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ABSTRACT: The integration of deep learning (DL) in drug discovery is revolutionizing pharmaceutical research by 

accelerating the identification of drug candidates, predicting drug-target interactions, and optimizing molecular 

properties. This paper explores how DL architectures such as convolutional neural networks (CNNs), recurrent neural 

networks (RNNs), and graph neural networks (GNNs) are reshaping drug discovery pipelines. We discuss the 

application of DL across various stages—target identification, compound screening, and de novo drug design—
supported by case studies and performance comparisons. Additionally, we highlight the challenges of data quality, 

model interpretability, and regulatory integration in real-world pharmaceutical settings. 
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1. INTRODUCTION 

 

Drug discovery is a complex and costly process, traditionally requiring 10–15 years and billions of dollars to bring a 

single therapeutic to market. The need for faster, more accurate drug development has led to the adoption of artificial 

intelligence (AI), particularly deep learning (DL), due to its ability to extract patterns from large, high-dimensional 

datasets. 

 

DL has shown promise in multiple domains, including image recognition and natural language processing—and its 

potential in pharmaceutical research is equally transformative. Applications range from predicting molecular properties 

to generating entirely new compounds through generative models. This paper delves into how DL models enhance the 

efficiency and accuracy of drug discovery and highlights the current challenges in implementation. 

 

II. LITERATURE REVIEW 

 

Author(s) Focus Area DL Technique Key Findings 

Zhavoronkov et al. (2019) Generative drug design GANs Identified novel DDR1 inhibitors in 21 days 

Gao et al. (2020) Drug-target interaction GNNs Achieved 92% accuracy in DTI prediction 

Chen et al. (2021) Virtual screening CNNs Improved screening speed by 30% over docking 

 

Several review studies indicate that deep learning can outperform traditional QSAR (Quantitative Structure–Activity 

Relationship) methods. While traditional cheminformatics relies on hand-crafted features, DL automatically learns 

representations, reducing manual intervention and bias. 

 

III. METHODOLOGY 

3.1 Data Sources 

 

• ChEMBL, ZINC15, and PubChem databases for molecular structures. 

• Protein data from PDB (Protein Data Bank). 

• Drug-target interaction datasets from BindingDB. 

 

3.2 Preprocessing 

 

• SMILES (Simplified Molecular Input Line Entry System) strings converted into molecular graphs. 

• Protein sequences tokenized into feature vectors using word embedding techniques (e.g., ProtVec). 

 



International Journal of Multidisciplinary and Scientific Emerging  ResearcH (IJMSERH) 

                                         | ISSN: 2349-6037 | www.ijmserh.com ||Impact Factor: 9.274||Quarterly, Peer Reviewed & Refereed Journal| 

    || Volume 13, Issue 2, April - June 2025 || 

    DOI: 10.15662/IJMSERH.2025.1302015 

Copyright to IJMSERH                                            |     An ISO 9001:2008 Certified Journal   |                                             885 

 

3.3 Model Architectures 

 

• CNNs: For analyzing molecular fingerprints and 2D structures. 

• GNNs: For learning on molecular graphs, capturing node and edge-level features. 

• Autoencoders: For de novo molecule generation. 

• Transformer-based models: For protein-ligand interaction prediction. 

 

3.4 Evaluation Metrics 

 

• Mean Squared Error (MSE) 

• AUC-ROC 

• F1-score 

• Docking Score Comparison 

 

 TABLE: COMPARISON OF DEEP LEARNING MODELS IN DRUG DISCOVERY 

 

 

Model Type 
Application Dataset Accuracy Strength 

CNN Virtual screening ChEMBL 87% Good with 2D data 

GNN DTI prediction BindingDB 92% Captures molecular topology 

Autoencoder De novo design ZINC15 N/A Effective in molecule generation 

Transformer Protein-ligand binding PDB 90% Handles sequence data well 

     

 

FIGURE: WORKFLOW OF DEEP LEARNING IN DRUG DISCOVERY 

 

 

 

Figure 1: Pipeline showing deep learning applications from target identification to lead optimization. 

 

 IV. CONCLUSION 

 

Deep learning is reshaping the future of pharmaceutical research by enabling more efficient, data-driven drug 

discovery. The ability to predict bioactivity, optimize lead compounds, and generate novel molecules is drastically 

reducing both time and cost. However, challenges remain in terms of data availability, regulatory acceptance, and 

model explainability. As computational power increases and interdisciplinary collaborations grow, DL-driven drug 

discovery is expected to become a mainstream tool in pharma R&D pipelines. 
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