wEPA

United States
Environmental Protection
Agency

Overview of ToxCast Phasell Chemicals

December 16, 2010

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

0
0 000
{1I'I Di100DD7
0 0

| MF’UTATI@NAL ,
. Er,@XloG)_Loq\(

] 000

Computational Toxicology Research Program
Communities of Practice

_ Ann Richard
Office of Research and Development . . o
- National Center for Computational Toxicology Na.t|0na| Center for Computa'“()nal TOX|CO|Ogy



SEPA  ToxCast Chemicals
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SEPR\ . ToxCast/Tox21 Testing Landscape

Agency

ToxCast Phase | |

Tox21 \

ToxCast Phase Il

8x1536 well
plates

NCCT/EPA

NIH/NCGC
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EPA ToxCast/Tox21 Chemical Procurement

HPV, MPV Substances NCCT Programs EU, FDA Endocrine disruptors
Water contaminants In vivo data availability (EPA, NTP, FDA) Antimicrobials
Pesticide actives Pesticide inerts Industrial chemicals Green Chemistry

R T A R A R R AR R AR R AR AR

EPA Tox21/ToxCast Phase Il Chemical Nominations (over 100 lists)

l l l l ~19,000 compounds ﬂ

Complex mixtures
Candidates for procurement

~7,000 compounds ¥‘/ lll-defined substances

No structure

[ | B Unable to procure Insoll_JbIe (est. LogP)
l l \ I / S Volatiles (est. VP)

AbIe to purchase 4340 compounds Inorgaplcs

Explosive
I\ COA/MSDS review \ Reactive
M
Solubilize 114 volatile/insufficient sample |/

in DMSO ~ 3600 compounds

‘_l\ P 388 Insoluble in
l T ,__— DMSO (approx 11%)

Blo)@aRs\V/<laile]aVA ~3600 EPA

Select Final ToxCast Phasell Set | ~700 13
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Tracking of inventory overlaps by CAS

Prioritize EPA & outside inventories for procurement
Track procurements and received compounds

Track DMSO solubilization orders & results

Track special requests (NCCT)

Track MW, phys-chem, volatility, MSDS cautions
Incorporate past analytical QC results (Phl_v1)
Track overlaps w/ Tox21 partners (NTP, NCGC, FDA)
Prioritize solubilized compounds for Phasell




EPA Chemical Sample Registration Workflow
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SEPA Tox21/ToxCast: Analytical QC /\

Environmental Protection

Agency TO)ﬂ

558 A copy of each parent Tox21 assay plate (352
=@ cmpds/plate) will be subjected to analytical QC for
EES assessing purity, identity, stability

: _ Fail, inconclusive or analytical
PASS = Confirm parention | - 4 -/ method inappropriate
peak and >90% purity T B -
7’ ~ | |
Retest at later time point under ¥ GC'MS

assay conditions for stability g Iif

Publish QC summary results
- Office of Research and Development | , . . .
National Center for Computational Toxicq || aSSOC|at|0n W|th assay data 7




[ID Tox21_110836 Plate FDA-plate1  Well P14-03  File __00024246-05.0  Inj Date: 30 Jan 10 7:37 am - MF CZTH23MO10 MW 5272 Expected Conc: 3.00 mM |
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EE?“""‘L‘:.J";“T"".""“."""}"“”-"'“- — 1.67 Yes 100.0 77.7 1.5 285mM 1. 71mM 1.71mM 1.0
Karm, - E 1.96 0.0 0.4 1.0

] T 2.17 0.0 1.3 1.0

:E?% L _..iﬂm 2.26 0.0 8.7 1.0
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2000000 e Analytical QC Summary PDF results will be available for each analyzed
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Mo 3 @ NCGC Analytical Chemist (B. Leister) will review all preliminary LC results
5000000 - T . .

2600000 and QC “FAIL” compounds, and supervise all follow-up testing

o4 - -

" o Prime objective of QC results is to inform analysis and interpretation of
assay results:
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; TestSample ‘
< <%

DSSTox RID
Bottle ID (> COAID)
SolutionID (= QC ID)

Tox21 Sample Tracking Database

- Office of Research and Development
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Tox21/ToxCast Test Sample Registry

@ Tracks all procured chemicals
- Source, Lot/Batch, Bottle code

@ Test Sample identity QC,
extract info from CoA/MSDS

- Accurate name, CAS, MW

@ Track Test Sample to level of
unique chemical stock solution
used in plating

@ Analytical QC of Test Sample
solution

@ Chemical information QC —
substance/structure-annotation
and registration in DSSTox °



"’EPA Building a Tox21 Cheminformatics Capability

Environmental Protection
Agency

CAS/Name\ Chemical Substance: SID AMixturele

2D, 3D }\ : — DSSTox In Vivo Data
Conformers Structure: CID A Calres | e SID ToxRefDB
Classes cIb <::

Tautomers
Descriptors NTP

1
Salts A\parent: PID / Properties PID ACToR
Complexes |

(Metabolites?)

Assay Results

» Structure/feature data mining capabilities
» Ability to choose level of detail

» Ability to focus on assay-chemical space
» Ability to perform simple clustering and
statistics

» Ability to export structure-assay results

. > Abllity to link to in vitro to in vivo data by
~ structure or features

Office of Research and Development 10
National Center for Computational Toxicology




V'EPA Status of EPA Tox21/ToxCast Chemicals

Agency

@ Approx 4300 chemicals procured, 3570 soluble (388 insoluble;
114 volatile/insufficient sample)

@ Review & registration of sample information into EPA
Tox21/ToxCast test substance database (CoA, MSDS, chemical
identity) complete

@ Phase | v2 311 shipped Aug 2010

@ Phase lla_350 plates shipped Sept 2010

@ Phase lIb_350 plates shipped Nov 2010

@ QC of structure annotation for ToxCast Phasel&ll complete

@ First two Tox21 plates (352x2) plates containing ToxCast
Phasell cmpds prepared and will ship mid-Dec

@ Analytical QC will begin in Jan; Tox21 testing in Feb-Mar 2011

- Office of Research and Development 11
National Center for Computational Toxicology
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@ Original 309 unique cmpds

@ 14 Sulfurons excluded due to confirmed
decomposition in DMSO

@ 2 reprocured compounds insoluble in DMSO
(Metiram, Prohexadione-calcium)

@ 2 compounds procured in slightly different form
(different CAS than v1)

@ Final Phasel vl contains 293 unigue compounds

@ Final Phasel vi test set plates contain 9 cmpds
(richest HTS hit profile) in triplicate, or 311 total

- Office of Research and Development 12
National Center for Computational Toxicology
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Agency

@ Augment Phase | (309) with 700 environmentally relevant, diverse
chemicals to expand chemical-assay space for model development:

> EPA pesticides, high interest EPA and stakeholder inventories, data rich
chemicals (EDSP, OPPT, Antimicrobials, Inerts, ...)

> EPA HPV classes, metabolite/parent pairs, Green chemistry (toxic, safe)
> NCCT projects: vLiver, vVEmbryo, alternative plasticizers, ...

@ Pharma-donated failed drugs with pre-clinical/clinical tox data (Pfizer,
GSK, Sanofi-Aventis, Merck)

e L'Oreal: sponsoring 10 chemicals for Phase Il testing
@ NTP sponsoring 50 immunotoxic chemicals in Phase Il

e FDANCTR LTKB (Liver Tox Knowledge Base)-donated chemicals);
FDA CFSAN data-rich chemicals included

@ Supplier donations of 7 “green plasticizers”, alternatives to BPA

- Office of Research and Development
National Center for Computational Toxicology



SEPA
e | OXCASE Phase I ...

Y

@ 676 unique compounds
¢ 111 donated pharmaceuticals

¢ 7 additional donated compounds (green
plasticizers)

e 9 Phasel v2 (triplicate) compounds serve as plate
replicates — a total of 33 incidences of the 9 in total

e Phasell test set plates include a total of 700
compounds

- Office of Research and Development
National Center for Computational Toxicology



SEPA  1oxcast Phi&PhII 960:
# Compounds per Inventory (960 x 16)

Agency

AR @ 960 Total chemicals - 2740
CRAS total overlaps across 16 diverse
=OSP inventories

IRIS

TRI @ Excellent coverage of

MPV multiple high-interest inventories

HPV

@ Broad diversity of chemical-

Green Chemistry dt
use and types

Antimicrobials

Consumer @ Large overlap with data-rich
Water inventories
Pesticidelnerts
) 329

PesticideActives | |

Donated Pharmaceuticals | |
NTP In Vivo
Joq

FDA CFSAN
Total In vivo — 580

- Office of Research and Development 15
National Center for Computational Toxicology




SEPA  ToxCast Phi&PhII 960:
# Inventories per Compound (16 x 960)

Agency

\

300 7 \

250 @ 599 cmpds occur on 2 or
» \ more inventories
©
£ 200 \ @ 207 cmpds occur on 5 or
g more inventories
O 150
S @ 69/960 cmpds occur on
g 100 \\ other inventories

50 | l '
0 ' - o ar =
—

0 1 2 3 4 11

No. Incidences per chemical on 16 High Priority Lists

- Office of Research and Development 16
National Center for Computational Toxicology
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SEPA ToxCast Phl&Phll Property Distributions

United States
Environmental Protection
Agency

@ Much larger proportion
of low MW compounds
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ToxCast Phasel v2 vs Phase Il
Feature incidence comparison
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FDA Redbook chemical features generated using “MOSES” software by Molecular Networks.
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SEPA ToxCast/Tox21 property distributions
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ToxCast_Phasel v2 293

SN

@ LOG P = Octanol/Water
partition coefficient

@ TPSA = log (Total Polar

TY,,

Surface Area) ﬁ—j

@ Complexity = log (complexity T 2

based on paths, branching, %
O

atoms)

- Office of Research and Development
National Center for Computational Toxicology
Chemical properties computed using “Adrianna” software by Molecular Networks.



<EPA ToxCast/Tox21 property distributions
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ToxCast_Phasel v2 293
ToxCast_Phasell 667

- /\ Tannic acid,

S
\
\
|
/

@ LOG P = Octanol/Water
partition coefficient

@ TPSA = log (Total Polar

Diethyl phthalate

ey A T
v

TY,,

Surface Area) ﬁ—j
@ Complexity = log (complexity T 2 ‘ —
based on paths, branching, > I Benzoic acid
atoms) 8 ’
1-methyl
Naphthalene

Sucrose

- Office of Research and Development
National Center for Computational Toxicology
Chemical properties computed using “Adrianna” software by Molecular Networks.



<EPA ToxCast/Tox21 property distributions
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@ LOG P = Octanol/Water
partition coefficient

@ TPSA = log (Total Polar
Surface Area)

@ Complexity = log (complexity
based on paths, branching,
atoms)

- Office of Research and Development
National Center for Computational Toxicology

ToxCast_Phasel v2 293
ToxCast_Phasell 668

ToxCast_111pharma

SN

TY,,

COMPLEX|

Chemical properties computed using “Adrianna” software by Molecular Networks.



SEPA ToxCast/Tox21 property distributions

United States
Environmental Protection

Agency

ToxCast_Phasel v2 293
ToxCast_Phasell 667

/ L ToxCast_111pharma

Tox21 8500

SN

@ LOG P = Octanol/Water
partition coefficient

@ TPSA =log (Total Polar
Surface Area)

@ Complexity = log (complexity
based on paths, branching,
atoms)

N TY“’

COMPLEX]

[EEY

A5

- Office of Research and Development
National Center for Computational Toxicology
Chemical properties computed using “Adrianna” software by Molecular Networks.
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v EPA o
Vimets ... DEREK Predictions for ToxCast 960

Agency
Aromatic nitro compound :/I | ‘
1,2-Ethyleneglycol or derivative | & 785 incidences of top
Organophosphorus di- or tri-ester | 20 DEREK alerting
| HERG Pharmacophore | | | | features shown
Di- to poly-halogenated alkane or cycloalkane | | |
Simple aniline or precursor |- g 328 unique DEREK
Hydrazine or precursor [FRS alerts fired across entire
Alkylphenol | dataset
Alkyl aldehyde or precursor |
Polyhalogenated benzene | @ 128 alerts fired 5 or

beta-O/S-Substituted carboxylic acid or..
1,2-Dihalogenated hydrocarbon
Aromatic primary or secondary amine
Substituted pyrimidine or purine
Alkyl ester of phosphoric or phosphonic acid
Organophosphorus ester
Phenol or precursor
Alkylating agent
Polyhalogenated aromatic
Halogenated benzene

more times across
dataset

|

|

|

|

| |
i

. 0 10 20 30 40 50 60 70 80 90
- Office of Research and Development 25
National Center for Computational Toxicology



“EPA _
Vi . DEREK Predictions for ToxCast 960

Agency

@ Chemicals with most
alerts fired across
dataset

@ DEREK predicts 1 or
more endpoints for 748
chemicals

@ DEREK predicts 3 or
more endpoints for 375
chemicals

Tetraconazole

Isophorone diisocyanate, mixture of..
Heptachlor

Dicloran

Chlorpromazine hydrochloride
Carfentrazone-ethyl
2-Aminoanthraquinone
1-(2-carboxyphenyl)-7-chloro-6-[(2-..
Coumaphos

Chlorethoxyfos

Naled
(5S,8S)-5-(3,4-dichlorophenyl)-8-..
Cytoxan hydrate

Isoniazid
Heptachlor epoxide, isomer B

- Office of Research and Development 26
National Center for Computational Toxicology
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Agency

s DEREK Predictions for ToxCast. 960

@ 41 Endpoints predicted

(= c

across dataset 2 o = "
: : S |g © o
@ 31 Endpoints predicted € |E L c =
for 6 or more compounds 2 |8 |° S | |5 |- |2
it 2 |S | |2 |2 |2 |¢ |5 |2 |§ |8
(1925 total predictions) S |z |5 |8 |8 | [&8 [ |E |2 |0
. S 8 |12 |53 8 |5 18 |8 [5 |® |8
@ Top endpoints shown € | |E |8 |©o |8 |8 |2 |8 |8 |2
= = o c |8 5 o S | c S |8
© N = ) > ) ) () X~ o °
@) @) @) ©) = s o e ) = =

Carcinogenicity 1.00 217

Cholinesterase inhibition  |0.52 |1.00 45

Chromosome damage 0.52 |0.58 (1.00 178

Genotoxicity 0.55 |0.86 |0.64 (1.00 12

Mutagenicity 0.60 [0.69 [0.61 |0.68 |1.00 155

Neurotoxicity 0.53 |0.85 [0.61 |0.93 |0.65 |1.00 17

Peroxisome proliferation 0.49 0.76 [0.54 |0.83 |0.56 |0.82 [1.00 60

Nephrotoxicity 0.45 |0.52 [0.41 |0.54 |0.41 |0.54 |0.49 1.00 220

Skin sensitisation 0.42 |0.49 0.47 |0.46 |0.55 |0.45 |0.40 |0.37 |1.00 289

Teratogenicity 0.52 (0.75 |0.57 |0.82 [0.59 |0.84 |0.77 [0.49 |0.42 (1.00 63

- Office of Research and Development
National Center for Computational Toxicology
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OECD Priority Chemicals in ToxCast

e 59 of 73 nominated compounds procured
e 56 of these in Phasell, including top 12 (volatiles, mixtures)

% el & 8| B8 s=| £] £1¢E EEE_EE%;
S Z|EE|"

OECD_final73 HEE

NTP_Immunotox_Sponsor © E E

ECHA_organic_CMR_2010 *‘-é T

IRIS+Nomin : £

EPAFHM =

NCTR_LTKB =z

NTP_ToxCarcLong_Substance E
= NTP_ReproTox = %' —
54858 Colchi NTP_DevTox 1| 8 1
57-41-0 Digher OPPIN_DER e N
79-06-1 Acryla vEmbryo W 8 1
51-79-8 Uretha OECD_Top12 | s 1
S2-25-8 Halops NTP_Top_Candidates o5 1
98952 htrobe FDA_CFSAN_Sum_invivo s 1
S5-55-1 “Walpro EPA_PCCL 1 5 1
111-15-5 Ethyle: Tox21 NTP_1408 1| s 1
1“M Elﬂfbﬂ' Tox21_EPA_1408 ; z i
. 51-21-8 uoro ]
- 82&8?1; 37-28-5 Pentac 1 5 1
95-30-7 2,.4-Di: 1 5 1

103-33-3 Azobenzens ! 1! o 4




""EPA .. Next Steps...

Agency

@ Publish EPA Tox21 & ToxCast chemical library files (ACTOR,
DSSTox, PubChem, Leadscope)

@ Facilitate creation of cheminformatics capabilities; generate suite of
properties for chemical library:

> Molecular Networks (ADRIANNA, MOSES); DEREK, etc
@ Integrate chemical-assay-in vivo databases

@ Examine chemical analog sets, pairs for assay correspondence,
metabolic surrogates, read-across...

@ Engage QSAR community

@ Phase lll challenges: DMSO solubility, volatility, water solubility,
procurement, ...

- Office of Research and Development 29
National Center for Computational Toxicology



SEPA Combined Approaches

Environmental Protection
Agency
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