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INTRODUCTION
Although Quantitative Structure Activity Relationship (QSAR) modeling is a
powerful technique for prediction of biological activity and toxicity of chemicals, the
major problem is the interpretability of such models. The models based on many
powerful methods, such as neural networks or support vector machines, often use
hundreds of descriptors and are particularly difficult to interpret. These models
frequently raise a concern of the end-users, i.e. regulators, because of the inability to
get a clear mechanistic interpretation of the observed structure-toxicity relationships.
The lack of interpretability makes difficulty of these models to comply with the rules
on the validation of models [1], can limit the use of such models for the legislative
purposes.
Usage of molecular fragments that are associated with particular type of
toxicity and known as “toxicophores” or “structure alerts” provides a mechanistic
explanation of toxic nature of compounds and could be utilized to complement QSAR
models and to help interpreting their predictions.

GOALS AND OBJECTIVES
According to the above-mentioned background the research incudes two main
goals:
1. A creation of toxicophore database (first stage of the research);
2. Usage of the created toxicophore database for development, interpretation

and improvement QSAR-models describing toxic properties of chemicals
(second stage of the research).
and the next objectives:
1. Collection of data about toxicity of chemical compounds, namely compilation
of molecular fragments associated with different toxicological endpoints (structural
alerts) along with data about associated biotransformations and pathways, etc.
2. Creation of “toxicophores” catalog that will serve as a guide for development
and interpretation of models
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3. An integration of the collected data to create QSAR models to predict toxicity
of chemical compounds. Sensitivity analysis of descriptors and calculation of their
relationships with chemical structure of toxicophoric fragments.
4. Validation and explanation of developed toxicity models using toxicophores.

FIRST STAGE RESEARCH RESULTS (9th January – 9th April)
During the first stage of the research I focused on goal 1 and objectives 1-2. I
studied the literature in the field of structural alert [e.g., articles 2-48]. The “evolution”
of toxicophores was investigated starting from the seminal work by James and
Elizabeth Miller, who highlighted the electrophilic nature of chemical carcinogenesis
[2, 3]. Structural alerts associated with different toxicological endpoints, e.g.
genotoxic and non-genotoxic carcinogenicity, mutagenicity, skin sensitization, acute
aquatic toxicity, idiosyncratic toxicity (reactive metabolite formation) were identified
and grouped according to the endpoint (Table 1).
Table 1

Toxicological endpoint

Extracted structural alerts
Number of
described structural Publications
alerts

Genotoxic
carcinogenicity /
mutagenicity
Non-genotoxic
carcinogenicity
Skin sensitization
Acute aquatic toxicity
Idiosyncratic toxicity

Source of
alerts

117

2-19

5, 11,13,17

5

17

17

161
99
35

20-33
34-39
40-42

20, 22, 25, 31
35, 36
41, 42

The information on structural alerts was used to create a new online module to
screen the toxicophores. This module, named ToxAlerts, was developed as an
extension to the Online Chemical Modeling Environment system (OCHEM)
(http://ochem.eu) [49]. The ToxAlerts was implemented in collaboration with the
chemoinformatics research group of eADMET GmbH. Encoding of molecular
fragments responsible for toxicity was implemented in SMiles ARbitrary Target
Specification (SMARTS) language (http://www.daylight.com).
ToxAlerts module description
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ToxAlerts module consists of two main components: a database to store
structural alerts for various toxicological endpoints in an organized manner and an
on-line facility to screen chemical compounds against these alerts.
Database structure
The central entity in the ToxAlerts database is a structural alert, which is
uniquely identified by:
1. A structural pattern represented by a SMARTS string;
2. A publication where the alert was mentioned;
3. A toxicological endpoint associated with this alert (e.g., carcinogenicity or skin
sensitization).
Additionally to this obligatory and fundamental information required for each
alert, the database allows storing supplementary information, such as:
1. A chemical name of the alert (e.g., “Acid halides”, “Sulphonyl azides”, etc.);
2. A visual depiction of the alert (can be uploaded in PNG format manually);
3. Position of the alert in the publication (page, table / figure);
4. Arbitrary supplementary information (e.g., mechanism of action associated
with the alert, information whether metabolic bioactivation is required to
observe the toxic effect, etc.).
A schema of the database is presented in Figure 1.
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Figure 1. A schema of the ToxAlerts database. The main features describing alerts
are shown. In addition to this information, each alert has several other properties, i.e.
introducer and modifier of the alert, creation and modification time, modification
history, as well as visibility and user rights control inherited from the OCHEM.
Screening facilities
Structural alerts can be filtered using particular criteria (e.g., endpoint,
publication or alert name), marked as selected and grouped into an alert set. Such
alert set can be saved in a browser of alerts sets by specifying its name. The saved
alert sets can be used for screening purposes.
ToxAlerts is tightly integrated into OCHEM: the platforms share the same
database of users, publications and chemical compounds. Moreover, ToxAlerts
promotes the same design principles: the data and alerts are contributed by users
and can be freely accessed by other users. Both ToxAlerts and OCHEM strictly
require all data to be complemented with the original source of information – a
reference to a scientific publication where the alert was described.
Integration of ToxAlerts with OCHEM provides many benefits for the usage of
this database. Firstly, the compound sets (referred to as “baskets” and “tags”)
prepared in the OCHEM database can be readily used for screening against
toxicological alerts in ToxAlert. Secondly, the compounds filtered by alerts can be
exported from the OCHEM in a wide variety of formats and/or can be used for any
further research, e.g. confirmation of the potentially toxic compounds with QSAR
models. Thirdly, presence or absence of particular preselected alerts can be used as
molecular descriptors for the development of QSAR models.
ToxAlerts database was extended by uploading several sets of functional
groups and molecular moieties (so-called „filters“) used by five companies to identify
unstable, toxic and reactive compounds. Description of these filters is given in Table
2.
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Table 2
Filters are stored in ToxAlerts system
Company
Number of filters
Enamine
108

(http://enamine.emolecules.com)

ChemDiv
(http://eu.chemdiv.com)

100

Maybridge
(http://www.maybridge.com)

22

LifeChemicals
(http://www.lifechemicals.com)

72

Pfizer
(http://www.pfizer.com)

38

The database also includes 120 alerts for electrophilic agent recognition [43].
The formation of a covalent adduct has been recently described as the molecular
initiating event for toxicity endpoints [50, 51] and therefore these alerts are interesting
for interpretation of toxicity of chemical compounds. In summary, during my work I
collected and introduced as SMARTS data for 877 alerts collected from 17 sources.

MEETINGS AND CONFERENCES
During the first stage of my project I participated and presented results of my work at:
1. ITN‐ECO Madrid Winter School 2012 "In vitro and in silico toxicology:
Biological activity and computational rationalization" [27th February-2nd March]
(INIA headquarters, Ctra. De la Coruña Km 7, E‐28040 Madrid); poster.
2. The Munich Life Science Symposium for Young Scientists <INTERACT-2012>
[29th March-30th March] (poster abstract is represented in appendix A);
3. 15th International Workshop on Quantitative Structure-Activity Relationships
(QSAR 2012) in Environmental and Health Sciences [June 18-22, Tallinn,
Estonia] (abstract which has been accepted for oral presentation).
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FURTHER WORK
The goal of the first stage of my project, a comprehensive literature review and
development of the toxicophore database and collection of toxicophores, was fully
achieved. During the second stage, which is planned for autumn of 2012, I will work
towards application of the developed alerts database for development, interpretation
and improvement QSAR-models to predict toxicity of chemicals.
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APPENDIX A
Abstract for the Munich Life Science Symposium for Young Scientists
<INTERACT-2012>, Germany on
29 – 30 March 2012

ONLINE DATABASE OF TOXICOLOGICAL STRUCTURE ALERTS

Elena Salmina, Iurii Sushko, Vladimir A. Potemkin, Igor V. Tetko

Identification of chemicals that are able to exert adverse effects on human,
other living organism or environment is an important feature of the modern
toxicology. This problem is especially important considering the new legislations such
as REACH in European Union.
Assessment of toxicity with direct in-vivo animal tests is very costly and time
consuming. An alternative, which could reduce costs and avoid unnecessary animal
tests, is using predictive computational models. One of the simplest yet powerful
techniques for detecting potentially toxic chemicals is using substructure patterns
also known as structure alerts or toxicophores.
We have developed a platform for collecting and storing toxicological alerts
from literature and for screening chemical datasets against these alerts. In our
system, an alert is uniquely identified by a SMARTS pattern, a toxicological endpoint
and a publication where the alert was described. Additionally, the system allows
storing complementary information such as name, comments, mechanism of action,
etc.
Most importantly, the platform can be easily employed for fast screening of
large chemical datasets against the toxicological alerts, providing a detailed profile of
the chemicals grouped by alerts and endpoints. Such a facility can be used for
decision making regarding whether a compound should be tested experimentally,
validated with available QSAR models or eliminated from consideration altogether.
The system is open and tightly integrated with the Online Chemical Modeling
Environment (OCHEM) [1]. Any user on the Web can introduce new alerts, browse
and edit alerts introduced by other users or screen his/her datasets against all or
some alerts. The datasets filtered by alerts can be used at OCHEM for other typical
tasks: export in a wide variety of formats, creation of QSAR models, additional
filtering by other criteria, etc.
The platform can be accessed on the Web at http://ochem.eu/alerts and it is
open for any user following a simple registration procedure.
[1] – Sushko et al. J Comput Aided Mol Des. 2011 Jun;25(6):533-54.
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