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Part I.Part I.
The Problem The Problem 



Environmental Chemicals: Toxicity Assessment Data Gaps



National Academy of Sciences Report (2007)
Toxicity Testing in the Twenty-first Century: A Vision and a Strategy



“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 searchability, that 
makes the task of integration extremely difficult.”



Envirofacts Master Envirofacts Master 
Chemical Integrator Chemical Integrator 

(EMCI)(EMCI)
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Part II.Part II.
Data & Data Linkages Data & Data Linkages 



Exact match search 
for Acrylamide:

Result:  6 hits

Structure Searching Across 9 Diverse 
Toxicity Databases:



Result:  
836 hits

Generalized Sub-Structure Searching Across 
9 Diverse Toxicity Databases:

Any atom 
attached by 
single or 
double bond

View 15/35 hits in EPA IRIS



Generalized Sub-Structure Searching Across 9 Diverse 
Toxicity Databases: 
15/35 Hits in IRIS containing acrylamide-like  moiety



Search database for all compounds satisfying dual condition:
FieldName=TargetSites_Rat_Male, Value=thy (thyroid)

& FieldName=TargetSites_Mouse_Male, Value=liv (liver)

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



Search Results: 9 hits / 1481 total
TargetSites_Rat_Male = thyroid 

& TargetSites_Mouse_Male = liver





DSSTox Standard Chemical Fields:DSSTox Standard Chemical Fields:

DSSTox_RID

DSSTox_CID

- defined organic
- inorganic
- organometallic

- parent,
- salt Na, Cl, etc
- complex HCl, H2O, 

mesylate, etc

- single chemical compound
- macromolecule
- mixture or formulation
- unspecified or multiple forms

- description of mixture 
- nature & CAS of components
- tautomers
- stereochemistry

STRUCTURE_ChemicalType

STRUCTURE

TestSubstance_ChemicalName

STRUCTURE_TestedForm_D
efinedOrganic

STRUCTURE_MolecularWeight

STRUCTURE_Formula

STRUCTURE_ChemicalN
ame_IUPAC

STRUCTURE_SMILES

STRUCTURE_Parent_SMILES

STRUCTURE_InChI

ChemicalNote

- tested chemical,
- general form of chemical,
- active ingredient of formulation,
- representative isomer in mixture,
- representative component in mixture,
- monomer of polymer

, simplified to parent 

CH3

O

CH3
TestSubstance_CASRN

TestSubstance_Description

DSSTox_Generic_SIDSTRUCTURE_Shown

DSSTox_FileID



DSSTox Chemical 
Quality Assurance 
Procedures:

Chemical identification

Structure annotation

Internal consistency

Quality review



Current DSSTox Master File 
> 35 data files and chemical inventories structure-indexed
> 9300 unique substances with quality-reviewed chemical annotation
> 7400 unique chemical structures indexed 
> 20,000 data records spanning all data files and inventories





CPDBAS_v5a_1547

STRUCTURE
DSSTox_RID
DSSTox_CID
DSSTox_Generic_SID
DSSTox_FileID
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_InChI
StudyType
Endpoint
Species

Mutagenicity_SAL_CPDB
TD50_Rat_mg
TD50_Rat_mmol
TD50_Rat_Note
TargetSites_Rat_Male, Female, Both Sexes
TD50_Mouse_mg
TD50_Mouse_mmol
TD50_Mouse_Note
TargetSites_Mouse_Male, Female, Both Sexes
TD50_Hamster_mg
TD50_Hamster_mmol
TD50_Hamster_Note
TargetSites_Hamster_Male, Female, Both Sexes
TD50_Dog_mg
TargetSites_Dog
TD50_Rhesus_mg
TargetSites_Rhesus
TD50_Cynomolgus_mg
TargetSites_Cynomolgus
TD50_Dog_Rhesus_Cynomolgus_Note
ActivityCategory_SingleCellCall
ActivityCategory_MultiCellCall
ActivityCategory_MultiCellCall_Details
ToxicityNote
NTP_TechnicalReport
Website_URL

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.

multisite active; 
multisex active; 
multispecies active
multisex inactive;
multispecies inactive

0
1



CPDBAS_v5a_1547_25Oct2007

If chemical is 
“MultiCell Active”,
it most likely crosses 
target site, sex and 
species.

If chemical is 
“MultiCell Inactive”,
it most likely crosses 
sex and species.

Are “SingleCellCall
Actives” sufficient 
evidence?



CPDBAS_v5a_1547



Species

ChemicalChemical--Biological Profiling of CPDBAS ActivitiesBiological Profiling of CPDBAS Activities

Chemical Classes

Leadscope Profile – Courtesy of Chihae Yang

Sex Site
Single-
Cell Call

Rodent Multi-Cell Call

High % Actives High % Actives 
in Classin Class High % Inactives High % Inactives 

in Classin Class



Search by:
Chemical Name
CAS Registry #











http://www.epa.gov/dsstox_structurebrowser











Structure-search



http://www.epa.gov/dsstox_structurebrowser/?dbs=iristr









DSSTox Structure-Browser

EPA IRIS Website



Links directly to chemical data page for 
Aniline in PubChem









Current DSSTox files will be deposited in 
PubChem, providing links to DSSTox files (e.g., 
IRISTR) and Source web pages (EPA IRIS)



DSSTox SDF 
Files & 

Documentation

DSSTox 
Structure-
Browser
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Information 

System
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Summary

CPDB

NTP

PubChem

EPA ACToR
ACToRDSSTox
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Part III.Part III.
Data Models Data Models 



Toxicity Experimental Data Summary Data:

ToxML

++
__

Intermediate 
toxicity 

classifications
for SAR
Activity categories

Potency categories

Mode of action categories

Summary calls

Chronic toxicity
Genetic toxicity

Skin sensitization
Developmental toxicity

ToxML / LIST Collaborations: FDA CDER/CFSAN



Unsatisfactory

Sponsor:  Health Canada 
ILSI Coordinator:  Beth Julien

John DeSesso  Mitretek Systems
Paul Foster  NIEHS 
Bette Meek  Health Canada
Phil Mirkes  Texas A & M
Ann Richard  USEPA NCCT
Jennifer Seed   USEPA OPPT
Dave Wise – Merck 
Chihae Yang – Leadscope
Tom Collins, Mary Shackelford, Yan Gu – FDA CFSAN
Ed Matthews and Dan Benz – FDA CDER 
Don Stump – WIL Research 
Calvin Willhite – California EPA
Cynthia Van Landingham - ENVIRON

ILSI Developmental Toxicity Database Project

What is the current state of 
SAR Prediction methods for 

Developmental Toxicity?

MultiCase
DEREK
TOPKAT



ILSI Developmental Toxicity Database Project





DSSToxDSSTox
Summary Summary 
ToxicityToxicity

Data FilesData Files

ToxMLToxML

Yang et al (2006) The 
art of data mining the 
minefields of toxicity 
databases to link 
chemistry to biology. 
Curr Comput-Aided 
Drug Design, 2(2), 
135-150. 

Yang et al (2006) 
Landscape of current 
toxicity databases and 
database standards.  
Curr Opinion Drug 
Discov Develop
9(1),124-133. 



Part IV.Part IV.
Toxicity ProfilingToxicity Profiling



1. Wingless-Int pathway
2. Transforming Growth Factor B (receptor serine and threonine kinase) pathway
3. Hedgehog pathway
4. Receptor tyrosine kinase (small G proteins) pathway
5. Notch-Delta pathway
6. Cytokine receptor (cytoplasmic tyrosine kinases) pathway (STAT)
7. Interleukin-1-Toll Nuclear Factor-Kappa B pathway
8. Nuclear hormone receptor pathway
9. Apoptosis pathway
10. Receptor phosphotyrosine phosphatase pathway
11. Receptor guanylate cyclase pathway
12. Nitric oxide receptor pathway
13. G-protein coupled receptor (large G proteins) pathway
14. Integrin pathway
15. Cadherin pathway
16. Gap junction pathway
17. Ligand-gated cation channel pathway

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



Chemical “Probes” of biological systems:

“We find that the connection between structure 
and biological response is not symmetric, with 
biological response better at predicting 
chemical structure than vice versa.”

D. Covell and coworkers
NCI Developmental Therapeutics Program

J Chem Inf Model (2006) 46:430-437



Predictive Toxicology

SAR Predictions 
based solely on 
chemical 
structures & 
properties

Toxicity 
predictions 
based on in 
vitro, HTS or 
gene expression 
profiles



Reference dataset of Reference dataset of 
toxicitytoxicity--related chemicals with related chemicals with 
structures & bioactivity profilesstructures & bioactivity profiles

NIH/NCGC Roadmap:NIH/NCGC Roadmap:
Small Molecules HighSmall Molecules High--
Throughput Screening InitiativeThroughput Screening Initiative

nihroadmap.nih.gov

> 200K > 200K ““small molecules
small molecules””

> 200 > 200 
bioactivity & bioactivity & 
cellcell--based based 
assaysassays

15 dose 15 dose 
dilutionsdilutions

Sample Sample ““toxicitytoxicity””
chemical space:chemical space:

NTP chemicalsNTP chemicals
EPA pesticides/high EPA pesticides/high 

interest compoundsinterest compounds
DSSToxDSSTox

TOX



27 HTS bioassays27 HTS bioassays
15 dose dilutions15 dose dilutions

NTP High-Throughput Testing Program in 
Collaboration with NCGC

NTPBSI
2415

NTPHTS
1408

DSSTox SDF FilesDSSTox SDF Files



Full Concentration Response Curve

AC50, Hill Coefficient



1.   AID 434: Cell Viability – MRC5 102  /2816 Active
2.   AID 421: Cell Viability – BJ 104  /2816 Active
3.   AID 667: Cellular Toxicity (caspase-3) Renal Proximal Tubule 8      /1408 Active
4.   AID 666: Cellular Toxicity (caspase-3) NIH 3T3 12    /1408 Active
5.   AID 665: Cellular Toxicity (caspase-3) N2a 7      /1408 Active
6.   AID 664: Cellular Toxicity (caspase-3) Hek293 18    /1408 Active
7.   Cellular Toxicity (caspase-3) H-4-II-E 20    /1408 Active
8.   Cellular Toxicity (caspase-3) SK-N-SH 20    /1408 Active
9.   Cellular Toxicity (caspase-3) Mesangial 8      /1408 Active
10. AID 659: Cellular Toxicity (caspase-3) NIH 3T3 12    /1408 Active
11. AID 658: Cellular Toxicity (caspase-3) N2a 7      /1408 Active
12. Cellular Toxicity (caspase-3) SHSY5Y 10    /1408 Active
13. AID 656: Cellular Toxicity (caspase-3) HUV-EC-C 5      /1408 Active
14. AID 655: Cellular Toxicity (caspase-3) Jurkat 49    /1408 Active
15. AID 654: Cellular Toxicity (caspase-3) HepG2 15    /1408 Active
16. AID 544: Cell Viability – SH-SY5Y 148  /1408 Active
17. AID 435: Cell Viability – SK-N-SH 184  /2618 Active
18. AID 433: Cell Viability – HepG2 106  /2618 Active
19. AID 427: Cell Viability – Hek293 160  /2816 Active
20. AID 426: Cell Viability – Jurkat 284  /2816 Active
21. AID 541: Cell Viability – NIH 3T3 128  /1408 Active
22. AID 546: Cell Viability – Mesenchymal 60    /1408 Active
23. AID 545: Cell Viability – Renal Proximal Tubule 79     /1408 Active
24. AID 543: Cell Viability – H-4-II-E 119  /1408 Active
25. AID 542: Cell Viability – HUV-EC-C 64    /1408 Active
26. AID 540: Cell Viability – N2a 131  /1408 Active
27. AID 559: RNA polymerase 17  /62237 Active

PubChem Bioassay: “ntp”



kNNkNN Consensus QSAR Modeling of NTPConsensus QSAR Modeling of NTP--HTS Data HTS Data 
Hao Zhu, Ivan Rusyn, and Alexander Tropsha
School of Pharmacy & School of Public Health, UNC-Chapel Hill

NTP HTS 1408 Carcinogenic Potency Database 1481

270300+ Chemical 
Descriptors Only

(9 models > 0.7 
validation cutoff)

300+ Chemical + 6 HTS 
“Descriptors”

(34 models > 0.7 
validation cutoff)



CellularAssays

Biochemical 
Assays

Toxicology Endpoints

Physical chemical propertiesProfile Matching

Correlating Domain Outputs

Genomic Signatures

EPA ToxCast Goal:
Assess broad biological 
effect patterns and correlate 
with the patterns of known 
toxicants for forecasting 
potential for hazard



EPA ToxCast ProgramEPA ToxCast Program

HTS screening of 320 pesticide actives and other HTS screening of 320 pesticide actives and other 
compounds in hundreds of bioassays; 1408 total compounds compounds in hundreds of bioassays; 1408 total compounds 
for NCGC screeningfor NCGC screening

ToxRefDB ToxRefDB -- High quality reference data for registered High quality reference data for registered 
pesticides entered into toxicity data modelpesticides entered into toxicity data model

DSSTox structure annotation, overlaps with toxicity DSSTox structure annotation, overlaps with toxicity 
databases, chemical selection criteria databases, chemical selection criteria 

ACToR integrated data warehouse & analysis system to ACToR integrated data warehouse & analysis system to 
support prediction modeling effortssupport prediction modeling efforts



HTS Target 
Assay Panels

Heat map profiles of activity in 
different assays (columns) 
arranged by compound (rows). 
Inactive (green) to highly active 
(red). 
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Slide courtesy of Keith Houck, EPA NCCTSlide courtesy of Keith Houck, EPA NCCT



The Home of TFomics TM

attageneattageneattageneattagene





DSSTox Master File (>7400 structures)DSSTox Master File (>7400 structures)
EPA Pesticidal Actives (>800 structures)EPA Pesticidal Actives (>800 structures)

MOE MOE –– 20 descriptors (20 descriptors (physchemphyschem prop, atom counts); prop, atom counts); 
3 3 PCAPCA’’ss account for 2/3s of varianceaccount for 2/3s of variance

Slide courtesy of Rocky Goldsmith, EPA NCCTSlide courtesy of Rocky Goldsmith, EPA NCCT



EPA ToxCast 
ToxRefDB - Toxicity Reference Database:

Primarily Orally Administered 
(based on availability and use pattern of 
pesticide)

Dosing:

Immunotoxicity
Developmental Neurotoxicity
Carcinogenicity (rat and mouse)
Chronic Toxicity (rat, mouse, and dog)
Reproduction and Fertility Effects (2-generation)
Prenatal Developmental Toxicity

Subchronic Toxicity (Rodents and Non-
Rodents)

Study 
Type:

Technical Grade (>90%)Purity:

Conventional Pesticide Active Ingredients 
(~800)

Chemical: 
Data Evaluation Record (DER)Format:
EPA’s Office of Pesticide Programs (OPP)Source:

Primarily Orally Administered 
(based on availability and use pattern of 
pesticide)

Dosing:

Immunotoxicity
Developmental Neurotoxicity
Carcinogenicity (rat and mouse)
Chronic Toxicity (rat, mouse, and dog)
Reproduction and Fertility Effects (2-generation)
Prenatal Developmental Toxicity

Subchronic Toxicity (Rodents and Non-
Rodents)

Study 
Type:

Technical Grade (>90%)Purity:

Conventional Pesticide Active Ingredients 
(~800)

Chemical: 
Data Evaluation Record (DER)Format:
EPA’s Office of Pesticide Programs (OPP)Source:

***Data Collection Results***
> 4000 DER (2500 studies) 

for over 400 pesticides

Targeted Toxicological Data Targeted Toxicological Data 
CollectionCollection

Courtesy of Matt Martin, EPA NCCTCourtesy of Matt Martin, EPA NCCT



Courtesy of Matt Martin, EPA NCCTCourtesy of Matt Martin, EPA NCCT



Treatment-related Effect

Study DesignChemical/
Test Material

ToxRefDB Effects Relationship Diagram

Courtesy of Matt Martin, EPA NCCTCourtesy of Matt Martin, EPA NCCT

Treatment Group



EPA ToxCast Toxicity Reference Database



ToxRefDB Data Entry Status

320
Total ToxCast Unique Chemicals (307)

ToxCast Chemicals

Rodent 
Subchronic

LEGEND

Rat MultiGen Mouse CancerRat Chronic/
CancerRabbit DevelRat Devel

307Unique Chemicals

231
267 263 271 267

207

67 70

149

253
242

Study Type

# of Chemicals with Data Coverage

# of Chemicals with Complete Data Entry291Pesticide Actives

Current as of October 12, 2007

278



Minimum Dose at which specific effects observed
(mg/kg/day)

Chemicals

Effects



Courtesy of Richard Judson, EPA National Center for Computational Toxicology
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