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Quantitative structure-activity relationship (QSAR) and quantitative structure-property 

relationship (QSPR) studies are important in silico methods in rational drug design. 

The aim of this methods is to optimize the existing leads in order to improve their biological 

activities and physico-chemical properties. Also, to predict the biological activities of 
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untested and sometimes yet unavailable compounds. This article is a general review of 

different QSAR/QSPR studies in different previous researches. R2 and Q2 parameters 

are used in some studies to predict the predictability and robustness of the constructed 

models. In all mentioned articles QSAR study were good prediction tool for investigation 

drug activity or binding mode on specific receptors. 

Drug discovery and development is a process aims to design safe and effective medications to 

improve life’s quality and to reduce suffering to minimum. However, the process is 

very complex, time consuming, and resource intensive, requiring multi-disciplinary expertise 

and innovative approaches. Technology in medicine and health care have rapidly changed 

over the past decades. Biomedical Engineering development has an essential rule in solving 

medical problems. Over the past ten to twenty years, there is an increased effort to apply 

computational abilities to the combined chemical and biological space to simplify drug 

discovery, and designing processes. Rational drug design methods minimize the time and 

cost needed in drug designing process in comparison to traditional drug discovery methods.  

QSAR/QSPR studies can be used to design and identify new inhibitors de novo or to 

optimize absorption, distribution, metabolism, excretion and toxicity profile of identified 

molecules from various sources. Advances in computational techniques and hardware have 

eased the application of in silico methods in the designing process. Drug design can be 

divided in two groups: Structure based drug design (SBDD) and Ligand based drug design 

(LBDD). SBDD is the approach applying the structural information of the drug target to 

develop its inhibitor. While LBDD is used in the absence of the receptor 3D information and 

it relies on molecules bind to the biological target of interest. Figure I explain all different 

groups and types of drug designing techniques.  

 

 

Quantitative structure-activity relationships (QSAR) have an essential role in drug design 

process these days, because they are cheaper alternative than the medium throughput in 

vitro and low throughput in vivo assays which. Also, in drug discovery and environmental 
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toxicology, QSAR models are now regarded as a scientifically credible tool for predicting 

and classifying the biological activities of untested compounds, drug resistance, toxicity 

prediction and physicochemical properties prediction. The QSAR methodology is based on 

the concept that the differences observed in the biological activity of a series of compounds 

can be quantitatively correlated with differences in their molecular structure. As a result, al 

biological activities and functions of molecules relate to specific molecular descriptors and 

specific regression techniques can be used to estimate the relative roles of those descriptors 

contributing to the biological effect.  

 

METHODS 

A. QSAR Definition and Development Quantitative structure activity relationship (QSAR) is 

one of the widely used approaches in ligand-based drug designing processes. In QSAR/QSPR 

studies quantitatively correlate and recapitulate the relationships between trends in chemical 

structure alterations and respective changes in biological endpoint for comprehending which 

chemical properties are most likely determinants for their biological activities or 

physicochemical properties. Quantitative Structure Activity Relationships (QSARs) mean 

computerized statistical method which helps to explain the observed variance in the structure 

changes caused by the substitution. In this concept it is assumed that the biological activity 

exhibited by a series of congeneric compounds is a function of various physio-chemical 

analysis is performed it shows that certain physio-chemical properties are favourable to 

the concern activity, the latter can be optimized by choosing such substituent’s which would 

enhance such physiochemical properties. A major goal of Quantitative Structure Activity 

Relationship (QSAR)/ Quantitative Structure Property Relationship (QSPR) studies is to find 

a mathematical relationship between the activity or property under investigation, and one or 

more descriptive parameters or descriptors related to the structure of the molecule In QSAR, 

the structure of a molecule must contain the features and properties responsible for its 

physical, chemical, and biological activities. Figure II below describes different stages the 

development QSAR model process. There are a lot of softwares available for QSAR 

development and they are either commercial or free. We shall discuss them in detail at a later 

stage. These include specialized software for drawing chemical structures, interconverting 

chemical file formats, generating 3D structures, calculating chemical descriptors, developing 

QSAR models, and general-purpose software that have all the necessary components for 

QSAR development. For Structure Drawing or File Conversion the most common programs 

are ChemDraw, ACD/ChemSketch and Open Babel software. Soft wares for 3D Structure 

Generation are CORINA, Concord, Frog, smi23d. Descriptor Calculation can be made by 

using Dragon, Molconn-Z, PaDEL-Descriptor software. The first major step in a 

QSPR/QSAR study is the entry of the molecular structures and generation of the 3-D models. 

The 3-D molecular models are needed for geometric descriptor calculations. The second 

major step in a QSPR/QSAR study is the generation of the molecular structure descriptors. 

Selection of the most important descriptors is the third step and it can be achieved by using 

feature selection methods. The fourth major step in a QSPR/QSAR study is the generation of 

the QSPR/QSAR models using the descriptor sets. The fifth and last step is to validate the 

model by predicting the activity of compounds in the external prediction set. The results 
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obtained by the predictions should be compared to those achieved for the training set and 

cross validation set to easily understand model’s fitness level 
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