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In silico screening

Too many chemicals to test with 

standard animal-based methods
– Cost, time, animal welfare

Alternative

• Organic pollutants with exposure potential accumulate in body tissues

➢ Cause toxic effects to wildlife and humans

• Existence of gaps in the experimental data for environmental endpoints

➢ Need to fill the data gaps and bridge the lack of knowledge

• Regulatory requirements:

➢ Reduce animal testing, time and costs

➢ Methodology: use of QSAR/QSPR to predict the endpoints of interest.



International collaborative projects

Mansouri et al.  (https://doi.org/10.1289/ehp.1510267)

Mansouri et al. (https://doi.org/10.1289/EHP5580)

CERAPP
Collaborative Estrogen Receptor 

Activity Prediction Project (2015/16)

CoMPARA
Collaborative Modeling Project for 

Androgen Receptor Activity (2017/18)

CATMoS
Collaborative Acute Toxicity Modeling 

Suite (2018/20)

Kleinstreuer et al. (https://doi.org/10.1016/j.comtox.2018.08.002)

Mansouri et al. (https://doi.org/10.1289/EHP8495) 

Endocrine Disruptor Screening Program

Acute Toxicity Workgroup: alternative methods

ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods

https://doi.org/10.1016/j.comtox.2018.08.002
https://doi.org/10.1289/EHP8495


Over 100 scientists from around the globe representing 
academia, industry, and government contributed

International Consortium

Interactive map:
https://batchgeo.com/map/9d3ff

810a72d8a84093c74ab0601f01d 
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• ICCVAM is developing alternative test methods for the EPA’s 
six pack tests: Acute oral, dermal, inhalation, eye & skin 
irritation and skin sensitization

• Acute Toxicity Workgroup: identifies federal agency 
requirements, needs, and decision contexts for using acute 
systemic toxicity data

Acute Oral Toxicity: CATMoS
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Agency-Based Modeling Endpoint Selection

Hazard
Toxic

(>50-5000 mg/kg)

Highly toxic

(≤50 mg/kg)

Hazard

Point estimates of 

LD50 values

+ Nontoxic (>2000 mg/kg)

I   (≤ 5 mg/kg) 

II  (>5 ≤ 50 mg/kg) 

III (>50 ≤ 300 mg/kg) 

IV (>300 ≤ 2000 mg/kg) 
HazardPacking 

Group

GHS Categories

NC (> 2000 mg/kg) 

Binary Models

Categorical Models

Continuous Model

I   (≤ 50 mg/kg) 

II  (>50 ≤ 500 mg/kg) 

III (>500 ≤ 5000 mg/kg) 

IV (>5000 mg/kg) Hazard

EPA Categories
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Available data for modeling

• Very toxic endpoint: 11886 entries (binary, 0/1)

• Non-toxic endpoint: 11871 entries (binary, 0/1) 

• EPA endpoint: 11755 entries (categorical, 4 categories)

• GHS endpoint: 11845 entries (categorical, 5 categories)

• LD50 endpoint: 8908 entries (continuous values)

15,688 chemicals total

21,200 LD50 values
11992 chemicals with 

accurate structures 

QSAR-ready standardization

Desalted, stereochemistry stripped, 

tautomers and nitro groups standardized, 

valence corrected, structures neutralized

Rat oral LD50s:

16,297 chemicals total

34,508 LD50 values
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Establishing Modeling Dataset

• All endpoints training data included in same structure file

• Similar distributions and variability for values and categories

• Similar distribution of chemical structures sources

• Training and evaluation sets:

• 11,992 chemicals from the final inventory of chemicals with QSAR-ready 

structures having rat oral acute toxicity data were split into training and test sets:

• 75% training set: 8,994 chemicals

• 25% evaluation set: 2,998 chemicals
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Establishing Modeling Dataset

Included lists of regulatory interest:

• ToxCast/Tox21

• EDSP

• TSCA

• Substances on the market 
(EPA Dashboard list)

After QSAR-ready 
standardization:

48137 structures to be 
predicted (including the 
evaluation set)

• Prediction set:
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Coverage and concordance of the models

Consortium Comprised 35 Participants/Groups

• Very Toxic:  32 models

• Non-toxic:   33 models

• EPA categories: 26 models

• GHS categories: 23 models

• LD50:   25 models

Total: 139 models
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CATMoS consensus modeling

https://www.piscltd.org.uk/wp-content/uploads/2020/01/2020.01.22_CATMoS_Webinar.pdf

https://youtu.be/KjbTnfRTY-0

Learn more:
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Performance Assessment

Consensus Model Statistics

Very Toxic Non-Toxic EPA GHS

Train Eval Train Eval Train Eval Train Eval

Sensitivity 0.87 0.70 0.88 0.67 0.81 0.62 0.80 0.58

Specificity 0.99 0.97 0.97 0.90 0.92 0.86 0.95 0.90

Balanced 

Accuracy
0.93 0.84 0.92 0.78 0.87 0.74 0.88 0.74

In vivo 

Balanced 

Accuracy

0.81 0.89 0.82 0.79

The consensus predictions 
perform just as well as 

replicate in vivo data do at 
predicting oral acute 

toxicity outcome

LD50 values LD50 values

Train Eval In Vivo

R2 0.85 0.65 0.80

RMSE 0.30 0.49 0.42
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Collaboration with ATWG partners and ICCVAM agencies

Agency
No. Substances

Agency
No. Substances

Air Force 421 EPA OPP 36 

Army Public Health 

Command

18 EPA OPPT 8

Army Edgewood 

Chemical Biological 

Center

42 EPA NCCT 4815

CPSC 110 EPA EFED 160

DOT 3671 FDA CFSAN 22
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OPERA 



QSARs for regulatory purposes

The 5 OECD Principles

1) A defined endpoint

2) An unambiguous algorithm

3) A defined domain of applicability

4) Appropriate measures of 

goodness-of-fit,   robustness and 

predictivity

5) Mechanistic interpretation, if 

possible



OPERA approach

• Curated open access datasets (https://doi.org/10.1186/s13321-018-0263-1)

• Open-source code (github.com/NIEHS/OPERA)

• Transparent unambiguous algorithms (https://qsardb.jrc.ec.europa.eu/qmrf/)

• Transparent validated performances (https://doi.org/10.1080/1062936X.2016.1253611)

• Defined applicability domain and limitations of the models

• Predictions available through:

• NICEATM’s Integrated Chemical Environment (https://ice.ntp.niehs.nih.gov/)

• The EPA’s CompTox Dashboard (https://comptox.epa.gov/dashboard)

• Free and open-source standalone application (github.com/NIEHS/OPERA)



OPERA as a standalone desktop application

OPERA standalone application:

- Free, opensource & open-data

- Single chemical and batch mode

- Multiple platforms (Windows and Linux)

- Embeddable libraries (java, C, C++, Python)

- Command line & Graphical user interface

https://github.com/NIEHS/OPERA

https://ntp.niehs.nih.gov/go/opera 

- Physicochemical properties

- Environmental fate

- ADME properties

- Toxicity endpoints

Links:

OPERA models:

https://jcheminf.biomedcentral.com/

articles/10.1186/s13321-018-0263-1

Input options:

- Structure IDs (CAS, DTXSID, InChIKey)

- Structure files (SMILES, SDF, Mol)

https://github.com/NIEHS/OPERA
https://ntp.niehs.nih.gov/go/opera
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1


Physchem properties Chemicals Version

BP Boiling Point 7860 2.9

HL
Henry's Law 

Constant
2233 2.9

LogP
Octanol-water 

Partition Coefficient
18154 2.9

MP Melting Point 22554 2.9

VP Vapor Pressure 6764 2.9

WS Water Solubility 9943 2.9

pKa
Acid Dissociation 

Constant 
6503 2.6

KOA
Octanol/Air 

Partition Coefficient
270 2.6

Environmental fate Chemicals Version

AOH
Atmospheric 

Hydroxylation Rate
692 2.6

BCF
Bioconcentration 

Factor
626 2.6

BioHL
Biodegradation 

Half-life
150 2.6

RB
Ready 

Biodegradability
1603 2.6

KM
Fish 

Biotransformation 
Half-life

541 2.6

KOC
Soil Adsorption 

Coefficient
728 2.6

ADME properties Chemicals Version

FUB
Fraction 
unbound

3229 2.8

Clint
Intrinsic 

clearance
1346 2.8

CACO2
Caco-2 

permeability
4601 2.8

Toxicity endpoints Chemicals Version

ER
Estrogen Receptor 

Activity
32464 2.6

AR
Androgen Receptor 

Activity
47673 2.6

AcuteTox
Acute Oral Systemic 

Toxicity 
50660 2.6

OPERA models (version 2.9)

New/updated since 2021



OPERA in the OECD Toolbox

https://repository.qsartoolbox.org/



OPERA on GitHub

https://github.com/NIEHS/OPERA/releaseshttps://github.com/NIEHS/OPERA

Packaged installersSource code

Over 8000 downloads
(https://tooomm.github.io/github-release-stats/)

Updates notifications

https://github.com/NIEHS/OPERA/releases
https://github.com/NIEHS/OPERA


Predictions on NTP/ICE

https://ice.ntp.niehs.nih.gov/Search
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Demo

Kamel.mansouri@nih.gov
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Subscribe toNICEATMNewsemail list 

https://ntp.niehs.nih.gov/go/niceatm

The NICEATM Group

(2024)

https://ntp.niehs.nih.gov/go/niceatm


Thank you for your attention!
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