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Artificial intelligence (AI) has the potential to revolutionize the drug discovery process, 

offering improved efficiency, accuracy, and speed. However, the successful application 

of AI is dependent on the availability of high-quality data, the addressing of ethical 

concerns, and the recognition of the limitations of AI-based approaches. In this article, 

the benefits, challenges, and drawbacks of AI in this field are reviewed, and possible 

strategies and approaches for overcoming the present obstacles are proposed. The use 

of data augmentation, explainable AI, and the integration of AI with traditional 

experimental methods, as well as the potential advantages of AI in pharmaceutical 

research, are also discussed. Overall, this review highlights the potential of AI in drug 

discovery and provides insights into the challenges and opportunities for realizing its 

potential in this field. Note from the human authors: This article was created to test the 

ability of ChatGPT, a chatbot based on the GPT-3.5 language model, in terms of 

assisting human authors in writing review articles. The text generated by the AI 

following our instructions (see Supporting Information) was used as a starting point, and 

its ability to automatically generate content was evaluated. After conducting a thorough 

review, the human authors practically rewrote the manuscript, striving to maintain a 

balance between the original proposal and the scientific criteria. The advantages and 

limitations of using AI for this purpose are discussed in the last section 
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INTRODUCTION 

Introduction to AI and Its Potential for Use in 

Drug Discovery      

The use of artificial intelligence (AI) in medicinal 

chemistry has gained significant attention in recent 

years as a potential means of revolutionizing the 

pharmaceutical industry. Drug discovery, the 

process of identifying and developing new 

medications, is a complex and time-consuming 

endeavor that traditionally relies on labor-

intensive techniques, such as trial and error 

experimentation and high-throughput screening. 

However, AI techniques such as machine learning 

https://www.ijpsjournal.com/


Anurag Mahoriya, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 4512-4519 | Review   

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 4513 | P a g e  

(ML) and natural language processing offer the 

potential to accelerate and improve this process by 

enabling more efficient and accurate analysis of 

large amounts of data.  The successful use of deep 

learning (DL) to predict the efficacy of drug 

compounds with high accuracy has been described 

recently by the authors of AI-based methods have 

also been able to predict the toxicity of drug 

candidates . These and other research efforts have 

highlighted the capacity of AI to improve the 

efficiency and effectiveness of drug discovery 

processes. However, the use of AI in developing 

new bioactive compounds is not without 

challenges and limitations. Ethical considerations 

must be taken into account, and further research is 

needed to fully understand the advantages and 

limitations of AI in this area . Despite these 

challenges, AI is expected to significyears.  In 

recent years, the explosion of biomedical data — 

such as chemical structures, biological assays, 

genetic information, and clinical trial outcomes — 

has made it almost impossible for human 

researchers to manually analyze and process 

everything effectively. AI systems, with their 

ability to handle large, complex datasets, are 

uniquely positioned to help scientists uncover 

hidden patterns and relationships that would 

otherwise be missed. For example, AI can analyze 

millions of chemical compounds to identify those 

most likely to interact with a disease target, saving 

researchers months or even years of laboratory 

work.    

3. Limitations of the Current Methods in Drug 

Discovery      

Currently, medicinal chemistry methods rely 

heavily on a hitand-miss approach and large-scale 

testing techniques. These techniques involve 

examining large numbers of potential drug 

compounds, in order to identify those with the 

desired properties. However, these methods can be 

slow, costly, and often yield results with low 

accuracy. In addition, they can be limited by the 

availability of suitable test compounds and the 

difficulty of accurately predicting their behavior in 

the body. Different algorithms based on AI, 

including supervised and unsupervised learning 

methods, reinforcement, and evolutionary or rule-

based algorithms, can potentially contribute to 

solving these problems. These methods are 

typically based on the analysis of large amounts of 

data that can be exploited in different ways. For 

instance, the efficacy and toxicity of new drug 

compounds can be predicted using these 

approaches, with greater accuracy and efficiency 

than when using traditional methods. Furthermore, 

AI-based algorithms can also be employed to 

identify new targets for drug development, such as 

the specific proteins or genetic pathways involved 

in diseases. This can expand the scope of drug 

discovery beyond the limitations of more 

conventional approaches and may eventually lead 

to the development of novel and more effective 

medications . Thus, while traditional methods of 

pharmaceutical research have been relatively 

successful in the past, they are limited by their 

reliance on trialand-error experimentation and 

their inability to accurately predict the behavior of 

new potential bioactive compounds . AIbased 

approaches, on the other hand, have the ability to 

improve the efficiency and accuracy of drug 

discovery processes and can lead to the 

development of more effective medicat using 

classical protocols. For instance, a DL algorithm 

has recently been trained using a dataset of known 

drug compounds, along with their corresponding 

biological activity. The algorithm was then able to 

predict the activity of novel compounds with high 

accuracy. Significant contributions to prevent the 

toxicity of potential drug compounds, employing 

intensive training using large databases of known 

toxic    
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4. The Role of ML in Predicting Drug Efficacy 

and Toxicity      

One of the key applications of AI in medicinal 

chemistry is the prediction of the efficacy and 

toxicity of potential drug compounds. Classical 

protocols of drug discovery often rely on 

laborintensive and time-consuming 

experimentation to assess the potential effects of a 

compound on the human body. This can be a slow 

and costly process, and the results are often 

uncertain and subject to a high degree of 

variability. AI techniques such as ML are able to 

overcome these limitations. Based on the analysis 

of a large amount of information, ML algorithms 

can identify patterns and trends that may not be 

apparent to human researchers. This can enable the 

proposal of new bioactive compounds with 

minimum side effects in a much faster process than 

when using classical protocols. For instance, a DL 

algorithm has recently been trained using a dataset 

of known drug compounds, along with their 

corresponding biological activity. The algorithm 

was then able to predict the activity of novel 

compounds with high accuracy. Significant 

contributions to prevent the toxicity of potential 

drug compounds, employing intensive training 

using large databases of known toxic and non-

toxic compounds for ML, have also been 

published.  Another important application of AI in 

drug discovery is the identification of drug–drug 

interactions that take place when several drugs are 

combined for the same or different diseases in the 

same patient, resulting in altered effects or adverse 

reactions. This issue can be identified by AI-based 

approaches by analyzing large datasets of known 

drug interactions and recognizing the patterns and 

trends. This has been recently addressed by an ML 

algorithm used to accurately predict the 

interactions of novel drug pairs. The role of AI to 

identify possible drug– drug interactions in the 

context of personalized medicine is also relevant, 

enabling the development of custommade 

treatment plans that minimize the risk of adverse 

reactions.   Personalized medicine aims to tailor 

treatment to the individual characteristics of each 

patient, including their genetic profile and 

response to medications.The previous examples 

from the literature demonstrate that the use of AI 

in pharmaceutical research offers the ability to 

improve the prediction of the efficacy and toxicity 

of potential drug compounds. This can enable the 

development of more effective and safer 

medications and accelerate the drug discovery 

process.  achine learni     

5. The Impact of AI on the Drug Discovery 

Process and Potential Cost Savings      

Another key application of AI in drug discovery is 

the design of novel compounds with specific 

properties and activities. Traditional methods 

often rely on the identification and modification of 

existing compounds, which can be a slow and 

labor-intensive process. AI-based approaches, on 

the other hand, can enable the rapid and efficient 

design of novel compounds with desirable 

properties and activities. For example, a deep 

learning (DL) algorithm has recently been trained 

on a dataset of known drug compounds and their 

corresponding properties, to propose new 

therapeutic molecules with desirable 

characteristics such as solubility and activity, 

demonstrating the potential of these methods for 

the rapid and efficient design of new drug 

candidates. Recently, DeepMind has made a 

significant contribution to the field of AI research 

with the development of AlphaFold, a 

revolutionary software platform for advancing our 

understanding of biology. It is a powerful 

algorithm that uses protein sequence data and AI 

to predict the proteins’ corresponding three-

dimensional structures. This advance in structural 

biology is expected to revolutionize personalized 
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medicine and drug discovery. AlphaFold 

represents a significant. The process of 

discovering new drugs has always been a long, 

difficult, and very expensive journey. On average, 

it can take 10 to 15 years and cost billions of 

dollars to bring a single new drug from the 

research lab to the pharmacy shelf. Many drug 

candidates fail somewhere along the way, either 

because they do not work well enough or because 

they are not safe. Artificial Intelligence (AI) is 

now seen as a powerful tool that can transform and 

improve this entire process, helping researchers to 

work faster, smarter, and more efficiently, while 

also reducing costs. AI can help scientists find and 

understand biological targets (such as proteins or 

genes) that are linked to diseases. By analyzing 

large amounts of genetic, proteomic, and clinical 

data, AI can suggest new targets that may not have 

been obvious before. This step is very important 

because choosing the wrong target can waste years 

of work and millions of dollars. AI algorithms, 

including deep learning and generative models, 

can be used to design new drug molecules from 

scratch or improve existing ones. AI can virtually 

screen millions of compounds to predict which 

ones are most likely to bind to the target and have 

good drug-like properties. This saves huge 

amounts of laboratory work. AI can predict how a 

drug will behave in the body, including its 

absorption, distribution, metabolism, and 

excretion (ADME), as well as its toxicity. During 

clinical trials, AI can help in patient stratification 

(choosing the right patients for trials) and in 

monitoring and analyzing trial data faster and 

more accurately. AI can identify new uses for 

existing drugs, which can save time and money 

since these drugs have already passed many safety 

tests. For example, during the COVID-19 

pandemic, AI was used to rapidly search for 

existing drugs that might work against the virus.     

6. Case Studies of Successful AI-Aided Drug 

Discovery Efforts      

The potential of AI in the context of drug 

discovery has been demonstrated in several case 

studies. For example, the successful use of AI to 

identify novel compounds for the treatment of 

cancer has recently been reported by Gupta, R., et 

al. These authors trained a DL algorithm on a large 

dataset of known cancer-related compounds and 

their corresponding biological activity. As an 

output, novel compounds with high potential for 

future cancer treatment were obtained, 

demonstrating the ability of this method to 

discover new therapeutic candidates. The use of 

ML to identify smallmolecule inhibitors of the 

protein MEK has recently been described. MEK is 

also a possible target for the treatment of cancer, 

but the development of effective inhibitors has 

been challenging. The ML algorithm was able to 

identify novel inhibitors for this protein. Another 

example is the identification of novel inhibitors of 

betasecretase (BACE1), a protein involved in the 

development of Alzheimer’s disease  by using an 

ML algorithm. AI has also been successfully 

applied in the discovery of new antibiotics . A 

pioneering ML approach has identified powerful 

types of antibiotic from a pool of more than 100 

million molecules, including one that works 

against a wide range of bacteria, such as 

tuberculosis and untreatable bacterial strains . The 

use of AI in the discovery of drugs to combat 

COVID-19 has been a promising area of research 

during the last two years. ML algorithms have 

been used to analyze large datasets of potential 

compounds and identify those with the most 

potential for treating the virus. In some cases, these 

AI-powered approaches have been able to identify 

promising drug candidates in a fraction of the time 

that it would take when using traditional methods.      
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Many more examples are available  showing that 

AI-based methods can accelerate the drug 

discovery process and enable the development of 

more effective medications.      

7. The Role of Collaboration between AI 

Researchers and Pharmaceutical Scientists      

The role of collaboration between AI researchers 

and pharmaceutical scientists is crucial in the 

development of innovative and effective 

treatments for various diseases. By combining 

their expertise and knowledge, they can create 

powerful algorithms and machine-learning models 

intended to predict the efficacy of potential drug 

candidates and speed up the drug discovery 

process. This collaboration can also help improve 

the accuracy and efficiency of clinical trials, as AI 

algorithms can be used to analyze the data 

collected during these trials to identify trends and 

the potential adverse effects of the drugs being 

tested. This can help pharmaceutical companies to 

make informed decisions about which drug 

candidates to pursue and can speed up the overall 

drug development process. Furthermore, 

collaboration between AI researchers and 

pharmaceutical scientists can also help to improve 

the accessibility and affordability of healthcare. 

By using AI algorithms to analyze data from large 

populations, they can be used to identify trends 

and patterns that can help predict the effectiveness 

of potential drug candidates for specific patient 

populations, which can help tailor treatments to the 

needs of individual patients. An illustrative 

example is the collaboration between the 

pharmaceutical company Merck and the AI 

company Numerate to develop AI-based 

approaches for medicinal chemistry. Many new 

companies are currently arising around this area of 

research and their impact is expected to be 

significant in the short term. By working together, 

they can help to identify new targets for drug 

development and improve the effectiveness of 

existing treatments, ultimately benefiting patients 

and improving their quality of life.      

8. Challenges and Limitations of Using AI in 

Drug Discovery      

Despite the potential benefits of AI in drug 

discovery, there are several challenges and 

limitations that must be considered. One of the key 

challenges is the availability of suitable data . 

AIbased approaches typically require a large 

volume of information for training purposes . In 

many cases, the amount of data that is accessible 

may be limited, or the data may be of low quality 

or inconsistent, which can affect the accuracy and 

reliability of the results . Another challenge is 

presented by ethical considerations since AI-based 

approaches may raise concerns about fairness and 

bias (see next section). For example, if the data 

used to train an ML algorithm are biased or 

unrepresentative, the resulting predictions may be 

inaccurate or unfair . Ensuring the ethical and fair 

use of AI for the development of new therapeutic 

compounds is an important consideration that must 

be addressed. Several strategies and approaches 

can be used to overcome the obstacles faced by AI 

in the context of chemical medicine.     

9. Ethical Considerations Regarding the Use of 

AI in the Pharmaceutical Industry      

As discussed in the previous section, it is 

important to consider the ethical implications of 

using AI in this field. One key issue is the potential 

for AI to be used to make decisions that affect 

people’s health and well-being, such as decisions 

about which drugs to develop, which clinical trials 

to conduct, and how to market and distribute 

drugs. Another key concern is the potential for bias 

in AI algorithms, which could result in unequal 

access to medical treatment and the unfair 

treatment of certain groups of people. This could 
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undermine the principles of equality and justice. 

The use of AI in the pharmaceutical industry also 

raises concerns about job losses due to automation. 

It is important to consider the potential impact on 

workers and provide support for those who may be 

affected. Additionally, the use of AI in the 

pharmaceutical industry raises questions about 

data privacy and security. As AI systems rely on 

large amounts of data to function, there is a risk 

that sensitive personal information could be 

accessed or misused. This could have serious 

consequences for individuals, as well as for the 

reputation of the companies involved. The 

collection and use of sensitive medical data must 

be performed in a way that respects the 

individuals’ privacy and complies with the 

relevant regulations.  Overall, the ethical use of AI 

in the pharmaceutical industry requires careful 

consideration and the adoption of thoughtful 

approaches to addressing these concerns. This can 

include measures such as ensuring that AI systems 

are trained on diverse and representative data, 

regularly reviewing and auditing AI systems for 

bias, and implementing strong data privacy and 

security protocols. By addressing these issues, the 

pharmaceutical industry can use AI in a 

responsible and ethical manner.      

10. Conclusions and Summary of the Potential 

of AI for Revolutionizing Drug Discovery      

In conclusion, AI has the potential to revolutionize 

the drug discovery process, offering improved 

efficiency and accuracy, accelerated drug 

development, and the capacity for the 

development of more effective and personalized 

treatments . However, the successful application of 

AI in drug discovery is dependent on the 

availability of high-quality data, the addressing of 

ethical concerns, and the recognition of the 

limitations of AI-based approaches.      Recent 

developments in AI, including the use of data 

augmentation, explainable AI, and the integration 

of AI with traditional experimental methods, offer 

promising strategies for overcoming the 

challenges and limitations of AI in the context of 

drug discovery. The growing levels of interest and 

attention from researchers, pharmaceutical 

companies, and regulatory agencies, combined 

with the potential benefits of AI, make this an 

exciting and promising area of research, with the 

potential to transform the drug discovery process.  

However, the successful application of AI in drug 

discovery depends on several critical factors. 

High-quality data is essential for training reliable 

AI models. Without accurate and comprehensive 

datasets, AI systems may struggle to make 

meaningful predictions, potentially leading to 

costly mistakes. Additionally, ethical concerns 

must be addressed.     

11. Expert Opinions from the Human Authors 

about ChatGPT and AI-Based Tools for 

Scientific Writing      

As discussed in previous sections, AI has the 

potential to play a crucial role in the various stages 

of drug discovery, ranging from drug design to the 

final market introduction . However, the impact of 

AI extends beyond these areas and can greatly 

benefit the processing and analysis of scientific 

literature. Integrating AI into a literature review 

and article writing in The utilization of AI when 

composing literature reviews makes a significant 

contribution to drug discovery, which is the 

primary focus of this manuscript. Incorporating AI 

in the creation and evaluation of scientific 

literature offers several advantages that expedite 

the process of developing and approving new 

drugs. These advantages include efficient analysis 

of a large volume of articles, accurate extraction 

and summarization of information, access to 

uptodate knowledge, the discovery of hidden 

insights, and integration across different 
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disciplines. In the near future, the autonomous AI-

assisted preparation of reviews is expected to 

become an integral part of the workflow of 

AIassisted drug discovery. In the present review, 

we aimed to test the state-of-the-art AI tools for 

writing and revising the literature, contributing to 

the development of this research direction by 

establishing the initial foundations. ChatGPT, a 

chatbot based on the GPT-3.5 language model (at 

the moment of preparation of this manuscript), has 

not been designed as an assistant for writing 

scientific papers. However, its ability to engage in 

coherent conversations with humans and provide 

new information on a wide range of topics, as well 

as its ability to correct and even generate pieces of 

computational code, has been a surprise to the 

scientific community. Therefore, we decided to 

test its potential to contribute to the preparation of 

a short review on the role of AI algorithms in drug 

discovery. As an AI assistant to write scientific 

papers, ChatGPT has several advantages, 

including its capacity to generate and optimize text 

quickly, as well as its ability to help users with 

several tasks, including the organization of 

information or even connecting ideas in some 

cases. However, this tool is in no way ideal as a 

technique to generate new content. Our revision of 

the text, which was generated by the AI following 

our instructions, required the application of major 

edits and corrections, including the replacement of 

nearly all the references since those provided by 

the software were clearly incorrect. This is a huge 

problem with ChatGPT, and it represents a key 

difference with respect to other computational 

tools such as typical web browsers, which are 

focused on providing reliable references for the 

required information. Another important problem 

of the employed  AI based tool is that it was trained 

in 2021 and so does not work with updated 

information. 
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