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Abstract: Artificial Intelligence (AI) has turned out to be revolutionary in pharmacy practice by 

changing drug discovery, personalized medicine, clinical decision making and pharmacy operations. AI-

based technologies such as machine learning, deep learning and natural language processing make drug 

development effective as well as predictive modelling and clinical trial optimization. AI in pharmacy 

practice ensures patient safety by providing automated dispensing, detection of adverse drug reactions 

and individualized adjustment of dosage. Moreover, AI-integrated clinical decision making enables 

evidence-based decisions by clinicians. AI is crucial to pharmacovigilance, regulatory compliance, drug 

authentication and ethical drug pricing as well. Though it has numerous benefits, there are challenges 

related to data privacy, ethical considerations and algorithmic bias to be tackled to implement AI in 

pharmacy practice optimally. This article discusses developments, applications and scope of AI in 

pharmacy practice in light of enhancing its ability to impact health outcomes. 
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I. INTRODUCTION 

Artificial Intelligence is the simulation of human intelligence strategies through means of machines, primarily computer 

systems. The use of AI in the healthcare sector is increasing because of its capacity to process enormous volumes of 

data, recognize patterns, and inform decision-making, hence enhancing efficiency and results. Drug discovery and 

patient treatment are now more complex, and it has become important to use AI-based tools in order to tackle enormous 

amounts of medical and pharma data. AI is used to speed up the discovery of lead drug molecules, streamline molecular 

modelling, and forecast drug-drug interactions as well as side effects. This has resulted in lower costs and timelines for 

drug development, which is of paramount importance in the response to new global health emergencies like 

antimicrobial resistance and long-term disease management [1-2]. In addition, AI plays a central role in personalized 

medicine by the use of pharmacogenomics and patient-specific information to customize treatment regimens. This 

reduces drug adverse reactions and maximizes therapy outcomes. AI is transforming the practice of pharmacy in 

inventory management, prescription checking, and automated dispensing systems, thus cutting on human errors and 

enhancing patient safety [4-6]. While it offers numerous advantages, bringing AI into the practice of pharmacy also 

presents difficulties such as ethical dilemmas, data protection risks, and risk of AI algorithm bias. Tackling such 

challenges will go a long way towards making equitably available access to AI-driven healthcare interventions [3]. 

With ongoing advances in AI, the capacity to amplify the practice of pharmacy will further increase, requiring that 

health workers remain abreast of innovations and best practices for using AI This review explores the changing role of 

artificial intelligence (AI) in pharmacy practice, particularly its influence on drug discovery, individualized medicine, 

clinical decision support, and pharmacy operations. In addition to its utility, it discusses ethical concerns and areas for 

future research in the field. The origin of the term AI begins with Alan Turing's seminal paper published in 1950 titled, 

"Computing Machinery and Intelligence," raising questions about the ability of machines to think. Much later in 2004, 
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John McCarthy characterized AI as "the science and engineering of making intelligent machines, especially intelligent 

computer programs" [25–27]. More recently, for several decades, AI has broadened from theories into real applications 

that have increasingly dominated sectors of industry like medicine, finance, and manufacturing. In pharmacy practice, 

AI technologies are revolutionizing the discovery, prescribing, and dispensing of medications. Machine learning (ML) 

models, for example, assist in the prediction of drug interactions, whereas data-driven algorithms optimize treatment 

plans to individuals. AI is also increasing efficiency in pharmacy operations, automating tasks, and eliminating human 

errors [1–10]. AI in medicine has changed enormously over the past half-century, with enormous developments across 

a range of medical specialties. The advent of ML and DL has broadened the scope of AI applications, making 

personalized medicine possible instead of algorithm-based. AI has influenced clinical decision-making, disease 

diagnosis, and clinical, diagnostic, rehabilitative, surgical, and predictive practices extensively. [100-102] This 

development in AI technology has created the way for enhanced diagnostic accuracy, optimized provider workflow, 

enhanced clinical operation efficiency, disease, and therapeutic monitoring, accurate procedures, and, most importantly, 

improved patient outcomes. In pharmacy practice is an essential component of the healthcare system, providing safe 

and effective management of medications and maximizing patient benefits, via activities such as medication 

reconciliation, medication review, medication therapy management (MTM), dispensing drug information, patient 

education, monitoring adverse drug reactions (ADR) and interprofessional collaborations [99-100]. 

With increased developments in the health sector, prescriptions, intricate medication regimens, and administrative 

functions have been on the rise significantly. Consequently, the need for state-of-the-art technological solutions to help 

health workers in their day-to-day operations and improve healthcare service delivery is on the rise. 

The integration of AI technologies offers pharmacists with tools and systems that enable them to make evidence-based 

and precise clinical decisions. Through the use of AI algorithms and ML, pharmacists are able to rapidly analyze large 

sets of patient data, such as medical records, laboratory results and medication profiles. This enables them to detect 

potential drug-drug interactions, evaluate the safety and efficacy of drugs, and provide informed recommendations that 

are specific to individual patients. 

The use of AI in different fields of pharmacy practice has demonstrated encouraging prospects. Nonetheless, current 

research gaps must be filled to leverage the full potential of AI technologies. The most significant point is the extensive 

implementation of AI services in current pharmacy systems and knowing its effect on health and economic outcomes. 

Here, we will be discussing the different applications of AI in the practice of pharmacy; the gaps and challenges in 

research; and identifying the future research directions of the field.[10-12] 

 

II. HISTORY 

The history of AI can be traced back to the mid-20th century when computer scientists began working on creating 

machines that had human-level intelligence. John McCarthy named it "artificial intelligence" in 1956 at the Dartmouth 

Conference, which ushered in AI as an academic field [25][26]. Initial AI systems concentrated on rule-based expert 

systems, e.g., Dendral and MYCIN during the 1970s, utilized for chemical compound analysis and recommending 

antibiotic therapies, respectively [26-30]. These initial applications revealed the capability of AI in healthcare through 

enhanced diagnostic efficiency and decision-making. 

In the 1980s and 1990s, AI research deepened with the evolution of machine learning algorithms, which allowed 

computers to scan large datasets and recognize patterns without direct programming [16-20]. The innovation of 

artificial neural networks (ANNs) in the 1990s witnessed significant improvements in image recognition, predictive 

analytics, and drug discovery [12-15]. Nonetheless, the real potential of AI in pharmacy and healthcare only started to 

reveal itself in the 21st century with developments in big data, computation power, and cloud computing. 

In the early 2000s, AI in healthcare picked up pace with the launch of IBM Watson, which showed the potential to read 

large volumes of medical literature and offer clinical suggestions. The arrival of deep learning in the 2010s further 

transformed AI-based healthcare solutions, which resulted in advancements in medical imaging, personalized medicine, 

and automated pharmaceutical processes [19-20] 
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Now, AI is revolutionizing pharmacy practice by streamlining drug discovery, enhancing patient safety, minimizing 

medication errors, and optimizing supply chain logistics. The incorporation of AI-based technologies like natural 

language processing (NLP), deep learning, and reinforcement learning ongoingly enhances pharmaceutical research 

and healthcare provision (Topol, 2019). As AI advances, its scope in pharmacy practice will increase, promoting more 

efficient, precise, and patient-focused healthcare solutions 

 

III. APPLICATIONS OF AI 

Artificial Intelligence in Drug Discovery and Development 

Artificial Intelligence (AI) is revolutionizing the pharmaceutical sector by speeding up drug discovery, enhancing 

molecular modeling, and streamlining clinical trials. Conventional drug development is a lengthy and expensive 

process, sometimes taking more than a decade and billions of dollars to get one drug to market. AI-driven tools such as 

machine learning (ML), deep learning, and neural networks are transforming this process by enhancing efficiency, 

lowering costs and enhancing the success rate of drug development. 

Identifying Lead Drug Candidates 

One of the major uses of AI in drug discovery is identifying lead drug candidates through analyzing massive chemical 

and biological data. AI-based algorithms apply methods such as deep learning and quantitative structure-activity 

relationship (QSAR) modeling to determine which molecular forms may potentially engage with certain biological 

targets. The models compare molecular properties, binding energies, and toxicity profiles to enable researchers to 

prioritize more promising compounds.[5] 

For example, AI platforms like Atomwise and Benevolent AI have already screened millions of compounds to find new 

potential drug candidates in times shorter than by traditional approaches. AI can even repurpose already known drugs 

by finding new uses for them, such as for COVID-19 in recent attempts. This process shortens considerably the time 

and expense of drug development because these compounds are already known to have been tested for safety.[5][6] In 

addition, AI-based generative models like generative adversarial networks (GANs) and reinforcement learning methods 

can construct new drug molecules with the most desirable properties. These AI methods create virtual drug libraries of 

lead compounds by structurally modifying chemistry to increase efficacy, stability, and bioavailability. Enhancing 

Molecular Modelling and Simulations Molecular modelling and simulations are critical in drug discovery as they help 

researchers understand how a drug interacts with its target at the atomic level. AI significantly enhances these processes 

by improving the accuracy and speed of molecular docking, binding affinity predictions, and pharmacokinetic 

modelling. Machine learning algorithms analyze large datasets of molecular structures to predict interactions between 

ligands (potential drugs) and their target proteins. AI-powered molecular dynamics simulations can also predict how a 

drug will behave under physiological conditions, providing insights into its absorption, distribution, metabolism, and 

excretion (ADME) properties [7][8]. 

AlphaFold, developed by DeepMind, is a groundbreaking AI model that predicts protein structures with high accuracy, 

solving a decades-old challenge in biology. This advancement has profound implications for drug discovery, as 

understanding protein structures allows researchers to design drugs that precisely target disease-causing proteins. 

Additionally, AI-driven quantum computing approaches are being explored to simulate molecular interactions at an 

unprecedented level of precision. These innovations streamline the drug design process by reducing the reliance on 

trial-and-error experiments and laboratory-based testing. 

Accelerating Clinical Trial Designs and Outcomes 

Clinical trials are among the most time-consuming and costly phases of drug development, taking years to finish. AI 

streamlines this process by processing patient data to select appropriate candidates, forecast treatment outcomes, and 

track trial progress more effectively. Artificial intelligence-based predictive analytics analyze vast amounts of data, 

such as electronic health records (EHRs), genomic profiles, and biomarker information, to determine the most suitable 

patient populations for clinical trials. This precision recruitment minimizes the time to recruit patients and enhances the 

chances of getting valuable results. Additionally, AI improves adaptive trial designs so that researchers can make 
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changes in study protocols real-time according to interim results. This adaptability results in more effective trials 

because inefficient treatments are halted early on, and worthy candidates are expedited for subsequent testing. Natural 

language processing (NLP) and AI-based automation also contribute to enhanced data gathering and analysis in clinical 

trials. AI is able to handle and analyze enormous amounts of unstructured clinical data and determine trends and 

correlations that may not be found with customary statistical analysis. Moreover, AI-driven wearable devices and 

remote monitoring solutions facilitate real-time data capture with less need for repeated hospital visits and more 

detailed patient monitoring. These technologies, in addition to speeding up the completion of trials, also enhance 

patient safety through early detection of adverse events [5-10]. 

 

AI in Personalized Medicine 

Utilizing AI for Pharmacogenomic Profiling 

Pharmacogenomics examines how an individual's genetic makeup influences their response to drugs. AI, particularly 

machine learning (ML) and deep learning algorithms, can process vast genomic datasets to identify patterns and 

correlations between genetic variants and drug responses. This capability allows for the prediction of how patients will 

metabolize and respond to specific medications, leading to more precise prescribing practices. For instance, AI models 

have been employed to predict patient responses to antidepressants based on genetic variations, assisting clinicians in 

selecting appropriate psychiatric medications. This approach moves away from the traditional trial-and-error method, 

reducing the time to find effective treatments and improving patient outcomes. However, the clinical utility of such 

models is still under investigation, and further refinement is necessary to incorporate additional factors beyond genetic 

data alone [22-24].  

Tailoring Drug Therapies Based on Genetic Information 

AI's ability to analyze genetic information enables the customization of drug therapies to align with individual genetic 

profiles. By considering genetic variations, AI assists in designing personalized treatment regimens that enhance 

efficacy and reduce the likelihood of adverse reactions. This is particularly beneficial in oncology, where AI can 

analyze tumor genetics to recommend targeted therapies. 

For example, AI algorithms can identify specific genetic mutations in cancer cells, allowing oncologists to select 

treatments that directly target those mutations. This precision reduces exposure to ineffective treatments and minimizes 

side effects. Additionally, AI can predict potential drug-drug interactions based on genetic predispositions, further 

personalizing therapy and enhancing patient safety.  

Improving Patient Outcomes Through Individualized Treatment Plans 

Personalized medicine approaches, supported by AI, lead to more effective treatments and improved patient 

satisfaction. By integrating genetic information with other data sources, such as electronic health records and lifestyle 

factors, AI can develop comprehensive patient profiles. These profiles inform individualized treatment plans that 

consider the patient's unique characteristics, leading to better adherence and health outcomes. 

AI also plays a role in monitoring treatment responses and adjusting therapies in real-time. Wearable devices and 

mobile health applications can collect continuous data on patient health metrics, which AI systems analyze to detect 

trends or deviations. This proactive approach enables timely interventions, ensuring that treatments remain effective 

and are adjusted as needed to maintain optimal patient health [22-24]. 

Challenges and Ethical Considerations 

While the integration of AI in personalized medicine offers significant benefits, it also presents challenges and ethical 

considerations. The accuracy of AI predictions depends on the quality and diversity of the data used to train models. 

Biases in training data can lead to disparities in treatment recommendations, underscoring the need for diverse and 

representative datasets. Additionally, the complexity of AI algorithms can make it difficult for clinicians to interpret 

and trust AI-generated recommendations, highlighting the importance of transparency and explainability in AI systems. 

Privacy concerns are also paramount, as the use of genetic data requires stringent measures to protect patient 
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confidentiality. Ensuring that AI systems comply with ethical standards and regulations is crucial to maintain patient 

trust and facilitate the widespread adoption of AI-driven personalized medicine.   

 

Future Directions 

The future of AI in personalized medicine holds promise for further advancements. Integrating AI with emerging 

technologies like CRISPR gene-editing could enhance the development of individualized therapies. AI's role in drug 

discovery is also expanding, with companies leveraging AI to identify novel drug candidates and predict their efficacy, 

potentially reducing the time and cost associated with bringing new drugs to market.  As AI continues to evolve, 

ongoing research and collaboration among clinicians, researchers, and ethicists will be essential to address challenges 

and fully realize the potential of AI in personalized medicine. 

 

Optimizing Inventory Management and Supply Chain Logistics 

Challenges and Ethical Considerations 

While the integration of AI in pharmacy operations offers numerous benefits, it also presents challenges and ethical 

considerations. Data privacy and security are paramount concerns, as AI systems require access to sensitive patient 

information. Ensuring compliance with regulations such as the Health Insurance Portability and Accountability Act 

(HIPAA) is essential to protect patient confidentiality. Additionally, the accuracy of AI predictions depends on the 

quality of data; biased or incomplete data can lead to erroneous recommendations, potentially compromising patient 

safety. Therefore, continuous monitoring and validation of AI systems are necessary to maintain their reliability and 

effectiveness [90-93]. Moreover, the adoption of AI in pharmacies may face resistance from staff due to fears of job 

displacement. It is crucial to emphasize that AI serves as a tool to augment human capabilities rather than replace them. 

Training programs can help staff understand and embrace AI technologies, highlighting their role in reducing mundane 

tasks and allowing pharmacists to engage more in patient-centered activities. By fostering a collaborative environment 

between AI systems and pharmacy professionals, the full potential of AI can be realized to enhance healthcare delivery. 

[72-76] 

Future Directions 

The future of AI in pharmacy operations holds promise for further advancements. Emerging technologies such as 

machine learning and natural language processing are expected to enhance the capabilities of AI systems, enabling 

more accurate predictions and more intuitive patient interactions. Integration with other digital health tools, such as 

electronic health records and wearable devices, can provide a more comprehensive view of patient health, facilitating 

personalized care. As AI technology evolves, ongoing research and collaboration among healthcare professionals, 

technologists, and policymakers will be essential to address challenges and fully harness the benefits of AI in pharmacy 

operations.  

 

3.6 AI in Clinical Decision Support 

Assisting Pharmacists with Drug Interaction Checks 

Drug-drug interactions (DDIs) pose significant risks to patient safety, potentially leading to adverse drug events 

(ADEs) that can result in severe health complications or hospitalizations. Traditionally, pharmacists relied on manual 

cross-referencing of medications, a process susceptible to human error and inefficiency. AI revolutionizes this aspect 

by automating and enhancing the detection of DDIs. 

AI-driven CDSS can analyze patient medication profiles in real-time, cross-referencing them against extensive drug 

interaction databases to identify potential DDIs. For instance, machine learning algorithms have been developed to 

predict DDIs by analyzing patterns in large datasets, thereby assisting clinical decision support systems with 

medication-related decisions.   

Moreover, AI's natural language processing (NLP) capabilities enable the extraction of DDI information from vast 

medical literature, ensuring that pharmacists have access to the most current data. This approach was exemplified in the 
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DDIExtraction Challenge, where algorithms were developed to identify interacting drugs and their effects from medical 

texts, streamlining the process of updating DDI databases.   

The integration of AI into DDI detection not only enhances the accuracy of identifying potential interactions but also 

significantly reduces the time required for analysis, allowing pharmacists to focus more on patient care. 

 

Predicting Adverse Drug Reactions Using AI Algorithms 

Adverse Drug Reactions (ADRs) are unintended, harmful reactions to medications that pose substantial challenges in 

clinical practice. Predicting ADRs is complex due to individual patient differences and the vast number of possible 

drug combinations. AI offers promising solutions by identifying patterns and risk factors associated with ADRs through 

advanced data analysis. 

Deep learning models have been employed to predict ADRs by analyzing large- Proper inventory management is 

essential for pharmacies to maintain the supply of drugs while avoiding wastage and keeping costs in check. AI-based 

systems measure past sales trends, seasonal fluctuations, and environmental factors to forecast medication demand with 

precision. This forecasting ability allows pharmacies to keep ideal stock levels, avoiding both stockouts and 

overstocking. For example, machine learning algorithms can predict higher demand for flu drugs in peak seasons so 

pharmacies can restock ahead of time. Moreover, AI tracks supply chains in real-time and detects potential bottlenecks 

and recommends alternative suppliers or modes to reduce delays. This proactive measure ensures the timely delivery of 

medication, improving patient care and operational efficiency [19-21]. 

In addition to that, computer-based inventory systems equipped with artificial intelligence can pre-automate the re-

ordering process based on thresholds per medication. Whenever inventories decrease to below established thresholds, 

automatically the system produces the purchase order to eliminate extra workload for pharmacists. Apart from that, 

such automation can minimize human faults due to manually monitoring inventories. Through the utilization of AI, 

pharmacies are capable of finding the equilibrium between supply and demand and hence cost reductions and better use 

of resources [19-21]. 

 

Improving Accuracy of Prescriptions and Minimizing Dispensing Errors 

Prescription errors are a serious threat to patient safety and may result in adverse drug events. AI systems increase 

prescription accuracy by comparing prescriptions against patient medical history, known drug interactions, and allergy 

data. AI can identify potential problems like improper dosages, contraindications, or redundant therapies based on this 

analysis before medication is dispensed. This pre-emptive action minimizes the risk of medication errors and increases 

patient safety. 

AI-powered automated dispensing systems also help minimize errors. The systems apply robotic technology to sort, 

package, and label drugs with precision, reducing the level of human interaction in dispensing. For instance, the 

University of California, San Francisco (UCSF) Medical Centre adopted a robotic pharmacy system that automates 

medication storage and dispensing, which lowered dispensing errors significantly and enhanced workflow efficiency. 

Through the incorporation of AI in dispensing operations, pharmacies can be guaranteed that patients receive the right 

medicines in the correct dosages, thus improving healthcare quality in general.  

 

Incorporating AI-Powered Customer Support and Service Systems 

AI-powered customer service technologies, including virtual assistants and chatbots, are revolutionizing interactions 

between pharmacies and patients. These AI-based systems offer real-time responses to patients' queries, providing them 

with information regarding medication use, side effects, and drug interactions. By managing typical questions, AI 

enables pharmacists to concentrate more on complicated patient requirements, making the service process more 

efficient. For example, Walgreens partnered with a telehealth company in order to empower patients to converse with 

healthcare specialists through video conference, making expert advice more accessible.  In addition to responding to 

questions, AI chatbots can remind patients to take medication, encouraging adherence to treatment regimens. They can 
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also help schedule vaccination or consultation appointments, making the patient experience more efficient. Through 

24/7 support, these AI systems improve patient engagement and satisfaction, leading to improved health outcomes. AI 

tools can also customize communication by reviewing patient information and adapting messages to individual 

requirements, making care more patient-centered [51-54] 

Furthermore, AI can detect polypharmacy side effects adverse reactions resulting from multiple drug combinations by 

modelling complex relationships between drugs and their targets. Graph convolutional networks, for instance, have 

been utilized to predict specific side effects arising from drug pairs, providing insights that can guide safer prescribing 

practices.   

By leveraging AI's predictive capabilities, healthcare providers can proactively identify patients at risk for ADRs, 

enabling preemptive measures such as dosage adjustments or alternative therapies, thereby enhancing patient safety and 

treatment outcomes. 

 

Supporting Evidence-Based Medicine Through AI Analytics 

Evidence-Based Medicine (EBM) involves integrating clinical expertise with the best available research evidence and 

patient values to make informed healthcare decisions. The exponential growth of medical literature presents a challenge 

for clinicians to stay updated with the latest evidence. AI addresses this challenge by efficiently processing and 

synthesizing vast amounts of data to support clinical decision-making. 

AI systems can analyze electronic health records (EHRs) and medical literature to provide evidence-based 

recommendations tailored to individual patients. For instance, AI algorithms have been developed to learn from 

collective clinical practices, enabling the identification of effective treatment strategies based on aggregated patient 

data.   

Moreover, AI facilitates the implementation of clinical guidelines by providing real-time recommendations during 

patient encounters. For example, AI-driven CDSS can alert clinicians to guideline-concordant therapies, ensuring that 

patient care aligns with the latest evidence-based practices [24-26]. 

By integrating AI into EBM, healthcare providers can enhance the quality of care, reduce variability in treatment 

approaches, and improve patient outcomes through informed, data-driven decisions. 

 

Challenges and Ethical Considerations 

While AI offers substantial benefits in clinical decision support, its integration into healthcare also presents challenges 

and ethical considerations. Data privacy and security are paramount, as AI systems require access to sensitive patient 

information. Ensuring compliance with regulations and maintaining patient confidentiality is critical. 

Additionally, the accuracy of AI predictions depends on the quality and representativeness of the data used to train 

these models. Biases in data can lead to disparities in healthcare outcomes, necessitating rigorous validation and 

ongoing monitoring of AI systems. 

Furthermore, the interpretability of AI decisions remains a concern. Healthcare providers must understand and trust AI-

generated recommendations to effectively incorporate them into clinical practice. Transparent algorithms and clear 

communication of AI reasoning are essential to build this trust.[21][22] 

 

Future Directions 

The future of AI in clinical decision support is promising, with ongoing advancements aimed at enhancing its accuracy, 

efficiency, and integration into healthcare workflows. Developing AI models that can seamlessly interact with EHR 

systems, provide real-time insights, and adapt to individual patient contexts will further augment their utility [60-70]. 

Collaborative efforts between technologists, clinicians, and ethicists are essential to address existing challenges and 

ensure that AI serves as a tool to enhance, rather than replace, human judgment in healthcare. By embracing these 

innovations responsibly, AI can significantly contribute to safer, more effective, and personalized patient care. 
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IV. CONCLUSION 

Artificial Intelligence is transforming pharmacy practice by improving drug discovery, personalizing medicine, 

optimizing operations, and supporting clinical decisions. Addressing challenges such as data privacy and algorithmic 

bias is vital to fully realize AI's potential in enhancing patient care. 
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