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Background
✓ The bacterial reverse mutation test (Ames test)
is the most commonly used genotoxicity test
✓ Primary component of the chemical safety
assessment data required by regulatory
agencies worldwide
✓ Within the in vitro genotoxicity test battery, it
reveals DNA reactivity, and identifies substances
that can produce gene mutations via different
mechanisms
✓ Evaluating its predictivity for in vivo
genotoxicity and carcinogenicity, when
considered alone or in association with
mammalian cell assays for chromosome
damage and/or gene mutations, is extremely
important.
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Collection of chemicals
with Ames positive results

> 700 substances
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✓

Methodology
5 strains:
4 S. Typhimurium (TA)
and E.coli WP2

known chemical
identity
(structure, purity,
MW,CAS no)

clearly negative in
the Ames test
full complement of
strains as from
OECD TG 471

Reliability score >2
(ECHA)
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valid in vitro and in
vivo results for the
genotoxicity
endpoints
or for
carcinogenicity

"Overall Call" definition for each
genotoxicity endpoint
✓ defined criteria for the reliability of each
study and quality of data for those
chemicals appearing in more than one
source with different calls
✓ 4 categories: (+), (-), (E) and (I)

Combination freebases and
respective salts,
or R/S isomers

Curated expert
review of all other
endpoints
following defined
criteria

Data Review Process
Curated expert review of available Ames test results
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Test results distribution
Data were collected for the following tests:
[196]
[161]

[196]
[161]

[96]

[98]
[76]

[25]

[33]

genotoxicity
in vitro tests
• Ames
• mouse lymphoma Tk [MLA] or Hprt
• micronucleus [MN]
• chromosome aberration [CA]
in vivo tests
• micronucleus [MN]
• chromosome aberration [CA]
• unscheduled DNA synthesis [UDS]
• transgenic models,
• DNA breakage [Comet & alkaline elution]

rodent carcinogenicity
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Preliminary characterization: physchem properties
Most of Ames negatives are:
✓ rather small: with MWs below 500 g/mol;
most of human drugs have MW<500
✓ are bioavailable: with logP values between
-5 and 5. The former indicates high water
solubility, the latter high octanol solubility

✓ not highly insoluble: the majority of
substances have a solubility higher than
10-2 mol/L
✓ and mostly non-ionisable substances, as
only 25 substances have pKa values below
7.0 (pKa predictions for 93 substances)

predicted with OPERA: https://jcheminf.biomedcentral.com/articles/10.1186/s13321-018-0263-1
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Preliminary characterization: chemical space

exploring the space of Ames negatives

(15600)

(2388)

(127)

(317)

(75)

(199)

Axes and positions of the substances correspond
to the first two principal components of the similarity
matrix of the substances built using the RDKit
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An open access Database

JRC Centre Data Catalogue
https://data.jrc.ec.europa.eu/dataset?q=ecvam&sort=sort_criteria+desc
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DB progress

2014
2014

The EURL ECVAM Genotoxicity and Carcinogenicity
consolidated Database of Ames positives

Update of Addendum
SCCS’s Notes of Guidance
SCCS/1532/14

(Kirkland et al 2014a, 2014b)
Evaluation and validation of
several new genotoxicity
tests & recommended list of
chemicals

2017
2016

2017

OECD WG on DRP of
miniaturised Ames tests

HESI GTTC on analysis of
in vivo follow-up from
positive results
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Support the ICH M7
guideline on impurities
recommended QSAR
analyses

EFSA advice on the
suitability of the in vivo
UDS assay to follow-up
positive results
Version 4

2018

Section 4.5 Genotoxicity WHO | World Health
Organization

2019

2021

Version 4.5

2020
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in silico approaches in carcinogenicity hazard assessment

Tice et al 2021, https://doi.org/10.1016/j.comtox.2021.100191
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Key Characteristics framework

Development of IATA for non-genotoxic Carcinogens

Key hallmarks /characteristics
(Mechanism/ mode of action)

Block

Jacobs et al 2020, doi: 10.1007/s00204-020-02784-5

12

1A

Receptor Binding and transactivation: Human Receptor

1B

P450 Induction and other enzymes

2

Cell Proliferation

3

Cell Transformation

4

Gap Junction
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Indicators of Oxidative Stress
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Immuno-evasion
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Gene expression and cell signalling
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Resistance to Apoptotic Cell Death
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Pathogenic Angiogenesis and Neo-angiogenesis
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Genetic Instability
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Senescence/Telomerase
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Metastasis
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Epigenetic Mechanisms

https://www.getrevue.co/profile/comptox-newsletter

News & Updates

https://estiv.org/in3/index.php

Nicoleta Spinu, Ana Caballero, Susana Proenca,
Liadys Mora Lagares & Andrew Worth

https://www.sciencedirect.com/journal/computationaltoxicology/collection/10ZD1MJ9982?page-size=100&page=1
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https://insilicoinsider.blog/

Thank you for your Attention!
Any questions?
federica.madia@ec.europa.eu

EU Science Hub: ec.europa.eu/jrc
@EU_ScienceHub
© European Union 2020

EU Science Hub – Joint Research Centre

EU Science, Research and Innovation
Eu Science Hub

14

Unless otherwise noted the reuse of this presentation is authorised under the
CC BY 4.0 license. For any use or reproduction of elements that are not owned
by the EU, permission may need to be sought directly from the respective right
holders.

