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Abstract 
Although pharmaceuticals have been exposed to 
the environment with no or very little care, their 
environmental toxicity has been studied 
experimentally only to a limited extent till date. 
There are reports of measurable quantities of 
drug molecules and other bioactive metabolites 
in rivers and other surface water bodies. It is 
next to impossible to carry out experimental 
evaluation of the impact of pharmaceuticals on 
all relevant and exposed organisms – this is also 
both unethical, costly and slow.  However, 
computational tools such as Quantitative 
Structure-Activity Relationship (QSAR) can be 
used to fill the data gaps where limited number 
of experimental data is available. In the current 
study, we have developed Quantitative 
Structure-Toxicity Relationship (QSTR) models 
for toxicity of pharmaceuticals on three different 
organisms namely algae, daphnia and fish. In 
order to study relationship between structural 
feature and toxicity response; the models were 
developed by partial least squares regression 
approach using descriptors selected through a 
genetic algorithm approach and the developed 



MOL2NET, 2018, 4, doi:10.3390/mol2net-04-xxxx                                                                  2 

 

models were subsequently extensively validated 
following OECD guidelines. An additional 
interspecies quantitative structure-toxicity-
toxicity relationship (QSTTR) modelling has 
been performed to check for the interrelationship 
of various pattern of response as we move across 
the hierarchy of genetics in different 
taxonomical class. Various descriptor 
calculating software such as PaDEL-Descriptor, 
DRAGON and SiRMS were used to compute a 
wide array of 2D descriptors for capturing 
chemical information required to correlate the 
biological properties (toxicities) inherited in the 
chemical structure of the molecules. All the 
obtained models showed that with an increase in 
hydrophobic characteristics (in terms of Log P) 
toxicity also increases linearly while with an 
increase in hydrogen bond donating groups, 
toxicity decreases. An applicability domain 
study was carried out in order to define the 
scope of developed model and to highlight 
compounds falling outside the domain of the 
respective models. The obtained QSTTR models 
were finally utilized to fill the data gaps of 275 
pharmaceuticals, by using as a template to 
predict toxicity of pharmaceuticals where 
experimental data were missing for at least one 
of the endpoints. Finally, the developed QSTR 
models were used to predict a large dataset of 
approximately 7000 drug like molecules in order 
to prioritize the existing drug like substances in 
accordance to their acute predicted aquatic 
toxicities.  
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