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Presentation Outline
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Bisphenol Analogue & Derivatives Program
derivatives?

Goals
1. What are the toxicological concerns related to the bisphenol analogues &

2. How to develop an approach for analyzing classes of chemicals, avoiding
full characterization of each chemical in that class?
3. How does this feed into public health?
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» Bisphenol A -

» Bisphenol AF —

FiC_ CFa

Traditional carcinogenic evaluation (1982)
toxicity

Testing Program

NTP-CERHR report (2008) on developmental and reproductive

Survey of literature showing strong activity at ER and AR
ADME/TK likely different
- Bisphenol S -

Emerging issue ...are there concerns with others in this class?

When compared to other analogues, could this be the worst?
Measurements reported in literature
Limited in vitro activity

Concern about use of analogues

Proposed Plan: use these 3 as the initial chemicals from this class for evaluation

CERHR - NTP Center for the Evaluation of Risks to Human Reproduction
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1.

Three primary workstreams for an integrated assessment of bisphenols:
Literature & in vitro evaluations - all analogues
a) Literature
b)
2.

a)

In vivo studies —initial chemicals first

Class Evaluation
b)

ADME/TK
C)

In silico, highthroughput screening (HTS), TOXCAST, in vitro, alternative models, etc.
BPA — CLARITY project with NCTR, ADME/TK
3.

b)

BPAF — Dose range-finding (DRF) and definitive modified one-generation (MOG) study,
Integrative Assessment - using all data
a)

BPS - DRF and definitive repro study, metabolomics (rat & human), ADME/TK
structurally and biologically similar)

Develop a database for read-across/model (e.g., database showing which chemicals are

Iterative process — what we learn will feed back into improving the process and model
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Initial Testing Paradigm

Compare & contrast assays and data from BPA, BPAF, & BPS with information from other analogues
to build a database of bisphenols

Develop Literature
& reviews
Refine

Screening,
TOXCAST

Complementary
Models
(e.g., zebrafish)

In vitro
(e.g., ER/AR
assays)

Short-term

Studies
(e.g.,Uterotroph
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Literature & In Silico

Literature
reviews

« Leadscope QSAR profiling \\

 Literature Review of Bisphenol Analoques (2017):

NTP Research Report on Biological Activity of Bisphenols...
https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/rr04 _508.pdf

( In silico

NTP

= National TOX|co|ogy Proger

U.S. Department of Health and Hum

NTP ReSEARCH REPORT ON



https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/rr04_508.pdf
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i— Journal of Occupational and Environmental Hygiene
—m
1 | Annals of Work E; d Health, 2017, Vol. 81, No. 2, 164-182
nnals of Work Exposures and Health, , Vol. 61, No. 2,
L I te r at u r e doi: 10.1093/annweh/wxw021
) Advance Access publication 1 January 2017 a
r eV I eW S ISSN: 1545-9624 (Print) 1545-9632 (Online) Journal h ge: http://www.tandfonline.com/loi/uoeh20 Original Article
A!r, hand wipe, and surface wipe sgm_pllng fc_>r Original Article
Bisphenol A (BPA) among workers in industries
that manufacture and use BPA in the United States
- Cynthia ). Hines, Matthew V. Jackson, Annette L. Christianson, John C. Clark,
I n S I I I C (l) James E. Arnold, Jack R. Pretty & James A. Deddens
 NIOSH Activities:

The Chari

ork

Urinary Bisphenol A (BPA) Concentrations among
BPA in the USA

Air, hand wipe, and surface wipe sampling for BPA among

OXFORD
Workers in Industries that Manufacture and Use

Cynthia J. Hines'*, Matthew V. Jackson?, James A. Deddens’,
John C. Clark’, Xiaoyun Ye?, Annette L. Christianson’,

https://academic.oup.com/annweh/article/61/2/164/2769471

Juliana W. Meadows' and Antonia M. Calafat®
workers... https://www.tandfonline.com/doi/full/10.1080/15459624.2017.1339164
Urinary BPA concentrations among industry workers...

Annals of Work Exposures and Health, 2017, 1-12

Original Article

doi: 10.1093/annweh/wxy042

Original Article

The Chart ty for
Worker He

OXFORD

An Evaluation of the Relationship among Urine,
Air, and Hand Measures of Exposure to Bisphenol
A (BPA) in US Manufacturing Workers
Cynthia J. Hines™, Annette L. Christianson’,

Matthew V. Jackson?, Xiaoyun Ye?, Jack R. Pretty’,
James E. Arnold’ and Antonia M. Calafat®


https://www.tandfonline.com/doi/full/10.1080/15459624.2017.1339164
https://academic.oup.com/annweh/article/61/2/164/2769471

P~ Y
1Y

Metabolomics

In Vitro Assessments
In vitro )
(e.9., ERIARS 7e | gboratory experiments on analogues
assays) In vitro (genetic toxicology, ER/AR assays, Hepatic
clearance, etc.)
High \
ThFOUthUt |« HTS Similarity profiling of analogues
Screening, Tox21 & ToxCast structural and biological similarity
TOXCASTJ profiling
Alternative D .
Models
(e.g., zebrafish) B/

Alternative assay evaluations
C. elegans and zebrafish
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In Vivo Assessments
Short-term
Studies . « Short-term evaluations
(e.g.,Uterotrophic
Uterotrophic & Hershberger assays
. Dose Range-Finding studies
In Vivo _
studies 2-week evaluations
Assessment of endocrine responsive tissues
ADME/TK
ADME/TK |
 Long-term evaluations
Hazard
assessment, \
Dose |
response

Subchronic studies

Modified One-Generation assays
Immunotoxicity assessments

Neurobehavioral evaluations

Human LifeCodes birth cohort biomonitoring (NIEHS,




@

Teadcolegy and Applied Pharmacy 51 (201E) 12-45
Toxicology In Vitro 44 (2017) 287-302
Contents lists available at SeienceDirect 'I:n)nalu]y
in Vitre - .
: Toxicology and Applied Pha
Toxicology in Vitro % :
o
journal homepage: www.elsevier.com/locate/toxinvit Smeem
Binding of bisphenol A, bisphenol AF, and bisphenol S on the androgen @cmm,k
receptor: Coregulator recruitment and stimulation of potential interaction
sites
Lalith Perera™', Yin Li"", Laurel A. Coons”, Rene Houtman®, Rinie van H
Bonnie Goodwin®, Scott S. Auerbach®, Christina T. Teng®*
doi: 10. 1093 sl fulX?

Contents lists available at ScienceDidoi: 10.1093/toxsci/kfu021
TOXICOLOGICAL scEncEs T3, 174-197 2014
Contents hats v

Advance Access publication Febraary 4, 2014
Toxicology and Al

TOXICOLOGICAL SCIENCES 139(1). 4-20 2014

Advance Access publication February 4. 2014

In VIVo Assessments

from ratg mice and bhumang
journal homepage: ww

Pharmacokinetics of bisphenol A in neoj

Disposition and metabolism of the bisphenol analogu

Daniel R. Doerge **, Nathan C. Twaddle *, Michelle

Reproductive Toxicolo

Review

Va0 (2013) 35-20

Contents lists available at SciVerse ScienceDirect

Jeffrey W. Fisher, and Daniel R. Doerge!
K. Barry Delelos, ™! Lufsa Camacho,” Sherry M. Lewis,! Michelle M. Vanlandingham,® John R. Latendresse ! Greg B. Olson.}

Kelly J. Davis.? Ralph E. Patton,f Goncalo Gamboa da Costa,” Kellie A. Woodling,” Matthew S. Bryant,* Mani Chidambaram,*
Reproductive Toxicology

Ethinyl Estradiol, a Reference Estrogen, and Endogenous Estradiol to

Test an Estrogenic Mode of Action in Sprague Dawley Rats
Toxicity Evaluation of Bisphenol A Administered by Gavage to Sprague

Dawley Rats From Gestation Day 6 Through Postnatal Day 90

journal homepage: www.elsevier.com/locate/reprotox

journal hamepage: www.clseviercom! Gomparison of Life-Stage-Dependent Internal Dosimetry for Bisphenol A,
Harlan Sprag‘u& DﬂW].Ey rats and B6C3F1/N mice and  Mona L. Churchwell, Lufsa Camacho. Michelle M. Vanlandingham, Nathan C. Twaddle, Estatira Sepehr, K. Barry Delclos,
research: The CLARITY-BPA research program

Raul Trbojevich,” Beth E. Juliar.! Robert P. Falton,! and Brett T. Thom?

Nigel ]. Walkerf, R. Thomas Zoeller®, John R. Bucherf

Reproductive Toxicology 54 (2015) 120-128

Review

*Division of Biochemical Toxicolagy, 3900 NCTR Road, Jeffersen, Arkansas 72079 $0ffice of Scientific Coordirarion, 3300 NCTR Road, Jefferson, Arkmasas
Reproductive Toxicology 58 (2015) 33-44

Thaddeus T. Schug?*, Jerrold J. Heindel?, Luisa Camacho®, K. Barry Delclos®,

Contents lists available at ScienceDirect
T207%; $Texicolopic Pothology Associales, Jefferson, Arkansas 72079; and §Divizien of Bivigformatics and Biosaristics, National Center for Toxicological
Research, 7900 NCTR Read, Joferson, Adansas 72079

Paul Howard®, Anne F. Johnson?, Jason Aungst¢, Dennis Keefe®, Retha Newboldf

A new approach to synergize academic and guideline-compliar NjgHs/FDA CLARITY-BPA research program update

Contents lists available at ScienceDirect

Reproductive Toxicology

Reproductive Toxicology

Reproductive
omepage: www.elsevier.com/locate/reprotox

=
journal homepage: www.elsevier.com/locate/reprotox

h Carolina women

Thaddeus T. Schug®

Xenobiotica

Coin D Winncd s Dawlina Mand-~15D Ondine § van Fhrenstein® Xianvim Yed

ental phenols and parabens in milk, urine
Jerrold . Heindel **, Retha R. Newbold", John R. Bucher”, Luisa Camacho*,

@ CrossMark

K. Barry Delclos®, Sherry M. Lewis', Michelle Vanlandingham¢, Mona 1. Churchwell®,
Nathan C. Twaddle®, Michelle McLellen®, Mani Chidambaram ¢, Matthew Bryant*,

®-

the fate of foreign compounds in biological systems
Kellie Woodling©, Gong¢alo Gamboa da Costa®, Sherry A. Ferguson®, Jodi Flaws®,

ISSN: 0049-8254 (Print) 1366-5928 (Online) Journal h
Paul C. Howard', Nigel ]. Walker"”, R. Thomas Zoeller#, Jennifer Fostel ", Carolyn Favaro”,

http://www.tandfonline.com/loi/ixen20
administration

Disposition of bisphenol AF, a bisphenol A
and female Harlan Sprague-Dawley rats and

analogue, in hepatocytes in vitro and in male
B6C3F1/N mice following oral and intravenous
Rodney W. Snyder & Timothy R. Fennell
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3

Compounds

A
|
- -

\

Bisphenol S (BPS)

- Literature & QSAR

- HTS & in vitro assessments
- Alternative models

- ADME/TK

- Reproductive assessment

- Additional tests as needed

Italicized — not completed
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Bisphenol analogues are sufficiently similar to the reference

Sufficient Similarity Framework
bisphenols (BPA, BPAF, and/or BPS)

y

Reference Bisphenols & analogues:

Compare within & across datastreams:
- Physiochemical/Structural
- Biological activity
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Bisphenol analogues are sufficiently similar to reference

y

Sufficient Similarity Framework
bisphenols (BPA, BPAF, and/or BPS)

Reference Bisphenols & analogues:

Compare within & across datastreams:
- Physiochemical/Structural
- Biological activity

<

Integrate data and

evaluate similarity of
analogue(s) to reference

chemicals

Analogue(s)
are similar

!

Comprehensive characterization
not needed: Use data from
reference bisphenols
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Bisphenol analogues are sufficiently similar to reference

y

Sufficient Similarity Framework
bisphenols (BPA, BPAF, and/or BPS)

Analogue(s)

Reference Bisphenols & analogues:

Compare within & across datastreams:
- Physiochemical/Structural
- Biological activity

<

are different

4

De novo data needed:

—

Data from reference chemicals

does not apply, further testing
of analogue(s) needed

Integrate data and

evaluate similarity of
analogue(s) to reference

chemicals
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Comparisons Started

Bisphenol analogues are sufficiently similar to reference
bisphenols (BPA, BPAF, and/or BPS)

<

Reference Bisphenols & analogues:

Compare within & across datastreams:
- Physiochemical/Structural
- Biological activity

<

NTP

= National Toxicology Program

U.S. Department of Health and Human Service:

Integrate data and evaluate
similarity of analogue(s) to
reference chemicals
(e.g., structural and biological
information plotted
relative to BPA)

NTP ReseARCH REPORT ON




HTS Network Analysis
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HTS Similarity Analysis

Respective relationship of analogues relative to BPA - chemical and biological similarity

1.00 B:A ® BPA
0.95

0.90 ® BPAF

085 — ® BPS
0.80

0.75 BPC BPE
@
0.70

065 572 gff) SPAF!

0.60 . - @ ®
0.55 A

0.50

0.45
0.40
0.35

0.30 R

0.25

Biological Similarity

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Chemical Similarity
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HTS Similarity Analysis

Respective relationship of analogues relative to BPA - chemical and biological similarity

- Where should the lines cross to best determine which analogues are most similar to BPA?
- What does the plot look like for each of the analogues?

- How do the analogues compare to other Tox21 chemicals?

- What does this look like when other data (e.g., in vivo) is added?

1.00 B.PA

0.95

0.90

0.85 BPB
. 080
E 0.75 BPC BPE
& 0.70
= BPZ
§ 088 o® 55
2 060 . @
2 055 A Wricepar  [TmBPA]

0.50 ®

0.45

0.40

0.35

030 JPHee.

0.25

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Chemical Similarity



BPS BPA

Tox21 Data — Comparison of Reference Chemicals

BPAF

tox21-car-antagonist-p1
tox21-p53-bla-agonist-p1

tox21-er-luc-bg1-4e2-antagonist-p1

tox21-h2ax-cho-agonist-p2

tox21-ppard-bla-antagonist-p1

tox21-vdr-bla-antagonist-p1

tox21-vdr-bla-agonist-p1

tox21-rar-antagonist-p2

tox21-rxr-bla-agonist-p1

tox21-rar-agonist-p1

tox21-pparg-bla-agonist-p1

tox21-ppard-bla-agonist-p1

tox21-nfkb-bla-agonist-p1

tox21-mitotox-agonist-p1

tox21-hse-bla-agonist-p1

tox21-hre-bla-agonist-p1

tox21-gr-hela-bla-agonist-p1

tox21-gh3-tre-antagonist-p1

tox21-fxr-bla-antagonist-p1

tox21-gh3-tre-agonist-p1

tox21-esre-bla-agonist-p1

tox21-elg1-luc-agonist-p1

tox21-dt40-srf-agonist-p1

tox21-dt40-dsb-agonist-p1

tox21-ar-mda-kb2-luc-agonist-p1

tox21-aromatase-antagonist-p1

tox21-ar-bla-agonist-p1

tox21-ap1-agonist-p1

tox21-fxr-bla-agonist-p2

tox21-mitotox-antagonist-p1
tox21-pparg-bla-antagonist-p1

tox21-ahr-agonist-p1
tox21-car-agonist-p1
tox21-ar-mda-kb2-luc-antagonist-p2

tox21-ar-mda-kb2-luc-antagonist-p1

tox21-er-luc-bg1-4e2-antagonist-p2

Bisphenol comparisons of Tox21 activities (including nuclear receptor and stress response pathways):

- Strong overlap for BPA and BPAF
- BPS activity only at ER

tox21-ror-cho-antagonist-p1
tox21-er-bla-antagonist-p1
tox21-are-bla-agonist-p1
tox21-ar-bla-antagonist-p1
tox21-gr-hela-bla-antagonist-p1
tox21-er-bla-agonist-p2
tox21-er-luc-bg1-4e2-agonist-p2
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In Vivo Comparisons, Rats

B PA (90-day) BPS (DRF) BPAF (Mog)

0.0025, 0.008, 0.025, 1.08, 0.26, --300, 560, 850, or 1100 mg/kg, ~25, 80, oI 280 mg/kg, based on Food
0.84, 2.7, 100, or 300 mg/kg based on Food Consumption consumption

Dosing Equivalents 1.31 mmol/kg 1.20 mmol/kg* 0.83 mmol/kg*

*Mean chemical consumption during gestation was used to convert ppm to mg/kg

« Dosing equivalence is based on ~300 mg/kg
 BPAF is lower than BPS and BPA



In Vivo Comparisons, Rats

o)

B PA (90-day) BPS (DRF) BPAF (Mog)
0.0025, 0.008, 0.025, 0.08, 0.26, ~300, 560, 850, or 1100 mg/kg, ~25, 80, or 280 mg/kg, based on Food
0.84, 2.7, 100, or 300 mg/kg based on Food Consumption Consumption
Dosing Equivalents 1.31 mmol/kg 1.20 mmol/kg* 0.83 mmol/kg*
In-life
| Body weight gain = 100mg/kg = 300mg/kg = 80 mg/kg
| Pup survival 300 mg/kg = 560 mg/kg = 25 mg/kg

No F2 generation at 280 mg/kg

*Mean chemical consumption during gestation was used to convert ppm to mg/kg
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In Vivo Comparisons, Rats

B PA (90-day) BPS (DRF) BPAF (Mog)

0.0025, 0.008, 0.025, 0.08, 0.26, 0.84, ~300, 560, 850, or 1100 mg/kg, ~25, 80, or 280 mg/kg, based on Food
2.7, 100, or 300 mg/kg based on Food Consumption Consumption

Endocrine Endpoints:

Testicular Delayed Undescended testes Delayed
Descent

Balanopreputial No effect at doses tested na Delayed
Separation

Vaginal No effect at doses tested Na Accelerated

Opening
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BPA, BPS, and BPAF:

ADME/TK Comparison, Rats
— Well absorbed following a single gavage administration (= 90%)
— Low oral bioavailability:

- BPA <5%

- BPS <16%

BPAF < 3%
— Dose normalized C

maxX

— Comparable plasma elimination half-lives:
BPA 3-5hrs
« BPS 4-12hrs

and AUC follow the rank order BPS >> BPAF > BPA
BPAF 2-3hrs

metabolites

— Metabolism is similar with glucuronide and sulfate conjugates being the major
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Work is ongoing....

— NTP research report

* Review of the literature, Tox21/TOXCAST structural and biological
comparisons, and in vitro evaluations

— Publications

Currently

— BPA studies almost complete

— BPAF and BPS studies ongoing

* In vivo assessments of the initial compounds (reference chemicals):
— ADME/TK is ongoing



Assessment Plan
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Bisphenol
analogues

Inform
Public

Define
Hypotheses
& Design a
Testing Strategy

|

Health
Decisions

QSAR
Profiling

Bioactivity
Screening
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Combining Old and New

Bisphenol
analogues

Literature
reviews

Inform
Public

Hypotheses
& Design a
Testing Strategy

Health
Decisions

Profiling

Bioactivity
Screening

High
Throughput
Screening,

TOXCAST

In vitro
(e.g., ER/AR
assays)

Alternative
Models
e.g., zebrafish




Future

* Finish collecting in vivo data for the initial reference chemicals

* In depth comparison of all data streams for the analogues
« Work to develop an integrative assessment of the bisphenol class

* |terative process — what we learn will feed back into improving class evaluations

Bisphenol
analogues

Inform
Public
Health

Define
Hypotheses
& Design a
Testing Strategy

Decisions




It takes a village
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