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Environmental Chemicals: Toxicity Assessment Data Gaps

Estimated Mean Percent in Selected Universe

Pesticides and Ingredients - 3350
Cosmetic Ingredients - 3410
Drugs and Excipients - 1815
Food Additives - 8627

Chemicals (> 1M Ib/yr) - 12860

Chemicals (< 1M Ib/yr) - 3911

Complete Hazard Assessment Possible
Chemicals (unknown) - 752

Minimal Information Available

No Toxicity Information Available

Partial Hazard Assessment Possible

Some Toxicity Information Available

Strategies for Closing the Chemical Data Gap

by John S. Applegate and Katherine Baer

A Center for Progressive Reform Publication April 2006
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Editorial

The Future of Toxicologyv—Wrap Up

Wither toxicology? We have enjoyed a series of mformative, a paucity of compelling problems to work on that would
occasionally provocative, commentanes on this subject from senerate & broad mandate for large-scale mvestment i toxicol-

“A major focus for the future of computational toxicology
will be integration and analysis of large data sets. The
current state of toxicity databases is something of a
mess. There are a number of databases, each with
differing content, architecture, and searchabillity, that
makes the task of integration extremely difficult.”
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U.S. ENVIRONMENTAL PROTECTION AGENCY

Distributed Structure-Searchable Toxicity (DSSTox) Public (& Bookmark
Database Network
Recent Additions | Contact Us Search: T All EPA % This Area| El

You are here: EPA Home » Computational Toxicology Research » Distributed Structure-Searchable Toxicity (DS5Tox) Public Database MNetwork

About BSSTox http://www.epa.gov/ncct/dsstox/
Work in Progress DSSTox
Distributed Structure-Searchable Toxicity (DS5Tox) Database

Frequent Questions
equent & Network is a project of EPA's National Center for Computational Toxicalogy, helping

Structure Data Files to build a public data foundation for improved structure-activity and predictive toxicology

Central Field Definition capabilities. The DS5Tox website provides a public forum far publishing Chemical Toxicity Data
Table downloadable, structure-searchable, standardized chemical structure files associated Structures e ‘

with toxicity data. m e : .
Apps, Tools & More ty Hore> ﬂm +

DS STox Community -~ % ¥
Site Map WEPA DSSTox J B o
e TS Structure-Browser =,
v2.0
Help
D55 Tox Structure-Browser information Page DSSTox SDF Files
Standzrdized
[ 15 September 2008 |
Documented
@ MNTPBSI Mational Toxicology Program Bioassay On-line Database Structure-Index 5“”‘?'“’?'5‘?‘5‘"’”3“9
Locator File ** Updared to vda Application-independeant
Corresponds to updated content of NTP website, with addition of 12 new records and
studies.

@ DESTox Graphic Flowchart
@ DE=Tox Project Goals
@ [55Tox Publications

» Chemical structure-indexing T e
» Data standardization e

BPCAN wdb 209 15Feb2008

» Engage toxicologists in data representation Pacu vab 617 tsrebzoos

DAMDD w3b 1216 15Feb2003

» Expand toxicological “endpoints” for modeling  pues wze e sseeom:
» Facilitate structure-searching [ tnce vis 252 taranzoos

TPES|I vda 2315 155ep2003 “update

» Improve linkages across data resources hpHTs vzt 1408 15Eeb2005

DHCST w2c 320 20Apr2008
=Cther (non-DS55Tox) Data Files

[ 15 August 2008 - .




NAMEID

Expanded D3STox Data File Title & Description

'vﬁc

1547
2OApr2008

Carcinocgenic Potency Database Summary Tables - All Species: Tumaor target site incidence, TDS0 potencies, summary activity calls for rat,
mouse, hamster, dog, and/or non-human primate; data reviewed and compiled from literature and NTP studies.

DEFCAN

md by
20D
15Feh2008

EPA Water Disinfection By-Products with Carcinogenicity Estimates Database: Carcinogenicity estimates (high, moderate, low concem) by
EPA experts using 8 mechanism-based analog SAR approach on a set of 209 water disinfection by-products, mostly small halogenated ocrganics.

EPAFHM

T

NTPB S|

T

FOA MDD

rdly
G117

3l
1216
15Feh2008

'vﬂc

3548

1006

44

232

2315
15Sep2008

15Feb2008

15Feh2008
a1y

15Feh2008
el

15Feh2008
md by

15Febh2008
nda

EPA Fathead Minnow Acute Toxicity Database: Acute toxicities of 817 chemicals tested in common assay, with mode-of-action assessments and
confirmatory measures.

FO:A Center for Drug Evaluation & Research - Maximum [{Recommended) Daily Dose Database: Maximum (recommended) daily dose (MRDID)

values for 1218 pharmaceuticals in mg/kg-body weight {bwi'day, converted to mmol and normalized to dataset; MRDD values extracted from
public literature sources.

EPA High Production Volume Challenge Program Structure-lndes File: Compiled structures for three chemical lists provided on EPA HPW
Challenge Program website; each record includes reference index to dated list.

EPA High Production Volume Information System (HPW-15) Data Structure-Index Locator File: Compiled structures for the chemical inventory of

the on-line EPA HPV-IS with chemical-specific URLs linking to HPY-|I5 data pages containing chemical properties, fate properties and toxicity
data.

EPA Integrated Risk Information System (IRI5) Toxicity Rewview Data File: Compiled structures for EPA IRIS website with chemical-specific UR
linking to risk assessment summary data pages for 544 chemical substances.

FO:A Mational Center for Toxicological Research (NCTH) - Estrogen Receptor Binding Database: Estrogen receptor relative binding affinities
tested in &8 commen in vitro assay for 232 chemicals, listed with chemical dass-based structure-activity features.

MNational Toxicology Program (NTP} Cn-line Chemical Bicassay Database Structure-Index Locator File: Compiled structures for the NTP Cn-ling
Database with chemical-specific URLs linking to NTP study summary pages; file includes fields for each of 4 main bicassay study areas with
indicator values specifying presence or absence of study data for the chemical substance record.

NTPHTS

w2b
1408
15Feb2008

MNational Toxicology Program (HTP) High-Throughput Screening Project Structure-Index File: Compiled structures for set of 1408 NTP chemical
substances provided to the NIH Chemical Genomics Center for HTS bicassay testing and to PubChem {PubkChem_CIDs and PubChem_5I0s

included in NTPHTS_v2a file); MCGC HTS bicassay data are being deposited into PubChem and can be retrieved with these PubChem chemical
CID and 510 record listings.

TOXC ST

vac
320
29Apr2008

Research Chemical Inwventory for EPA's ToxCastm Program Structure-Index File: Compiled structures for 320 chemical substances that are
candidates for Phase | High-Throughput sareening (HT'S) within the EPA ToxCastta program. File will be updated with links to PubChem CIDs and
SIDs for retrieving assay data, and with updates to chemical inwentory as Program moves to Phase || and beyond.
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CPDBAS v5b 1547 (61 fields)

STRUCTURE
DSSTox_RID
DSSTox_CID
DSSTox_Generic_SID
DSSTox_FilelD
STRUCTURE_Formula
STRUCTURE_MolecularWeight
STRUCTURE_ChemicalType
STRUCTURE_TestedForm
_DefinedOrganic
STRUCTURE_Shown
TestSubstance ChemicalName
TestSubstance  CASRN
TestSubstance Description
ChemicalNote
STRUCTURE_ChemicalName
_IUPAC
STRUCTURE_SMILES
STRUCTURE_Parent_SMILES
STRUCTURE_InChl
STRUCTURE_InChiKey
StudyType
Endpoint
Species

Mutagenicity SAL_CPDB

TD50_Rat_mg

TD50 Rat_mmol

TD50_Rat_Note

TargetSites_Rat_Male, Female, Both Sexes
ActivityOutcome_CPDBAS_Rat
ActivityScore_ CPDBAS_Rat
TD50_Mouse_mg

cti
inactive
inconclusiv

TD50 Hamster_mg

g

TD50_Dog_mg
TargetSites_Dog

Potency

TD50_Rhesus_mg
TargetSites_ Rhesus
TD50_Cynomolgus_mg
TargetSites_Cynomolgus
TD50_Dog_Rhesus Cynomolgus_Note
ActivityOutcome_CPDBAS_Dog_Primates
ActivityOutcome_SingleCellCall
ActivityOutcome_MultiCellCall
ActivityOutcome_MultiCellCall_Details
ToxicityNote

Ranking [1-100]

NTP_TechnicalReport multisite
ChemicalPage_URL multisex
multispecies

adrenal gland;
bone;

clitoral gland;
esophagus;
ear/Zymbal's gland;
gall bladder;
harderian gland,;
hematopoietic system,;
kidney;

large intestine;
liver;

lung;

mesovarium;
mammary gland;
mixture;
myocardium,;

nasal cavity
nervous system;
oral cavity

ovary;

pancreas;
peritoneal cavity;
pituitary gland;
preputial gland;
prostate;

skin;

small intestine;
spleen;

stomach;
subcutaneous tissue;
all tumor bearing animals;
testes;

thyroid gland;
urinary bladder;
uterus;

vagina;

vascular system.



Relational Biological Content Searching:
Carcinogenic Potency Database — All Species (CPDBAS_1481)

&L ACD/ChemFolder: Database Window
Database jew PRecord Search Reaction  Lists Options ACDfLabs  Help

55| Or[ e [ ST @ em v, o |V 97| [57] 74 | [ & 4 | <= | I S o

Search database for all compounds satisfying dual condition:
FieldName=TargetSites_Rat Male, Value=thy (thyroid)
& FieldName=TargetSites_Mouse Male, Value=liv (liver)

\ |
\

Drata Mame(z): Condition: Walue:

_Hll j ITargetSites_Flat_Male j _I IInn::Iudes j Ith}i
_Hl I.ﬁ.ND j ITargetSites_MDuse_Mej _I IInn::Iudes j IIi\-'

[T Case Sensitive

fdare | Less | Cuem... |




@& ACD/ChemFolder: Database Window - [D:4,DSSTOX_MISC},ACD_CHEMFOLDERFILES 10APRZ006 \CPDBAGIVAE

Database Mjew Record Search Reackion  Lisks

=R=JREIACTRN=AARIRTIRER S ) Al

Opkions

ACDfLabs  Help

E

=53

=10l

I s, 96 9 i ) G

T 76

Rz O

CrBEE O

[nR=ra O

[Ce1094

1247 O

76 CPDBAS wib_1481 _104
J-Aminotriazale

negative

thy

pit thy

liv

liv

B0 CPDBAS w3b_1481_10
Ethylene thiourea (ETL)
positive

thy

thy

live poit they

live it they

GGG CPDBAS w3b_1481_10
Glycidal

positive

ezy Igi mal ney per ski sto thy
cli hmo mgl nrw ore sto they
hag liv lun ski sto

hag mgl ski sub ute

471 CPDBAS w3b_1481_10
4. 4'-Methylenedianiline dibyyd
positive

live thyy

thy

adr liv thy

hima live Ty

1094 CPOBAS _w3b_1481_1
4 4'-Cxydianiline

positive

lise they

liw thry

hag liv

hag liv thy

1247 CPOBAS _wib_1481 1
1. Basic red 9 monohydroc
positive

ezy liv =ki sub thy

exy sub thy

li

adlr liv

ICx1315

101344

IC:1347

HN™

#'\N/“x
H

& o

1315 CPOBAS _w3b_1481_1
23,7 B-Tetrachlorodibenzo-p
negative

arc thy

liw Tum

liv

liwe they

1344 CPOBAS wikb_1481 1
4 4'-Thiodianiline

positive

ezy g liv thy

exy thy ute

live thy

live thy

1347 CPOBAS _w3b_1481_1
Thiauracil

thy

thy

liv

liv

Search Results: 9 hits / 1481 total
TargetSites Rat_Male = thyroid
& TargetSites Mouse Male = liver




CPDBAS v5b 1547

ActivityCategory_ ActivityCategory_MultiCellCall_Details™
Call |SingleCellCall MultiCeliCal* | multisite™ | multisex | multispecies | 0w Incidences®
({CPDBAS_v&)
active 223 . .
If chemical is
1 i 13 = = ”
actve | active v 3 MultiCell Active’,
~ctive Active { 113 it most I_|kely crosses
/ target site, sex and
active active \/ 8 species.
Active = . = . : —T ; /
active active ID:98 “lip:130 o HliD:299
(1) — I em
active active N HN@/ a
. m P JI O
active active Yy o HO“Tl/\s)\N/ HQ\% H;C
_— o CH,
active active s
| N:N:N\
active active Aramite AZT [4-Chloro-6-(2,3-xylidino)-2-p |Chloromethyl methyl ether
. |140-57-8 30516-87-1 50892-23-4 107-30-2
inactive ID:715 1 D912 Hlip:1000 Hlip:1076 0
inactive inactive 1, Cl H;C N N
Inactive — >_\ O/
inactive inactive . ) / . ch\)\v\ 0
(0) |l 1 HO—N CH; CH,
inactive inactive 1
inactive inactive alpha-1,2,3,4,5 6-Hexachloro |Methylethylketoxime 3-Nitro-3-hexene p-Nitrosodiphenylamine
319-84-6 96-29-7 4812-22-0 156-10-5




PubChem i

Substance
< SearchlPubChem Substance j forldsstux Go | Clear | Sawe Search

fl_imits | Previewindex | History | Clipboard T Detaila}
Display | Summary x| show |20 x| Sortby ~|[sendto x|
Tools: Qj@@ Links: Related Structures, BioAssays, Literature, Other Links

‘ All: 129862 d Bio- 553y 3821 | Protein3D: 0 | Rule of 30 78596 (%]

Items 21 - 40 of 12962 Previous | Fage ||2 of 649 MNext
- 21: S0 45essTee 12962 DSSTox Substances

U.5, ENVIRONMENTAL PROTECTION AGENCY
Distributed Structure-Searchable Toxicity

ic Database Network
Search: © a1 EPA  Tris drea
sational Yook Aisanch » DESTax w SOFC

Ethyl pentanoatg/ETHYL WALERATE; 535-52-2
Compound ID/10332

\r*ufv\ Source: EPA DS5Tox (45869)

IUPAC: ethyl pentanoate Home
MW: 130184860 g/mal | MF: el ~°" Dov/nload Page

Frequent Questions.

Structure Data Files

Central Field Definion
Table

EE————

NTPBSI: National Toxicology Program Bicassay On-line Database
Structure-Index Locator File

S

I_ 22 SlD: 49693737 bl < Vorsion da, updated 15 Seprember 2008

* Update coresponds to chemical and Study Area content of NTE Qin-lin
August 2008, with addition of 12 new records and comesponding studies i
Areay

Aretyl-L-carnitine bydrochlorde; (3R)-3-(ace

brydrochloride; S080-50-2

Compound ID: 53173559

Source EPA DSSTox (45864) _ National Toxicoloay Pr

IUPAC: (3R)-3-acetyloxy-4-rimethylazanid smrmm 289 hfional Toxicology Program
—a MW 239 98520 g."’le | MF: CQH']SC'NO.Q Search History: Search Results for 538-82-2

Found 1 Search Result for Search Term '539-82-2" ¥ Mew Search Clear History 4 Hide History

sy == Erirn ety

Quick & Easy File Downloads: £IF Doeriload |

Table Instructions and Notes:

M 23: 5D 49693736

Selecting a CAS number will show you the studies conducted on this chemical. If applicable, matches on chemical synonyms are shown in parenthesis.

Studies with this Test Agent | 539-82-2 Ettvyl valerate
Alpha/Beta Hydroxy Acids (Glycolic Acid, 3 e s
Cﬂ'mpﬂund ID: 338 open all For This Test Agent |
-%l Source: EPA DESTox (45863)
IUPAC: 2-hydroxybenzoic acid

|
MW 138.120740 gfmol | MF: CrHgOz

& Backto Top



d PI.I b© hem
BmAssay
Search |PubChem BioAssay x| for |dsstox Go | Clear | Save Search

[7 Limits | Preview/ndex \|f HISTOry \|f Clipboard ‘|’ Details |
Di5p|a1_.,r|SL|mmE|r§;j ShDWIEU j|S|:|rt by j|Sen|:It|:| j 11 DSSTOX "BIOaSS&yS"

Tool: CE) Links: Related BioAssays. Compounds, Literature, Other Links

[ AI: 74 | Confirmatory: 63 | MLSCN: 63 | Protein Target: 0 | Screening: 1 | Summary: 0 '|§|

Items 1 - 20 of 74

T 1: AID: 1204 summary | Data (Active) Felated BioAssays, Compounds, Literature, Other Links
DSSTox (NCTRER) National Center for Toxicological Research Estrogen Receptor Binding Database [Screening
Method)]

Source: EPA DSSTox
Substances Tested: 232; Active: 131

M2: AlD: 1185 summary | Data (Active) Related BioAssays, Compounds, Literature, Other Links

DSSTox (FDAMDD) FDA Maximum (Recommended) Daily Dose Database [Other Method]
Source: EPADSSTox

Substances
1. AID 1194: CPDBAS Salmonella Mutagenicity 403 /860 Active
[73: AID: 1205 2. AID 1189: CPDBAS SingleCellCall 806 /1547Active
oos (et 3. AID 1205: CPDBAS MultiCellCall 582 /1152Active
substances 1 4. AID 1208 CPDBAS Rat Bioassay (M/F/Both) 587 /1240 Active
5. AID 1199: CPDBAS Mouse Bioassay (M/F/Both) 445 /1007Active
™ 4: AID: 1189 7. AID 1190: CPDBAS Dog & Primates Bioassay 15 /32Active
DSSTox (CPDE 8. AID 1195: FDAMDD — FDA Maximum Daily Dose 1216 /1216 Active
sopee "0241 9. AID 1204: NCTRER — NCTR Estrogen Receptor Binding 131 /232 Active
10. AID 1188: EPA Fathead Minnow Acute Toxicity 580 /617 Active
I 5: AID 1208 11. AID 1201: EPA Disinfection By-Products Carcinogenicity Estimates 80 /209 Active
DSSTox (CPDH R E————————————

Source: EPA DSSTU'-
Substances Tested: 1240; Active: 587




Distributed Structure-Searchable Toxicity (DSSTox) Public & Bookmark
Database Network

Recent Additions | Contact Us Search: T All EPA % This Area| Gol

You are here: EPA Home » Computational Toxicology Research » Distributed Structure-Searchable Toxicity (DS5Tox) Public Database MNetwork

woansse O http://www.epa.gov/ncct/dsstox/

Distributed Structure-Searchable Toxicity (DS5Tox) Database
Network is a project of EPA's National Center for Computational Toxicalogy, helping
Structure Data Files to build a public data foundation for improved structure-activity and predictive toxicology

P o) capabilities. The DSSTox website provides a pyblicfnrurrj for publishing . Chemical Toxicity Data
Table downloadable, structure-searchable, standardized chemical structure files associated Structures S— ‘

with toxicity data. m e : .
Apps, Tools & More ty Hore> ﬂm +

Frequent Questions

D5 5Tox Community ~ %
Site Map WEPA DSSTox @ — J
e TS Structure-Browser =,
v2.0
Help
DSSTox Structure-Browser information Page DSSTox SDF Files
Standzrdized
N 15 September 2008 - .
Documented

# NTPBSI Mational Toxicology Program Bioassay On-line Database Structure-Index Siruchure-Sesrchable

Locator File ** Updared to vda Application-independeant
Carresponds to updated content of NTP website, with addition of 12 new records and
studies.

@ DESTox Graphic Flowchart
@ DE=Tox Project Goals
@ D55Tox Publications

[ 15 August 2008 -

@ Enhancements to D33Tox Structure Browser - Version 2.0

# Expanded "link-in" options and user-defined limits to allow external DSS5Tox Data Files: Details=
websites to access DSSTox Structure Browser Search Results pages

¥ Minimum of 10 structure similarity hits displayed regardless of CPOBEAS whc 1547 28Apr2008
similarity search threshold DEBPCAN wd4b 209 15Feb2008
# Mew External Resources feature provides structure-based “link-outs™ EPAFHM wvdb 817 15Feb2003
to public on-line resources, such as PubChem, ChemSpider, and Lazar FDAMDD v3b 1216 15Feh2008
In Silico Toxicology [ExXim bisclaimer | ; (link-out to EPA ACToR coming HIETIE SHEr 2S5 B S 2008

soon, est Sept. 2008) HPVISD wib 1006 15Feb2003
IRISTR wib 544 15Feb2008
NCTRER vdb 232 15Feb2003
NTPES| vda 2315 155ep2008 ‘update
@ Additional QA review, structure/CAS modifications, elimination of abbreviations in field D R SIG: AAVA CIE G et N
enfries. etc. TOXCST wZe 320 29Apr2008

=other (non-055Tox) Data Files

¥ Structure “hit” resubmit feature, from either text or structure search, to
faciliate structure look-up and searching




Structure- Browser v2.0

DSSTox Chemical Text Search Data Files to Search ?

%EPA DSSTox ( Search 1 ( File Incidences 1 [ Search Details ] ?Help

Choose search: Enter search text: Al DSSTox Files

FAuto-detect 1w fatrazine 2 " Selected DSETox Files ~ |
¥ CPODBAS wac

Chemical Name Clear | =earch | -

CAS B v DEPCAN wib

InChl

Formula v EFAFHM _vidh

FOAMDD w3h

"
DSSTox Chemical Structure Search

Enter SMILES string: ¥ HPYVCE W2c

I ? Search Options ? I HFVISD_vib
Preview helow Clear Search | I';EEELLH;EE [ IRISTR v1b
Or draw a molecule or substructure using the JME editor: M Sirmilarity ¥ NCTRER w4b
@ |::LH|NEW DEL O-F +- oo JME o Threshold: I—BD% I« MNTFESI v3a
=|=|~A 1 G O O O Mational Toxicology Program Bioassay On-line

structure-Index File (2303 records)

I | AL

izl

— Clear |
_Search |

MH I
i f: : Search
!

http://www.epa.gov/dsstox_structurebrowser

JME hlecular Editor®, Mowartis Phamma A Repart Difficulties |

x| [=[=[a[] |°|=|“%|




1i?'EPA DS Tnx ( Search 1 [ File Incidences 1

Structure- Browser v1.05

Search Results Summary for D55Tox Substances - File Breakdown Incidences

Query Results Type i Display

Structure:

Exact matches 1 Details

Substructures 2 Details External Resources

Similarity = 51.2% 12 Details Fub@hem EFPA ACToR
g La
; u OChem CI/ tﬁﬂhemSplder /fﬂ s.i.‘i?o";m

hem T “Hstructur, Similarity = /1.2%

Compound PubMed | Entrez | Structure | PubChem | Help

DSSTox File 2 BPUbO

CPDB.I‘I:".S_".IIEE ubChem » Compound Surnmary JJ Hmm I n Cr] I/ 2 i
DBPEAN_‘?J-I’J atrazine - Compound S| l
EPAFHM_vdb E ﬁ Chemsplder SMILES

apparent skin manifestations or
poisoned sheep and cattle may L SR & (S i S
stff gait, increased respiratory r

FD.&.[‘I"‘IDD_"}‘S"} congestlbn of the lungs, liver, a Home Se |I'\Ir Service Resources About

11th ed) o
Simpl earch

H F“Ik'rl:: S |_I'."2 c = Table of Contents ,.... ..,:- Rearch

Crug and Chemical Info®®

Lml Lazar Toxicity Predictions
HF]'I,ull'l S D ".1'1 h BioActivity ResultsEl TARKSD Sadveh = | valkdation | Bocumentation |

SYNonyms Advanced LASSO
Properties Chemical Elements

IRISTR w1k Descriptors operties Search ACToR: Aggregated Computational Toxicology Re iource
__ Compound Info el .. INHERENT PROPERTIES, 1. Draw a chembcal structure {heln} G
Substance Info =

- ata T " @:u Ba - o  am - . = - o
NCTRER_ v4b - o bl of CHESEETSE=m
£y

NTPBSI v3a | el *>ot ACTR
- % prug and Chemical Info fi el A ML, N ACTSR is wrganized e of domans. brked together by chamcal
MTPHTS v2h . A ' ] i s
_ Atrazine ¥ il oxMiner Application 2
TOXCST vic 320
Total Unique Substance Hits
Total Substance Hits - All Files emmem——

or @nter the SMILES string

J? 2. Select 8 toxic endpoint

3, Pedct




'&'EPA DSSTo ( Search 1{ File Incidences | ?Help

Structure Brawear v1 OF

Search Re WEPA DSSTOX ( =earch 1 ( File Incidences 1 ( Search Details ] ?He|p

Structure- Browser v2.0

Structurg Query Results Type Hits Display |Ch|:u:|se Fnrmatj Save |
i

Structure: £ -
el Frint |

m_<= Exact matches 1 Details |
_q "_‘% Substructures 2 Details | External Resources
_i%':ﬂ._\ Similarity = 51.2% 12 Details | Pubhem EPA ACToR
?

mCh em-S pidar in mﬁg';ﬂx

DSSTox |
CPDBAY 2
DBPCAN  peeTox ? Click 55 to submit displayed structure for structure search.

EPAFHN  Substance Similarity  Structure Substance Substance Details
FOAMDO 10 Score’ Match Name CASEN Description (Diata Files)

HPVCSI |
HPVISD | Cl CFDBAS  HPWCS

W . :
NHE  H - single chemical | IRISTR MCTRER
IRISTR_ 4 100 EHSI:HSN:{HHx Atrazine 1912-24-3 compound NTPESI  NTPHTS

MCTRER] CH3 TOXCST
MNTPBSI |
MTPHTS]
TOR-ST, E;}:Nz}—NH ; single chemical CPDBAS  HPWCSI
Total Uni E;@N\H:L” .;|J.|_3EH3 Fropazine 138402 compound IRISTR TOXCST
Total Sul CH3

55 m—

?

cl

1.3 5-Triazine-2 4-diamine, B-chlor- £915-41-3 single chemical

o-M-[1,1-dimethylethyl)-M-ethyl- compound HPVES]

[V
6.3 s
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About DS5Tox
Work in Progress
Trequent Quastions

Apps, Tools & More
DSSTax Community
Site Map

SDF Download Page
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CPDBAS: Carcinogenic Potency Database Summary Tables - All

Structune Data Files Species
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DSSTox_RID
DSSTox_Generic_SID
TestSubstance ChemicalName
TestSubstance CASRN
TestSubstance Description
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StudyType
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ActivityOutcome_CPDBAS_Mutagenicity
TD50 Rat mg

TD50_Rat_mmeol

ActivityScore CPDBAS Rat
TD50_ Rat _Note

TargetSites Rat_Male
TargetSites Rat_Female
ActivityOutcome CPDBAS Rat
ActivityScore CPDBAS Mouse
TD50_Mouse_Note
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Biade [ Fomalo | Babe | Framsde Bt | Mouse
o positive ne test [no test [no test |no positive | no test

agenk: I ther is more than
 hare been & targetm ane

£ 6540 chron, lomg-#e
v and negative

what ifermaticn 8o provids 1

wsticn of desr,
o I Tngeic potency
(TDyy) and its satisical sigriSicance, shape of he doss -response, autheor's opaeon as 1o cartie

0.169693249315084 mmol/kg-bw/day
34

TDS0 is hatrmonic mean of more than ane positive test
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The Carcinogenic Potency Database (CPDB)
Lois Swirsky Gold, PHD, Director
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Generic Chemical

ACToR: Aggregated Computational
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Towards a Public “Toxico-chemogenomics” Capabillity

(xo » No chemical standards

Gene Exprassion Omnibus

| Handout [ NAR 2006 Paper | NAR 2002 Paper | FAC DifﬁCU't to identify Chemical
exposure-related experiments

Gene Expression Omnibus: a gene expression/molecular abundance
repository supporting MIAME compliant data submissions, and a curated,
online resource for gene expression data browsing, query and retrieval.
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G : .
EO navigation ‘ GSE Series 9557
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I.‘JataSets | |LMJ

e COLer|

» PERL scripts to filter web-

» Manual review of Submitter

o | Y 1o xtual descriptions
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» Creation of initial chemical
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National Academy of Sciences Report (2007)

Toxicity Testing in the Twenty-first Century: A Vision and a Strategy

NAS PANEL SEEKS MAJOR SHIFT IN HOW EPA ASSESSES
CHEMICALS’ TOXICITY

Date: June 22, 2007 - ”"h:swlﬂdajf&

A National Academy of Sciences (NAS) panel is calling for a major shift in how EPA assesses

chemicals’ toxicity, recommending that the agency base its toxicological research and regulatory
processes on how substances affect biological pathways -- which send information within and
between cells -- rather than so-called health endpoints, such as cancer.

Science: Feb 15, 2008

TOXICOLOGY

TranSforming EnViI‘OI‘Imental We propose a shift from primarily in vivo animal

studies to in vitro assays, in vivo assays with

Health PrOte Ction lower organisms, and computational modeling

for toxicity assessments.

Francis S. Collins,'™ George M. Gray,2" John R. Bucher®

n 2005, the U S. Environmental Protection
Agency (EPA), with support from the U.S.

throughput screening (HTS) and other auto-
mated screening assays into its testing

tion, usually between 2 and 10 uM, and toler-
ate high false-negative rates. In contrast, in




Scientific Frontiers in Developmental Toxicology & Risk
Assessment - National Academy of Sciences, 2000

rete&%
and 4.
activBion
of siggal

DEVELOPMENTAL TOXICOLOGY AND RISK ASSESSMEN
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Basic Information

Organization
Post Doc Profiles

Framework
Databases and Models

Research Activities
ACToR
ToxCast™
Virtual Liver

Conferences and
Seminars

Publications
BOSC Information

EPA Community of
Practice

Jobs and Opportunities
Related Information

U.S. ENVIRONMENTAL PROTECTION AGENCY
National Center for Computational Toxicology

Contact Us Search: " All EPA ' This Area | Gﬂl

You are here: EPA Home » National Center for Computational Toxicology # ToxCast™ Program

ToxCast™ Program http://www.epa.gov/ncct/toxcast/

Predicing Hazard, Characterizing Toxicty Pathways, and Prioritizing the
Toxicty Testing of Environmental Chemicals

ToxCast™ Nawvigation

Intraduction

Introduction

In 2007, EPA launched ToxCast™ in order to develop a cost-effective ToxCast™ Chemicals

approach for priortizing the toxicity testing of large numbers of chemicals in a
short period of time. Using data from state-of-the-art high throughput
screening (HTS) bicassays developed in the pharmaceutical industry,
ToxCast™ is building computational models to forecast the potential human
toxicity of chemicals. These hazard predictions will provide EPA regulatory
programs with science-based information helpful in prioritizing chemicals for
maore detailed toxicological evaluations, and lead to more efficient use of
animal testing.

ToxCast™ Aszzays

ToxCast™ Information
Management

ToxCast™ Fartnerships
ToxCast™ Contractors
ToxCast™ Presentations
ToxCast™ Publications

In its first phase, ToxCast™ is profiling over 300 well-characterized chemicals ToxCast™ News

(primarily pesticides) in over 400 HTS endpoints. These endpoints include

biochemical assays of protein function, cell-based transcriptional reporter assays, multi-cell interaction assays,
transcriptomics on primary cell cultures, and developmental assays in zebrafish embryos. Almost all of the
compounds being examined in Phase 1 of ToxCast™ have been tested in traditional toxicology tests, including
developmental toxicity, multi-generation studies, and sub-chronic and chronic rodent bioassays. ToxRefDB, a
relational database being created to house this information, will contain nearly $1B worth of toxicity studies in
animals when completed. ToxRefDB is integrated into a3 more comprehensive data management system
developed by NCCT called ACToR (Aggregated Computational Toxicology Resource), that manages the large-



Correlating Domain Outputs
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<EPA

e Saes oxCast Phase | Chemicals

Agency

90,000
P AN
1000007 11,000
B A
10000 (7
1000+
100-
10+
1 -

ToxCast 320

B IRIS
ETRI

B Pesticide Actives

OCCL 1&2

M Pesticide Inerts

[0 HPV

Many well
characterized

\

\ Few well

o MPV Current characterized

@ MPV Historical
[0 TSCA Inventory |/

Data Collection

- Office of Research and Development
National Center for Computational Toxicology
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wEPA Chemical Classes in

United States

ke ToxCast_320 (Phase ) e —

AMIDE

ESTER

ETHER

PYRIDINE
FLUORINE
CARBOXYLIC ACID
PHENOXY
KETONE

TRIAZINE
CARBAMATE
PHOSPHOROTHIOATE
PYRIMIDINE
BENZENE
ORGANOCHLORINE
AMINE
PYRETHROID
SULFONYLUREA
TRIAZOLE

UREA

IMIDAZOLE
NITRILE

ALCOHOL

CYCLO
PHOSPHORODITHIOATE
THIOCARBAMATE
ANILINE
THIAZOLE
DINITROANILINE
OXAZOLE
PHOSPHATE

IMINE

NITRO

PHENOL
PHTHALIMIDE
PYRAZOLE 30
SULFONAMIDE

@ 309 Unique Structures
& Replicates for QC

@ 291 Pesticide Actives
@ 9 Industrial Chemicals Misc (<4 members)
@ 8 Metabolites

@ 56/73 Proposed Tier 1
Endocrine Disruption
Screening Program

@ 14 High Production
Volume Chemicals
@ 11 HPV Challenge

- Office of Research and Development
National Center for Computational Toxicology
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<EPA Mode-of-Action Classes in

United States
Environmental Protection

ToxCast_320 (Phase I)

[ Acetylcholine esterase inhibitors
B conazole fungicides
[] Sodium channel modulators
] pyrethroid ester insecticides
. Il organothiophosphate acaricides
MOA Classes with [ dinitroaniline herbicides
> 3 chemicals g pyridine herbicides
[] thiocarbamate herbicides
Il imidazolinone herbicides
[ organophosphate insecticides
[] phenyl organothiophosphate insecticides
[ aliphatic organothiophosphate insecticides
Il amide herbicides
I aromatic fungicides
Il chloroacetanilide herbicides
Il chlorotriazine herbicides
@ growth inhibitors
[] organophosphate acaricides

Y [] oxime carbamate insecticides
. . 1 phenylurea herbicides
Misc MOA classes W_lth [] pyrethroid ester acaricides
3 or fewer representatives [ strobilurin fungicides

[] unclassified acaricides
[ unclassified herbicides

- Office of Research and Development Classification based on OPPIN

National Center for Computational Toxicology



EPA Pesticide Programs:
Data Evaluation Records (DERS)

« Used for hazard identification and

characterization

- Study Types
— Chronic
— Cancer
— Subchronic
— Multigeneration
— Developmental

— Others: DNT, Neurotox, Immunotox, Mut

 Derive Endpoints (NOAEL/LOAEL

— Systemic

— Parental

— Offspring

— Reproductive
— Maternal

— Developmental

- Critical Effects for Endpoints

DER Format
« Study ldentifiers
— Tested Chemical Information
* IDs
* Name
« Purity
— Study Type IDs
— Reviewer Information
 Citation(s)
- Executive Summary
— Summary Study Design
— Summary Effects
— Endpoints (NOAEL/LOAEL)

o)

$10M

[est Material

— Purity

— Source

— Physical/Chemical Properties
-Animal Information

— Species
— Strain
— Husbandry
« Results (full dose-response)
— Clinical signs
— Body weight
— Clinical Chemistry/ Hematology
— Gross Pathology
— Non-neoplastic Pathology
— Neoplastic Pathology
— Parental vs. Offspring 32
— Maternal vs. Fetal



B2 Toxicological Reference Database - Study Input Form

LHITED STATES CHVIRORMENTAL PROTECTEIN MGEMET

Data Entry Completeness Score
|Par1ia|ly Complete (Effect Data)

COMPUTATIOMNAL
TORICLOG Y

LHITED STATES CHVIROKME NTAL PROTEC TN AGEHCT

ToxRefDB
Input Form

COMPUTATIOMAL
TR LG

Historic Study ldentifiers Study/Data Quality

Test Material Information [ Search Chemical List ] [ Search PC Code ]

Start | 0| [y

Study Duration

w | Adoditional Study Duration Information

Finish| 104/ |week v

MRID# | 44555001 | || Data usability |cceptshle Guideline (post-1298) % | | chemical Imazali v
Primary Study Year | 1993 Stucly-Level Comments Purity (%) LotBatchi# [ZROZ3979GIFEE1 | Source | |
Supplemental MRIDMHistoric ID0=) Mote: Thyroid weights inc in male and dec in female. Test Material {Chemical) Comments
Thyroid neoplasia increase in male snd decrease in - p

| | | | [ e Tt esss b e |ZRO23979GIFER1 /=07 4% al. /i IRO2307ICICEH (=08 B% al. |
Study Type Animal and Dose Information
Study Type |Cnmhined chronic toxicity ficarcinogenicity b | Species |rat hd | Method/Route of Administration

Strain |[O'lher] v | |Feed w |

Animal and Dose Administration Comments (ncluding Mot In List)
Strain: Hannowver substrain (SPF) Wistar-derived

|

*gtudy Effect List*

e txca upioed || Treatment Group List View or Add Edit Uploaded —]
form to add Treatment Group Gender Dose Period 2/ Effect Data Treatment Group -
freatment groups. Category Category Type Dose Duration  Goup by Type — CD
Click "Bulk — - reatme roup
Upll:uaclﬂc':;. CD;.}, and 4 | Acdult (P17 || T} | |In|t|a|—t0—Term|naI| | 2.?||mgfkgfda\,-' | |week || a0 | | v| Category E_
anpdaustpehz::;;;?p& | Adukt (F1) [ F | [tnitislto-Terminal ||| 3.5] mgkarday | |week R v cuit (P1) v| 3
| Adult (P1) [ M | [Initial-to-Terminal ||| 10.8| makgiday | |week E v Gender #igroup ({}]
Excel Treatment |M 3 || =0 | 3
Group Form | 2dultt (P1) [ F | [mnitialto-Terminal ||| 14 8] makgiday | |week IR v o =
0se Fernmn ype
[ Adult (F1) || m | [tnitial-to-Terminal ||| 65.8| [moigrday | [104][week |[ 50 || v friaito Terminal v G)
| Adult (P1) || F | [tnitialto-Terminal ||| 85.2][madkarday | [104][week |[ 50 || v Dose  Units —
| Adult (F1) || m | [tnitial-to-Terminal ||[ 134 8| makarday | [104][week |[ 50 || v | 27|[mokgiday v O
CFFECT DATA | Adult (P1) || F | [tnitial-to-Terminal ||| 16& 8| [madaiday | [104][week |[ 50 ||| v Duration Units _g
Click on "wigw or | 1U4| |W'3'ak hl | N
%d;acgﬁc_ra;;;?zt Save Delete  HNew
input effect data Shor sl
for any trestment Effel;ts
grDupt::gEE.ffed [ Delete Selected Trestment Group ] [ Search Effect Wocabulary ] [ Fisher's Exact Test ] [ Taggle to Critical Effects Farm l 3 mnnm Il_%isl'z?;]

|Stm|y Design Level Controls| [EE[E@
Record: E 1 E][E of 1 (Filkered)

Filenames
Citation

Toggle back to ToxRefDB Switchboard




wEPA ToxRefDB Data Entry: Phase |

United States
Environmental Protection
Agency

291 Pesticides

: Rodent Rat Chronic/
Rat Devel Rabbit Devel Rat MultiGen

- Office of Research and Development
National Center for Computational Toxicology

270  __~

Mouse Cancer




>$1Billion Million Dollars Worth of In Vivo
Chronic/Cancer Bioassay Effects and Endpoints
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Liver Tumors

Proliferative Liver Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy

Kidney Nephropathy
Proliferative Kidney Lesions
Proliferative Thyroid Lesions
Thyroid Tumors

Thyroid Hyperplasia
Testicular Tumors

Testicular Atrophy
Non-neoplastic Spleen Pathology
Cholinesterase Inhibition
Tumorigen

Multisite Tumorigen

Liver Tumors

Proliferative Liver Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy
Non-neoplastic Kidney
Lung Tumors

Tumorigen

Multisite Tumorigen

B - Rat
- - Mouse

Common Phenotypes in
Chronic Rodent Studies

0% 10% 20% 30% 40%

% Chemicals with Observed Effect
(Rat: 283 Chemicals | Mouse: 256 Chemicals)



ToxRefDB Profiling of Liver Effects for Pesticides
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ToxCast Contracts for Generating HTS

Receptors, and Genomics Data S
Enzymes g
Compound Focus, Inc.

.of BioFocus DP] .
AT QCHEE N Transcription ~ * """ "™ B mSEEk

I\/Iet bOl " <company FaCtOl’S
Transformation
attage@
= The Home of TFomics ™ Ce”
(vl ol 8 e
S \ACEA
Nine contracts p Ce\! ycurement; hundreds t
Invitro ~ "~chemical, cen.  FuUNClion ., genomic assays; me~’ \rernaltive

Genomics __.nisms; and the capacity to screen up to 10,000 ct Spec'\es



ToxCast Phase | Assays/Datasets

» NR/transcription factors (Attagene, NCGC)
» Enzyme inhibition/receptor binding HTS (Novascreen)
» Cellular impedance (ACEA)

» Complex cell interactions (BioSeek) 20 Assay Sources
» Hepatocelluar HCS (Cellumen) 552 Endpoints

» Hepatic, renal and airway cytotoxicity (IVAL)
» In vitro hepatogenomics (IVAL, Expression Analysis)

» Zebrafish developmental toxicity (Phylonix)

» Neurite outgrowth HCS (NHEERL)

» Cell proliferation (NHEERL)

» Zebrafish developmental toxicity (NHEERL)

» NR Activation and translocation (CellzDirect)

» HTS Genotoxicity (Gentronix)

» Organ toxicity; dosimetry (Hamner Institutes)

» Toxicity and signaling pathways (Invitrogen)

» C. elegans WormTox (NIEHS)

» Gene markers from microscale cultured hepatocytes (MIT)
» D Cellular microarray with metabolism (Solidus)

» Zebrafish vascular/cardiotoxicity (Zygogen)



ToxCast
Predictive Modeling
of Chronic
Rat Liver
Apoptosis/Necrosis

In Vitro

(15)

Positive
cluster
In Vivo
(23)
Methods described in

Negative
cluster
Judson et al 2008

A comparison of machine learning
algorithms for chemical toxicity classification
using a simulated multi-scale data model.
BMC Bioinformatics 9:241

N1 Al E1 A2 N2 N3N4 N5 C1 Bl B2 B3 G1 A3 E2
HTS Assays



Part Il

Incorporating SAR Concepts

Into ToxCast




ToxCast: Multidimensional Data
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Structure-Activity Approaches to Toxicity Prediction
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Structure-Activity Approaches to Toxicity Prediction
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Bioactivity Profile of Structure Class
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Sample HTS Results —‘ ’
for Conazoles

e Patterns can inform SAR

o Chemical structures can
suggest basis for activity
differences

Dopamine Transporter (Human)
Dopamine Transporter (Rat)

NAME

o|CYP2D1

Cyproconazole
Difenoconazole
1Diniconazole
Fenbuconazole
Flusilazole
Hexaconazole
Imazalil
Myclobutanil
Paclobutrazol
L, Prochloraz

( Propiconazole

:

o |o|Progesterone Receptor

olo |o |Androgen Receptor

!O
!loc:o
olo

olo|o | o |Benzodiazepine Receptor

feree e S S— Tetraconazole
s = e = Triadimefon
= o= —t= —t = radi
) Triadimenol
\/TU,;} ) :’Q' F:N}—SD o h Triflumizole
{j f\?‘@* =~ ?‘([ Triticonazole
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Structure Class vs Bioactivity Class

al H3C

Chemical structure class:

o Cluster according to
activity and mechanism
o Differences in activity
profiles can discriminate
within structure class

% %mmm
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== = Benfljiﬂ?nlf “ >(f§:[ﬂ Ethalfluralin
Bioactivity profile class: e B 70 TG | RaRs
o Can project onto multiple == ‘2 Cwermm(@fj A | FenpromeT

chemical classes

o Potentially broader coverage of
chemical space

o Implies mechanistic similarity
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Structure-Activity Approaches to Toxicity
Prediction c.

Incorporate HTS Assay
Data (+/-) as Biological
“descriptors”
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Summary
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Use of Bioassay Activity Categorles In SAR
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Structure-Activity Approaches
”"\AOQ CI Hc/OH\S:>S | b

HHHHH [

/& In a Brave New World -

» What in vivo “endpoints” do we use?
» How do we combine SAR & biological “descriptors™?

» How do we incorporate mechanism and pathway
iInformation?

» How do we assess biological/chemical similarity?

» How do we evaluate “applicability domain” for
predictive profiles?

» How do we use biological information to improve upon

Bio

< ) | SAR approaches?
/ J

| S|

ToxRef DB, NTP, IRIS, etc



ToxCast: Data Publication & Exploration

R CHENIEAL GeENeuies Centen Pu b @ h e ml
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data , Ny o Substances in PubChem
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Biochemical, Cell-based, ... Sum mar'zed
endpoint data for use
in SAR modeling
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ToxCast 320

Bioactivity
Analysis:

Retrieve all
bioassay data
In PubChem for
ToxCast 320

482 Bioassays
45 Compounds

PubChem =

L7 BioActivity Analysis: 4s2

Summary =

PubChem

|F'L|rJChem BioAssay j\—l

PubMed | Entrez | Structure | PubChem | He

BioAssay Services # BioActivity

v Analysis: Summary

DataTable & || Structure-Activity

Bioassays (473 Tested) and 45 Compounds

D’D Compounds: 45 {9 shown)

Revise Compound Selection:
Select Active

Add Active

Add Tested

Add Similar Compounds

@ BioAssays: 452

Revise BioAssay Selection:
Select Active

Select Tested

Add Active

Add Tested

Add Related BioAssays
Selected BioAssays

Total Pages: 24

Display: IQU "l

Outcome

w8
e b g£o
o Y g

Go To pageh 1= - - I

steroid {(17-beta)

Data for the bub3 strain

. Data for the cln2 rad14 strain

# [ AID Active Inactive Discrepant Tested Method Name

i W 884 1i& 13 3 39 Confirmatory gHTS Assay for Inhibitors and Substrates of Cytoch
2 | 544 3 15 1 30 Confirmatory  Cell Viability - SH-5Y3Y

3 W 541 7 20 30 Confirmatory  Cell Viability - NIH 373

14 |V aze 7 20 1 30 Confirmatory  Cell Viability - Jurkat

5 W 964 & 20 1 30 Confirmatory  Cell Viability - LYMP1-003 - Asca

& | 981 & 23 1 30 Confirmatory  Cell Viability - LYMP2-010

;7 ¥ 893 s aHTS .—gszl ar::E I_-I hibitors of HSD17B4, hydroxy

8 [ 167 B Selected bloassays :ast Anticancer Drug Screen.

2 [ 165 ] Mi_L Yeast Anticancer Drug Screen

rome P450 3A4
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O Summary
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asaes . TOXCast Phase I: Proof of Concept

gency

>mc

A
Chemicals Phase Il
s
o > HTS
T_oxRef INn VIVO ToxCast_320 # Assay Data
bioassay data

/l‘

- Office of Research and Development
National Center for Computational Toxicology



<EPA

United States
Environmental Protection

Phased Development of ToxCast

Agency
Phase | Number of Chemical Purpose Number of Cost per Target
Chemicals Criteria Assays Chemical Date
Data Rich '
| 320 - Signature >400 $20k FY07-08
(pesticides) Development
lla >300 Data Rich Validation >400 $15-20k FY09
Chemicals
lib >100 Known Human Extrapolation >400 $15-20k FY09
Toxicants
Expanded
lic >300 Structure and Use Extension >400 $15-20k FY10
Diversity
I Thousands Data poor Prediction and 227 $10-15k FY11-12
Prioritization

> Affordable science-based system for categorizing chemicals

»Increasing confidence as database grows
»|dentifies potential mechanisms of action
>Refines and reduces animal use for hazard ID and risk assessment




_ N@G C
SEPA Tox21 Collaboration  &T 521

mental Protection

EPAY
National Health and National Center for
Envirg cology

Q Combined HTS pIates (2x1408) high
Interest chemicals

@ Joint assay development

| @ Use of NCGC HTS informatics

£ capabilities

SIS

{é}) National Toxm:ology Program

— Department of Health and Human Services

Biomolecular Screening Branch Toxmology Project Team

- Office of Research and Development 55
National Center for Computational Toxicology



r.
<3 NCBI

All Dratabase

Search | PubChe

©CoONOORODNE

About Entrez
Entrez Help

PubChem
Help | FAZ

PubChem
Siructure Search

PubChem FTP

PubChem Text Search

FubChem BioAssay j

PubCh
PubCh

em Suhstance
em Compound

AID 434: Cell Viability — MRC5 102 /2816
AID 421: Cell Viability — BJ 104 /2816 Active
AID 667: Cellular Toxicity (caspase-3) Renal Proximal Tubule 8 /1408 Active
AID 666: Cellular Toxicity (caspase-3) NIH 3T3 12 /1408 Active
AID 665: Cellular Toxicity (caspase-3) N2a 7 /1408 Active
AID 664: Cellular Toxicity (caspase-3) Hek293 18 /1408 Active
Cellular Toxicity (caspase-3) H-4-1I-E 20 /1408 Active
Cellular Toxicity (caspase-3) SK-N-SH 20 /1408 Active
Cellular Toxicity (caspase-3) Mesangial 8 /1408 Active

. AID 659: Cellular Toxicity (caspase-3) NIH 3T3 12 /1408 Active

. AID 658: Cellular Toxicity (caspase-3) N2a 7 /1408

. Cellular Toxicity (caspase-3) SHSY5Y 10 /1408 Active

. AID 656: Cellular Toxicity (caspase-3) HUV-E

. AID 655: Cellular Toxicity (caspase-3) Jurka/gs of Sept 20, 2008:

. AID 654: Cellular Toxicity (caspase-3) HepG

. AID 544: Cell Viability — SH-SY5Y

. AID 435: Cell Viability — SK-N-SH Data for 65 assays (1408+ chem)

. AID 433: Cell Viability — HepG2 available for download

. AID 427: Cell Viability — Hek293

. AID 426: Cell V!ab!l!ty — Jurkat Keyword search: PubChem

. AID 541: Cell Viability — NIH 3T3 : w "

. AID 546: Cell Viability — Mesenchymal Bloassay> "ntp ncgc

. AID 545: Cell Viability — Renal Proximal Tub

. AID 543: Cell V@ab?l?ty — H-4-II-E DSSTox CID.txt file with

| 2:8 gjg; gg:: x:zg:::g: H;_J;/ EC-C instructions available on NTPHTS

. AID 559: RNA polymerase \@Wﬂload page ‘




Data Mining .

Relational data models'
Toxicological description
Data standards .
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