
Quantitative-structure active relationship (QSAR) models can be used to replace animal models. Their use so far has been questioned for the possible occurrence of errors,

in particular of the so-called false negatives: predictions as safe, while the chemical it is not.

In case of models for regulatory purposes, particular care has to be given to the quality of the input data (check of structures and values), to the validation of the model,

and to the use of the model results. Typically QSAR models have been evaluated using squared errors, thus the information on the false negatives or positives is lost.

We developed models with particular attention to these key factors. We show here two examples.

We used the DEMETRA QSAR model we developed for pesticide toxicity, to predict fish

toxicity of industrial chemicals. DEMETRA uses chemical descriptors as input. It is freely

available at http://www.demetra-tox.net. It requires a few chemical descriptors, which

can be easily calculated with the software Dragon.

Here we used trout toxicity data taken from the OECD Toolbox. Chemicals were first

ranked according to the Verhaar scheme, as implemented in the software Toxtree

developed by ECB.

We compared the results of DEMETRA with those of other classical QSAR models,

mainly based on LogKow.

In the case of QSAR models for aquatic toxicity typically the results are wrong for the

most toxic compounds, which is the worst situation for regulators. Figures below show

that DEMETRA gave much better results than other software, such as ECOSAR, TOPKAT,

Dragon, considering the false negatives. The predictivity of DEMETRA is confirmed for

the most critical compounds: classes 3 and 5. DEMETRA has a low number of false

negatives, compared to other software.

Within CAESAR we develop a QSAR model for BCF. The model uses 8 chemical

descriptors as input. We further validated the model on a second test set, using

compounds from the EURAS database, which includes high quality data.

The results on a training and test set are shown in Fig. 2. A good prediction appears.

CAESAR identified a number of rules, which increases the model uncertainty,

characterizing the applicability domain of the model. These rules are indicated in Table

1. If the chemical has some of these residues, the uncertainty of the prediction is higher.

Pesticides have also higher uncertainty, but we notice that this model was developed

for industrial chemicals.

The uncertainty of animal model is shown in Fig 3.

We developed and used QSAR models for fish toxicity and BCF. The models have been optimized to give low false negatives. These models have uncertainty similar to those of the

experimental animal models, and thus are interesting to replace animal models.

We acknowledge financial support from the EC for CAESAR and OSIRIS projects.
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Fig 1. Predictions for DEMETRA, TOPKAT , ECOSAR and the models reported on [1] and [2]. The bars with
positive values refer to errors in log units for compounds with overextimated toxicity, while the negative bars
refer to underestimated txicity for the predictions.
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Fig 2. Predictions for Dimitov (Training and Test set) and Euras (not excluded compounds) 
databases.

Table 1. Exclusion rules.

Fig 2. Variabitlity of the observed values for the  Arnot dataset [5].

http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.demetra-tox.net/
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92
http://www.euras.be/eng/project.asp?ProjectId=92

