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In vitro

In chemico

In silico

NAMs
(New Approach Methodologies)

To reduce the dependency on 
animal testing for the chemical 

hazard and risk assessment

Ex vivo



Take advantage 

of existing data

FastCan be used to 

fill the data-gaps

Pre-synthesis 

studies

Cheap

Ethical issues: 

(no lab. animals)

Green (no solvent, 

no waste)

Batch processing
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The in silico methods
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The VEGAHUB tools: general information
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• User-friendly tools

• Transparent and information-
rich outputs

• Goal: help, not substitute 
assessors

• Input: chemical structure  
(SMILES*)

• Output: tabular (for batch) + 
PDF/HTML (detailed)

*Alphanumeric strings to represent the molecule (atoms, bonds,…)



Read-across - Analogue approach

estimates a property/activity from similar chemical(s)

Property S T

Similar Target

Property S T

Similar 1 Target

S

Similar 2
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One-to-one

Interpolation (extrapolation)



Read-across & similarity

• No accepted definition
• Expert-dependent
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Transparent

Mathematical definition 
of reliability

Automated

Virtual Extensive Read-Across: VERA

Unique system with 
multiple similarity 
approaches

Reproducible
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Virtual Extensive Read-Across: VERA
Target
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Virtual Extensive Read-Across: VERA

Goal: similar selection
Based on:
• 12 entities (chemical, biotic, 

abiotic, physico-chemical)
• 10k chemicals
• Clusters

Target
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Virtual Extensive Read-Across: VERA

Goal: endpoint assessment
• VERA Entities

• Entities importance
• Similar (with value) selection
• Prediction

Target
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Virtual Extensive Read-Across: VERA

Goal: endpoint assessment
• VERA Entities
• VERA Alerts

• Selection 1: Entities
• Selection 2: Structural Alerts 

and Molecular Groups
• Reasoning

Target
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Virtual Extensive Read-Across: VERA

Goal: endpoint assessment
• VERA Entities
• VERA Alerts
• Consensus and reliability

Target
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Virtual Extensive Read-Across: VERA
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Target



(Q)SAR (Quantitative) structure-activity relationship
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estimates a property/activity using an equation

R2, RMSE
Accuracy

…

AD

IN/OUT AD

NH

O

R2, RMSE
Accuracy

…

y = f(x)
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VEGA QSAR

• 130+ models

• Toxicological, ecotox, 
environmental, phys-
chem, toxicokinetic

• Applicability domain

• QMRF 
(https://www.vegahub.eu
/portfolio-item/vega-
qsar-models-qrmf/)
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VEGA QSAR

• 5 general models for 
fish (1 in 
classification)

• 3 species-specific 
models
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VEGA QSAR

Additional information

• Fish chronic toxicity

• MoA
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VEGA QSAR

Additional information

• Fish chronic toxicity

• MoA

• Log Kow

• Water solubility
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The PDF output

Summary page

 Target

 Prediction

 Reliability

 Experimental value (if 
available)

 Eventual remarks
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The PDF output

The six most similar chemicals

 CAS and SMILES

 Training or test set

 VEGA similarity

 Experimental and predicted values

Target
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The PDF output

The six most similar chemicals

𝐿𝐷50𝑚𝑔/𝐿

= 𝐿𝐷50𝑎−𝑑𝑖𝑚 ∗ 0.11 + 1 1.0/0.11 ∗ 𝑀𝑊 

 CAS and SMILES

 Training or test set

 VEGA similarity

 Experimental and predicted values

Pay attention to the 
measure unit!!!

Target

24.02 mg/L
24.01 mg/L
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The PDF output

The Applicability Domain Index (ADI)

 Global AD index [0-1]
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The PDF output

The Applicability Domain Index (ADI)

 Global AD index [0-1]

 Similarity 

 Accuracy for similar

 Concordance (target prediction –
similar experimental)

 Maximum error in prediction

 Descriptors range

 Atom Centered Fragments

Parameters are 
model-dependentSimilar

Descriptors

Structure
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The JANUS 

prioritization tool

Prioritization of chemical substances 
for PBT, CMR and endocrine disrupting 

activity



JANUS vs VEGA QSAR
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• Prioritization

• Consensus

• Additional parameters (e.g. water solubility)

• Microbial metabolites*

• VEGA QSAR output more detailed

*Microbial biocatalytic reactions 
and biodegradation pathways from 
EAWAG 
Biocatalysis/Biodegradation 
Database (https://envipath.org). 

https://envipath.org/
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The HTML output
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The HTML output
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The HTML output
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Take-home message

Several in silico methods can be used to assess fish acute toxicity

Automatic read-across 
Multiple approaches for 

similar selection
Reliability

QSAR models
ADI

Similar chemicals

Prioritization 
Consensus (VEGA models)

Microbial metabolites

Next future: SESAPI (for pharmaceuticals)
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Thank you for your attention!

Eco-NAMs webinar III - “In silico approaches to replace acute fish toxicity”

anna.lombardo@marionegri.it

https://www.vegahub.eu/

mailto:anna.lombardo@marionegri.it
https://www.vegahub.eu/
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    L D 50  m g / L =  (     (    L D 50  a − d i m ∗ 0 . 11 + 1 )   (  1 . 0 / 0 . 11 ) ) ∗ M W  

