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1. Introduction
A serious side effect of a drug is part of the pleiotropic effects, but it is really undesirable.
However, for the beneficial case, identifying some of unanticipated effects would often lead us to
the discovery of new drug candidates. Therefore, it is quite useful for us to predict the pleiotropic
effects of a drug.
We have investigated the usage of machine learning techniques in drug design and discovery. In a
previous work, we reported that an artificial neural network approach combined with the
topological fragment spectra (TFS) [1] as an input signal pattern allowed us to successfully classify
dopamine antagonists that interact with four different types of dopamine receptors [2]. It was also
shown that support vector machine (SVM) works for this type of problem [3, 4] much better.
Moreover, we have investigated the multi-label classification of a large number of drugs [5] that
have one or more of 100 different kinds of activity labels to explore a comprehensive model which
can be used to predict individual biological activities and pleiotropic effects.
In this study, we have developed a software tool that makes us easy to use the SVM models
obtained. The tool allows us to predict biological activities of unknown compounds and/or to give
the alert of adverse effects of the drug candidates using only chemical structures.

2. System Overview and Features
The software tool consists of three major modules. They are the model input interface, the
structure input module and the prediction module. The trained SVM models to be used for the
prediction are entered through the model input interface into the system. A parameter file for the
SVM model is also specified. The system loads the files of the SVM models and its parameters and
then passes the data to the prediction module to construct the classifiers. The structure input module
includes a structure editor. It enables us to draw the chemical structure of a candidate and submit to
system. Various ring templates and user-defined templates are also available to make it easy to draw
a chemical structure. The structure input module can import a connection table of the chemical
structure drawn by the editor and displays it. The TFS method was used to describe structural
features of the query chemical structure within the system. The TFS is derived by enumeration and

characterization of all possible substructures that have a specified number of bonds. The present
system enumerates possible structure fragments that have five or less connected bonds. All of the
fragments were characterized by the sum of atomic mass numbers of the constituent atoms. The
imported structure is described as a multidimensional pattern vector and then the vector is passed to
the prediction module. In the prediction module, the query received from the structure input module
is tested whether it belongs to individual biological activities by using the constructed SVM
classifiers. The prediction results for individual activities are displayed on the screen. The name of
drug activities, the output value given by the individual classifiers and sign (“+” if output value is
positive, otherwise “-”) are shown. If sign is “+”, the classifier indicates the query might belong to
corresponding activity. The biological activity can be predicted continuously by the edit of the
chemical structure.

3. Results and Discussion
In the present work, the collective SVM
classifiers for 100 different types of activity to
drug molecules which was developed in the
previous work were used as the classifier.
Figure 1 shows an example of the prediction
by our system. Diazepam, which is known as
anxiolytic,

anticonvulsant,

sedative,

and

skeletal muscle relaxant, was entered as a
query molecule by using the structure editor.
All the prediction results of 100 different types

Fig.1 Prediction results of diazepam as query.

of activity are shown individually. In this case,
it was predicted that the query drug (diazepam) would have the activities of anxiolytic,
bronchodilator, and anticonvulsant. The system correctly identified the types of diazepam which
have never used in training the models.
It is apparent that the present tool helps chemists to predict potential biological activities of
unknown compounds or to alert adverse effects of known compounds.
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