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 Abstract   
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Artificial Intelligence (AI) is transforming the pharmaceutical and health 
care industries, unlocking vast opportunities across various applications. In the 
pharmaceutical sector, AI-powered tools are revolutionary drug discovery, A 
particularly groundbreaking application is denovo drug design, where AI facilitates 
the creation of novel drug molecules with optimized efficacy, safety profiles, and 
improved pharmacokinetics. These advancements hold the potential to accelerate 
the drug development pipeline while reducing costs and risks. Beyond drug 
development, AI has significant applications in predictive analysis, disease 
surveillance and personalized medicine planning. Additionally, AI supports 
healthcare institutions in resource management and operational workflows, 
ensuring streamlined processes and better allocation of resources. The adaption of 
AI into these domains has  introduced into a new era of customized  medicine and 
trans formative healthcare solutions. As advancements continue, the potential for 
AI to enhance quality of life and drive innovation across the pharmaceutical and 
healthcare industries remains boundless.         
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INTRODUCTION 

Artificial Intelligence (AI) is a branch of science dedicated to developing intelligent systems that can 
learn and carry out tasks usually requiring human intelligence.1It involves  processes such as gathering and 
analyzing data, designing effective systems  to use this data, drawing  conclusions (either precise  or approximate), 
and continuously improving AI as a field of study focused on developing machines that have the ability to learn 
and carry out tasks usually needing human intelligence.2,3. It involves processes such as gathering and analyzing 
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data, designing effective systems to utilize this data, drawing conclusions (either precise or approximate), and 
continuously improving through self-correction and adaptation. In essence, Artificial Intelligence aims to change 
human intelligence processes, in addition to learn, to solve problems, including decisions. By leveraging advanced 
statistical models and computational intelligence, AI technology enhances analytical accuracy and provides more 
meaningful insights, facilitating the automation of complex tasks and decision process. Machines can only 
replicate human-like actions and responses when they have stored relevant information about activities. Artificial 
Intelligence (AI) allows machines to assess objects, properties, categories, and the relationships between them 
using encoded data.4,5 Developing common sense, logical reasoning, and problem-solving capabilities in 
machines is a highly complex task. AI learning primarily relies on machine learning, where the system does not 
require explicit commands. Instead, it learns by recognizing patterns within the flow of input data. This learning 
process involves tasks such as numerical regression and classification, where classification assigns objects to 
specific categories, and regression focuses on predicting numerical outputs based on input examples. By 
identifying new patterns, AI can generate acceptable and effective outputs from specific inputs. The theoretical 
foundations of AI are rooted  in computer science and mathematical analysis, which explore the design and 
performance of machine learning algorithms and their real- word applications. Artificial Intelligence has 
profoundly transformed clinical decision- making ,disease diagnosis, and various aspects of healthcare practices 
,including diagnostic ,surgical, rehabilitative ,and predictive  processe6,7. This technological evolution has led to 
more accurate diagnoses, optimized workflows for health care providers, and enhanced operational efficiency 
within clinical settings.AI has also facilitated more precise monitoring of diseases  and treatments ,contributing 
to the delivery of highly targeted procedures and ultimately, improving overall patient outcomes.  

 

 
 
Basics of artificial intelligence 
 Machines that can only replicate human behavior including responses when they store and process 
relevant information about activities.8,9 Machines can only mimic human-like behavior and responses when they 
store and process relevant information about activities. Artificial intelligence (AI) enables systems to identify 
objects, properties, categories, and the relationships between them based on the data encoded within them. Despite 
this, instilling common sense, logical reasoning, and problem-solving capabilities in machines remains the 
complex challenge. AI systems often rely on machine learning techniques, which allow them to learn from data 
without the need for direct programming. 10This learning process focuses on identifying patterns in input data 
and includes methods such as regression and classification. Classification assign an object to a specific category, 
while regression works by analyzing numerical input-output pairs to discover functions that produce accurate 
predictions from new data. John Mc Carthy is a US computer scientist and inventor, played a important role in 
shaping a field dedicated to development in machines.11,12 Due to his groundbreaking contributions, he is often 
referred to as the “Father of AI. Recently, Artificial Intelligence Technology developed as important component 
in different industries, driving significant progress across numerous technical and research domains. its 
applications have proven to be highly valuable, enabling innovation and improving efficiency in a wide range of 
fields. These are two main key aspects of Artificial intelligence programming.12,14,15 
 
Fuzzy logic and neuro fuzzy logic 
 In conventional logic,a statement can only be true or false ,meaning that a hypothesis either fully  belongs 
to the true set,it is designated a membership value of 0.This binary approach contrasts   with fuzzy logic ,a concept  
discovered  by Lotfi Zadeh in the time period 1960’s.Unlike  traditional logic, fuzzy logic allows for a spectrum 
of truth balues between 0 and 1, rather than being strictly limited to these two extremes. In conventional logic, a 
statement can only be true or false, meaning that a hypothesis either fully belongs to the "true" set or not. If the 
hypothesis is within the "true" set, it is designated a affiliation value of 1, if it lies outside, it is designated a 
affilation value of 0. This binary approach contrasts with fuzzy logic, a concept introduced by Lotfi Zadeh in the 
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1960s.16 Unlike traditional logic, fuzzy logic allows for a spectrum of truth values between 0 and 1, rather than 
being strictly limited to these two extremes. For example, when 20°C is considered "comfortable," conventional 
logic would categorize temperatures like 19°C or 21°C as "uncomfortable," since they fall outside the predefined 
"comfortable" set. In fuzzy logic, however, a temperature of 17°C could simultaneously hold partial membership 
in both the "hot" set (with a value of 0.4) and the "cold" set (with a value of 0.6), reflecting the nuanced and 
overlapping nature of these categories.17,18 This ability to express gradations of truth makes fuzzy logic particularly 
valuable in fields like process control, where precise, binary decisions are often impractical. 
 
Machine learning                        
 Machine learning (ML) is a powerful technique used to analyze data by automatically building analytical 
models using algorithms that learn from data or significant information.ML is typically categorized to basic types: 
supervised learning, unsupervised learning and medication reinforcement learning19. All of these categories shows 
further sub groups with specific applications. In supervised learning, there are two key approaches: types, that 
aids in illness detection, treatment, and regression, that supports drug reinforcement and pharmacokinetic 
properties (Absorption, Distribution, Metabolism, Excretion, Toxicity) prediction. Unsupervised learning 
includes clustering, which assists in identifying disease targets. medication reinforcement and   learning focuses 
on  decision making such as in denovo drug design, and experiment planning.20,21 These sub fields of machine 
learning offer valuable tools for advancing research and practical applications in various domains.  
 
Principal compound analysis (pca) 
 Principal Component Analysis (PCA) is an AI-driven technique widely used to reduce the dimensional 
of datasets while retaining as much of the original variability (i.e., statistical information) as possible. By 
modifying the original dateset into a single data set of newer constants known as importantl components PCA 
minimizes information loss and maximizes variance. These principal components are linear combinations of the 
original variables, and they are uncorrelated with one another, making it easier to detect patterns in the data.22 The 
process of deriving these components involves solving an eigenvalue-eigenvector problem. Principal compound 
analysis should be applied the term either the covariance or the correlation assessment, depending on data-set. 
While PCA is typically employed for descriptive purposes rather than inferential analysis, it has gained 
prominence in recent years as a tool for hypothesis generation in AI. This is especially valuable in fields like drug 
discovery, where PCA helps create statistical frame works for modelling complex biological systems   without 
relying on rigid, preconceived theoretical 23,24 assumptions. By offering a broader, more systematic perspective, 
PCA overcomes the limitations of reductionist approaches, proving to be an essential tool in advancing drug 
discovery research. 
 
Types of AI 

 
 
Depended on ability and Capability 
1. Artificial Narrow Intelligence (Weak AI): This form of AI is created to handle a particular task or a limited set 
of tasks. While it performs exceptionally well in its designated area, it does not possess broad cognitive 
capabilities. Examples include virtual assistants, recommendation algorithms, and image recognition tools. 
2. Artificial General Intelligence (AGI): This refers to a more advanced type of AI that has the capacity to 
comprehend, learn, and apply intelligence across a wide variety of tasks, much like human cognitive abilities. It 
can reason, solve problems, and adjust to new circumstances, although it remains a theoretical concept and has 
not yet been fully achieved. 
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3. Artificial Superintelligence: This stage of AI goes beyond human intelligence in all areas, including creativity, 
decision-making, and problem-solving. It is a theoretical idea in which AI would exceed the capabilities of the 
most talented human minds across every discipline. 
 
Based on Presence (Four Primary Types of AI): 
1. Stimulus-response: These are simple  designed  to react to particular  inputs or stimuli with fixed responses.AI 
systems that respond to specific stimuli or inputs with predefined outputs.  
2. Limited Memory Systems: The systems  retain and draw on past experience  or data to make related  informed 
decisions over time. Machines can learn from data, such as self-driving cars that use past driving data to improve 
their performance. 
3. Self-Awareness: This is the most advanced level of AI, where the system has a possesness of self awareness  
exhibit consciousness and self reflection, actions including  environment. This type of Artificial Intelligence  is 
truly hypothetical at this point and is not been developed. It would have an awareness akin to human 
consciousness. 
 
AI in pharmacy 
 AI technology is integral to every stage in the drug discovery process, significantly decreasing costs 
including health risks associated with pre clinical trials. By leveraging extensive pharmaceutical data and 
advanced machine learning techniques, AI facilitates the identification of promising drug candidates more 
efficiently. This data-driven approach enhances the precision of predictions regarding a compound's effectiveness 
and safety, minimizing the likelihood of failure during early testing phases.25,26 AI’s ability to mine vast datasets 
allows for the discovery of novel insights, helping researchers make informed decisions that accelerate the 
development of new treatments. The impact of AI has become increasingly apparent across numerous sectors, 
particularly in the formulation  industry. In the past few years, Artificial Intelligence has improved considerable 
traction and is poised to revolutionize key aspects of drug discovery, testing, and marketing. One of the most 
impact areas where AI is applied in the pharmaceutical sector is drug discovery. conventionally, the procedure of 
discovering a unknown drug has lengthy as well as  financially burdensome, frequently spanning years  including 
amounting  to billions of dollars. However, Artificial Intelligence had   importance to significantly speed up the 
procedure by efficiently analyzing massive datasets and identifying patterns that can predict which compounds 
are most likely should be effective.27,28 This enables researchers to focus their efforts more precisely, accelerating 
the discovery of new drug recipients by reducing both time and cost. 
 
AI in new chemical entity (NCE) development 
 

 
 
 The new chemical entity (NCE) development  method starts with leveraging diverse data sets, and 
accelerated screening, component-based screening, computer modeling, and previously reported data. At core of 
drug discovery, the structural analysis of drug molecules is often facilitated by computer-assisted design 
techniques.29 one time this is completed, the drug molecules are synthesized. These synthesized compounds or 
current therapy candidates are subsequently evaluated using high throughput technology for preliminary analysis. 
Following this, the compounds are further tested in secondary assays for bio availability and undergo structure-
activity relationship (SAR) analysis. Drug discovery is an iterative process that involves both inductive and 
deductive reasoning, where the cycle of testing, analysis, and refinement ultimately leads to the identification of 
optimized lead compounds. Automation within assured aspects of this inductive-deductive cycle helps reduce 
both complexity and errors, there by optimizing drug efficacy and precision in discovery process. Pharmaceutical 
and medicinal manufactures increasingly turn to deep learning tools, such as “NVIDIA DGX-1”, to process to 
huge   quantities of scientific information, in addition to genomics data including clinical evaluation. Given the 



Puppala Raman Kumar et al/ Int. J Pharm. Hea. care Res. Vol-13(1) 2025 [72–79] 

 

76 
 

sheer volume of available data ,it is beyond human capacity to analyze all this  information manually for scientific 
advancement. However, AI-powered super computers are capable of processing and extracting data- driven 
insights, advancing pace of new chemical entity process development (NCE). 
 
AI in clinical trails 
 Leveraging natural language processing (NLP) to extract insights from biomedical literature, 
unstructured electronic medical records (Em Rs), and insurance data can uncover novel targets in the early stages 
of drug discovery. 30,31Meanwhile, predictive modeling plays a crucial role in forecasting protein structures and 
supporting the design and refinement of molecular compounds, leading to the identification of more promising 
drug candidates. Advances in machine learning have significantly addressed the challenge of the "Large p, Small 
n" problem, where the number of variables ("p") exceeds the number of samples ("n"), by harnessing the vast 
amounts of high-dimensional data generated from genomics, medical imaging, and wearable devices. 
Additionally, machine learning approaches utilizing real-world data have proven valuable in post-marketing 
research by: (i) enhancing our understanding of a drug’s benefit-risk profile, (ii) revealing treatment sequence 
patterns, and (iii) identifying specific patient subgroups that may benefit most from certain therapies, supporting 
the goals of precision medicine. 
 

 
 
AI in adverse drug reaction detecti 
 AI is increasingly being used in research to predict and identify adverse drug reactions (ADRs). One such 
study by Mohsen and his team combined two different datasets: gene expression profiles related to drug-induced 
effects from the Open Toxic genomics Project-Genomics Assisted Toxicity Evaluation Systems (TG-GATEs) 
database, and ADR occurrence data from the FDA Adverse Events Reporting System (FAERS).. Using Deep 
Neural Networks (DNNs), they developed a model for ADR prediction that involved data cleaning, feature 
selection, and hyper parameter tuning. Similarly, Yalçın et al. developed a machine learning-based clinical 
decision support tool that predicted the likelihood of ADRs, taking into account severity ratings and probabilities 
derived from the 'Du'ADRs algorithm. This information was then integrated into a risk matrix analysis, which was 
reviewed by a multidisciplinary team, including a clinical pharmacist. Furthermore, Hammann et al. employed 
decision tree induction to investigate the chemical, physical, and structural properties of compounds that increase 
the likelihood of ADRs. Their models demonstrated impressive predictive accuracy, ranging from 78.9% to 
90.2%, for allergic, renal, central nervous system (CNS), and hepatic ADRs. These studies underscore the 
potential of AI in enhancing drug safety and personalized medicine. 
 
AI in clinical reaserch 
 Big data and AI technologies complement each other ,as AI can efficiently process and analyze the vast 
,ever -growing volumes of data.One key application  of AI is in identifying appropriate cohorts for clinical  trails 
by analyzing both medical records  and social media data.AI can also accelerate trail recruitment by notifying 
medical staff and patients  about available trail opportunities .Additionally, AI can streamline the entry criteria 
,making trail more accessible and inclusive for a wider range of potential participants. 
 
AI in disease diagnosis 
 AI techniques are highly effective in diagnosing distinct range of health risks. The  impact Artificial 
Intelligence as a tool for  enhancing  healthcare delivery presents un paralled prospects to improve patient 
outcomes ,optimize health care team  performance ,and decrease  healthcare expenses. This technology promises 
to transform medical services by providing more accurate ,efficient ,and timely diagnosis. 
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AI in drug development process 
 The task of identifying  effective new drugs and conducting  post-marketing surveillance is a complex 
and challenging aspect of molecule development. This difficulty arises from the vastness of what is known as 
“chemical space”, that is estimated  to retain around  10^60 possible drugs. Artificial Intelligence offers a 
promising solution by helping to guide this complexity  ,addressing the dis organization and in consistencies often 
found in traditional medicinal product development methods ,including minimizing data and reducing mankind 
error in the development. AI’s application in molecule integration  expanding to forecast optimal synthetic 
pathways for pharmaceuticals ,analyzing  therapeutic parameters ,assessing  protien properties including 
evaluating drug safety ,combinations, and site of target  interactions.Further more ,AI enables  the discovery of 
new  routes  as well as therapeutic sites through omics studies, facilitates   development  of novel molecular 
markers ,  supports  customized medicine  by  leveraging molecular molecular  to explore  the links in diseases 
including potential treatments. 
 
AI  in oncology 
 AI has increasingly become a critical tool in cancer diagnosis  and treatments, offering a range of 
applications that significantly impact patient care .For example ,a multi-layer perception( MLP) neural network  
was employed  to analyze gene expression data, enabling  the  prediction of lymphoma sub-types in  non-Hodgkin 
lymphoma. The  network's inputs layer consisted of data from 20,863 genes ,while the result  layer  corresponded 
to various  lymphoma sub. types, including Burkitt lymphoma, large cell B-lymphoma ( DLBCL),follicular  center 
lymphoma, marginal  lymphoma ,and mantle cell lymphoma (MCL)In one study, the artificial neuron net was 
used to discover potential predictive markers for MCL based on gene  expression data. This analysis revealed  58 
genes  that were associated with  survival outcomes ,with  ten  of these genes  linked  to poor prognosis and 5 
associated with better survival. Future analysis of gene expression patterns using MLPs identified three genes 
associated adverse prognosis associated with a four -gene signature linked to more favourable life in DLBCL 
patients. Additionally, RNA-Seq technology provided the genetic and transcription data necessary for the Cell-
of-Origin (COO) classification of DLBCL, utilizing Artificial Intelligence-driven depth education techniques 
within next-generation sequencing platforms.32,33 AI not only enhances the accuracy and efficiency of these assays 
but also makes the process more cost-effective and reproducible for clinical use. By reducing time and maintaining 
high levels of precision, AI plays a important role in improving speed and reliability of cancer diagnosis. 
 
AI in novel medication 
 Artificial intelligence (AI) has become integral to healthcare industry, offering diverse applications in 
various aspects of medical practice. These applications range from diagnosing illnesses, facilitating drug 
discovery and development, and enhancing physician-patient communication, to automating the transcription of 
medical records, such as prescriptions, and enabling remote patient care. AI's role in medicine dates back to the 
1970s when it was initially introduced to address biomedical challenges. Since then, AI-driven tools have evolved 
significantly, revolutionizing healthcare by reducing costs, improving patient outcomes, and boosting overall 
operational efficiency. 
 
AI in reaserch and development 
 Pharmaceutical companies worldwide are increasingly leveraging deep learning(ML) machine learning-
driven technologies that accelerate the drug development procedures. The intelligent systems are particularly 
effective in tackling challenges related to complex biological networks, as they  identify suitable designs within 
huge , intricate databases. By doing so, they enable investigators to uncover new knowledge and optimize 
outcomes, ultimately expediting  development of new therapies.34 

 
AI in production:formulation 
 Formulation companies  integrate Artificial Intelligence into the production procedure  to increase 
production, enhance efficacy, including accelerate  production of life rescuing medications. AI can be applied 
across various stages of manufacturing to optimize performance, including: 
1.Ensuring high standards of quality control. 
2. Predicting and preventing equipment failures through pro active  maintenance. 
3.Minimizing waste and optimizing resource use 
4. Refining product design  and formulation. 
5.Streaming and automating  production process,by leveraging these capabilities ,AI helps drive  more  efficient, 
cost-effective and  reliable drug manufacturing. 
 
AI in data analysis 
 Artificial Intelligence Data analytic s  have the remarkable  ability to process  and  interpret vast volumes 
of data from various  sources, uncovering patterns and trends that can be used to  forecast future developments. 
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Business and industries leverage predictive analysis to inform key decisions across areas like production, 
marketing and product development, helping them optimizing operations and drive innovation35. By, analyzing 
historical data, companies can gain insights into consumer behavior, market shifts, and emerging opportunities, 
ultimately giving them a competitive edge in an ever-evolving market. 
 
Future aspects of AI 
1.AI in scientific inquiry 
2.AI in network  risk management 
3. AI in data visualization 
4.AI in transportation 
5.AI in domestic pourposes  
 
Advantages of Artificial Intelligence 
1.AI plays a crucial role in minimizing errors and enhancing precision, leading to more accurate results. 
2.In the field of exploration, AI proves invaluable, especially in sectors like mining and fuel extraction.  
3.Advanced organizations are increasingly relying on AI-driven digital assistants, such as avatars, to reduce 
human dependency. 
4.AI excels in performing repetitive tasks. While humans are generally limited to focusing on single task at a  
time, machinery  handle multiple works simultaneously, process  and adjust their  speed and time according to  
needs. This allows for higher productivity and accuracy across various industries. 
 
Disadvantages of AI 
1.The implementation of AI technology often involves substantial financial investment. Designing, maintaining, 
and repairing. 
2. AI machines can be costly due to the complexity of their systems. 
3. The research and development process for creating a single AI system requires significant time and resources.  
4.While AI-driven robots can perform tasks with precision and without emotional bias, they are not capable of 
fully replicating human thought processes.  
5. AI systems may struggle to respond appropriately, potentially leading to inaccurate conclusions or reports. 
6. Their capabilities are limited to their programming, and they cannot distinguish between hardworking 
individuals and those who are less diligent, making them less effective in certain contexts that require human 
judgment. 
7.Furthermore, the increasing adoption of AI technology across various industries could lead to significant job 
displacement.  
 
CONCLUSION 
 
 In the past few years, it has been a significant increase in demand AI technology into various aspects of 
pharmacy, and molecule discovery, drug dose  design, multi targeting therapy including acute care pharmacy. AI 
systems, which emulate human-like reasoning, problem-solving, and decision-making abilities, are increasingly 
being utilized to analyze and interpret complex data in these fields. The integration of automated workflows and 
advanced databases powered by AI has proven to be highly effective in streamlining analyses. Thanks to these 
AI-driven approaches, new hypotheses can be generated, strategies devised, and predictions made with greater 
efficiency. This not only reduces the time required for research but also lowers costs, making the process more 
accessible and cost-effective. 
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