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CHALLENGES

Too many chemicals to test with standard animal-based 
methods

– Cost, time, animal welfare

Mixtures/ Formulations
Rapid Assessment for Prioritization 
Mechanistic Insight
3Rs of Animal Testing
Shifting Regulatory Environment 

REACH 2018, Cosmetics Directive
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GOALS

Recycle & Reuse Legacy Animal Data

Generate High Throughput & Other Data On Many 
Chemicals

Develop Models to Predict Human Toxicity and Disease 
Potential

Computational Toxicology
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ADDRESSING THE CHALLENGE
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FORMULA:: REPEAT-DOSE EFFECT
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Shorter –term Effect

In Vitro/ HTS

Bioactivity Effect

Neighbor Effect

Structure

Lots of  Variability

Lots of  Uncertainty
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TOXREFDB: IN VIVO DATA

10,000 Files

6,000 Animal 
Studies

~1,000 
Chems

1 M

1 Ton

2 Ton 
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TOXREFDB: IN VIVO DATA

150,000 Effects

Organs

5,000 Unique Effects

Systemic
Reproductive

Developmental
Neurological

Cancer
Cholinesterase
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EXPECTATIONS

~ 4 OMU OMU = Orders of Magnitude
LOAEL = Lowest Adverse Effect Level

LOAEL Distribution



Office of Research and Development
National Center for Computational Toxicology

8

EXPECTATIONS

* Rat

R2 = 0.5

Sub-Chronic LOAEL
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READ ACROSS

0    <0.1 < 0.2  <0.3  <0.4 <0.5  <0.6  <0.7 <0.8 <0.9  <1

( Jaccard Coefficient)

Nearest Neighbor
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READ ACROSS

* Rat
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TOXCAST GOALS

Identify targets/pathways linked to toxicity

Develop assays for these targets/pathways

Develop predictive models: in vitro -> in vivo

Use signatures to prioritize chemicals for targeted testing
e.g., “Too many chemicals” problem

Chemicals perturbing these can lead to adverse effects

“Toxicity Signatures”
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TOXCAST:: DASHBOARDS

~700 Assay 
Readouts

~1000 Chems

Dose Response

http://actor.epa.gov/dashboard/
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TOXCAST

- LogAC50

~ 1 M Chemical- Assay Pairs

90% Actives 
> 1 µM

5% Actives

10% Actives 
< 1 µM

AC50 – Concentration where there is 
50% activity
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TOXCAST

BIOLOGICAL GROUPINGS (BP)

Group ToxCast Assays (74) based on: 

Oxidative stress 
Cytotoxicity

Assay 
Confounders

Signal direction
Assay mechanism

Technology 
Annotation

Response data
Gene family

Biology
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CHEMICAL DATA

Chemical Space

In Vivo Data

In Vivo & In Vitro Data

Systemic In Vivo Data
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MODEL FRAMEWORK

ToxRefDB LOAELs

Structures
(ToxPrint*)

ToxCast

Nearest Neighbors LOAELs
(Read Across)

Biological Grouping 
Activity Score

Ground Truth

Parameters

OutputsSources Model Building

*https://toxprint.org/
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TOXCAST
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HIGH THROUGHPUT

PHARMACOKINETICS
High throughput pharmacokinetic (HTPK) in 
vitro methods have been developed by 
pharmaceutical industry for predicting 
efficacious doses in clinical trials

Apply same methods* to convert ToxCast in 
vitro bioactive concentration (µM) into daily 
doses needed to produce similar levels in 
humans (mg/kg BW/day)

*Method from Wetmore et al. 2012
Figure adapted from Judson et al., (2011)

Concentration of 
Steady State (CSS)

Hepatic 
Clearance

Plasma Protein
Binding

= +

Oral Equivalent 
(mg/kg/day) = ToxCast AC50 (µM) X

1 mg/kg/day
CSS(µM)

mg/kg BW/day

Potential
Hazard from

ToxCast with 
Reverse

Toxicokinetics

Potential
Exposure from

ToxCast

Low
Risk

Med
Risk

High
Risk
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REVERSE TOXICOKINETICS (RTK)

LOAEL

R2 = 0.4
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TOXCAST + RTK

LOAEL

~ 2.5 OMU

R2 = 0.4
Pr

ed
ic

te
d 

LO
A

EL
Re

ad
 A

cr
os

s 
+

 T
ox

C
as

t B
G

 +
 R

tK



Office of Research and Development
National Center for Computational Toxicology

21

SUMMARY (OMU)

LOWER CONFIDENCE LIMIT

UPPER CONFIDENCE LIMIT

READACROSS

+ TOXCAST

+ RTK

0 +1 +2 +3-3 -2 -1
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FUTURE DIRECTIONS

Target organ and pathological specificity

Developing developmental and reproductive quantitative 
models

ToxRefDB v2.0 – Quantitative data
Capture tested/non-tested/unknown &
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CONCLUSIONS

Leverage existing data

Characterize inherent variability and uncertainty

Understand structure of data

Combine for knowledgeable decision making and 
prioritization
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