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Toxicology  

Biological active substances interact with bio-molecules, triggering specific mechanisms, like the 
activation of an enzyme cascade or the opening of an ion channel, which finally lead to a biological 
response. These mechanisms, determined by the chemical composition of the relevant substances, 
are unfortunately largely unknown; thus toxicity must be studied experimentally.  
 
It is possible to use three types of approaches to assess the biological activity of a molecule: 
 
Å In vivo (Latin for άǿƛǘƘƛƴ the ƭƛǾƛƴƎέύ refers to experimentation using a whole, living organism as 

opposed to a partial or dead organism.  
 

Å In vitro techniques (cell cultures or tissue portions) - In vitro (Latin for within the glass) refers to the 
technique of performing a given procedure in a controlled environment outside of a living 
organism and involves involves using tissue culture cells.  
 

Å In silico is an expression used to mean άǇŜǊŦƻǊƳŜŘ on computer or via computer simulation.έ 
 
Both animal testing and in vitro experiments are time consuming and expensive. Additionally, animal 
testing is now considered ethically unacceptable by a growing majority of people. For these reasons, 
and also due to improvements in computational power, the scientific community and the industrial 
world have started to use in silico approaches, or at least view them as a possible viable alternative, 
and have developed a number of models and strategies able to predict the properties of compounds.  

In vitro In vivo In silico 
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Preliminary Concepts  

Chemoinformatics consists in the ensemble of computational tools for the management of chemical 
information in order to generate knowledge from data, thus facilitating faster and better decisions. 
Usual chemoinformatic tasks include the transformation of chemical information into numerical data 
and the consequent application of mathematical methods to infer chemical knowledge related to the 
similarity/diversity of compounds, or the predictions of physicochemical, pharmacokinetic and/or 
toxicological properties. 
 
To do this the most adapted techniques are probably QSAR and related statistical methods (e.g. Read 
Across), that is, the development of mathematical predictive models that, once validated, can be 
used to propose new alternatives to chemicals with toxicological issues. The high potential of this 
technique is widely recognized, and it is even accepted that in some cases QSAR could replace 
existing biological tests (this is the case for example in the REACH legislation in Europe). 
 

Advantages of QSAR and Read-across Disadvantages of QSAR and Read-across 

ÅQuick calculation once a model has been 
generated 

ÅThese methods provide fair quantitative 
predictions of toxicity properties  

ÅSaving of time, resources and money 
ÅCompletion of European directives regarding 

animal tests (3Rs): 

VRefinement of techniques that reduce 
the animal suffering 

VReduction in the number of animal 
assays 

VReplacement of animal assays 

ÅSometimes it is difficult to extract direct 
mechanistic information from these methods 

Å It arrives frequently that there is not enough 
experimental data available, and/or the 
published data has not been obtained in a 
systematic way (e.g. experimental conditions 
are variable and in consequence they are not 
comparable) and thus it is not useful for the 
development of specifically adapted QSAR 
models. 

Advantages and Disadvantages of chemoinformatics  
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Preliminary Concepts  

QSAR 
 

Quantitative Structure-Activity Relationships models (QSARs) are mathematical models in the form of 
statistical correlations relating one or more quantitative parameters derived from the chemical 
structure to a quantitative measure of a particular physicochemical property or biological activity.  
 
For a long period, QSARs or QSTRs (Quantitative Structure-Toxicity Relationships) have been used in 
ecotoxicology for risk assessment and toxicity prediction. Ecotoxicity of QSTRs are used to represent, 
explain, and most importantly predict or estimate endpoints of interest by linking the toxicity of 
chemical compounds to their chemical structures or properties. Therefore, the toxicity of an untested 
compound can be obtained from structurally similar compounds whose toxicities have already been 
calculated.    
 

Ὢ  
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Preliminary Concepts  

The QSAR models require the characterization of the molecules by a set of numerical descriptors, 
and the application of statistical tools providing regression or classification models.  
 
There are two main ways to describe a chemical compound: using global descriptors, or using 
specific fragments. 
 
In case of the chemical compounds, some descriptors are global, or general, such as molecular weight 
or molecular size, while the presence of a certain fragment may also be used to describe a chemical 
compound. There are many QSAR models using global descriptors, but also a certain number of them 
using fragments.  
 
The molecular descriptors can be classified as:  
 
ω Constitutional descriptors are quite simple; they include molecular weight, number of atoms 
present in a molecule (for instance number of chlorine atoms), number of double bonds, etc.  
 
ω Topological descriptors indicate the bonds between atoms, and can be used to represent the 
ramification of the molecule. Indeed a molecule can be represented as a graph.  
 
ω Certain descriptors take into consideration the electronic charge of a certain atom, or its polarity.  
 
ω Some descriptors refer to the molecular orbitals of the molecule. Some descriptors calculate the 
energy of the molecular orbitals, for instance HOMO refers to the energy of the highest occupied 
molecular orbital, and LUMO refers to the energy of the lowest unoccupied molecular orbital.  
 
ω Another kind of descriptor is the so called physico-chemical. They include LogP, lipophilicity, etc. 
LogP is the logarithm of the partition coefficient between octanol and water. This descriptor has been 
used since the first QSAR models, and originally it was measured. Nowadays it is much more common 
to calculate it.  
 
ω There are programs which have a list of pre-codified fragments, even thousands of them, and the 
software checks whether or not they are present in the molecule of interest. There are programs 
which check for the presence of fragments in a molecule with reference to a list of fragments; these 
programs are quite fast, and are often used to process huge databases, for similarity purposes. The 
pharmaceutical industry uses models based on fragments quite often.  
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Preliminary Concepts  

2D and 3D descriptors 
 
We can also distinguish the descriptors on the basis of the kind of detail needed to represent the 
molecule. A major difference is between descriptors which need a tri-dimensional (3D) 
representation and other descriptors. Indeed, some descriptors, such as the number of certain atoms, 
or topological descriptors, do not need a 3D representation of the molecule. Conversely, descriptors 
like molecular volume of quantum-mechanical molecules require a 3D representation of the 
molecule. 
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Preliminary Concepts  

Before calculating the chemical descriptors or fragments, the chemical formula has to be represented 
in a suitable way.  
 
There are several ways to do this. Typical ways are the InChI, SMILES or sdf format.  
 
InChI is univocal, but so far less used than SMILES, which is simpler.  
 
However, care should be taken with SMILES because there may be more than one SMILES for the same 
chemical. Canonical SMILES are recommended for this reason. Nevertheless, there are different 
formalisms to write the structure within SMILES; for instance for the nitro group and the kind of bonds 
between the oxygen and nitrogen. Indeed, the bond between N and O can be written as a double bond 
or with a separation of charges: N=O or N+O-. The chemical may be read in different ways, generating 
different results. Thus, the user should not mix SMILES which have been taken from different sources.  
 
Other formats, such as sdf, codify the graph of the molecule, and may contain additional information 
besides the chemical structure.  
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Modelling algorithms: classifiers and regression models  

The structural-activity correlation can be established on the basis of two kinds of algorithms: 
  
ÅThose for regressions (continuous value) 
ÅThose for classification (finding the category, e.g. the toxicity class).  
 
In fact, in the case of classifiers the appropriate definition would be SAR, since the purpose of 
classifiers is not to obtain a quantitative evaluation, but a category .  
 
There is a variety of methods for building QSAR models. These methods are called pattern recognition 
methods because their aim is to devise algorithms that could learn to distinguish patterns in a data set. 
They can be classified as: 
 
ÅSupervised (for example, Multiple Linear Regression, Discriminant Analysis, Partial Least Squares, 

Classification and Regression Trees, Neural Networks, etc.) or unsupervised (for example, Principal 
Component Analysis, Cluster Analysis, k-Nearest Neighbours, Nonlinear Mapping, etc.), where 
supervision refers to the use of the response data which is being modelled.  

 
ÅUnsupervised learning makes no use of the response, meaning that the algorithms seek to 

recognize patterns in the descriptor data only.  
 
The advantage of unsupervised learning is the lower likelihood of chance effects, due to the fact that 
the algorithm is not trying to fit  a model. On the other hand, supervised learning does use the 
response data and care needs to be taken to avoid chance effects. Another significant difference 
between supervised and unsupervised learning methods is the ratio of compounds (p) to variables (n) 
in a data set. When n җ p, some supervised learning techniques may not work due to the failure to 
invert a matrix, while others may give a false, but apparently correct, classification. Even though this is 
not a problem for unsupervised methods, the presence of extra variables that have no useful 
information may obscure meaningful patterns.  
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Modelling algorithms: classifiers and regression models  

Classifiers and Regression techniques commonly used in QSAR 
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Model validation  

For what refers to validation different concepts are to be taken into account: 
 
Statistical validation of the model (internal validation). If the predictive performance of models is not 
statistically checked, there is a serious risk in using the model to predict a property value.  
 
Models for regulatory purposes require stringent validation procedures on the prediction of the 
property/effect. 



LIFE COMBASE -  COMputational  tool  for  the  assessment  
and substitution  of Biocidal  Active substanceS  of 
Ecotoxicological  concern  
LIFE15 ENV/ES/416  

1. Introduction  to  in  silico  methods in  the  risk  
assessment  process  

LIFE COMBASE -  COMputational  tool  for  the  
assessment  and substitution  of  Biocidal  Active  
substanceS  of  Ecotoxicological  concern   
LIFE15 ENV/ES/416 

www.life - combase.com 

COMBASE is  partly  funded  by the  European 5ÎÉÏÎƦÓ LIFE Fund in  the  framework  of  LIFE 
programme environmental  policy  and governance  with  grant  agreement  LIFE15 ENV/ES/416 

Preliminary Concepts  

Read across 
 
Read-across is based in the well-known άƴŜƛƎƘōƻǳǊƘƻƻŘ ōŜƘŀǾƛƻǳǊέ principle: chemicals with common 
structural features will show similar physicochemical properties, toxicological (human 
health/ecotoxicity) effects or environmental fate properties. Thus, substances sharing structural 
similarities can be grouped together in a chemical category, and once a group has been established, it 
is possible to use information from the data rich members to fill data gaps. When there are not data 
enough to construct QSAR models, read-across is a simpler alternative to consider. 
 
 
 
 
 
 
 
 
 
 
 
 
Read Across: is a technique for predicting endpoint information for one substance (target substance), 
by using data from the same endpoint from (an)other substance(s), (source substance(s)).  
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Preliminary Concepts  

Read Across VS QSAR (Comparison) 
 

Read-across QSAR 

Å A case-to-case basis 
Å Reliability supported by specific 

explanation 
Å Supporting data needed (generic and/or 

substance-specific) 
Å Subjective expert assessment 

ÅPre-built model 
ÅReliability supported  by the  applicability 

domain  
ÅSupporting examples from training sets 
ÅObjective output (though it requires an 

evaluation by the expert) 
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Alternative methods  
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Regulatory validity of QSARs: the OECD rules  

It is important to underline that QSAR and read-across models are well accepted by authorities for the 
authorization of a chemical compound. That is, the application of computational models for 
substances whose toxicological effects are still unknown is only accepted if the models obey to a set of 
rules established by authorities and it is not the result of theoretical speculations. However, several 
retrospective studies have demonstrated the lack of quality and predictive ability of some previously 
developed QSAR models, therefore opening the debate on the suitability of their use in a conventional 
way (Tropsha, Gramatica, & Gombar, 2003; Gramatica, 2013). A critical and impartial rethinking to 
assess the reliability of the computational models results seemed necessary.  
 
According to the Organisation for Economic Co-operation and Development (OECD, www.oecd.org/) a 
set of general rules can be defined to help determining whether a QSAR model is suitable for 
regulatory use (OECD, http://www.oecd.org/env/ehs/oecdquantitativestructure-
activityrelationshipsprojectqsars.htm). They are known as "rules of Setubal" because they were 
derived at the "International Workshop on the Regulatory Acceptance of QSARs for Human Health and 
Environment Endpoints", held in this Portuguese city in March 2002. This event was organized by two 
of the most relevant professional organizations representing the chemical industry, namely: the 
European Chemical Industry Council (CEFIC, an acronym for its original French name άConseil Européen 
des Fédérations de l'Industrie Chimique) and the International Council of Chemical Associations (ICCA). 
 
These principles establish that, to facilitate the consideration of a QSAR model for regulatory purposes, 
it should be associated with the following information (OECD, 2007): 
 
ÅPrinciple 1: a defined endpoint (referred as any physicochemical, biological or environmental effect 

that can be measured and therefore modelled). The intent of this principle is to ensure transparency 
in the endpoint being predicted by a given model, since a given endpoint could be determined by 
different experimental protocols and under different experimental conditions. Ideally, QSARs should 
be developed from homogeneous datasets in which the experimental data have been generated by 
a single protocol. 
 

ÅPrinciple 2: an unambiguous algorithm, to ensure transparency in the description of the model 
algorithm (especially in the case of commercially-developed models, since this information is not 
always made publicly available). 
 

ÅPrinciple 3: a defined domain of applicability, since QSARs are limited in terms of the types of 
chemical structures, physicochemical properties and mechanisms of action for which the models 
can generate reliable predictions. 
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Regulatory validity of QSARs: the OECD rules  

ÅPrinciple 4: appropriate measures of goodness-of-fit, robustness and predictivity. This principle 
expresses the need to provide two types of information: a) the internal performance of a model (as 
represented by goodness-of-fit  and robustness), determined by using a training set; and b) the 
predictivity of a model, determined by using an appropriate test set. 
 

ÅPrinciple 5: a mechanistic interpretation, if possible. It is well known that a mechanistic 
interpretation of a given QSAR is frequently not possible. Nevertheless, the intent of this principle is 
to ensure that, when possible, there is an assessment of the mechanistic associations between the 
descriptors used in a model and the endpoint being predicted, and that any association is 
documented.  

 
Different institutions in charge of regulatory responsibilities worldwide are progressively accepting 
these rules. As an example, they were adopted by all member countries of the OECD in the "37th Joint 
Meeting of the Chemicals Committee and Working Party on Chemicals, Pesticides and Biotechnology" 
in November 2004. The European Union's has also included these rules in the Annex XI of REACH 
Regulation (European Commission, 2006) and in the Annex IV of the Biocidal Products Regulations 
(BPR) (European Parliament and The Council, 2012), virtually unchanged. 
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Introduction  to  the  existing  software  for  the  prediction  of  
the  environmental  effects  of  chemicals  
 
Reference is made to : Madden JC, Rogiers V, Vinken M. 2014 Application of in silico and in vitro 
methods in the development of adverse outcome pathway constructs in wildlife. Phil. Trans. R. Soc. B 
369: 20130584. http://dx.doi.org/10.1098/rstb.2013.0584 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584
http://dx.doi.org/10.1098/rstb.2013.0584


LIFE COMBASE -  COMputational  tool  for  the  assessment  
and substitution  of Biocidal  Active substanceS  of 
Ecotoxicological  concern  
LIFE15 ENV/ES/416  

2.  COMBASE approach :  (eco) toxicological  profiling  
of  biocidal  active  sustancias  using  QSAR models  
 

LIFE COMBASE -  COMputational  tool  for  the  
assessment  and substitution  of  Biocidal  Active  
substanceS  of  Ecotoxicological  concern   
LIFE15 ENV/ES/416 

COMBASE is  partly  funded  by the  European 5ÎÉÏÎƦÓ LIFE Fund in  the  framework  of  LIFE 
programme environmental  policy  and governance  with  grant  agreement  LIFE15 ENV/ES/416 

www.life - combase.com 



LIFE COMBASE -  COMputational  tool  for  the  assessment  
and substitution  of Biocidal  Active substanceS  of 
Ecotoxicological  concern  
LIFE15 ENV/ES/416  

3.  Developed  QSAR models:  validation,  
applicability  domain and endpoints  predicted   
 

www.life -
combase.com 

COMBASE is  partly  funded  by the  European 5ÎÉÏÎƦÓ LIFE Fund in  the  
framework  of  LIFE programme environmental  policy  and governance  
with  grant  agreement  LIFE15 ENV/ES/416 

LIFE COMBASE -  COMputational  tool  for  the  
assessment  and substitution  of  Biocidal  Active  
substanceS  of  Ecotoxicological  concern   
LIFE15 ENV/ES/416 




