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approach that correlates the chemical structure of compounds with their biological
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systems [1-5]. This methodology has become an essential tool in modern drug discovery,
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lipophilicity, hydrogen bond donors/acceptors, electronic properties, and topological DOI: 10.37532/jmoc.2025.8(3).300-
indices—quantify the physicochemical characteristics of each compound. Statistical and ~ ;7;" R
machine learning techniques, such as linear regression, support vector machines, random

forests, and neural networks, are then used to establish mathematical models that relate

these descriptors to biological activity.

QSAR modeling offers several advantages. It allows the rapid screening of large chemical
libraries without the need for exhaustive experimental testing, reducing time and resource
consumption. By identifying structural features that contribute to activity, QSAR provides
mechanistic insights, guiding rational drug design and optimization. For instance,
modifications predicted to enhance target binding or selectivity can be prioritized before
synthesis, streamlining lead optimization.

Applications of QSAR are diverse, spanning drug discovery, toxicology, and
pharmacokinetics. In oncology, QSAR models have guided the design of kinase inhibitors
and anticancer agents by predicting target specificity and potency. In infectious disease
research, QSAR has accelerated the development of antiviral and antibacterial compounds.
Regulatory agencies also employ QSAR models to predict potential toxicity, mutagenicity,
or environmental hazards, complementing experimental testing and supporting safety
assessments.

Despite its utility, QSAR modeling faces challenges. The accuracy of predictions depends
on high-quality experimental data and the applicability domain of the model. Overfitting,
limited chemical diversity, and the complexity of biological systems can reduce predictive
reliability. Integrating QSAR with advanced machine learning, molecular docking, and
structure-based modeling can enhance robustness and expand the predictive power of
these approaches.

Conclusion

QSAR modeling is a powerful computational strategy that links chemical structure to
biological activity, guiding the discovery and optimization of new drugs. By enabling
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efficient virtual screening, mechanistic
insight, and structure-based design, QSAR
accelerates drug development while
reducing costs and experimental burden.
With ongoing advances in machine learning,
descriptor generation, and integrative
modeling, QSAR remains a cornerstone of
modern drug discovery, supporting the
development of safer, more effective, and
targeted therapeutics.
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