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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



Part I.Part I.
The ProblemThe Problem



Environmental Chemicals: Toxicity Assessment Data Gaps



EPA Problems:EPA Problems:

Endocrine Disruption
Testing Program

Large lists of chemicals to evaluatechemicals to evaluate
Many toxicity endpoints to assessMany toxicity endpoints to assess
Lack of sufficient and relevant dataLack of sufficient and relevant data

Need to prioritize and focus limited resources on 
chemicals and problem areas with potential for 
greatest health & environmental impact



EPA ORD Human Health Risk 
Assessment Strategy Document

Cross-Chemical Extrapolation

A major need in risk assessment is to improve methods for 
addressing the large numbers of chemicals for which little or no
toxicity data are available. 
…
This extrapolation procedure assumes that the behavior of chemicals 
in biological systems ... can be inferred or projected based on 
analogies and correlations to structural, physicochemical, or 
electronic aspects of the parent compound or its metabolites.  
The underlying bases of these analogies and correlations is that
these commonalities will cause the chemicals to behave in a parallel 
manner in biological systems, i.e., they will possess a common 
mode-of-action. 



2,4,6-trichlorophenol

EPA Regulatory Action on 2,4,6-tribromophenol
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Chemical structural analogy
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Organophosphate

Combining SAR and Biofunctional Information
Predicting Carcinogenicity of Organophosphates
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ChemistryChemistry--based Data Mining based Data Mining 
& Exploration:& Exploration:

Chemical(s) Chemical(s) 
of concernof concern

StructuralStructural
analogsanalogs

ChemicalChemical--
specific specific 

datadata

PropertyProperty
analogsanalogs

Biological/Biological/
mechanisticmechanistic

analogsanalogs

Structure-Activity
Relationships

Data Mining

Structure-searchable

Databases



Part II.Part II.
DataData--Mining of Public Toxicity Mining of Public Toxicity 

Databases Databases 



Envirofacts Master Envirofacts Master 
Chemical Integrator Chemical Integrator 

(EMCI)(EMCI)



Problems across EPA:

Little or no chemical structure annotationLittle or no chemical structure annotation

No structure searching capabilities No structure searching capabilities 
(Internet or desktop)(Internet or desktop)

No coordination of chemical structure No coordination of chemical structure 
information across EPA databases information across EPA databases 

No standard quality review procedures for No standard quality review procedures for 
chemical informationchemical information
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http://ntp.niehs.nih.gov/



CASRN or Chemical 
Name search

Off-site to search structure or 
analogs (NLM ChemID Plus)



View study results:
Genetic toxicity studies: 
Salmonella

5 study categories



Study Summary Call

View study details



View detailed data

No “Endpoint”
Summary Calls

Study Summary Call



Individual 
experiment results

Cannot download entire list of NTP Cannot download entire list of NTP 
chemicals and test summary datachemicals and test summary data

Cannot structure or substructureCannot structure or substructure--search search 
databasedatabase

Cannot download subsets of data:Cannot download subsets of data:
list of TA98 pos datalist of TA98 pos data
list of all thyroid tumor carcinogenslist of all thyroid tumor carcinogens

Cannot ask relational questions of data:Cannot ask relational questions of data:
what chemicals are TA100 what chemicals are TA100 negneg + TA98 pos?+ TA98 pos?
list all chemicals with positive rat liver tumor list all chemicals with positive rat liver tumor 

findings in cancer bioassay that are also nonfindings in cancer bioassay that are also non--
mutagenicmutagenic



Short-Term 
Bioassays

CAS, Chemical Name

NTP Database Site Map



Short-Term 
Bioassays

CAS, Chemical Name

NTP Database Site Map



Archival Relationalvs.



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. 



ToxML Public Data Model Schemas
LIST Consortium

Standard data forms

Controlled vocabulary

Hierarchical field 
structure

Toxicity domain expert 
involvement

XML format

Top-level chemical 
indexing

Chronic toxicity
Genetic toxicity

Skin sensitization
Developmental toxicity

FDA CDER/CFSAN ToxML 
Database Collaborations



Part III.Part III.
The DSSTox ProjectThe DSSTox Project



DDistributedistributed
SStructuretructure--SSearchableearchable
ToxToxicityicity
PublicPublic
DatabaseDatabase
NetworkNetwork

Chemical structure-annotation

Data standards and integration



DSSTox Public Website:  http://www.epa.gov/ncct/dsstox/



DSSTox Standard Chemical Fields:DSSTox Standard Chemical Fields:



DSSTox Master DSSTox Master 
StructureStructure--Index FileIndex File

Carcinogenic Potency DatabaseCarcinogenic Potency Database
EPA Disinfection ByEPA Disinfection By--products Cancer Predictionsproducts Cancer Predictions
EPA Fathead Minnow Acute toxicityEPA Fathead Minnow Acute toxicity
NCTR Estrogenic ActivityNCTR Estrogenic Activity
FDA Drug Maximum Daily DoseFDA Drug Maximum Daily Dose
EPA High Production Volume SIEPA High Production Volume SI
NTP Bioassay SINTP Bioassay SI
EPA IRIS SIEPA IRIS SI
NTP High Throughput Screening SINTP High Throughput Screening SI
NTP Immunotoxicity Testing Battery NTP Immunotoxicity Testing Battery 
DEMETRA Pesticides EcotoxicityDEMETRA Pesticides Ecotoxicity
NTP Genetic Toxicity NTP Genetic Toxicity -- ZeigerZeiger
NCTR Androgenic ActivityNCTR Androgenic Activity
NIEHS/NTP CEBS SINIEHS/NTP CEBS SI
ICCVAM Endocrine Disruption Set SIICCVAM Endocrine Disruption Set SI
EPA Pesticide ToxCast Candidates SIEPA Pesticide ToxCast Candidates SI
EPA Developmental Neurotox SIEPA Developmental Neurotox SI
EPA Pesticide Active Ingredients SIEPA Pesticide Active Ingredients SI
EPA Drinking Water Contaminants SIEPA Drinking Water Contaminants SI
EPA Pesticide Other Ingredients SIEPA Pesticide Other Ingredients SI

Published 
Databases

Databases 
in development

Published 
Structure-Index Files

Unpublished 
Structure-Index Files

8804 total records
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DSSTox Master Structure-Index File:
Purpose: 
to consolidate, manage, and ensure quality and uniformity of the chemical and 
substance information spanning all DSSTox Databases and Structure-Index files





DSSTox Database Design:DSSTox Database Design:

ToxicologyToxicology ChemistryChemistry
Toxicological

Data Chemical 
Structures &

Properties

ContextContext Utility for SARUtility for SAR

RelevanceRelevance

Toxicologists
Biologists
Risk Assessors
Domain Expertise

SAR Modeling
Machine Learning
Comp. Chemistry

3D QSAR



IMMTOX: IMMTOX: 
Immunotoxicity Test Immunotoxicity Test 
BatteryBattery

88 chemicals88 chemicals
18 immunotox measures18 immunotox measures
Summary callsSummary calls
Usage categoriesUsage categories

AntibodyResponseAntibodyResponse
NaturalKillerCellsNaturalKillerCells
LymphocyteProliferationLymphocyteProliferation
MixedLeukocyteResponse MixedLeukocyteResponse 
LeukocyteCountLeukocyteCount
ThymusBodyWt ThymusBodyWt 
SpleenBodyWtSpleenBodyWt
LipopolysaccarideLipopolysaccaride
DelayedTypeHypersensitivityDelayedTypeHypersensitivity
CytotoxicTLymphocyteCytotoxicTLymphocyte
SurfaceMarkers SurfaceMarkers 
ContactSensitizationContactSensitization
HostResistanceAssaysHostResistanceAssays (6)(6)



FDAMDD: FDA's Center for Drug Evaluation & Research FDAMDD: FDA's Center for Drug Evaluation & Research --
Maximum (Recommended) Daily Dose DatabaseMaximum (Recommended) Daily Dose Database
MRDD values for 1217 pharmaceuticals in mg/kgMRDD values for 1217 pharmaceuticals in mg/kg--body weight (body weight (bwbw)/day extracted from )/day extracted from 
public literature sources (D. Benz, E. Matthews, N. public literature sources (D. Benz, E. Matthews, N. KruhlacKruhlac, J. , J. ConteraContera))



CPDBAS_v3b_1481
STRUCTURE
DSSTox_CID
DSSTox_SID
DSSTox_ID_FileName
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

SAL_CPDB
TD50_Rat_mg/kg/day
TD50_Rat_mmol/kg/day 
TargetSites_Rat_Male, Female, Both Sexes
TD50_Mouse_mg/kg/day
TD50_Mouse_mmol/kg/day
TargetSites_Mouse_Male, Female, Both Sexes
TD50_Hamster_mg/kg/day
TD50_Hamster_mmol/kg/day
TargetSites_Hamster_Male, Female, Both Sexes
TD50_Dog_mg/kg/day
TargetSites_Dog
TD50_Rhesus_mg/kg/day
TargetSites_Rhesus
TD50_Cynomolgus_mg/kg/day
TargetSites_Cynomolgus
ActivityCategory_SingleCellCall
ActivityCategory_MultiCellCall
ToxicityNote
NTP_TechnicalReport
Website_URL

adr = adrenal gland; 
bon = bone; 
cli = clitoral gland; 
eso = esophagus; 
ezy = ear/Zymbal’s gland; 
gal = gall bladder; 
hag = harderian gland; 
hmo = hematopoietic system; 
kid = kidney; 
lgi = large intestine; 
liv = liver; 
lun = lung; 
meo = mesovarium; 
mgl = mammary gland; 
mix = mixture; 
myc = myocardium; 
nas = nasal cavity 
nrv = nervous system; 
orc = oral cavity 
ova = ovary; 
pan = pancreas;
per = peritoneal cavity; 
pit = pituitary gland; 
pre = preputial gland; 
pro = prostate; 
ski = skin; 
smi = small intestine; 
spl = spleen; 
sto = stomach; 
sub = subcutaneous tissue; 
tba = all tumor bearing animals; 
tes = testes; 
thy = thyroid gland; 
ubl = urinary bladder; 
ute = uterus; 
vag = vagina; 
vsc = vascular system.

0
1

multisite
multisex

multispecies



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



Toxicity Experimental Data Summary Data:

ToxML

++
__

Intermediate 
toxicity 

classifications
for SAR

Activity categories

Potency categories

Mode of action categories

Summary calls

DSSTox 
Standard 
Chemical 
Fields



LeadscopeLeadscope
QSAR QSAR 

DatabasesDatabases

ToxMLToxML

DSSToxDSSTox
Summary Summary 
ToxicityToxicity

Data FilesData Files LeadscopeLeadscope
Data Data 

MiningMining



Chemical Errors in Toxicity Information:Chemical Errors in Toxicity Information:

Name is misspelled

CAS is invalid or retired

CAS and name do not agree

Name and structure do not agree

Name is insufficient for structure assignment

Insufficient description of substance



Carcinogenic Potency Database:Carcinogenic Potency Database:
Hamster Carcinogenicity ResultsHamster Carcinogenicity Results
From CPDB Hamster Table:From CPDB Hamster Table:

NN--NitrosoNitroso--oxopropylchloroethylureaoxopropylchloroethylurea NOCASNOCAS

O

NNH

N
O

CH3

O

Cl

O

N NH

N
O

Cl CH3

O

3-(2-chloroethyl)-1-nitroso-1-(2-oxopropyl)urea N-{[(2-chloroethyl)(nitroso)amino]carbonyl}propanamide

O

N NH

N
O

Cl CH3

O

1-(2-chloroethyl)-1-nitroso-3-(2-oxopropyl)urea

O

NH N
CH3Cl

O

N
O

N-{[(2-chloroethyl)amino]carbonyl}-N-nitrosopropanamide

CPDB Hamster CPDB Hamster 
Carcinogenicity Carcinogenicity 
Data Reference Data Reference 

Rat Cancer Rat Cancer 
Study Study 
(Materials) (Materials) 

Chemical synthesis Chemical synthesis 
paper, NMR, IR paper, NMR, IR 
structure confirmation structure confirmation 



From CPDB Hamster Table:From CPDB Hamster Table:
NN--NitrosoNitroso--oxopropylchloroethylureaoxopropylchloroethylurea NOCASNOCAS

O

NNH

N
O

CH3

O

Cl

O

N NH

N
O

Cl CH3

O

3-(2-chloroethyl)-1-nitroso-1-(2-oxopropyl)urea N-{[(2-chloroethyl)(nitroso)amino]carbonyl}propanamide

O

N NH

N
O

Cl CH3

O

1-(2-chloroethyl)-1-nitroso-3-(2-oxopropyl)urea

O

NH N
CH3Cl

O

N
O

N-{[(2-chloroethyl)amino]carbonyl}-N-nitrosopropanamide

Chemical Chemical 
synthesis paper, synthesis paper, 
NMR, IR NMR, IR 
structure structure 
confirmation confirmation 

IUPAC IUPAC 
NameName

CASCAS
Determined to be same chemical as:
1-(2-Oxopropyl)nitroso-3-(2-chloroethyl)urea    
CAS [110559-85-8] 
Already listed in CPDB Rat and Mouse Table

Carcinogenic Potency Database:Carcinogenic Potency Database:
Hamster Carcinogenicity ResultsHamster Carcinogenicity Results



PerfluoroalkylacidsPerfluoroalkylacids ((PFAAsPFAAs):):
Man-made, lipophilic, stable, biopersistant

Widespread industrial use as surfactants (stain and oil-
resistant coatings, microwave popcorn bags, emulsifier, etc)

Widespread exposure environmental contamination

PFOA (perflurooctanoic acid ammonium salt) and PFOS 
(perfluorooctane sulfonic acid) of greatest concern to 
EPA

PFOA and PFOS have undergone extensive toxicity 
testing

Hepatotoxic

Developmental toxicants

Immunotoxic



Major synthetic pathway is 
telemerization

Yields 98% pure linear form

Verified by primary manufacturer 
(Dupont) and NMR

PFOAPFOA



Major synthetic pathway is 
electrochemical fluorination

Yields approx 60-80% linear form, 
with significant non-linear 
contamination

Verified by primary manufacturer 
(3M) and NMR

PFOSPFOS



Fluka is secondary chemical 
distributor

Listed as 98.0% pure (T)

(T) indicates titration method 
which confirms only empirical 
formula

Listed as linear form by both 
structure and CASRN

PFOSPFOS



DSSTox databasesDSSTox databases
Link to DSSTox website, docsLink to DSSTox website, docs
StructureStructure--searchablesearchable
Links to ChemID Plus, PubMedLinks to ChemID Plus, PubMed
Similar compoundsSimilar compounds
Other bioassay dataOther bioassay data

PubChem Substance Search:
“dsstox” [sourcename]



Richard A.M., Gold, L.S., Nicklaus, M.C. (2006) Chemical structuRichard A.M., Gold, L.S., Nicklaus, M.C. (2006) Chemical structure indexing of toxicity data on the re indexing of toxicity data on the 
internet: Moving towards a flat world. internet: Moving towards a flat world. CurrCurr. Opinion Drug Disc. Develop., 9(3): 314. Opinion Drug Disc. Develop., 9(3): 314--325.325.

Chemical Structure Searching of Biological Information 
on the Internet



Public Genomic Databases

Chemical InventoryChemical Inventory
Chemical indexingChemical indexing
LinkagesLinkages



www.ebi.ac.uk/arrayexpress/query/entry

826 Experiments with 
23633 Hybs, 543 Arrays

Query fields:
•Accession number
•Species
•Experiment type
•Description contains the word
•Author
•Laboratory
•Publication
•Array accession number
•Array design name
•Array provider

Chemical 
name,
CASRN

How many How many 
experiments involve experiments involve 
chemical exposures?chemical exposures?

How many unique How many unique 
chemicals are involved?chemicals are involved?

Can one retrieve a Can one retrieve a 
listing of all chemicals?listing of all chemicals?

How is chemical How is chemical 
exposure indexed?exposure indexed?





Part IV.Part IV.
Expanded view of Expanded view of 

““Chemical analogsChemical analogs””



Predictive Toxicology

SAR Predictions 
based solely on 
chemical 
structures & 
properties

Toxicity 
predictions 
based on HTS 
or gene 
expression 
profiles,
eg Gene-Logic



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



PNAS January 11, 2005 vol. 102 no. 2 261–266

CHEMISTRY PHARMACOLOGY

1576 compounds
X 92 assays

Azole cluster by 
biospectra similarity

Approximate “proteomic” signature



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

7 dose 7 dose 
dilutionsdilutions

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

NTP chemicalsNTP chemicals
EPA pesticidesEPA pesticides
DSSToxDSSTox
NCI/NCI/ChemNavigatorChemNavigator

TOX



Slide courtesy of Tudor Oprea
NM NIEHS Center and NM MLSC

NIH Molecular Roadmap (DPI) Small Molecules Repository: 65225 chemicalsNIH Molecular Roadmap (DPI) Small Molecules Repository: 65225 chemicals



Slide courtesy of Tudor Oprea
NM NIEHS Center and NM MLSC

DSSTox (defined organic parent - v1a Master): 5499 chemicalsDSSTox (defined organic parent - v1a Master): 5499 chemicals



Slide courtesy of Tudor Oprea
NM NIEHS Center and NM MLSC

NIH Molecular Roadmap (DPI) Small Molecules Repository: 65225 chemicals
DSSTox (defined organic parent - v1a Master): 5499 chemicals
NIH Molecular Roadmap (DPI) Small Molecules Repository: 65225 chemicals
DSSTox (defined organic parent - v1a Master): 5499 chemicals



20 HTS bioassays20 HTS bioassays
15 dose dilutions15 dose dilutions

IC50sIC50s

NTP High-Throughput Testing Program in 
Collaboration with NCGC

NTPBSI
2415

NTPHTS
1408

DSSTox SDF FilesDSSTox SDF Files

Search Substance:Search Substance:
““dsstoxdsstox [[sourcenamesourcename] ] 

AND AND ntphtsntphts””



NTPHTS_NCGC Assay Results (1408)NTPHTS_NCGC Assay Results (1408)

Time Course for Time Course for 
TamoxifenTamoxifen

in HepG2 Cellsin HepG2 Cells

CellTiterCellTiter--GloGlo luminescent assay for cell viabilityluminescent assay for cell viability
4 human cell lines representing common tissue toxicities:4 human cell lines representing common tissue toxicities:

Liver: HepG2 (human hepatocellular carcinoma)Liver: HepG2 (human hepatocellular carcinoma)
Blood: Blood: JurkatJurkat (Clone E6(Clone E6--1, human T cell leukemia)1, human T cell leukemia)
Kidney: HEK293 (human embryonic kidney cells)Kidney: HEK293 (human embryonic kidney cells)
Nerve: SKNerve: SK--NN--SH (human SH (human neuroblastomaneuroblastoma))

2 human primary cell lines:2 human primary cell lines:
Human lung fibroblasts: MRCHuman lung fibroblasts: MRC--55
Human foreskin fibroblasts: BJHuman foreskin fibroblasts: BJ

Compound profile in HepG2 cellsCompound profile in HepG2 cells

Courtesy of Courtesy of 
Chris Austin, NCGCChris Austin, NCGC



Full Concentration Response CurveFull Concentration Response Curve

Source: “dsstox” AND “ntphts”

AC50, Hill Coefficient



EPA ToxCast ProgramEPA ToxCast Program

HTS screening of 300HTS screening of 300--400 pesticide actives in > 100 selected 400 pesticide actives in > 100 selected 
bioassays; 1408 total compounds for NCGC screeningbioassays; 1408 total compounds for NCGC screening

bioactivitybioactivity
cell/tissuecell/tissue--basedbased
high content assays (e.g. c high content assays (e.g. c eleganselegans))

ToxRefDBToxRefDB -- High quality reference data for registered High quality reference data for registered 
pesticidespesticides

create relational database (tailor ToxML schema)create relational database (tailor ToxML schema)
extract data from EPA Registered Pesticide extract data from EPA Registered Pesticide DERsDERs

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

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



Cell cycle, apoptosis, DNA recombination and 
repair
Transporters, channels, membrane receptors
Signal transduction pathways
Nuclear receptor mediated pathways
Oxidative Stress

Genotoxic and non-genotoxic carcinogenicity
Developmental and reproductive toxicity
Developmental neurotoxicity and immunotoxicity

Assay Coverage –
Key Mechanisms / Toxicities



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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Bioactivity Profiling of Pharmaceuticals vs
Environmental Chemicals

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

Slide courtesy of Dr. Keith Houck, EPA National Center for CompuSlide courtesy of Dr. Keith Houck, EPA National Center for Computational Toxicologytational Toxicology



ACToR
Aggregated Computational Toxicology Resource

Chemical 
Structure / 

ID

ToxRefDB
Toxicology
Phenotype

Microarray
Data

HTS

Genomics 
Metadata

Genomics

ACToR API

Assay Data Experiment
Design

Genomics
RT-PCR

Data

Genomics
Reference

Data

ToxMiner Application 2

Courtesy of Dr. Richard Judson, EPA National Center for ComputatCourtesy of Dr. Richard Judson, EPA National Center for Computational Toxicologyional Toxicology



Example Correlation Map From PubChem (NIH)

252 assays from diverse sources

Line represent strong correlation 
from results of common chemicals

ToxCast will far exceed PubChem in 
number of assays spanning a 
common set of chemicals

Direct Molecular Interaction
Molecular Pathway
Cellular Process
Tissue/Organ Effect
Organism Endpoint

Courtesy of Dr. Richard Judson, EPA National Courtesy of Dr. Richard Judson, EPA National 
Center for Computational ToxicologyCenter for Computational Toxicology



Predictive Power Increases as We Move Upstream

Liver cancer

More Mechanisms Coming In, Fewer  States

Direct Molecular Interaction
Molecular Pathway
Cellular Process
Tissue/Organ Effect
Organism Endpoint

Courtesy of Dr. Richard Judson, EPA Courtesy of Dr. Richard Judson, EPA 
National Center for Computational ToxicologyNational Center for Computational Toxicology



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 National Center Courtesy of Matt Martin, EPA National Center 
for Computational Toxicologyfor Computational Toxicology



EPA ToxCast Toxicity Reference Database



ToxCast Toxicity Reference Database

Body Weight 166 Studies achieve LOAEL 40
Organ Weight 205
Clinical Chemistry 85 <=10 9
Hematology 116 >10 and <=100 20
Non-neoplastic Pathology 333 >100 and <=1000 10
Clinical Signs 66 >1000 1

Liver 298 <=10 274
Kidney 70 >10 and <=100 536
Testes 49 >100 and <=1000 561
Thryoid Gland 14 >1000 49

Summary of 53 Chronic/Cancer Rat/Mouse Studies Entered into ToxRefDB

Total Effects Entered
Unique Effects 317

1452

Endpoint SummaryEffect Type

Effects at Dose Range (mg/kg/day)Effect Target

Endpoint Dose Range (mg/kg/day)

Courtesy of Matt Martin, EPA National Center for Computational TCourtesy of Matt Martin, EPA National Center for Computational Toxicologyoxicology



Gene expression

Bioactivity
Protein expression

Cell-based 
assays

Chronic 
whole 
animal 
studies

Chemical Structures

Neurotox

Repro & 
Develop Tox

Cancer

Genetox
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