sources and purities of chemicals used were as follows: BPA
(CAS no. 80-05-7, TCI America, Portland, OR; product no. B0494, lot
no. 6052012 [air-milled], > 99% purity); ethinyl estradiol (EE,, CAS
#57-63-6, Sigma-Aldrich Corporation, St. Louis, MO; product no.
E4876, lot no. 071M1492V, > 99% purity); and the vehicle, carbox-
ymethyl cellulose (CMC, Sigma-Aldrich, St. Louis, MO; product no.
C5013, lot no. 041M0105V).

2.1.2. Animals and animal husbandry

The animal model used was the Sprague-Dawley rat maintained at
NCTR (Sprague-Dawley/CD23/NctrBR). Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and
Use of Animals (grants.nih.gov/grants/olaw/references/phspolicyla-
banimals.pdf). All animal use and procedures were approved in ad-
vance by the NCTR Animal Care and Use Committee and were con-
ducted in an Association for Assessment and Accreditation of
Laboratory Animal Care (AALAC)-accredited facility.

Animal husbandry was as described in the NTP Research Report
(NTP, 2018b). A low phytoestrogen diet (5K96-verified casein diet 10
IF, round pellets, y-irradiated, Test Diets, product no. 1810069, Purina
Mills, Richmond, IN) and Millipore-filtered water in glass water bottles
were available ad libitum. Polysulfone cage leachates, drinking water,
and bedding extracts did not have BPA detectable above the analytical
method blank. Bedding was hardwood chip (P.J. Murphy, Montville,
NJ), but was replaced with Alpha-Dri® (Shepherd Specialty Papers,
Watertown, TN), a softer virgin cellulose bedding, when recommended
by Veterinary Services for animals with lower body lesions.

All diet lots were monitored for nutrient levels and for phytoes-
trogen and other contaminant levels. Diet lots and other study materials
were monitored for BPA by liquid chromatography/tandem mass
spectrometry, as described previously (Delclos et al., 2014).

Microbiological surveillance of the animal rooms, water, feed, and
animals was conducted in accordance with NCTR's Sentinel Animal
Program. All 46 sentinel animals evaluated periodically over the course
of the study were determined to be free of pathogenic organisms.

2.1.3. Dose preparation and administration

The study included a vehicle, five BPA dose groups: 2.5, 25, 250,
2,500 and 25,000 pug/kg bw/day, and two dose groups of the reference
estrogen EE,: 0.05 and 0.5 pg/kg bw/day. Test chemicals were prepared
in the vehicle, 0.3% aqueous CMC, and administered by gavage daily at
a volume of 5mL/kg bw using modified Hamilton Microlab ML511C
programmable 115V pumps (Hamilton Co., Reno, NV; described in
Lewis et al., 2010). Dosing vials and animals were marked so that the
technicians dosing and caring for the animals were not blinded to the
treatments. Dose formulations were certified to be within 10% of target
as described (NTP, 2018b) and used within their established stability
window.

2.1.4. Animal dose group assignment, breeding, dosing, and data collection

The overall study design is illustrated in Fig. 1 and details of mating,
pup allocations, and in-life data collection for the core study are given
in Supplemental Table 1.

Pregnant dams were dosed daily by gavage from gestation day (GD)
6 until start of parturition and their pups were directly dosed by gavage
from postnatal day (PND) 1 (day of birth = PND 0). For animals
younger than PND 5, the gavage needle did not enter the esophagus but
rather was inserted to the opening of the esophagus (Butchbach et al.,
2007).

2.1.5. Histopathology procedures

All gross lesions were processed for histological evaluation. For
tissues specified for evaluation by the study pathologist (Supplemental
Table 1), tissues from all dose groups were evaluated. Tissues were
generally processed in accordance with NTP specifications (NTP, 2011,
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Fig. 1. CLARITY-BPA core study experimental design.

NTP, 2011), except that six step sections of each prostate were ex-
amined. All tissues, except testes and eyes, were fixed in 10% NBF and
stained with hematoxylin and eosin for microscopic evaluation. Testes
and eyes were fixed in modified Davidson's fixative and testes were
stained with periodic acid-Schiff (PAS) stain. The International Har-
monization of Nomenclature and Diagnostic Criteria (INHAND) guide-
lines (https://www.toxpath.org/inhand.asp) and the NTP's non-
neoplastic lesion atlas (https://ntp.niehs.nih.gov/nnl/) were used as
diagnostic criteria for the microscopic evaluations. For the female re-
productive tissues, mammary gland, and male reproductive tissues, the
diagnostic criteria outlined in Dixon et al. (2014), Rudmann et al.
(2012), and Creasy et al. (2012) respectively, were used. Many of the
nonneoplastic lesions were assigned severity scores on a four-level
scale: 1, minimal; 2, mild; 3, moderate; 4, marked. Individual animal
data records and pathology tables were evaluated by an independent
quality assessment (QA) group, and QA pathologists evaluated selected
histopathology slides, including 100% of reproductive organs, mam-
mary gland, pituitary, and all neoplasms. The reviewed slides, along
with the diagnoses made by the study pathologist and QA pathologists,
were reviewed by a Pathology Working Group (PWG) consisting of the
study pathologist and nine additional board-certified veterinary pa-
thologists in a treatment group-blinded fashion. Final diagnoses for
reviewed lesions represent a consensus of the PWG.

2.1.6. Statistical methods

Statistical comparisons were conducted within sex and, for data
collected after weaning, within dosing arm (continuous-dose or stop-
dose). For pairwise comparisons, the five BPA dose groups were com-
pared to the vehicle control. Similarly, the two EE, dose groups were
compared to the vehicle control. Tests were conducted at the 0.05
significance level and were two-sided, except where indicated to be
one-sided. For non-histopathology data, comparisons to vehicle control
were corrected for multiplicity by Dunnett's test or Holm's method, as
appropriate. Trend tests for treatment effect (either increased or de-
creased relative to vehicle control) with increasing dose were con-
ducted only for vehicle control and BPA treatment groups, except for
neoplastic and nonneoplastic lesions, where trend tests were conducted
also within the vehicle control and EE, groups. Because pups within
litter and sex were assigned at weaning to different dosing arms and
sacrifice times, litter correlation was not a consideration for endpoints
evaluated after weaning. Preweaning data analyses included nesting by
litter.

For neoplasm and nonneoplasm incidence for interim sacrifice an-
imals, where early removals or deaths were few, the Cochran-Armitage
test, without survival adjustment, was used to test for a linear dose
trend, with the Fisher's exact test used to compare dosed groups to the
vehicle control. This combination of tests is referred to as CAFE. For
neoplasm and nonneoplasm incidence for terminal sacrifice animals,
the Poly-3 method of Bailer and Portier (1988), as modified by Bieler
and Williams (1993), and the NIEHS continuity-correction, discussed in
Peddada and Kissling (2005), was used to analyze age-adjusted in-
cidence for linear dose trend and for pairwise comparisons to the ve-
hicle control. For both the analysis of interim and terminal neoplasm
and nonneoplasm incidences, the trend test was two-sided, while the
pairwise comparisons between treatment and vehicle control groups
were one-sided and not adjusted for multiple comparisons.

Additional statistical tests were run to include information on lesion
severity together with the incidence data. The Jonckheere-Terpstra test
(Jonckheere, 1954; Terpstra, 1952) was run to test for monotonic dose
trends, followed by Shirley's test (Shirley, 1977; Williams, 1986) for
pairwise comparisons to controls. This combination of tests is referred
to as JT/SW, and it presumes a monotonic dose response. A nonpara-
metric relative treatment effects (RTE) method (Brunner et al., 2002),
which does not presume a monotonic dose response, was also used.

2.1.6.1. Sensitivity analysis. Prior to weaning, most animals from the
first cohort/load were housed in the same room as a separate cohort of
CLARITY-BPA animals dosed with 250,000 ug BPA/kg bw/day (load O,
see Section 2.2, below). These animals were potentially exposed to low
levels of BPA above the dietary background intake, which could lead to
blood levels of BPA metabolites above the limit of detection and similar
to those resulting from the 2.5pg BPA/kg bw/day dose (Churchwell
et al.,, 2014). Animals housed in rooms where the highest dose was
25,000 ug BPA/kg bw/day had no detectable BPA metabolites in their
blood (Heindel et al., 2015). As a conservative approach to determine if
this potential low-level exposure of the first cohort/load (representing
~20% of study animals) could impact the interpretation of study
results, a post-hoc sensitivity analysis was conducted for each
endpoint, in which all animals that, for any portion of their lives,
were co-housed in the same room as the subset of animals treated with
the 250,000 ug BPA/kg bw/day dose were excluded from statistical
analysis. Any significant effects found in the sensitivity analysis that
were not found in the analysis that includes all animals are listed in
Supplemental Table 2.
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2.2. Evaluation of a 90-day exposure to 250,000 ug BPA/kg bw/day on
female reproductive tract

A separate group of animals (referred to as Load 0) was mated two
weeks prior to the start of the core study described above. The animal
model, husbandry, allocation, breeding, and dosing procedures were
the same as used for the core study. Dams (ten per group) were dosed
by daily gavage with vehicle or 250,000 ug BPA/kg bw/day from GD 6
until the start of parturition, and F, female pups (one per litter and
siblings of the males assessed for sperm endpoints by Dere et al., 2018)
were sacrificed on PND 90 without regard to stage of estrous. The re-
productive tissues (ovary, uterus, and vagina) were removed for mi-
croscopic evaluation by a board-certified veterinary pathologist to
compare results with those observed in the previous 90-day study
(Delclos et al., 2014). The statistical methods applied were as reported
previously (Delclos et al., 2014).

2.3. Evaluation of d6-BPA (2.5-250 ug/kgbw/day) dosimetry at PND 4
and PND 21

Deuterated (d6)-BPA (99.5 atom %) was obtained from CDN
Isotopes (Pointe-Claire, Quebec). Four to five pups of each sex from the
Load 0 were given a single dose of 2.5, 25, or 250 ug d6-BPA/kg bw by
gavage on PND 4 or 21. Blood was collected 15 min after dosing, the
approximate time of Cp,.x (Doerge et al., 2010a), and serum was pre-
pared for analysis. A previously described sensitive derivatization
method using pyridine-3-sulfonyl chloride (Patterson et al., 2013) was
used together with a validated high throughout liquid chromatography-
electrospray ionization-tandem mass spectrometry (LC-ES/MS/MS)
method to measure unconjugated d6-BPA from 100 pL of serum with
(for total) or without (for unconjugated) pre-hydrolysis with S-glucur-
onidase/sulfatase (Helix pomatia, H1, 16 units/mg; Sigma Aldrich, St.
Louis, MO).

3. Results

3.1. Exposure measurements with d6-BPA and background exposure to BPA
through the diet

Dosing of pups with a single oral dose of 2.5 ug d6-BPA/kg bw re-
sulted in mean peak levels of unconjugated d6-BPA at PND 4 and PND
21 of 0.24 and 0.03 nM, approximately 4.5% and 1.1% of the total d6-
BPA, respectively (Table 1). As expected, the serum levels of total and
unconjugated d6-BPA increased with increased doses in a near linear
manner and the percentage of circulating unconjugated d6-BPA de-
creased with age (Table 1).

Ten of the 11 lots of diet used in the present study contained BPA
above the analytical background levels, with an average (using O for the
lot with no BPA detectable above the limit of blank) of 1.3 = 0.9

Table 1
Serum concentration of total and unconjugated d6-BPA at approximate time of
maximum concentration after dosing with d6-BPA.

Age d6-BPA dose n  Unconjugated d6- Total d6-BPA % Unconjugated

(ng/kg bw) BPA (nM) (M)
PND 4 25 10 0.24 = 0.31 54 = 23 45 = 39
25 10 2.0 £ 1.2 51.0 = 13.8 41 = 24
250 8 31 = 34 405 = 179 7.7 = 6.9
PND 21 2.5 10 0.03 = 0.05 2.3 = 0.8 1.1 = 1.7
25 9 0.12 = 0.13 21.7 = 8.3 0.50 = 0.30
250 10 15 £ 1.5 325 = 162 0.60 = 0.90

Pups received a single oral gavage dose of d6-BPA at PND 4 or PND 21 and a
blood sample was collected approximately 15 min later. Each dose group con-
sisted of both male and female pups. The data are presented as the
mean * S.D.
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Table 2
Microscopic evaluation of ovaries, uteri, and vagina from PND 90 females
treated with vehicle or 250,000 ug BPA/kg bw/day.

Tissue Morphology Vehicle Control BPA
Ovary Anestrus® 0/10 2/9
Corpus luteum, depletion 0/10 1/9
Corpus luteum, hypertrophy 0/10 2/9
Corpus luteum, cyst 0/10 1/9
Follicle, cyst 0/10 1/9
Interstitial cell, atrophy 0/10 2/9
Uterus Anestrus” 0/10 0/9
Endometrium, hyperplasia 0/10 2/9
Vagina Anestrus® 0/10 0/9
Hyperplasia, mucocyte 0/10 2/9

@ A likely abnormal state of the estrous cycle, either arrested or prolonged,
based on accompanying histopathologic changes in the ovary.

(standard deviation, S.D.) ng/g diet (range 0-3.0), which was below the
protocol-specified limit of 5ng/g diet. Based on the measured food
consumption in postweaning animals, this dietary intake of BPA re-
sulted in a mean background BPA dose of approximately 0.05-0.06 pg/
kg bw/day (2-2.5% of the lowest BPA dose tested), and maximum
background BPA dose of approximately 0.12-0.15 ug BPA/kg bw/day
(5-6% of the lowest BPA dose tested). Since younger animals consume
higher quantities of food per unit of body weight, younger animals
consumed higher background levels of dietary BPA. For example, on
week 4, pups consumed 2- to 3-fold more BPA than the mean value
calculated over the entire study (data not shown).

3.2. Evaluation of the effects of a 90-day exposure to 250,000 g BPA/kg
bw/day on female reproductive tract

The ovary, uterus, and vagina of females dosed with vehicle or
250,000 pg BPA/kg bw/day were examined microscopically at PND 90
(Table 2). There were no abnormal findings in the ten vehicle control
animals, while two of nine animals dosed with 250,000 ug BPA/kg bw/
day showed mild effects in all organs evaluated. These two animals had
subtle mucification of vagina, endometrial folding (hyperplasia), and at
least one set of hypertrophied corpora lutea, suggesting mildly aberrant
estrous cyclicity culminating in prolonged diestrus of a short duration.
Interstitial cell atrophy in the ovary of these two animals was also
evident (Table 2).

3.3. Core study in-life data

The number of breeding pairs assigned to the study in each dose
group, as well as the number of sperm-positive dams and the number of
litters produced, are given in Supplemental Table 3. Mating success was
not analyzed since dosing was not started until GD 6, the initiation of
major organogenesis. Dam body weights during pregnancy, number of
implantation sites in mated dams, litter size, sex ratio, litter weight by
sex, or mean pup weight at birth by sex were not affected by BPA or EE,
treatment (data not shown).

Survival was not affected by any treatment, except for a lower
survival relative to vehicle control in the preweaning period in the
0.05 ug EE,/kg bw/day group (Supplemental Table 4). There was a
high moribund removal rate for both females and males between one
and two years of age. Where possible, a primary cause of death or
underlying cause of the moribund condition, along with any con-
tributing causes, were assigned for animals removed early from the
study (Appendix 32, Subappendix 6 in NTP, 2018c). For females,
mammary gland fibroadenomas and pituitary adenomas/carcinomas
were the primary causes of morbidity across all groups. These two le-
sions accounted for 56-90% of the identified causes for removal in
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vehicle and BPA groups, with 71% (14 mammary fibroadenoma, 10
pituitary adenoma/carcinoma) in the continuous-dose vehicle controls
and 90% (22 mammary fibroadenoma, 13 pituitary adenoma/carci-
noma) in the stop-dose vehicle controls. For males, a broader range of
primary causes for removal were identified, with pituitary adenomas/
carcinomas, nephropathy, preputial gland carcinoma, and spleen ma-
lignant lymphoma among the primary causes of morbidity across all
dose groups. These four lesions accounted for 37-66% of the identified
causes for removal, with 49% (10 pituitary adenoma/carcinoma, 2
nephropathy, 3 preputial gland carcinomas, and 2 spleen malignant
lymphomas) in the continuous-dose vehicle controls and 52% (6 pi-
tuitary adenoma/carcinoma, 9 nephropathy, 1 preputial gland carci-
noma, and 1 spleen malignant lymphomas) in the stop-dose vehicle
controls.

The post-weaning body weights of females and males in the vehicle
control and BPA dose groups are shown in Fig. 2. Body weights of the
animals in the EE, dose groups for interim and terminal sacrifice ani-
mals are shown in Supplemental Fig. 1. The sole difference in com-
parisons between treatment groups and vehicle controls was for term-
inal sacrifice females: mean body weights in the 250 pg BPA/kg bw/day
dose group were statistically significantly higher by 16-18% than those
of the vehicle control group for weeks 96-104 (Fig. 2G). While the
mean body weights in the 2.5ug BPA/kg bw/day females in weeks
36-52 of the interim sacrifice group were 10-13% higher than vehicle
control means (Fig. 2E), these differences were not statistically sig-
nificant, and a similar elevation of body weights over this period was
not evident in the terminal sacrifice females (Fig. 2G).

There were no treatment effects on the time of vaginal opening.
Effects on the estrous cycle were minimal in BPA-treated animals, with
the sole statistically significant effect being a delay in the median time
of onset in the stop-dose 2,500 pg BPA/kg bw/day dose group (57
weeks versus 42 weeks in vehicle controls, Supplemental Table 5). The
0.5 ug EE,/kg bw/day dose altered the estrous cycle relative to vehicle
control, with all but one animal in persistent estrus by that time.

3.4. Clinical chemistry, hematology, organ weights, and sperm parameter
data obtained at the interim sacrifice

Full data sets for the hematology, clinical chemistry, and organ
weight data collected are presented in the NTP Research Report on this
study (NTP, 2018b). Endpoints that showed significant differences in
any BPA dose group from the appropriate vehicle control are shown in
Supplemental Figs. 2—-4. Significant effects were generally confined to
single dose groups in one study arm. Neither BPA nor EE, affected
testicular spermatid head counts, caudal sperm counts, or caudal sperm
motility and morphology in any dose group of the stop- or continuous-
dose study arms (Supplemental Table 6).

3.5. Histopathology

The complete pathology report, with detailed individual animal and
summary tables of all lesions evaluated in all study tissues in interim
and terminal sacrifice animals, along with the associated statistical
reports, are available online at the NTP website ((NTP), 2018b, c). All
statistically indicated effects observed in the study are summarized for
females in Table 3 and for males in Table 4. Selected lesions that ex-
emplify the responses observed in the study are presented below. Since
no statistically significant differences versus control were found re-
garding organ-specific neoplasms in males in any BPA treatment group,
only nonneoplastic lesions are discussed for males.

3.5.1. Female mammary gland, neoplastic and nonneoplastic lesions
Table 5 summarizes the mammary gland neoplastic lesions observed
in interim and terminal females. Fibroadenomas were observed in
4-25% of interim sacrifice females and 54-90% of terminal sacrifice
animals, with no significant BPA or EE, treatment effects (Table 5). In
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the terminal sacrifice stop-dose females, 8% of the vehicle controls had
mammary gland adenomas or adenocarcinomas, and the 2.5 ug BPA/kg
bw/day stop-dose group had a statistically significant higher incidence
of adenomas or adenocarcinomas (24% versus 8%, p = 0.018). In the
terminal sacrifice continuous-dose females, 12% of the vehicle controls
had adenomas or adenocarcinomas and incidences ranged from 9 to
20% in the BPA dose groups. There were no statistically significant
increases relative to vehicle control in any continuous-dose BPA dose
group. For the terminal sacrifice EE, treatment groups, there was a
significant increase in adenocarcinomas in the 0.5 ug EE,/kg bw/day
dose group (38% versus 12%, p < 0.001; no adenomas diagnosed).

In the stop-dose BPA treatments, there were no statistically sig-
nificant increased mammary gland nonneoplastic lesion incidences in
BPA dose groups relative to vehicle controls, although multiple cases of
decreased incidences in BPA groups relative to vehicle were observed
(Table 6). In the continuous-dose BPA groups, in both the interim and
terminal sacrifice females, the incidences of atypical foci were higher in
some treatment groups than in vehicle controls, and this was significant
(by RTE test) for the 2.5ug BPA/kg bw/day dose group in both the
interim (14% versus 0%) and terminal (15% versus 4%) females. In the
interim sacrifice animals, there was an increase in ductal dilatation
(32% versus 9%) in the 25ug BPA/kg bw/day dose group that was
statistically significant by RTE test. There was a significant decrease (by
RTE test) in ductal dilatation in the terminal sacrifice females in this
dose group (15% versus 30%). In the continuous-dose EE, treatments,
there were several significant trends and high dose treatment effects
observed by all statistical tests applied (Table 6). In both interim and
terminal animals, there were significant pairwise comparisons of the
0.5 ug EE,/kg bw/day dose groups to vehicle control for ductal dila-
tation (85% versus 9%, interim; 81% versus 30%, terminal). In interim
sacrifice animals, there was a significant pairwise comparison of the
0.5ug EE,/kg bw/day dose group to vehicle control for lobular hy-
perplasia (88% versus 44%). In terminal sacrifice animals, there was a
significant trend and a significant pairwise comparison of the 0.5 pug
EE,/kg bw/day dose group and vehicle control for alveolar dilatation
(85% versus 18%).

3.5.2. Uterus, neoplastic and nonneoplastic lesions

Stromal polyps were the only neoplastic lesions noted in the uteri
that showed statistically significant effects differences, with a sig-
nificantly lower incidence in the interim stop-dose 25,000 ug BPA/kg
bw/day females relative to the vehicle control (2% versus 14%,
Supplemental Table 7) and a significant dose trend in the interim
continuous-dose BPA females. There were no significant effects of EE,
treatment.

Regarding nonneoplastic uterine lesions (Table 7), in the interim
stop-dose 25,000 ug BPA/kg bw/day dose group there was a non-sig-
nificant increase (27% versus 10%) in the incidence of apoptosis in
luminal epithelial cells in the endometrium. In the interim continuous-
dose BPA, there was a significant trend for this lesion, with the in-
cidence in the 25,000 ug BPA/kg bw/day group significantly higher
than the vehicle controls (38% versus 9%, all tests applied). The in-
cidence of apoptosis in luminal epithelial cells was also increased re-
lative to the vehicle control in the interim 0.5 ug EE,/kg bw/day group
(69% versus 9%, all tests applied).

Endometrial hyperplasia was significantly increased (RTE test) in
the interim continuous-dose 2.5 and 250pug BPA/kg bw/day dose
groups (32% and 29%, respectively, versus 9%).

In stop-dose BPA-treated females, there was a significant increase in
cystic endometrial hyperplasia relative to vehicle controls in the
25,000 ug BPA/kg bw/day dose group (32% versus 10%, JT/SW and
RTE tests) at interim sacrifice, while in the terminal sacrifice females
there was a significant dose trend and the incidences in the 2,500 and
25,000 ug BPA/kg bw/day dose groups were significantly higher than
that in the vehicle control (57% and 52%, respectively, versus 37%, JT/
SW and/or RTE tests). Cystic endometrial hyperplasia was also
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Table 3
Females, endpoints affected by any dose of BPA or EE, as indicated by statistical tests.
Endpoint BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (ug/kg bw/day) EE, (ug/kg bw/day)
2.5 25 250 2,500 25,000 2.5 25 250 2,500 25,000 0.05 0.5
Prewean survival na na na na na - - - - - - | 0.005
Prewean body weight na na na na na - - - - - - | 0.006 (PNDs
4&7)
Postwean body weight (2y) - - - - - - - 1 0.026 (wks - - - 1 0.002 (wks 4 & 8)
96-104)
Abnormal estrous cycles at 16 — - - - - - - - - - - 1 < 0.001
weeks of age
Early onset of aberrant estrous — - - - - - - - - - - 1 < 0.001
cycles
Adrenal gland weight® - - - - - - - - - - - 1 <0.001
Ovarian/parametrial fat pad - - - - - - - - - - - | <0.001
weight”
Heart weight” - - - - - - - - - - - 1 0.015
Kidney weight” - - - - - - - - - - - 1 <0.001
Liver weight® - - - - - - - - - - - 1t < 0.001
Ovary weight” - - - - - - - - - - - } 0.021
Pituitary gland weight” - - - - - - - - - - - 1 0.002
Mean corpuscular hemoglobin - - - - - - 1 0.007 - - - - -
concentration
Platelets - - - - - - - - - | 0.040 - | 0.043
Eosinophils - - - - - - - } 0.015 - - - -
% Eosinophils - - - - - - - - - - - | 0.024
Alkaline phosphatase - - - - - - - 1 0.041 - - 10.015 -
Thyroid-stimulating hormone - - - - - - - - - - - 1 0.025
Mammary Gland, interim sacrifice
Dilatation, duct - - - - - - - - - - - < 0.001
Hyperplasia, lobular - - - - - - - - - - - < 0.001
Dilatation, duct - - - - - - # - - - - -
Atypical focus - - - - - # - - - - - -
Mammary Gland, terminal sacrifice
Dilatation, duct - - - - - - - - - - - < 0.001
Dilatation, alveolus - - - - - - - - - - - < 0.001
Atypical focus - - - - - # - - - - -
Adenocarcinoma 0.016 - - - - - - - - - - < 0.001
Uterus, interim sacrifice
Apoptosis, endometrial luminal - - - - - - - - - 0.022 - < 0.001
epithelium
Cystic endometrial hyperplasia - - - - # - - - - - - 0.021
Squamous metaplasia - - - - # - - - - - - < 0.001
Dilatation, lumen - - # - - - - - - - - -
Endometrial hyperplasia - - - - - # - # - - - -
Uterus, terminal sacrifice
Hyperplasia, endometrium - - - - - - - - - - 0.040 -
Atrophy - - - - - - - - - - - 0.033
Cystic endometrial hyperplasia - - - # # - - - - - - -
Ovary, interim sacrifice
Atrophy - - - - - - - - - - - < 0.001
Cyst, follicle - - - - <0.001 - - - - - - < 0.001
Depletion, corpora lutea - - - - - - - - - - - < 0.001
Hypertrophy, interstitial cell - - - - - - - - # - - < 0.001
Vagina, interim sacrifice
Hyperplasia, epithelium - - - - - - - - - # - < 0.001
Mucification, epithelium - - - - - - - - - - - #
Vagina, terminal sacrifice
Hyperplasia, epithelium - - - - - - 0.014 # 0.026 0.026 - -
Degeneration, epithelium - - - - - # - - # - - -
Atrophy - - - - - - - - - - - #
Pituitary, interim sacrifice
Angiectasis - - - - - - - - - - - #
Pars distalis, hyperplasia - - - - - - - - - - - #
Pituitary, terminal sacrifice
Angiectasis - - - - - - - - - - - < 0.001
Hemorrhage - - - - - - - - - - - < 0.001
Pars distalis, adenoma/carcinoma — - - - - - - - - - - 0.011
Pars distalis, hyperplasia # # - - - - - - - - - -
Thyroid, interim sacrifice
Hyperplasia, C-cell (1y) # - - - - - - - - - - -
Thyroid, terminal sacrifice
Hyperplasia, follicular cells - - - - - # - - - - 0.034 -
Ultimobranchial cyst - - 0.038 0.017 - - - - - - - -

Adrenal Gland, interim sacrifice

(continued on next page)
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Endpoint BPA, stop-dose (ug/kg bw/day)

BPA, continuous-dose (ug/kg bw/day)

EE, (ug/kg bw/day)

2.5 25 250 2,500 25,000 2.5

25 250 2,500 25,000 0.05 0.5

Cortex, cystic degeneration - - # - - -
Adrenal gland, terminal sacrifice

Cortex, cystic degeneration - - - - — _
Cortex, hypertrophy - - - - # -
Cortex, angiectasis - - - - — _
Cortex, pigmentation - - - - — _
Medulla, hyperplasia - - - - - -
Kidney, interim sacrifice

Cyst, renal tubule - - - - -
Nephropathy - - - - _
Mineralization - - - - — -
Kidney, terminal sacrifice
Cyst, renal tubule
Nephropathy - - - #
Cyst, cortex - - - - - -
Liver, interim sacrifice
Infiltration, mononuclear cells
Liver, terminal sacrifice
Vacuolization, cytoplasmic - - - - - -
Degeneration, cystic - - # # _
Angiectasis - - - - - -
Spleen, interim sacrifice

Pigmentation - - - - — _
Spleen, terminal sacrifice

Pigmentation - - - - - -
Heart, interim sacrifice

Cardiomyopathy (1y) - - - - - -
Heart, terminal sacrifice

Cardiomyopathy (2y) # - # # # -
Brain, terminal sacrifice

Brain stem, compression - - - - - -
Brain stem, hemorrhage - - - - — _
Cerebrum, dilatation, ventricle - - - - - -
Pancreas, interim sacrifice

Infiltration, lymphocyte - - - - - #
Pancreas, terminal sacrifice

Hyperplasia, acinar cell - = - - _
Thymus, interim sacrifice

Atrophy - # - - - -
Thymus, terminal sacrifice

Atrophy - # - # - -
Bone marrow, terminal sacrifice

Hypocellularity - - _ _ _ _
Hyperplasia, myeloid cell - - - - - -

< 0.001

0.015

< 0.001
0.009

na, not applicable; 1, increased versus controls; |, decreased versus controls; —, no change versus controls.
p-Values are versus controls by primary statistical test. For histopathology endpoints, #, p < 0.05 versus controls by secondary, but not primary, statistical test.
@ Results for organ weights adjusted for body weights are summarized in this table.

significantly increased in interim 0.5 ug EE,/kg bw/day females (54%
versus 22%, all tests applied). In the continuous dose BPA groups, the
only significant effect on cystic endometrial hyperplasia was a decrease
in terminal sacrifice females at 2.5ug BPA/kg bw/day (60% versus
42%, RTE test).

Additional statistically significant differences in BPA stop-dose in-
terim sacrifice animals versus controls were an increased incidence of
squamous metaplasia in the 25,000 ug BPA/kg bw/day dose group
(18% versus 0%, JT/SW and RTE tests) and an increased incidence of
dilatation of the lumen in the 250 ug BPA/kg bw/day dose group (18%
versus 5%, RTE test). There were no significant pairwise comparisons
versus vehicle controls in these lesions for the continuous-dose BPA
dose groups, except for significant trends for squamous metaplasia and
dilatation of the lumen in the interim and terminal sacrifice, respec-
tively.

In the interim 0.5 pug EE,/kg bw/day females, there was a significant
increase by all tests applied in squamous metaplasia (54% versus 4%).

3.5.3. Ovary, nonneoplastic lesions
Table 8 summarizes the nonneoplastic lesions observed in the

ovaries in the interim and terminal sacrifices. In the stop-dose BPA-
treated interim sacrifice females, there was a significant dose trend
(p < 0.001) for follicular cysts in the ovary and the 25,000 ug BPA/kg
bw/day dose group had a higher incidence than vehicle controls (82%
versus 25%, CAFE test). The 2,500 ug BPA/kg bw/day dose group had
an incidence of 55% (p = 0.053). There were no differences for this
lesion between continuous-dose BPA groups and the vehicle controls.
Ovarian follicular cysts were significantly higher in 0.5 ug EE,/kg bw/
day dose group relative to the vehicle control (100% versus 35%, all
tests applied).

Females in the interim sacrifice continuous BPA dose arm showed
significant dose trends for depletion of corpora lutea and interstitial cell
hypertrophy. Interstitial cell hypertrophy was increased in the 2,500
and 25,000 pg BPA/kg bw/day dose groups relative to vehicle controls
(40% and 38%, respectively, versus 17%), and the increase was sig-
nificant by the RTE test in the former BPA dose level. All tests applied
found significantly higher depletion of corpora lutea and interstitial cell
hypertrophy (both 100% versus 17%) in interim 0.5 ug EE,/kg bw/day
females relative to vehicle controls.

Ovarian atrophy was also significantly higher in the interim (100%



L. Camacho, et al. Food and Chemical Toxicology 132 (2019) 110728

Table 4
Males, endpoints affected by any dose of BPA or EE; as indicated by statistical tests.
Endpoint BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (ug/kg bw/day) EE, (ng/kg bw/day)
2.5 25 250 2,500 25,000 2.5 25 250 2,500 25,000 0.05 0.5
Liver weight® - - - - - } 0.033 - - - - - -
Hemoglobin concentration - - - - - - - - - 1 0.042 10.023 -
% Eosinophils - - - - - - - | 0.024 - - - -
Total protein - } 0.015 - - - - - - - - - -
Total bile acids - } 0.011 - - - - - - - - - -
Insulin - - - - - - - - - - | 0.047 -
Triglycerides - - - - - - - - - - - 1 0.032

Epididymis, interim sacrifice

Exfoliated germ cells 0.034* - - - - - - - - 0.047 - -
Lymphocyte infiltration - - - - - - - - - 0.024 -
Epididymis, terminal sacrifice

Lymphocyte infiltration - - - - - - - - - - - #
Polyarteritis - - - - - - - - # - - -
Testis, terminal sacrifice

Polyarteritis - - - 0.038 - - - - - - - -
Dorsal/lateral prostate, interim sacrifice

Lymphocyte infiltration - - - - - # - - - - - -
Inflammation, suppurative - - - - - # - # # # - -
Dorsal/lateral prostate, terminal sacrifice

Suppurative inflammation - - - - - 0.027 - - - - - -
Coagulating gland, terminal sacrifice

Atrophy - # - - - - - - - - - -
Pituitary, terminal sacrifice

Hyperplasia, pars distalis - - - - 0.020 - # - - 0.022 - 0.027
Pars distalis, cyst - - 0.047 - - - -
Mammary Gland, terminal sacrifice

Dilatation, alveolus - - - - - 0.028
Thyroid, interim sacrifice

Hyperplasia, C-cell - - - - - - - - 0.003 - 0.009 -
Hyperplasia, follicular cell - - - - - - # - - - - -
Parathyroid, terminal sacrifice

Hyperplasia - - - - - - 0.004 - # - - -
Adrenal gland, interim sacrifice

Vacuolization, cytoplasmic - - - - - # - - - - - -
Adrenal gland, terminal sacrifice

Medulla, hyperplasia - - - 0.030 - - - - - - - -
Cortex, hypertrophy - - - - - - - - - - 0.005 -
Kidney, terminal sacrifice

Hyperplasia, transitional epithelium - - - - - - 0.006 - - - - -
Cyst, renal tubule - - - - - - - 0.024 0.033 - 0.002 -
Mineralization - - - - - - - # - - - -
Nephropathy - - - - - - - - # - - -
Liver, interim sacrifice

Hepatodiaphragmatic nodule - - - - - - - - 0.038 - - -
Infiltration, mononuclear cells - - - - - # - 0.029 0.023 # - -
Fatty change - - - - - - # - - - -

Liver, terminal sacrifice

Vacuolization, cytoplasmic - - - - - - - - - - - 0.037
Angiectasis - # - - - 0.016 - - - - - -
Spleen, interim sacrifice

Pigmentation - - 0.012 - - - - - - - - -
Hematopoietic cell proliferation - - -

Spleen, terminal sacrifice

Hyperplasia, lymphoid - - 0.039 # - - - - - - - -
Heart, interim sacrifice

Cardiomyopathy # # - - - - - - - - - -
Heart, terminal sacrifice

Metaplasia, osseus - - - - - - - - - - - #
Pancreas, terminal sacrifice

Pigmentation 0.018 - - - - - - - - - - -
Polyarteritis - - - 0.035 # - - - - - - -
Bone marrow, interim sacrifice

Hyperplasia, myeloid cells - # - - - - - - - - - -
Bone marrow, terminal sacrifice

Hypocellularity - - 0.046 - 0.035 - - - - - - -

1, increased versus controls; |, decreased versus controls; —, no change versus controls.
p-Values are versus controls by primary statistical test. For histopathology endpoints, #, p < 0.05 versus controls by secondary, but not primary, statistical test.
? Liver weight adjusted for body weight results summarized.
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Table 5

Incidence of neoplastic lesions in the female mammary gland.

EE, (ug/kg bw/day)

BPA, continuous-dose (ug/kg bw/day)

BPA, stop-dose (ug/kg bw/day)

Lesion

25 250 2,500 25,000 0.05 0.5

2.5

0

25 250 2,500 25,000

2.5

Adenoma or Adenocarcinoma

2/26 (8%) 0/26 (0%)

2/26 (8%)

0/24 (0%)
4/46 (9%)

0/23 (0%) 1/22 (4%) 1/22 (4%) 0/24 (0%) 0/20 (0%)
7/48 (15%) 8/46 (17%) 6/49 (12%)

6/50 (12%)

0/22 (0%)
6/46 (13%)

0/20 (0%)

0/22 (0%)
9/49 (18%)

0/20 (0%) 0/22 (0%) 0/20 (0%)

4/50 (8%)

Interim

(38%)

10/26%*+

10/50 (20%)

9/50 (18%)

5/48 (10%)

12/50* (24%)

Terminal
Fibroadenoma

4/20 (20%) 1/22 (4%) 1/20 (5%) 1/22 (4%) 1/20 (5%) 2/22 (9%) 2/23 (9%) 3/22 (13%) 3/22 (13%) 1/24 (4%) 2/20 (10%) 6/24 (25%) 2/26 (8%) 4/26 (15%)

Interim

35/50 (70%) 38/46 (83%) 18/26 (69%) 14/26 (54%)

39/49 (80%)

33/46 (72%)

40/48 (83%)

43/50 (86%) 45/50 (90%)  37/48 (77%) 42/49 (86%) 36/50 (72%) 34/46 (74%) 41/50 (82%)

Terminal

Number of animals affected/number of animals examined (%). *, p < 0.05; ***, p < 0.001 by Poly-3 test.
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versus 44%, all tests applied) and terminal (100% versus 94%, JT/SW
and RTE tests) 0.5ug EE,/kg bw/day dose groups relative to vehicle
controls.

3.5.4. Vagina, nonneoplastic lesions

In the stop-dose arm, there were no statistically significant BPA
effects on vaginal histopathology in the interim or terminal sacrifice
females (Table 9). In the continuous-dose arm, there were significant
increases in the incidence of epithelial hyperplasia in both the interim
and terminal sacrifice BPA-treated animals. For the interim sacrifice
animals, there was a significant dose trend (all statistical tests) and the
25,000 ug BPA/kg bw/day dose group had a significantly higher in-
cidence of hyperplasia than the vehicle controls (33% versus 13%, JT/
SW and RTE tests), with the incidence in the 2,500 ug BPA/kg bw/day
continuous-dose group also elevated (30%) without statistical sig-
nificance. In the terminal sacrifice females, there was a significant dose
trend (all statistical tests) and significant pairwise comparisons to
control for 25-25,000 ug BPA/kg bw/day dose groups, with a similar
response across dose groups (incidences of 8% in vehicle controls and
27%, 20%, 22%, and 26% for the 25, 250, 2,500, and 25,000 pg BPA/kg
bw/day dose groups, respectively). The Poly-3 and RTE tests were not
significant for the 250 ug BPA/kg bw/day dose group.

In the vaginas of females treated continuously with EE,, statistically
significant effects were observed in the interim sacrifice animals, but
not in terminal sacrifice animals. For all statistical tests applied, there
was a significant increase in epithelial hyperplasia in the 0.5 ug EE,/kg
bw/day dose group relative to vehicle control (77% versus 13%). There
was also a significant increase in epithelial mucification in the 0.5 ug
EE,/kg bw/day dose group relative to vehicle control (69% versus 44%,
JT/SW and RTE tests).

3.5.5. Female and male pituitary, neoplastic and nonneoplastic lesions

Adenomas or carcinomas of the pars distalis were observed at low
incidence in interim females, and higher incidences, primarily of ade-
nomas, were observed in terminal animals (Supplemental Table 8).
There were no statistically significant effects in BPA continuous- or
stop-dose interim or terminal sacrifice females. In the terminal EE, fe-
males, the incidence of combined adenomas and carcinomas of the pars
distalis was significantly increased in the 0.5 ug/kg bw/day dose group
(77% versus 44%).

There were no statistically significant differences in the incidence of
nonneoplastic lesions in the pituitaries of continuous BPA dose arm
interim or terminal sacrifice females (Table 10). In the interim stop-
dose BPA arm, there was an increase in angiectasis in the 2.5 ug BPA/kg
bw/day stop-dose group (9% versus 0%, RTE test). Angiectasis was also
significantly increased in the 0.5 pug EE,/kg bw/day dose group relative
to vehicle control in the interim (23% versus 4%, JT/SW and RTE tests)
and terminal (65% versus 20%, all statistical tests) sacrifices.

The incidence of hyperplasia in the pars distalis was increased in the
terminal stop-dose 2.5 and 25 ug BPA/kg bw/day female groups (64%
and 71%, respectively, versus 51%, RTE test). A significant increase in
pars distalis hyperplasia was also observed in interim 0.5ug EE,/kg
bw/day dose group relative to the vehicle control (96% versus 78%, JT/
SW and RTE tests).

There were no significant treatment effects in interim sacrifice
males in the stop- or continuous-dose BPA arms or in the EE, treatment
groups (Table 10). In the terminal sacrifice, the incidence of pars dis-
talis hyperplasia was significantly increased in stop-dose 25,000 ug
BPA/kg bw/day males relative to vehicle controls (44% versus 26%,
Poly-3 test). This lesion was also significantly increased relative to ve-
hicle controls in terminal sacrifice males treated continuously with
25 ug BPA/kg bw/day (40% versus 23%, RTE test), 25,000 ug BPA/kg
bw/day (42% versus 23%, all tests applied), and 0.5 pug EE,/kg bw/day
(50% versus 23%, all tests applied).
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Table 6
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Incidence and mean severity of nonneoplastic lesions in the female mammary gland.

Lesion/Study BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (ug/kg bw/day) EE, (ug/kg bw/day)
Arm
0 2.5 25 250 2,500 25,000 0 2.5 25 250 2,500 25,000 0.05 0.5
Atypical focus
Interim -
1/20° 0/22 0/20 0/22 0/20 0/22 0/23 3/22 2/22 2/24 0/20 0/24 0/26 0/26 (0%)
(5%)° (0%) (0%) (0%) (0%) (0%) (0%) (14%) (9%) (8%) (0%) (0%) (0%)
1.0/0.1¢ - - - - - - 1.7/0.2  2.0/0.2 1.0/0.1 - - - -
Terminal -
6/50 2/50 6/48 8/49 7/50 5/46 2/50 7/48 1/46 5/49 3/50 3/46 2/26 3/26 (12%)
(12%) (4%) (12%) (16%) (14%) (11%) (4%) (15%) (2%) (10%) (6%) (6%) (8%)
2.0/0.2 25/0.1 1.8/0.2 1.8/0.2 2.6/0.4 1.6/0.2 2.0/0.1 1.9/0.3 2.0/0.0 20/0.2 1.7/0.1 1.7/0.1 1.5/0.1  1.3/0.2
Dilatation, duct
Interim *#, " #," ~ kA, T
N N N
4/20 2/22 1/20 1/22 1/20 1/22 2/23 2/22 7/22 1/24 2/20 2/24 3/26 22/26 (85%)
(20%) (9%) (5%) (4%) (5%) (4%) (9%) (9%) (32%) (4%) (10%) (8%) (12%)
1.8/0.4 1.5/0.1 2.0/0.1 1.0/0.1 2.0/0.1 1.0/0.1 1.5/0.1 4.0/0.4 1.9/0.6 3.0/0.1 2.0/0.2 2.0/0.2 1.7/0.2  2.0/1.7
Terminal ##, ™ #," #," ##, " # - ###, "
N N N N N N
16/50 5/50 9/48 9/49 7/50 11/46 15/50 16/48 7/46 9/49 9/50 14/46 6/26 21/26 (81%)
(32%) (10%) (19%) (18%) (14%) (24%) (30%) (33%) (15%) (18%) (18%) (30%) (23%)
2.6/0.8 2.0/0.2 2.2/0.4 23/0.4 21/0.3 2.4/0.6 2.3/0.7 2.4/08 21/0.3 23/0.4 26/0.5 21/0.6 2.5/0.6 2.7/2.2
Hyperplasia, lobular
Interim 0 0 wEE L HH,
N N
15/20 12/22 8/20 12/22 7/20 12/22 10/23 14/22 13/22 15/24 13/20 12/24 13/26 23/26 (88%)
(75%) (54%) (40%) (54%) (35%) (54%) (44%) (64%) (59%) (62%) (65%) (50%) (50%)
1.4/11 1.4/0.8 1.6/0.7 1.4/0.8 1.4/0.5 1.7/0.9 1.5/0.7 1.5/1.0 1.5/09 1.3/0.8 1.4/09 1.5/0.8 1.6/0.8 1.6/1.4
Terminal ~ "
N N
41/50 40/50 39/48 39/49 36/50 38/46 43/50 41/48 30/46 38/49 40/50 37/46 13/26 23/26 (88%)
(82%) (80%) (81%) (80%) (72%) (83%) (86%) (85%) (65%) (78%) (80%) (80%) (50%)
3.2/2.6 3.3/26 28/23 3.1/24 33/24 3.1/25 3.3/2.8 3.3/28 31/20 3.2/25 3.0/24 3.1/25 3.0/2.8 28/25
Dilatation, alveolus®
Terminal ~ wwk HHH#,
N
8/50 4/50 4/48 8/49 3/50 7/46 9/50 14/48 5/46 7/49 7/50 11/46 5/26 22/26 (85%)
(16%) (8%) (8%) (16%) (6%) (15%) (18%) (29%) (11%) (14%) (14%) (24%) (19%)
2.5/0.4 2.0/0.2 2.0/0.2 2.2/0.4 1.7/0.1 1.9/0.3 2.0/0.4 2.1/0.6 2.0/0.2 2.0/0.3 2.1/0.3 2.2/0.5 2.0/0.4 2.2/19

& Number of animals affected/number of animals examined.
b Tesion incidence (%).

¢ Mean severity score based on number of affected animals/mean severity score based on total number of animals examined. Lesion severities were graded as 0,
none; 1, minimal; 2, mild; 3, moderate; 4, marked. Asterisks indicate statistical significance by the primary statistical test applied, CAFE for interim sacrifice animals
and Poly-3 for terminal sacrifice animals (*, p < 0.05; ***, p < 0.001). # and " indicate statistical significance by the secondary statistical tests JT/SW and RTE,
respectively. # or ", p < 0.05; ## or ™, p < 0.01; ### or ", p < 0.001. Significance markers in the vehicle control (“0”) columns indicate trends. “N” indicates

decreased response relative to appropriate vehicle control group or negative trend.
4 There were no diagnoses of “dilatation, alveolus” in interim sacrifice females.

3.5.6. Female and male heart, nonneoplastic lesions

There were no statistically significant increases in nonneoplastic
lesions in the heart of interim stop-dose BPA females (Table 11). In
terminal sacrifice, there were significant increases in cardiomyopathy
in 2.5, 250, 2,500, and 25,000 ug/kg bw/day stop-dose BPA groups
relative to the vehicle control (incidences of 74%, 74%, 70%, and 76%,
respectively, versus 64%; JT/SW and/or RTE tests). The diagnostic
criteria outlined in NTP's nonneoplastic lesion atlas (https://ntp.niehs.
nih.gov/nnl/) were used for cardiomyopathy: “a temporally progressive
lesion characterized at the early stage by focal to multifocal necrosis of
individual or small numbers of cardiomyocytes and myofiber vacuola-
tion. These changes are often accompanied by a mixed inflammatory
cell infiltrate (i.e., mononuclear and polymorphonuclear cells) that
progresses to mixed mononuclear inflammatory cells only (i.e., lym-
phocytes and macrophages)”. There were no statistical increases in
cardiomyopathy in female rats dosed continuously with BPA. In interim
sacrifice females dosed with EE,, all three statistical tests applied in-
dicated a significant increase in the incidence of cardiomyopathy in the
0.5ug EE,/kg bw/day dose group relative to vehicle control (65%
versus 30%). The JT/SW and RTE tests also detected an increase in the
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terminal sacrifice females (85% versus 70%).

In males, there was a statistically significant increase (RTE test) in
cardiomyopathy in the interim 2.5 and 25 ug BPA/kg bw/day stop-dose
groups (100% and 95%, respectively, versus 85%; Table 11). There was
a statistically significant trend for the incidence of this lesion in the
terminal stop-dose BPA groups, but no significant pairwise comparisons
were found between any BPA group and the vehicle control. There were
no statistically significant differences in cardiomyopathy in the con-
tinuous-dose BPA or EE, interim or terminal sacrifice dose groups.

3.5.7. Epididymis, nonneoplastic lesions

The sole statistically significant effect in the stop-dose BPA males
was an increase in exfoliated germ cells in the 2.5 ug BPA/kg bw/day
dose group (15% versus 0%, RTE test; Supplemental Table 9). In the
interim continuous-dose BPA males, exfoliated germ cells and lym-
phocyte infiltration had statistically significant trends and increases in
the 25,000 ug BPA/kg bw/day dose group relative to the vehicle control
group (27% versus 4% and 23% versus 0%, respectively, all statistical
tests). There were no significant BPA treatment effects in the terminal
sacrifice males in the continuous BPA dose groups. In the 0.5 ug EE>/kg
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Table 8

Incidence and mean severity of nonneoplastic lesions in the ovary.

Food and Chemical Toxicology 132 (2019) 110728

Lesion/Study ~ BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (jg/kg bw/day) EE, (ug/kg bw/day)
Arm
0 2.5 25 250 2,500 25,000 0 2.5 25 250 2,500 25,000 0.05 0.5
Atrophy
Interim R BT
10/20 9/22 11/20 6/22 12/20 15/22 10/23 7/22 9/22 14/24 11/20 11/24 9/25 26/26 (100%)
(50%) (41%) (55%) (27%) (60%) (68%) (44%) (32%) (41%) (58%) (55%) (46%) (36%)
2.2/1.1 28/1.1 1.6/0.9 2.5/0.7 21/1.3 25/1.7 29/1.3 3.1/1.0 36/1.5 21/1.3 3.3/1.8 3.6/1.7 3.3/1.2 4.0/4.0
Terminal ###, ™
47/49 48/49 46/47 50/50 49/50 44/46 47/50 45/48 44/46 46/49 45/50 46/46 25/26 26/26 (100%)
(96%) (98%) (98%) (100%) (98%) (96%) (94%) (94%) (96%) (94%) (90.0%) (100%) (96%)
2.6/2.5 24/23 25/2.4 25/2.5 2.7/2.6  2.7/2.6 2.7/2.5 2.5/2.4 26/25 26/24 27/2.6 2.7/2.7 2.8/2.7 3.9/3.9
Cyst, Follicle
Interim .- .
5/20 6/22 4/20 7/22 11/20 18/22 8/23 4/22 10/22 5/24 10/20 11/24 9/25 26/26 (100%)
(25%) (27%) (20%) (32%) (55%) (82%) (35%) (18%) (46%) (21%) (50%) (46%) (36%)
Terminal 4/49 4/49 2/47 1/50 2/50 4/46 3/50 3/48 2/46 7/49 6/50 4/46 0/26 3/26 (12%)
(8%) (8%) (4%) (2%) (4%) (9%) (6%) (6%) (4%) (14%) (12%) (9%) (0%)
Depletion, Corpus Luteum
Interim % s
2/20 4/22 2/20 2/22 3/20 6/22 4/23 4/22 7/22 4/24 8/20 9/24 6/25 26/26 (100%)
(10%)  (18%)  (10%)  (9%) (15%)  @7%)  (17%) (18%)  (32%) (17%)  (40%) (38%) (24%)
Hypertrophy, Interstitial Cell
Interim L #," . kGRS
4/20 3/22 1/20 2/22 3/20 5/22 4/23 4/22 6/22 3/24 8/20 9/24 5/25 26/26 (100%)
(20%) (14%) (5%) (9%) (15%) (23%) (17%) (18%) (27%) (12%) (40%) (38%) (20.0%)
2.8/0.6 2.3/0.3 2.0/0.1 2.0/0.2 2.0/0.3 2.2/0.5 2.0/0.4 23/04 27/0.7 3.3/0.4 2.3/0.9 2.0/0.8 2.2/0.4 2.5/2.5
See legend to Table 6.
Table 9
Incidence and mean severity of nonneoplastic lesions in the vagina.
Lesion/Study BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (jg/kg bw/day) EE, (ug/kg bw/day)
Arm
0 2.5 25 250 2,500 25,000 0 2.5 25 250 2,500 25,000 0.05 0.5
Hyperplasia, epithelium
Interim kL H#, #," *HHHET
2/20 4/22 2/20 1/22 2/20 6/22 3/23 2/22 2/21 4/24 6/20 8/24 7/25 20/26 (77%)
(10%) (18%) (10%) (4%) (10%) (27%) (13%) (9%) (10%) (17%) (30%) (33%) (28%)
3.0/0.3 3.0/0.6 3.0/0.3 4.0/0.2 25/0.3 2.8/0.8 2.7/04 25/0.2 25/0.2 3.0/0.5 2.8/09 2.9/1.0 2.4/0.7  2.6/2.0
Terminal L H#, H#, # *#, o,
6/49 10/50 3/47 7/49 7/49 7/46 4/49 5/48 12/45 10/49 11/50 12/46 5/26 2/26 (8%)
(12%) (20%) (6%) (14%) (14%) (15%) (8%) (10%) (27%) (20%) (22%) (26%) (19%)
2.7/0.3 2.6/0.5 3.0/0.2 2.9/0.4 3.0/0.4 3.3/0.5 3.0/0.2 2.8/0.3 2.8/0.7 2.3/0.5 3.0/0.7 2.7/0.7 3.2/0.6 2.5/0.2
Mucification, epithelium
Interim #"
8/20 11/22 9/20 11/22 8/20 10/22 10/23 12/22 7/21 9/24 7/20 8/24 15/25 18/26 (69%)
(40%) (50%) (45%) (50%) (40%) (45%) (44%) (54%) (33%) (38%) (35%) (33%) (60%)
3.0/1.2 31/1.6 29/1.3 27/14 34/14 3.3/15 27/1.2 25/14 36/1.2 32/1.2 37/1.3 2.8/09 3.3/2.0 3.1/21
Terminal *N *N N
40/49 46/50 37/47 44/49 39/49 34/46 46/49 37/48 34/45 39/49 34/50 40/46 21/26 23/26 (88%)
(82%) (92%) (79%) (90%) (80%) (74%) (94%) (77%) (76%) (80%) (68%) (87%) (81%)
3.4/2.7 3.3/3.0 3.3/2.6 3.1/2.7 3.4/2.7 3.3/2.4 3.2/3.0 3.4/2.6 3.3/2.5 3.4/2.7 3.3/2.2 3.2/2.8 3.4/2.7 3.1/2.8

See legend to Table 6.

bw/day dose group, lymphocyte infiltration was increased relative to
the vehicle control group in the interim (12% versus 0%, JT/SW and
RTE tests) and terminal (38% versus 20%, RTE test).

3.5.8. Dorsal/lateral and ventral prostate, nonneoplastic lesions

In the dorsal/lateral prostate, there were no significant increases in
observed lesions in any stop-dose BPA group relative to the vehicle
control group (Supplemental Table 10). In interim continuous-dose BPA
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males, there were statistically significant increases relative to vehicle
controls of lymphocyte infiltration in the 2.5 ug BPA/kg bw/day dose
group (46% versus 18%, RTE test). Suppurative inflammation was in-
creased (RTE and/or JT/SW tests) over a high background (82% in
vehicle control) in the 2.5, 250, 2,500, and 25,000 ug BPA/kg bw/day
dose groups (91%, 92%, 90%, and 86%, respectively) in interim con-
tinuous-dose males. The incidence of suppurative inflammation was
increased (Poly-3 test) in the 2.5ug BPA/kg bw/day dose group in
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Table 10
Incidence and mean severity of nonneoplastic lesions in the female and male pituitary glands.
Lesion/Study BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (jg/kg bw/day) EE, (ug/kg bw/day)
Arm
0 2.5 25 250 2,500 25,000 0 2.5 25 250 2,500 25,000 0.05 0.5
Females
Angiectasis
Interim - #,"
0/20 2/22 1/20 0/22 0/20 0/22 1/23 0/22 1/22 0/24 0/20 0/24 2/25 6/26 (23%)
(0%) (9%) (5%) (0%) (0%) (0%) (4%) (0%) (5%) (0%) 0%) (0%) 8%)
-/0 2.5/0.2 2.0/0.1 -/0 -/0 -/0 2.0/0.1 -/0 2.0/0.1  -/0 -/0 -/0 3.0/0.2  2.5/0.6
Terminal REE PP
12/49 11/50 8/48 12/50 14/50 11/46 10/50 8/48 4/46 9/49 9/49 9/46 5/26 17/26 (65%)
(24%) (22%) (17%) (24%) (28%) (24%) (20%) (17%) (9%) (18%) (18%) (20%) (19%)

4.0/1.0 3.9/0.9 3.5/0.6 3.4/0.8 3.7/1.0 3.2/0.8
Hyperplasia, pars distalis

3.7/0.7 4.0/0.7 4.0/0.4 3.8/0.7 3.3/0.6 3.7/0.7 4.0/0.8  4.0/2.6

##,”

18/23 17/22 18/22 15/24 16/20 20/24 20/25 25/26 (96%)

(90%) (73%) (70%) (91%) (80%) (82%) (78%) (77%) (82%) (62%) (80%) (83%) (80%)

1.8/1.4 19/1.5 19/1.5 1.7/1.1 1.7/1.4 2.0/1.6 1.7/1.3  2.4/2.3

##," N

25/49 32/50 34/48 26/50 28/50 21/46 27/50 22/48 32/46 26/49 29/49 23/46 16/26 6/26 (23%)
(51%) (64%) (71%) (52%) (56%) (46%) (54%) (46%) (70%) (53%) (59%) (50%) (62%)
2.8/1.4 33/21 31722 3.2/1.7 3.0/1.7 3.2/1.5 3.3/1.8 3.5/1.6 3.4/24 3.2/1.7 29/1.7 3.1/15 3.3/2.0 3.3/0.8

Interim
18/20 16/22 14/20 20/22 16/20 18/22
1.4/1.3 15/11 19/14 1.6/1.4 1.8/1.5 1.6/1.3
Terminal " ”
Males

Hyperplasia, pars distalis

Interim 8/20 9/20 3/20 4/19 4/20 7/22 4/22 6/22 2/20 4/24 2/20 4/22 7/2 2/26 (8%)
(40%) (45%) (15%) (21%) (20%) (32%) (18%) (27%) (10%) (17%) (10%) (18%) (27%)

1.0/0.4 1.4/0.7 20/0.3 1.0/0.2 1.0/0.2 1.1/0.4

Terminal * *
12/46 16/48 18/48 15/49 19/50 19/43

1.3/0.2 1.0/0.3 1.5/0.2 1.5/0.3 1.0/0.1 1.5/0.3 1.6/0.4 1.5/0.1

x5 #, ) ) 5 #,
11/48  9/48 19/48  15/50  17/50  19/45 10/26  13/26 (50%)

(26%) (33%) (38%) (31%) (38%) (44%) (23%) (19%) (40%) (30%) (34%) (42%) (38%)
2.8/0.7 22/0.7 23/09 24/0.7 23/09 24/1.1 21/0.5 23/0.7 23/09 22/0.7 22/0.7 2.4/1.0 2.2/0.9 2.0/1.0

See legend to Table 6.

terminal sacrifice animals (96% versus 82%). There were no statisti-
cally significant differences for nonneoplastic lesions in interim or
terminal EE, dose groups relative to the vehicle control group.

In the ventral prostate, lymphocyte cellular infiltration and sup-
purative inflammation were significantly decreased across continuous-
dose BPA or EE, dose groups relative to the vehicle control group
(Supplemental Table 11). The only significant increase relative to
control was in epithelial hyperplasia in the terminal continuous-dose

250 ug BPA/kg bw/day dose group (37% versus 20%, RTE test).

4. Discussion

In the voluminous literature related to BPA toxicity, there were
previously no 2-year guideline-compliant rodent toxicology studies that
included exposure during any early developmental stage. The CLARITY-
BPA project was designed to fill that gap and, in addition, attempt to

Table 11
Incidence and mean severity of cardiomyopathy in female and male hearts.
Lesion/Study BPA, stop-dose (ug/kg bw/day) BPA, continuous-dose (pg/kg bw/day) EE, (ug/kg bw/day)
Arm
0 2.5 25 250 2,500 25,000 0 2.5 25 250 2,500 25,000 0.05 0.5
Females
Interim ##, T
6/20 8/22 7/20 7/22 6/20 7/22 7/23 10/22 9/22 8/24 9/20 7/24 8/26 17/26
(30%) (36%) (35%) (32%) (30%) (32%) (30%) (46%) (41%) (33%) (45%) (29%) (30.8%) (65%)
1.0/0.3 1.0/0.4 1.1/0.4 1.3/04 1.0/0.3 1.3/0.4 1.1/04 1.2/06 1.2/0.5 1.0/0.3 1.1/0.5 1.1/0.3 1.0/0.3 1.2/0.8
Terminal ##, " - #," #," ##, " “N #,"
32/50 37/50 38/48 37/50 35/50 35/46 35/50 30/48 24/46 35/49 33/50 33/46 19/26 22/26
(64%) (74%) (79%) (74%) (70%) (76%) (70%) (62%) (52%) (71%) (66%) (72%) (73%) (85%)
1.3/0.8 1.5/0.9 1.3/1.0 1.5/1.1 1.7/1.2 1.7/1.3 1.3/0.9 1.6/1.0 1.3/0.7 1.3/0.9 1.4/0.9 1.4/1.0 1.3/0.9 1.5/1.3
Males
Interim - -
17/20 20/20 19/20 13/19 18/20 19/22 16/22 16/22 16/20 18/24 15/20 20/22 24/26 23/26
(85%) (100%) (95%) (68%) (90%) (86%) (73%) (73%) (80%) (75%) (75%) (91%) (92%) (89%)
1.4/1.2  1.7/1.7 2.0/19 1.2/0.8 1.3/1.2 1.6/1.4 1.4/1.0 1.4/1.0 1.3/1.1 1.6/1.2 1.1/0.8 1.4/1.2 1.5/1.3 1.6/1.4
Terminal *
45/50 44/48 45/48 48/50 47/50 41/46 44/50 44/48 43/48 45/50 44/50 41/46 24/26 24/26
(90%) (92%) (94%) (96%) (94%) (89%) (88%) (92%) (90%) (90%) (88%) (89%) (92%) (92%)

2.3/2.1 2.1/2.0 2.4/2.2 2.0/1.9 24/23 23/21

2.0/1.8 20/19 21/19 20/1.8 1.9/1.7 2.0/1.8 1.8/1.7 2.4/2.2

See legend to Table 6.
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move toward resolving the controversy that has existed between some
researchers and most worldwide regulatory agencies, including the
FDA, regarding the safety of BPA in the general population at current
exposure levels. To address the latter issue, a group of university-based
scientists selected by the NIEHS participated in discussions on the study
design and utilized siblings of the core study animals to evaluate var-
ious endpoints not usually included in guideline-compliant studies
(Heindel et al., 2015; Schug et al., 2013). The core study report and all
core and grantees studies data are publicly available (NTP, 2018a,
2018b, 2018c). In addition, some of the grantee studies’ findings have
been published (Arambula et al., 2016; 2017; 2018; Bansal and Zoeller,
2019; Cheong et al., 2018; Dere et al., 2018; Gear et al., 2017; Johnson
et al., 2016; Li et al., 2018a, b; Patel et al., 2017; Prins et al., 2018a;
Rebuli et al., 2015; Witchey et al., 2019). The core study report focused
solely on the data generated in that study and its interpretation and did
not discuss the results in terms of related literature, including directly
relevant results reported in publications by CLARITY-BPA grantees.
Additional data collected outside the core study on internal dosimetry
after administration of d6-BPA and microscopic evaluation of re-
productive tissues at 90 days in females treated continuously with
250,000 pg BPA/kg bw/day are also presented here.

Given the broad scope of potential toxicities that have been reported
for BPA and the wide dose range over which they have been reported,
the current study utilized a 10,000-fold BPA dose range, with the spa-
cing between consecutive doses equivalent to the usual maximum dose
range covered in chronic toxicity/carcinogenicity studies. Also, in
contrast to the typical chronic toxicity study design, a stop-dose arm
was included in which dosing of the animals was terminated at weaning
and the animals continued on study untreated until termination at one
or two years. This stop-dose exposure does not reflect the continuous
lifetime exposure situation in humans, but was included due to the
interest in potential delayed responses to developmental BPA exposures
and the fact that many reported studies of BPA use dosing restricted to
developmental time periods. The wide dose spacing sacrifices granu-
larity that would be useful in defining the shape of the dose-response
curve, if any, in the low dose region; however, it was considered im-
portant to cover a BPA dose range from near human exposures to a dose
that provided a large margin of safety over current estimated dietary
exposure levels. A 90-day study conducted under the same conditions
used in the core chronic study resulted in clear adverse effects only at
doses =100,000 ug BPA/kg bw/day, with most of the effects observed
in females at the highest tested dose of 300,000 ug BPA/kg bw/day
(Delclos et al., 2014). These results were consistent with what had been
reported for detectable BPA estrogenic activity in the uterotrophic assay
or other short-term assays for estrogenic activity (Ashby and Tinwell,
1998; Kanno et al., 2003; Kim et al., 2005; Yamasaki et al., 2002).
While the 90-day study results would have led to a selection of
250,000 ug BPA/kg bw/day as a high dose in the chronic study, that
dose was considered well beyond the range of regulatory concern and
was not selected given that it would have had no impact on current
safety assessments. Despite this, a limited assessment of the effects of
250,000 ug BPA/kg bw/day was conducted in female littermates of
males utilized for the sperm study reported by Dere et al. (2018), since
females were found to be more responsive to BPA in our previous 90-
day study (Delclos et al., 2014). In that 90-day study, 100,000 pg BPA/
kg bw/day had no-to-minimal effects on the female reproductive tract
endpoints assessed (0-5% lesion incidence), while over 70% of the fe-
males in the 300,000 pg BPA/kg bw/day dose group had cystic ovarian
follicles and depleted corpora lutea and endometrial hyperplasia
(Delclos et al., 2014). Accordingly, in the present study, these ovarian
and uterine lesions were observed in 11% and 22%, respectively, at
250,000 ug BPA/kg bw/day, while the vehicle controls had none
(Table 2).

Direct measurements of d6-BPA at C,,., were made on the low end
of the BPA dose scale used in the core study to estimate internal dose
without interference from incidental background BPA (Table 1). The
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mean peak serum levels of unconjugated d6-BPA in the 2.5 ug d6-BPA/
kg bw group were 0.24 nM and 0.03 nM on PNDs 4 and 21, respectively.
These data indicate that even the lowest BPA dose tested in the study
only approached the estimated upper bound human exposure levels at
PND 21, a time when the metabolic capacity of the rats had matured
(Yang et al., 2015; Doerge et al., 2010a).

Our consistent finding of trace (low ppb) BPA in commercial rodent
feed (Camacho et al., 2016; Delclos et al., 2014, and the present study)
needs to be considered when planning to test BPA doses lower than
those used in the present study to ensure a sufficient margin between
the lowest BPA dose to be tested and the background dietary BPA ex-
posure. While there has been concern about potential exposure of test
animals to BPA from polycarbonate cages and drinking water
(Howdeshell et al., 2003; Le et al., 2008), there has been less con-
sideration given to exposure to BPA from the diet (Camacho et al.,
2016; Delclos et al., 2014; Yoshida et al., 2004), for which most concern
for potential confounding background exposures has focused on phyto-
and myco-estrogens (Brown and Setchell, 2001; Thigpen et al., 2004).
While tests of diet extracts for estrogenic activity using estrogen-sen-
sitive cell lines have been reported and utilized to assess the estrogenic
content of rodent diets (Soto et al., 1992; Welshons et al., 1990), these
methods do not accurately evaluate the estrogen burden seen by the
animal due to metabolism considerations and do not have the se-
lectivity of mass spectrometry to detect BPA or other specific estrogenic
agents. In addition, the limits of detection for BPA in the complex ex-
tract matrix, which are likely to vary across diet lots due to varying
content of potential modifying factors, have not been established for
these cell-based assays.

The use of gavage as a dosing method has been discussed by some as
a potential concern in toxicology studies due to the potential for
causing stress to the dosed animals that could impact their response to
treatment or confound interpretation of results (Cao et al., 2013; Marty
et al., 2018; Vandenberg et al., 2014). The degree and duration of stress
induced by gavage relative to other potential animal room stressors is
not well-defined in those presentations and appears to vary according
to volume and vehicle, as well as the skills of the individuals performing
the procedure (Arantes-Rodrigues et al., 2012; Balcombe et al., 2004;
Brown et al., 2000; He et al., 2014; Turner et al., 2012). In addition, it is
known that bolus dosing by gavage will result in different pharmaco-
kinetic behavior than dietary or drinking water exposure, and this may
impact the response (Kapetanovic et al., 2006, 2009; Martin-Jimenez
et al., 2008; Marty et al., 2007). In the case of BPA, gavage dosing in
adult rodents has been shown to result in faster time-to-peak con-
centrations compared to dietary administration, although the area-
under-the-curves produced by the two dosing regimens are similar
(Sieli et al., 2011). In the present study, gavage dosing was selected as
the method of delivery because of the poor lactational transfer of BPA
to pups (Doerge et al., 2010b). Efficient dosing of the large number of
neonatal rats in the CLARITY-BPA core and ancillary studies with
known and consistent concentrations of BPA necessitated gavage ad-
ministration for oral dosing.

The oral bioavailability of EE, in the rat is also known to be low
(Dusterberg et al., 1986; Fotherby, 1996; Hirai et al., 1981), and pre-
vious studies with dietary administration up to 50 ppb (approximately
5pg/kg bw/day) resulted in undetectable serum levels in adult rats
(NTP, 2010a, 2010b; Twaddle et al., 2003). We had previously reported
the peak serum levels of EE, in rats at various ages using the same
animal model and dosing regimen used in the current study
(Churchwell et al., 2014). As with BPA, exposure to EE, was highest in
neonates and decreased with age (for 0.5 ug EE,/kg bw/day: 500 pM at
PND 4, 10 pM at PND 21, and < 5 pM (LOD) at PND 80). Outside of
studies conducted at NCTR (Delclos et al., 2014; Ferguson et al., 2011,
2012, 2014; He et al., 2012, and the present study), we are unaware of
any rodent studies of EE, that have used a dosing regimen that includes
direct oral gavage of neonates. In any case, gavage administration of
BPA with corn or sesame oil vehicles has been used in studies in which
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the authors reported effects at the lowest doses tested that in some cases
were not seen at higher doses (e.g., Betancourt et al., 2010; Christiansen
et al., 2014; Hass et al., 2016; Jenkins et al., 2009; Mandrup et al.,
2016; Moral et al., 2008; Wang et al., 2014; Wei et al., 2011).

With respect to the question of potential gavage- or handling-in-
duced stress and its impact on the study, Gear et al. (2017), reporting
on a CLARITY-BPA study that utilized siblings of the core study ani-
mals, indicated statistically significant higher body weights in male
stop-dose controls versus continuous-dose controls at PND 90 and 6
months, with mean weights 9.6% and 9.1%, respectively, higher in the
stop-dose groups. Our reanalysis of the data from this study (NTP,
2018a) resulted in somewhat different values, with mean weights at
PND 90 and 6 months that were 5.6% and 10.3%, respectively, higher
in the stop-dose groups and with only the weights at 6 months sig-
nificantly different from continuous-dose arm vehicle controls (t-test,
p = 0.03). Gear et al. (2017) indicated that a significant body weight
difference between the study arms was not observed in the females. The
authors suggested that this observation was “consistent with previous
studies showing that prolonged postnatal stress in males decreases
weight gain over time, and that female SD rats are resistant to these
effects of stress”. However, the supporting references cited by Gear
et al. (2017) did not use SD rats, used restraint only during pregnancy
or in adulthood, used stressing methods (holding for 75 min per day in a
plastic restraint device or electric shock pad) that were very different
from the restraint used in the present study (manual holding for <
1 min per gavage dose), and did not always show body weight differ-
ences consistent with those reported by Gear et al. (2017). In our pre-
vious 90-day study, there were no significant body weight differences
for either sex between unhandled naive controls and the vehicle con-
trols that were dosed daily by gavage, while naive control females had a
7% higher heart weight adjusted for body weight (p = 0.047; Delclos
et al., 2014). In the core study, we did not collect data other than body
weights at PND 90 and 6 months, but we did collect data on several
potentially stress-related endpoints (Everds et al., 2013) (Supplemental
Tables 12 and 13). There were no significant differences between the
dosing arms in these endpoints at any age tested.

Survival was not affected by any BPA dose and there were minimal
effects on body weights. Female body weights in the continuous 250 pug
BPA/kg bw/day dose group were significantly higher than the mean
vehicle control body weights in the final weeks of the study (weeks
96-104). There were no other statistically significant body weight dif-
ferences in pairwise comparisons of BPA dose groups to the vehicle
controls. Literature reports of BPA effects on body weights are mixed
and it is difficult to discern any clear pattern of effects given the dif-
ferences in dosing windows, doses, routes, and species/strains (re-
viewed in Thayer et al., 2012; Wassenaar et al., 2017). Several studies
have utilized exposure to BPA during development (gestation, lactation,
or a combination) and observed body weights later in life after dosing
had stopped. However, Rubin et al. (2017) in a study in CD-1 mice with
BPA administered by implanted osmotic pumps, reported that the ad-
dition of peripubertal exposure enhanced changes in body weight and
composition in the lowest dose groups tested (2.5 and 25pg BPA/kg
bw/day) that started at relatively young ages (less than 15 weeks). In a
well-powered study in which Wistar rat dams were dosed from GD 7
through PND 22, Hass et al. (2016) reported an increased body weight
in females only in the lowest dose group (25 pg BPA/kg bw/day) that
was evident after 9 months, but the difference was less than 10%.

There were few statistically significant effects of BPA treatment, in
either the continuous- or stop-dose arms, on clinical pathology end-
points or organ weights in either sex, and these effects could not be
clearly defined as treatment-related as they were observed only in
single-dose groups, in several cases differed from the vehicle control by
less than 10%, were not associated with organ lesions and, in the case of
organ weights, were not significant when adjusted for body weight.

Based on the wide range of organ systems reported in the literature
to be affected by BPA and the fact that one purpose of the CLARITY-BPA
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program was to compare the results from endpoints typically assessed
in guideline-compliant studies to those assessed in investigational stu-
dies, a broad range of tissues and endpoints was evaluated. The issue of
the impact of multiplicity of endpoints on the statistical analysis of both
clinical trials and preclinical toxicology studies has long been a topic of
discussion (Haseman, 1984; Kissling et al., 2015; FDA, 2017). The
statistical analyses used in the core study were pre-specified in the
study protocol and generally followed the procedures used in NTP
studies (NTP, 2018d). While statistical analyses for neoplastic and
nonneoplastic lesions were conducted based on incidence, non-standard
statistical analyses that utilized severity scores assigned by the study
pathologist were also utilized for nonneoplastic lesions. The Society for
Toxicological Pathologists generally recommends against the use of
statistical analyses that utilize severity scores due to the nonlinear
scale, semi-quantitative nature, and potential dependence on patholo-
gist (Schafer et al., 2018), although the use of the PWG review in the
case of this study somewhat mitigates the last concern. In addition, the
tests that incorporate incidence and severity scores do not utilize the
survival correction applied in the Poly-3 test used for the two-year
animals. Despite these concerns, we report the results of the statistical
tests that incorporated severity scores as secondary tests to minimize
false negatives.

In no case were corrections made for the multiple histopathology
endpoints analyzed. For carcinogenicity studies, both NTP and the
FDA's Center for Drug Evaluation and Research (CDER) have proposed
and utilized modified decision criteria, that is, applying a more strin-
gent p-value cut-off, in evaluating neoplastic lesions to reduce false
positives (Haseman, 1983; Haseman, 1984, 1990; Lin and Rahman,
1998; Rahman and Lin, 2008; FDA, 2001). The modified decision cri-
teria values differ for rare neoplasms, defined as neoplasms with a
background incidence of < 1% (p < 0.05 for NTP, p < 0.025 for
CDER), and common tumors (p < 0.01 for NTP, p < 0.005 for CDER).
In the core study, all neoplastic and nonneoplastic lesions diagnosed
and analyzed were common in this strain of rat, and no lesion in BPA-
dosed groups would have met the more stringent decision criteria. In
addition, the distribution of statistically significant effects, as defined at
the p < 0.05 level, in pairwise comparisons to the vehicle control in a
direction consistent with toxicity was nearly even across dose groups
(Supplemental Table 14) and did not show a consistent pattern within
study arms (Tables 3 and 4). In addition, there were similar numbers
and a similar distribution across BPA dose groups, for statistically sig-
nificant effects consistent with a beneficial or protective effect of BPA in
comparison to the vehicle control (Supplemental Table 15). In any case,
the evaluation of histopathology results in a toxicology study for a
safety assessment is not based on an indication of statistical significance
alone, but is rather based on a consideration of biological significance
and plausibility (EFSA, 2011; Haseman, 1984, 1990; Kissling et al.,
2015). As stated by Kissling et al. (2015) regarding carcinogenicity
evaluations, “its response(s) must not only be statistically significant,
but coherent, and part of a pattern of responses.” Just as a statistically
significant result may not be biologically relevant, a biologically sig-
nificant result may not be statistically significant. In the core study,
none of the histopathology results were interpreted as clearly BPA
treatment-related by the study pathologist, pathology review group, or
the investigators involved in study conduct and reporting. The selection
of endpoints presented and discussed was based solely on the low
stringency statistical tests applied.

One set of results from the current study that merits more detailed
consideration is the group of neoplastic and nonneoplastic lesions ob-
served in the female mammary gland. Several reports in the literature
identify the female mammary gland as a potential target organ of BPA
(reviewed in Mandrup et al., 2016; Perrot-Applanat et al., 2018;
Seachrist et al., 2016; Soto et al., 2013). Given the various exposures
(implanted osmotic minipump or gavage) and timings of exposure (in
utero only, in utero plus lactation, lactation only, or adults only) to BPA
that would lead to substantially different internal dose exposures,
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straight comparisons of administered doses among those studies or
between any of those studies and the present study are not appropriate.
Some of the studies reported effects at lower or intermediate BPA doses
that were not seen at higher doses, although these studies would not
have met suggested criteria for establishing a credible non-monotonic
dose response (Beausoleil et al., 2016; Lagarde et al., 2015; Varret et al.,
2018) based on the number of doses tested. For example, Mandrup et al.
(2016) reported an increase of intraductal hyperplasia only at 250 ug
BPA/kg bw/day at a later age (PND 400, but not PND 100), but not at
25, 5,000, or 25,000 ug BPA/kg bw/day after dosing of the dam during
pregnancy and lactation by gavage. Furthermore, the increase was
demonstrated by a post-hoc pooling of severity classes (compared >
30% area affected to < 30% area affected), rather than a standard pre-
specified statistical analysis. Acevedo et al. (2013) reported pre-neo-
plastic lesions in females treated gestationally or gestationally and
lactationally with doses from 0.25 to 250 ug BPA/kg bw/day adminis-
tered from an implanted osmotic pump, although there were not sta-
tistically significant effects. Jenkins et al. (2011) reported a non-
monotonic effect on mammary carcinogenesis using an adult-only
drinking water exposure of MMTS-erbB2/neu transgenic mice, which
have an increased susceptibility to mammary neoplasms. Tumor mul-
tiplicity, time to tumor, tumor volume, and lung metastases were all
reported to be affected in an adverse manner at the lowest doses tested
(estimated as approximately 0.5 and 5 pg BPA/kg bw/day), but not at
the higher doses (approximately 50 and 500pug BPA/kg bw/day;
Jenkins et al., 2011). Cell proliferation and apoptosis were evaluated,
but the responses did not correspond with the tumor data, and no
mechanistic basis for the reported dose response was elucidated.

In our previous 90-day study, in which animals were dosed as in the
present study, a single mammary adenocarcinoma was observed in a
female in the 2.5 ug BPA/kg bw/day dose group and was considered an
incidental lesion (Delclos et al., 2014). While relatively rare, sponta-
neous adenomas/adenocarcinomas have been reported in young
Sprague-Dawley rats from various sources, including the NCTR
Sprague-Dawley rat (NTP, 2010a; Boudreau et al., 2016; Faustino-
Rocha et al., 2017; Kuzutani et al., 2012; Oishi et al., 1995). The
background rate of female mammary gland adenoma/adenocarcinoma
increases in older Sprague-Dawley rats. In our previous 2-year diet
studies with the NCTR Sprague-Dawley rat on the same low phytoes-
trogen diet used in the present study, the background rate of mammary
gland adenocarcinoma in 2-year-old vehicle control rats was 11-16%
(NTP, 2008, 2010b). Although these studies were conducted approxi-
mately a decade before the present study and differed in design (e.g.,
used individually housed animals rather than pair-housed animals,
dietary administration rather than gavage), they are the most relevant
studies for comparison with the current study. In interim sacrifice fe-
males in the continuous-dose BPA study arm, single adenoma/adeno-
carcinomas were observed in the 2.5 (1/22, 4%) and 25 (1/22, 4%) ug
BPA/kg bw/day dose groups, while no mammary gland adenomas/
adenocarcinomas were observed in any interim stop-dose BPA females.
The only other such neoplasms observed in interim sacrifice females
were in the 0.05pg EE,/kg bw/day group (Table 5). At the terminal
sacrifice of females in the continuous-dose BPA study arm, the vehicle
control group incidence of adenoma/adenocarcinoma was 12%, with
incidences ranging from 9 to 20% in the BPA groups, none of which
were statistically significantly different from the vehicle controls.

In the terminal stop-dose study arm, there was a statistically sig-
nificant increase in the incidence of mammary gland adenoma/adeno-
carcinoma (24% versus 8%, p = 0.018) in the 2.5 ug BPA/kg bw/day
dose group. Incidences in the other BPA stop-dose groups varied from
10 to 18% and did not differ statistically from the vehicle control. There
were no statistically significant nonneoplastic changes in BPA groups
versus vehicle controls in the mammary gland of interim or terminal
sacrifice female stop-dose animals.

In contrast to BPA treatments, the reference estrogen EE, had a
clearly interpretable impact on the female mammary gland. The high
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dose (0.5ug EE>/kg bw/day) induced significant increases in the in-
cidences of adenocarcinoma (38% versus 12% in controls) and dilata-
tion of ducts and alveoli in the mammary glands of terminal animals. In
the mammary glands of interim females, the incidences of lobular hy-
perplasia and dilatation of ducts were increased in the high EE, dose
group (Table 5). In addition, the significant increases observed in the
incidence of combined adenomas and carcinomas in the pituitary pars
distalis at 0.5ug EE,/kg bw/day may be related to the increased
mammary neoplasm incidence (Table 10). Exogenous estrogen ex-
posure in the rat can lead to decreased activity of dopaminergic neurons
in the hypothalamus leading to prolactinomas in the pituitary that
contribute to mammary adenocarcinoma development (Blankenstein
et al., 1984; Sarkar et al., 1982). The production of prolactin from the
pituitary neoplasms was not investigated in this study, although serum
prolactin was reported to be elevated in adult rats at 0.5 ug EE,/kg bw/
day in our previous 90-day study (Delclos et al., 2014). It is also in-
teresting to note the increase in adenocarcinomas in the current study
at an administered dose of 0.5 ug EE,/kg bw/day, while such an in-
crease was not observed in the earlier 2-year diet study of EE, con-
ducted in this strain of rat with the high dietary concentration of 50 ppb
EE,, which resulted in an ingested dose of approximately 5ug EE;/kg
bw/day (NTP, 2010b). As mentioned previously, even at this dietary
dose in adults, serum levels of EE, were undetectable (NTP, 2010b;
Twaddle et al., 2003), which would have led to far lower exposure of
neonates through the milk than the direct dosing procedure used in this
study (Churchwell et al., 2014). This difference in neonatal exposure to
EE, likely explains many of the differences between the results ob-
served in the present study and the results of the earlier 2-year dietary
study.

Our interpretation of the overall evidence gathered in the study was
that there is not a clear biologically plausible relationship between BPA
exposure and female mammary gland adenoma/adenocarcinoma in this
study, but rather that this was the result of chance fluctuation in in-
cidences of a common rat neoplasm. The elevated incidence occurs in a
single BPA dose group of the stop-dose arm and was not observed in the
continuous-dose arm. In addition, there were no treatment-related
nonneoplastic lesions in the mammary gland of interim or terminal
sacrifice stop-dose animals. There is not a clear mechanism whereby
mammary adenomas/adenocarcinoma would be induced only at the
lowest dose of BPA in stop-dose animals.

Yoshizawa et al. (2009) suggested that a higher incidence of uterine
tumors in treated rats at a lower dose of PCB 118 than was observed at
the highest dose may have been due to the > 10% lower body weight in
the high dose group. Mammary gland fibroadenomas, a neoplasm
whose incidence had been shown to be sensitive to body weight
changes, was also lower in the high dose group of the PCB study
(Yoshizawa et al., 2009). In the present study, the body weights of
continuous-dose animals were generally lower than stop-dose animals
over the course of the study, while the development of spontaneous
mammary gland fibroadenomas was not suppressed in the BPA con-
tinuous-dose females nor was the development of mammary gland
adenocarcinomas in high dose EE, animals. In addition, evidence of a
dose response has long been considered as an important component of
evaluation of a chronic toxicity study (Haseman, 1984, 1990; FDA,
2001). While mechanisms for low dose responses and non-monotonic
dose responses for hormonally active agents have been proposed based
on interactions with various receptor types or other targets involved in
hormone responses (Acconcia et al., 2015; Nomiri et al., 2019; Shafei
et al.,, 2018; Thayer, 2010; Villar-Pazos et al., 2017), no clear sup-
porting data for these mechanisms in a particular case have been de-
veloped. It has been argued that the understanding of mechanism
should not be an issue for the use of such data in safety assessments
(e.g., Zoeller and Vandenberg, 2015). However, a clear and plausible
mechanism would provide confidence in drawing conclusions from the
data and other expert groups have pointed out that an ultimate re-
solution of the debate on these issues will be dependent on an
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understanding of mechanisms (Solecki et al., 2017). For BPA, this is
particularly the case when extrapolating any effects observed in ani-
mals to the levels of exposure in humans, where interactions with the
various proposed receptors are minimal and would occur in the pre-
sence of higher concentrations of more potent endogenous estrogen
receptor ligands (Autrup et al., 2015; Borgert et al., 2013; Pande et al.,
2018; Teeguarden et al., 2013).

There are a few endpoints in the core study that can be compared to
published data on the same organs in the grantee studies conducted
under CLARITY-BPA. Patel et al. (2017) reported on the effects of BPA
and EE, on the ovary. Statistically significant effects of BPA on ovarian
follicle populations were confined to effects at PND 21 and to the 2.5
and 250 pg BPA/kg bw/day dose groups, with decreases in primordial,
primary, preantral, and total healthy follicles. There were no significant
effects at the other ages examined (PND 1, PND 90, 6 months, and 1
year). The unusual dose response observed and the restricted timing of
the effects were not understood. The high dose of EE, had more sig-
nificant effects on ovarian follicle populations at various ages ex-
amined, but cystic follicles were not noted (Patel et al., 2017).

The ovary pathology evaluations in the core study did not enu-
merate follicle populations, but rather followed the recommendations
of the Society for Toxicological Pathologists for first tier assessments
(Regan et al., 2005). At the interim sacrifice, there were significant
increases of cystic follicles, atrophy, depletion of corpora lutea, and
interstitial cell hypertrophy in the high EE, dose group. The profound
effects of the high dose of EE, on the ovary were reflected in the almost
complete lack of cycling animals at the 16-week evaluation
(Supplemental Table 5). Statistically significant effects of BPA in the
ovary were limited to an increase of cystic follicles in the 25,000 pug
BPA/kg bw/day stop-dose group and an elevation of interstitial cell
hypertrophy in the 2,500 ug BPA/kg bw/day continuous dose group.
The 25,000 ug BPA/kg bw/day dose effect on cystic follicles in the stop-
dose arm appeared to be a strong effect (82% in the BPA group versus
25% in vehicle controls, p < 0.001), although not clearly under-
standable due to the lack of effect in the continuous-dose arm. Simi-
larly, the lack of observation of cystic follicles in any dose group, in-
cluding EE, groups, in the Patel et al. (2017) study cannot be readily
explained given the observation of cystic follicles in the previous 90-
day study (Delclos et al., 2014) and in the current study's interim sa-
crifice females.

The primary purpose of the study of Gear et al. (2017), which was
discussed earlier regarding reported sex-dependent body weight dif-
ferences, was the evaluation of cardiotoxicity. Gear et al. (2017) re-
ported evaluation of the hearts of animals at PND 21, PND 90, and 6
months. The authors concluded that BPA-dependent cardiotoxicity oc-
curred in females at PND 21 across multiple dose groups from 2.5 to
25,000 ug BPA/kg bw/day and occurrences of a more severe diffuse
degeneration of the myocardium in one male (250 ug BPA/kg bw/day)
and two females (one each in the 2.5 and 25 ug BPA/kg bw/day dose
groups). The incidence of cardiomyopathy was diagnosed as near 100%
in both control and treatment groups in older animals, but several in-
cidences of diffuse degeneration of the myocardium were diagnosed in
PND 90 animals of both sexes in multiple BPA and EE, dose groups. In
comparison to the core study, which only evaluated animals at 1- and 2-
years, as well as our previous 90-day study (Delclos et al., 2014), it
seems clear that there was a fundamental difference in the histo-
pathological evaluations conducted in Gear et al. (2017) and the NCTR
studies. While Gear et al. (2017) found virtually 100% incidence of
cardiomyopathy in PND 90 vehicle control animals of both sexes, our
previous 90-day evaluation reported 0% incidence in females and 35%
in male vehicle controls (Supplemental Table 16 and NTP, 2014). Even
at 1-year in the core study, incidences of cardiomyopathy in female
vehicle controls were approximately 30% and in males were 85% and
73% in stop-dose and continuous-dose controls, respectively. No in-
cidences of diffuse degeneration were diagnosed in either sex at any
dose group in the 90-day study (NTP, 2014) or core study. It is likely
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that differences in diagnoses of cardiomyopathy resulted from diag-
nostic criteria used in the NCTR studies that were not used in the Gear
et al. (2017) study, that is, a background level of cardiomyopathy
(threshold) was set by the NCTR study pathologist that was not diag-
nosed as a lesion, a common practice in toxicological pathology
(Gibson-Corley et al., 2013; Schafer et al., 2018). Both the 90-day study
and the core study underwent a PWG review by pathologists not in-
volved in the study (see Materials and Methods). The fluctuations in
incidence/severity in cardiomyopathy in the core study were con-
sidered within the confines of background variation, rather than
treatment-related lesions.

In the males, there were few effects of BPA or EE, noted in the
current study. The lack of effects of EE, on the male mammary gland
were likely related to the advanced age of the animals at evaluation
(NTP, 2018b; Latendresse et al., 2009). We found no biologically re-
levant effects of BPA on spermatogenesis or on prostate pathology,
consistent with the results reported from the CLARITY-BPA grantee
studies related to these endpoints that have been published thus far
(Dere et al., 2018; Prins et al., 2018a). On the other hand, Prins et al.
(2018a) did report an enhancement of prostatic intraepithelial neo-
plasia in the lateral prostate and dorsal lateral prostate ductal adeno-
carcinoma at doses as low as 2.5 ug BPA/kg bw/day in animals that had
been implanted with subcutaneous pellets of testosterone and estradiol.
Existing literature on the effects of BPA on spermatogenesis is mixed,
with some studies reporting impacts and others not (reviewed in Dere
et al., 2018; Hass et al., 2016).

While there was an increase in exfoliated germ cells and lymphocyte
infiltration in epididymis in the 25,000 pg BPA/kg bw/day continuous-
dose group, there were no associated testicular lesions, decreasing the
biological plausibility that this effect was related to the BPA exposure.
The only potentially BPA treatment-related lesion in males in the cur-
rent study was a significant increase of hyperplasia in the pars distalis
of the pituitary in the 25,000 ug BPA/kg bw/day stop- and continuous-
dose groups, as well as the 0.5 ug EE,/kg bw/day dose group at 2-years.

Evaluations by regulatory authorities of the body of toxicological
data available for BPA have, with few exceptions (ANSES, 2013),
concluded that the reported effects of BPA at the lower end of the dose
range tested have not demonstrated a consistent interpretable pattern
with biological plausibility. Our interpretation of the data generated in
the present study is consistent with these assessments of the earlier
published literature. Others have offered a different interpretation of
the results of the core study, based primarily on accepting the validity
of effects indicated by the various statistical tests applied and sug-
gesting that the pattern, or lack thereof, is consistent with those of other
studies found in the literature (Prins et al., 2018b; Hill et al., 2018).
However, while there were statistically significant differences from the
vehicle control, particularly with the low stringency tests applied with
the histopathology endpoints, these effects did not show a coherent and
plausible pattern consistent with BPA-induced lesions (Tables 3 and 4).
In contrast, the reference estrogen, EE,, demonstrated a consistent
pattern of adverse effects in females. Based on a weight of evidence
approach, we conclude that the core study data do not suggest a
plausible hazard of BPA exposure in the lower end of the dose range
tested.
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