
www.wjpr.net     │    Vol 15, Issue 9, 2026.    │   ISO 9001: 2015 Certified Journal    │ 

 

 

 

Taware et al.                                                                       World Journal of Pharmaceutical Research 

373 

 
 

 

ARTIFICIAL INTELLIGENCE IN DRUG DISCOVERY 

 
1
*Prof. Ashwini Shrikrushna Taware, 

2
Ms. Neha Satish Shinde 

 
1
M. Pharmacy, (Department of Pharmaceutical Chemistry), (Quality Assurance Techniques), 

PDEA’S College of Pharmacy Hadapsar Pune-28. 

2
D. Pharmacy, PDEA’S College of Pharmacy Hadapsar Pune-28. 

 

ABSTRACT 

Artificial Intelligence (AI) has rapidly transformed the 

landscape of drug development by enabling data-driven, 

efficient, and predictive approaches across the pharmaceutical 

pipeline. This review provides a comprehensive overview of AI 

applications in drug development, highlighting its core 

functions, advantages over traditional systems, and real-world 

implementations. The fundamental functions of AI including 

pattern recognition, predictive modeling, data mining, and 

decision support facilitate the analysis of complex biological, 

chemical, and clinical datasets with high accuracy and speed. 

The review contrasts AI-based approaches with conventional 

drug development methods, which are often limited by high 

costs, prolonged timelines, low success rates, and reliance on 

trial-and-error experimentation. By addressing these 

drawbacks, AI enhances target identification, lead optimization, 

and safety profiling while reducing attrition rates. Common  

examples of AI technologies discussed include machine learning algorithms, deep learning 

models, natural language processing, and expert systems, all of which contribute to improved 

computational efficiency and knowledge extraction. Furthermore, the application of AI in 

drug development is explored in detail, including virtual screening, drug target interaction 

prediction, de novo drug design, pharmacokinetic and toxicity prediction (ADMET), clinical 

trial optimization, and drug repurposing. Despite its transformative potential, challenges such 

as data quality, interpretability, ethical concerns, and regulatory acceptance remain 

significant. This review concludes that AI represents a paradigm shift in drug development, 
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offering substantial opportunities to enhance innovation, reduce costs, and accelerate the 

delivery of safe and effective therapeutics. 

 

KEYWORDS: Artificial Intelligence, Drug Development, Functions of Artificial 

Intelligence, Drawbacks of Traditional System, Common Examples of AI, Discovery and 

Development. 

 

INTRODUCTION 

The pharmaceutical industry plays a vital role in improving human health by discovering, 

developing, and delivering safe and effective medicines. However, the traditional process of 

drug discovery is highly time-consuming, expensive, and complex. On average, it takes 

nearly 12 to 15 years and costs billions of dollars to develop a single new drug, with a very 

high failure rate during clinical trials. Due to these challenges, there is an increasing need for 

innovative technologies that can make the drug discovery process faster, more accurate, and 

cost effective. 

 

Artificial Intelligence (AI) has emerged as a powerful and promising technology in the field 

of drug discovery and development. AI refers to the ability of machines or computer systems 

to perform tasks that normally require human intelligence, such as learning, reasoning, 

problem-solving, and decision-making. By using advanced algorithms, machine learning, and 

deep learning techniques, AI can analyse large volumes of biological, chemical, and clinical 

data within a short period of time. This capability makes AI extremely useful in identifying 

potential drug targets, predicting drug-target interactions, and optimizing drug molecules. 

 

Artificial Intelligence (AI) 

Artificial Intelligence (AI) is a branch of computer science that focuses on developing 

machines and computer systems capable of performing tasks that normally require human 

intelligence. The main idea behind Artificial Intelligence is to make machines “think like 

humans” so that they can analyse information, learn from experience, and take decisions 

independently. AI systems are designed to simulate human intelligence by using data, 

algorithms, and logical reasoning. 

 

Artificial Intelligence enables machines to perform various intelligent tasks such as learning 

from data, problem solving, planning future actions, reasoning logically, and identifying 

patterns in large and complex datasets. Learning allows machines to improve their 
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performance over time without being explicitly programmed. Problem solving helps AI 

systems find solutions to complex scientific and medical challenges. 

 

Functions of Artificial Intelligence 

Learning 

Learning is the ability of an AI system to gain knowledge from data and experience. AI 

systems learn from past information and improve their performance over time without being 

repeatedly programmed. In pharmacy, learning helps AI understand drug responses and 

improve predictions. 

 

Problem Solving 

Problem solving refers to the ability of AI to find solutions to complex problems by analysing 

available data. AI systems can evaluate multiple possibilities and select the best solution. 

This is useful in drug discovery to identify suitable drug candidates. 

 

Planning 

Planning is the process by which AI decides the steps needed to achieve a specific goal. AI 

systems plan actions in advance by predicting possible outcomes. In healthcare, planning 

helps in designing treatment strategies and drug development pathways. 

 

Reasoning 

Reasoning is the ability of AI to draw logical conclusions based on given information. It 

allows AI systems to make decisions by comparing facts and rules. Reasoning is important in 

understanding disease mechanisms and drug interactions. 

 

Identifying Patterns 

Identifying patterns means recognizing trends, similarities, or relationships in large datasets. 

AI can detect hidden patterns that are difficult for humans to find. In pharmaceuticals, this 

helps in identifying disease patterns, drug effects, and patient responses. 

 

Drawbacks of Traditional System 

The traditional pharmaceutical drug discovery system has several major limitations that affect 

the efficiency and success of developing new medicines. The diagram highlights the key 

drawbacks of this system, which are explained below. 
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1. Costly 

Developing a new drug through the traditional method is extremely expensive. On average, it 

costs around $2.6 billion to bring a single drug from discovery to market. This high cost 

includes laboratory research, animal studies, clinical trials, and regulatory approvals. Many 

drugs fail during development, which further increases the financial burden. 

 

2. Risky 

The traditional drug discovery process has a very high failure rate. Nearly 97% of drug 

programs fail during different stages of development, especially in clinical trials. Failures 

occur due to lack of effectiveness, unexpected side effects, or safety concerns, making the 

entire process highly risky. 

 

3. Time Consuming 

It takes approximately 12 to 15 years for a drug to reach the market using traditional 

methods. Long development timelines delay the availability of new treatments for patients 

and increase overall costs. 

 

4. Societal Cost 

Less than 40% of known diseases are currently treatable, which creates a major societal 

burden. Many patients continue to suffer due to the lack of effective medicines, increasing 

healthcare costs and reducing quality of life. 

 

5. Lack of Invention 

New drug discoveries are extremely rare in the traditional system. Most innovations come 

from academic or government research rather than pharmaceutical companies. The reliance 

on conventional trial-and-error methods limits creativity and slows innovation. In conclusion, 

the traditional drug discovery system is expensive, slow, risky, and inefficient. 

 

Common Examples of AI 

Artificial Intelligence is widely used in our daily life to make systems smarter, faster, and 

more user-friendly. Some common examples of AI applications are explained below. 

1. Recommendation Systems 

Recommendation systems use Artificial Intelligence to suggest products, movies, videos, or 

services based on a user’s personal preferences and past behaviour. These systems analyse 

user data such as search history, likes, and purchases to provide relevant recommendations. 
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Examples include online shopping platforms and streaming services. 

 

2. Spam Filtering 

Spam filtering is an AI-based application used in email services to identify and block 

unwanted or harmful emails. AI systems analyse the content, sender information, and patterns 

of emails to distinguish between genuine messages and spam, helping users maintain a clean 

and secure inbox. 

 

3. Facebook News Feed 

Facebook uses Artificial Intelligence to show news, posts, and advertisements based on what 

users and their friends like or interact with. AI algorithms analyse user interests, activity, and 

social connections to personalize the news feed and improve user experience. 

 

4. Google Maps 

Google Maps uses AI to provide efficient routes to destinations. It analyses real-time traffic 

data, road conditions, accidents, and user movement patterns. AI also sends notifications 

about traffic jams, roadblocks, and estimated travel time, helping users reach their destination 

quickly and safely. 

 

In conclusion, these examples show how Artificial Intelligence is integrated into everyday 

applications, making tasks easier, more efficient, and personalized for users. 

 

Drug Development Process 

The drug development process is a systematic procedure followed to discover, test, and 

approve new medicines before they are made available to patients. This process ensures that 

drugs are safe, effective, and of good quality. 

 

1. Discovery and Development 

This is the first stage of drug development. In this stage, scientists identify a novel chemical 

compound that can treat a particular disease. The process includes: 

 Identification of a biological target (enzyme or receptor) 

 Hit identification (finding compounds with activity) 

 Lead identification 

 Lead optimization 

 Hit expansion 
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Example 

Researchers identify a new compound that can inhibit an enzyme responsible for high blood 

sugar levels in diabetes. 

 

2. Preclinical Research 

In this stage, the drug is tested in laboratories and on animals to evaluate its safety, toxicity, 

and biological activity. These studies help determine whether the drug is safe to be tested in 

humans. 

 

Example 

The diabetes drug is tested on rats to study its effect on blood glucose levels and to check for 

any toxic effects. 

 

3. Clinical Research 

Clinical research involves testing the drug on human volunteers and patients. It is carried out 

in different phases: 

 Phase I: Safety and dosage 

 Phase II: Effectiveness and side effects 

 Phase III: Large-scale testing for confirmation 

 

Example 

The diabetes drug is tested on healthy volunteers (Phase I) and then on diabetic patients 

(Phase II and III) to confirm its effectiveness and safety. 

 

4. FDA Review 

After successful clinical trials, all data related to the drug’s safety, efficacy, and 

manufacturing process are submitted to regulatory authorities such as the FDA for approval. 

 

Example 

If the diabetes drug meets all safety and quality standards, it receives FDA approval and is 

allowed to be marketed. 

 

5. In Vivo Activity Assessment 

In vivo studies assess the drug’s activity within a living organism to confirm its therapeutic 

effect and safety throughout development. 
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Example 

The drug’s long-term effect on blood sugar control is monitored in animal models. 

 

AI in Drug Development 

Artificial Intelligence plays an important role at different stages of drug development by 

improving accuracy, reducing time, and lowering costs. The diagram shows how AI supports 

drug discovery, drug trials, and drug app. 

 

 
 

1. Understanding the Pathway or Finding the Molecular Target 

AI helps in understanding disease pathways by analysing large amounts of biological and 

genetic data. It identifies specific molecular targets such as enzymes or receptors that are 

responsible for a disease. This helps researchers select the right target for drug development. 

 

2. Finding the Hit or Lead 

AI systems screen millions of chemical compounds quickly to identify hit and lead molecules 

that show potential biological activity.   

 

3. Synthesis of Drug-like Compounds 

AI assists in designing and synthesizing drug-like compounds by predicting the best chemical 

structures and synthesis pathways. This increases the chances of developing effective and 

safe drugs. 

 

4. Predicting the Mode of Action of Compounds (Poly pharmacology) 

AI predicts how a drug works in the body and how it interacts with multiple targets. This 

concept, known as poly pharmacology, helps in understanding both therapeutic effects and 
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possible side effects. 

 

5. Selection of Population for Clinical Trials 

AI analyses patient data to identify suitable participants for clinical trials. This improves trial 

success by selecting patients who are most likely to respond to the drug, reducing failure 

rates. 

 

6. Drug Trials 

During clinical trials, AI helps monitor patient responses, predict adverse effects, and 

optimize trial design. This makes trials faster and more efficient. 

 

7. Drug Approval 

AI supports the analysis of large clinical datasets to assist regulatory authorities in evaluating 

the safety and efficacy of drugs, leading to quicker approval decisions.  

 

AI in finding the hit or lead 

In drug discovery, hit and lead identification is a crucial step in which chemical compounds 

with potential biological activity are identified for further development. Traditional methods 

involve laboratory screening of thousands of compounds, which is time-consuming, 

expensive, and has a high failure rate. Artificial Intelligence (AI) has significantly improved 

this stage by making the process faster, more accurate, and cost-effective. 

 

AI uses machine learning and deep learning algorithms to analyse large chemical and 

biological datasets. These datasets include information about molecular structures, biological 

targets, pharmacological activity, and toxicity profiles. By learning from existing data, AI 

models can predict which compounds are most likely to interact with a specific target and 

show desired therapeutic effects. 

 

AI-based virtual screening allows millions of compounds to be screened digitally in a very 

short time. This helps in identifying hit compounds that show initial activity against a target. 

From these hits, AI further evaluates factors such as potency, selectivity, safety, and drug-

likeness to identify lead compounds suitable for optimization. 

 

AI platforms can also predict on-target and off-target effects of compounds before they are 

synthesized. Tools such as Deep Tox and Proctor are used to predict toxicity and safety risks 

early in the development process. This reduces the chances of failure during later stages such 
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as clinical trials. By reducing the number of compounds that need to be synthesized and 

tested experimentally, AI lowers research and development costs and shortens the drug 

discovery timeline. Overall, AI plays a vital role in efficiently identifying promising hit and 

lead compounds, increasing the success rate of drug development. 

 

CONCLUSION 

Artificial Intelligence has emerged as a powerful tool in the field of drug discovery and 

development. By integrating advanced technologies such as machine learning and deep 

learning, AI has the ability to analyse large and complex datasets with high speed and 

accuracy. This has helped in reducing the time, cost, and failure rates associated with 

traditional drug discovery methods. 

 

AI supports various stages of drug discovery, including target identification, hit and lead 

discovery, drug design, toxicity prediction, clinical trial optimization, and drug repurposing. 

It enables researchers to predict the safety and effectiveness of drug candidates even before 

they are synthesized, thereby improving decision-making and minimizing risks. AI also plays 

a significant role in selecting suitable patient populations for clinical trials, increasing the 

chances of successful outcomes. 

 

Although AI cannot completely replace human scientists, it acts as a valuable supportive tool 

that enhances human expertise. Challenges such as data quality, algorithm bias, ethical 

concerns, and regulatory limitations still exist. However, with continuous advancements and 

proper regulation, AI is expected to transform the future of pharmaceutical research. 
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