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INTRODUCTION 

Drug discovery is a complex, expensive, and time-

consuming process that typically requires several years 

and substantial financial investment to bring a new 

therapeutic agent to market.
[1,2]

 The high failure rate 

during drug development has encouraged researchers to 

explore advanced computational approaches for 

improving efficiency and success rates.
[2] 

 

Artificial Intelligence (AI) refers to the simulation of 

human intelligence by computer systems capable of 

learning, reasoning, and decision-making.
[3]

 Recent 

advances in machine learning, deep learning, and big 

data analytics have transformed pharmaceutical research 

by enabling rapid analysis of large biological and 

chemical datasets.
[4,5] 

 

AI has emerged as a powerful tool for target 

identification, lead optimization, virtual screening, 

toxicity prediction, and clinical trial design, significantly 

accelerating drug discovery processes.
[6] 

 

History of AI in Drug Discovery 

The application of computational methods in drug 

discovery began with computer-aided drug design 

approaches during the late twentieth century.
[7]

 The 

development of machine learning algorithms and 

availability of large biological datasets further expanded 

the role of AI in pharmaceutical sciences.
[8]

 

 

Deep learning and neural network technologies have 

recently enabled the prediction of molecular properties 

and biological activities with unprecedented accuracy.
[9] 

 

Types of Artificial Intelligence 

 Machine Learning (ML) 

Machine learning utilizes algorithms that learn patterns 

from historical data to make predictions regarding drug 

activity, toxicity, and pharmacokinetic behavior.
[10] 

 

 Deep Learning (DL) 

Deep learning employs multilayer neural networks 

capable of processing large and complex datasets, 
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making it highly valuable in molecular modeling and 

drug design.
[11] 

 

 Natural Language Processing (NLP) 

NLP enables extraction of valuable information from 

scientific literature, patents, clinical reports, and 

biomedical databases.
[12] 

 

Applications of AI in Drug Discovery 

 Target Identification 

AI can analyze genomic, proteomic, and transcriptomic 

data to identify disease-associated therapeutic targets 

more efficiently than conventional methods.
[13]

 

 

 Target Validation 

Machine learning algorithms assist in validating 

biological targets and predicting their therapeutic 

relevance.
[13]

 

 

 Virtual Screening 

AI-powered virtual screening rapidly evaluates millions 

of compounds to identify promising drug candidates, 

reducing both cost and development time.
[14]

 

 

 Lead Identification and Optimization 

Deep learning models predict molecular properties and 

optimize lead compounds for improved efficacy, safety, 

and pharmacokinetic performance.
[14,15]

 

 

 Drug Repurposing 

AI facilitates identification of new therapeutic 

applications for existing drugs by analyzing biological 

pathways and clinical datasets.
[16]

 

 

 ADMET Prediction 

Machine learning algorithms predict absorption, 

distribution, metabolism, excretion, and toxicity profiles 

during early drug development stages.
[15]

 

 

 Clinical Trial Optimization 

AI improves patient recruitment, trial monitoring, and 

outcome prediction, thereby increasing clinical trial 

success rates.
[17]

 

 

 Precision Medicine 

AI supports personalized treatment approaches by 

integrating genetic, molecular, and clinical information 

from individual patients.
[17]

 

 

Advantages of AI in Drug Discovery 

 Reduces drug discovery timelines.
[18]

 

 Decreases research and development costs.
[18]

 

 Improves prediction accuracy.
[11]

 

 Accelerates lead identification.
[14]

 

 Enhances drug repurposing opportunities.
[16]

 

 Supports personalized medicine.
[17]

 

 Facilitates rapid analysis of large datasets.
[10]

 

 

 

 

Limitations and Challenges 

 Despite its advantages, AI faces challenges 

including limited data quality, algorithm bias, model 

interpretability issues, regulatory concerns, and 

privacy considerations.
[19]

 

 Additionally, successful implementation requires 

multidisciplinary expertise in pharmaceutical 

sciences, biology, computer science, and data 

analytics.
[19]

 

 

Future Perspectives 

Future developments are expected to focus on generative 

AI, autonomous laboratories, digital twins, and AI-

assisted personalized therapeutics.
[20]

 Integration of AI 

with genomics, proteomics, and real-world clinical data 

may revolutionize drug discovery and precision medicine 

in the coming years.
[20] 

 

CONCLUSION 

Artificial Intelligence has transformed drug discovery by 

accelerating target identification, virtual screening, lead 

optimization, drug repurposing, and clinical 

development.
[1,6]

 Although challenges remain regarding 

data quality, regulatory acceptance, and model 

transparency, AI has the potential to significantly reduce 

the cost and time associated with traditional drug 

development while improving therapeutic outcomes.
[18,20] 
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