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ABSTRACT
The act of incorporating and integrating artificial intelligence (AI) in various fields and sectors has really turned tables for all industries, sectors and systems worldwide, and the field of pharmacy is no exception. The tremendous introduction of sophisticated machine learning algorithms has proved AI as an emerging powerful tool to enhance pharmaceutical research, drug discovery, clinical decision-making, and patient care. This paper explores the significant impact of AI in pharmacy, highlighting its potential to transform healthcare delivery and improve patient outcomes. Explicitly discussed are the key applications of AI in pharmacy, including drug discovery and development, precision medicine, medication management, pharmacy automation, and clinical decision support systems, additionally, the challenges and ethical considerations associated with the integration of AI in pharmacy practice, addressing are all fully described. 
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EHR - Electronic Health Records
SNP - Single Nucleotide Polymorphisms
GDC - Genomic Data Commons 
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FFRCT - Fractional Flow Reserve computed tomography
DIKB - Drug Interaction Knowledge Base
CDSS - Clinical decision support systems
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I. INTRODUCTION
A few centuries back before the advent of Artificial intelligence, the efficiency and level of development of Industries and various sectors worldwide would hardly be noticed. However from the design of AI by Newell and Simon, its subsequent coining by John McCarthy and introduction, several vast developments have been and are still being effected ,today modernity in different fields in terms if effectiveness ,productiveness, innovations, and various forms of technological advancements are all characteristic of artificial intelligence integration and use.
AI as a stream of science deals with the use of computer programs to simulate human intelligence. Computer programs developed and used exhibit human-like intelligence that combines the analytical, problem solving and decision making abilities, tasks initially known to be performed by humans have been trained to machines equipping them an ability to reason, perform and respond to different tasks as humans do. The introduction of AI technology and its rapid multidisciplinary advancements have fueled its integration and application into various healthcare sectors, including pharmacy. AI, through its ability to process and analyze vast amounts of data, holds immense potential for improving medication safety, optimizing therapeutic outcomes, and enhancing overall patient care.
Therefore looking at the rising demand for prescriptions, the increased emergency of new and unique health related conditions ,the rising population in the world and their extreme need for efficient and effective service delivery systems, the shortage of skilled workforce to accurately perform specific precision demanding tasks ,all these and many more have greatly increased the need for Artificial intelligence.
II. APPLICATIONS OF ARTIFICIAL INTELLIGENCE IN PHARMACY, ”A PART OF THE HEALTHCARE SECTOR”
Pharmacy plays a vital role in healthcare, encompassing various responsibilities, right from Drug development to drug release into market for use in solving medical complications to medication dispensing, patient counseling, and medication management and so many more. The emergence of artificial intelligence (AI) has brought forth new possibilities for revolutionizing pharmacy practice, we exhaustively look at the various points of application of AI at all the different levels pharmacy and pharmacy practice.
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III. ARTIFICIAL INTELLIGENCE IN DRUG DISCOVERY AND DEVELOPMENT
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 Figure 1. An overview of the AI application in drug discovery pipeline
Virtual therapeutic activity screening
This employs Insilco evaluation of the probability of a molecule having a desired biological activity. This kind of screening can be applied to a large database of ligands and the output is a ranked list based on the likelihood of relevant activity.
One example of AI in virtual therapeutic screening is the use of machine learning algorithms to predict the binding affinity of small molecules to target proteins. By training the AI model on existing experimental data of known drug-protein interactions, it can learn patterns and make predictions on the likelihood of a compound binding to a particular protein target. This information helps researchers prioritize and select the most promising compounds for further evaluation.
Another example is the application of AI in virtual screening for identifying potential drug candidates from large chemical databases. AI algorithms can analyze the molecular structures of compounds and predict their pharmacological properties, such as their potential to interact with specific biological targets or their potential toxicity. This enables researchers to narrow down the search space and focus on the most promising compounds for further experimental testing.
In order to find possible drug candidates more rapidly and effectively, virtual therapeutic activity screening, (vHTS), is increasingly using artificial intelligence (AI). In vHTS, computer models are used to search through enormous libraries of chemicals for those that are most likely to interact with a particular target molecule. Compared to conventional wet-lab techniques like high-throughput screening (HTS), this procedure may be considerably quicker and less expensive.
A group of scientists from the University of California, San Francisco employed artificial intelligence (AI) in 2017 to find a novel substance that prevents the growth of cancer cells. Using an AI-powered vHTS platform, the chemical, known as PF-06700846, was found in a library of more than 100,000 compounds in just a few weeks.
A group of scientists at the University of Oxford employed AI in 2018 to create a brand-new drug that specifically targets the protein tau, which is linked to Alzheimer's disease. In mice, the 2-APB substance was found to be beneficial in halting the course of Alzheimer's disease.
A group of scientists from the National Institutes of Health employed AI in 2019 to find a brand-new drug that specifically targets the Zika virus.
 Molecular modelling
The 3-D structure of various biological molecules with AI can be easily and accurately predicted, by use of specific software like GROMACS, PyMOL, Avogadro ,the number of atoms, their geometry, type of bonds, bond length, dihedral angle, molecular energy, vibration frequency of molecular systems can effectively be analyzed. For example, Deep Mind's Alpha Fold: Deep Mind, a subsidiary of Alphabet Inc., developed Alpha Fold, an AI system that predicts the 3D structure of proteins. This breakthrough has profound implications for drug discovery, as protein structure prediction is crucial for understanding their functions and designing drugs that target them effectively.
In order to increase the process' accuracy and effectiveness, molecular modelling is increasingly using artificial intelligence (AI). A computer-based method called molecular modelling is used to comprehend the dynamics, structure, and interactions of molecules. It is an effective tool for fields like materials science, drug discovery, and other ones.
Several methods AI can be applied to molecular modelling include:
Generating and improving molecular structures: Artificial intelligence (AI) can be used to produce and improve molecular structures that satisfy certain requirements, such as having a desirable binding affinity for a target molecule or having advantageous drug delivery capabilities. This may speed up and lower the price of medication discovery.
AI can be used to predict a variety of molecule-related characteristics, including toxicity, solubility, and stability. Using this data, new materials with desired qualities can be created and potential medication candidates can be screened.
Artificial intelligence (AI) is capable of simulating a variety of chemical interactions, including the adsorption of a drug to a target molecule or the diffusion of a molecule through a membrane. This knowledge can be applied to the design of new materials and the understanding of drug action processes.
AI can be employed to evaluate experimental data, including the outcomes of X-ray crystallography and NMR spectroscopy.
Predictive Analytics for Compound Optimisation 
This proceeds screening, it identifies potentially promiscuous compounds out of the probable molecules list and by this analysis, a lead molecule or molecules can be selected using specific software like those for ADMET prediction (e.g. VolSurf, admet SAR, etc). These software compare the various properties like binding affinity to the target site in terms of binding energy, from these analyses, the most advantaged molecule is selected for further optimisation. Example "In Silico Predictive Models for Drug Discovery" by David J. Wild et al. This review article discusses various computational techniques, including AI-based methods, used in predictive modeling for drug discovery. It covers topics such as virtual screening, compound optimization, and quantitative structure-activity relationship (QSAR) modeling.

Acceleration Of Clinical Trials
A. Patient Recruitment and Eligibility Screening
One of the major challenges in clinical trials is finding eligible participants within specific criteria. AI can analyze vast amounts of patient data, electronic health records (EHRs),and other relevant information to identify potential candidates more efficiently. AI algorithms can quickly match patients with specific trial criteria, thereby accelerating the recruitment process.
Finding possible participants: Artificial intelligence (AI) can be used to analyse enormous datasets of electronic health records (EHRs) to find participants who fit the requirements for a clinical trial. Compared to more conventional patient recruitment strategies like cold phoning or advertising, this may be faster and more effective.
AI can be used to evaluate a patient's eligibility for a clinical study based on their medical background, test results, and other information. This can lessen the risk of enrolling ineligible individuals for a trial as well as the time and expense associated with patient recruiting.
Finding the right clinical trials for patients: AI can be used to find the right clinical trials for patients based on their unique needs and circumstances. This may increase the likelihood that patients will locate a trial in which they qualify and are motivated to take part.
AI can be used to communicate with patients regarding clinical trials, including informing them about the trials, responding to their inquiries, and setting up appointments. This may contribute to enhancing patient satisfaction and facilitating patient enrollment in clinical studies.
B. Predictive Analytics and Patient Stratification
AI can analyze patient data and identify patterns, enabling researchers to stratify patients based on their likelihood of responding to a particular treatment or experiencing specific outcomes. This helps in designing more targeted and efficient clinical trials by identifying patient populations most likely to benefit from the intervention being tested.
Predictive analytics and patient stratification in healthcare are two areas where artificial intelligence (AI) is being used more and more. Utilising data and statistical models to make predictions about the future is known as predictive analytics. The process of classifying patients into groups according to their likelihood of contracting a disease or having a particular result is known as patient stratification.
Several methods AI can be applied to patient classification and predictive analytics include:
Recognising risk factors Large quantities of patient data can be analysed by AI to find illness risk factors. This can make it easier to spot people who are at a high risk of contracting a disease so that they can be regularly monitored or given preventative care.
AI can be used to prediction of outcomes, such as the possibility that a patient would contract an illness or experience a specific result. This can aid professionals in making wiser judgements regarding patient care and treatment.
Patient stratification: Using AI, individuals can be divided into groups depending on their likelihood of contracting a disease or suffering a particular result. By doing this, it may be possible to guarantee that patients receive the best possible care and treatment.
C. Drug Repurposing and Target Identification
AI algorithms can analyze large databases of existing drugs, medical literature, and molecular data to identify potential drug candidates for repurposing. This can save significant time and resources by identifying drugs that have already been approved for other indications and may show promise in new therapeutic areas. AI can also aid in target identification by analyzing complex biological and molecular data, leading to the discovery of novel therapeutic targets.
The use of artificial intelligence (AI) in target identification and drug repurposing is growing as a means of accelerating the development of new therapeutics for diseases.
Finding new applications for current medications is the process of drug repurposing. Compared to conventional drug discovery techniques, which can take years and millions of dollars, this may be a more time- and money-efficient way to develop new medicines.
Several methods AI can be applied to drug repurposing include:
In order to find possible drug-target interactions, AI can be used to analyse enormous quantities of information on drugs and diseases. Even if they weren't designed for that purpose, this can assist find medications that might be useful for treating a specific ailment.
Drug's efficacy and toxicity prediction: Before a medicine is even tested on humans, AI can be used to make predictions about its efficacy and toxicity. This can speed up the medication development process, cut down on costs, and lower the risk of failure.
Choosing which pharmaceuticals to test next: AI can be used to choose which drugs to test next based on their projected qualities and chances of success. This can lower the likelihood of failure and help to concentrate resources on the most promising medications.
The process of finding new targets for medication intervention is known as target identification. The ability to concentrate research efforts on the most promising targets makes this a crucial phase in the drug discovery process.
Analysis of huge genomic and proteomic data sets: AI can be used to examine large genomic and proteomic data sets to find fresh potential therapeutic targets. The number of disorders that can be the focus of drug discovery efforts may increase as a result.
Artificial intelligence (AI) can be used to predict the binding affinity of medications to their targets. In order to develop new medications, it is crucial to find medicines that can effectively block the target protein.
Prioritising research targets: AI can be used to rank research targets according to their projected characteristics and chances of success. 
D. Optimizing Trial Design and Protocol Development
AI can assist in designing optimal clinical trial protocols by analyzing historical trial data, real-world evidence, and simulation models. This helps researchers determine the appropriate sample size, study endpoints, and treatment arms, leading to more efficient trial designs and increased chances of successful outcomes.
Clinical research is increasingly using artificial intelligence (AI) to improve protocol creation and trial design. AI may be applied tofinding the patient groups that will benefit from a given treatment the most can be done by using artificial intelligence to analyse massive quantities of patient data. By ensuring that clinical trials are focused on the appropriate patients, this can help to increase their effectiveness.
Create the best possible trial protocols: AI can be used to create the best possible trial procedures for clinical trials. This can be achieved by taking into account elements including the patient population, the medication or therapy under study, and the trial's intended results.
Artificial intelligence (AI) can be used to foretell the likelihood of unfavourable outcomes in therapeutic studies. By doing so, you can protect patient safety and prevent expensive trial development delays.
Automate data gathering and analysis: AI can be applied to clinical trial data collecting and analysis. This can reduce the need for time and materials and increase the accuracy of data collecting and analysis.
Find potential biases: Artificial intelligence (AI) can be used to find potential biases in clinical studies. This can help to protect the integrity of the study results and prevent drawing erroneous conclusions about a treatment's efficacy.
E. Real-time Monitoring and Safety Assessment 
AI-powered systems can monitor and analyze real-time patient data during clinical trials, detecting potential adverse events or safety concerns. This enables early intervention and ensures participant safety. AI algorithms can also aid in identifying and reporting adverse drug reactions more accurately and efficiently.
In order to increase efficiency and safety across a range of industries, including manufacturing, healthcare, and transportation, artificial intelligence (AI) is being employed more and more in real-time monitoring and safety evaluation.
Artificial intelligence (AI) can be used in manufacturing to monitor processes and equipment for indications of wear and tear, possible malfunctions, or other safety risks. By doing this, accidents and injuries may be avoided before they occur. AI can be used, for instance, to keep an eye on machinery's temperature to prevent overheating or to keep an eye on chemical flow to stop leaks.
AI in healthcare can be used to keep an eye out for symptoms of infection or patient deterioration. By doing so, issues can be avoided and individuals who require immediate care can be identified. AI can be used, for instance, to track a patient's blood sugar levels or to keep track of their respiratory and heart rates.
AI can be applied to the transportation industry to keep an eye on cars for indicators of fatigue, distracted driving, or other safety risks. Accidents and fatalities may be avoided as a result of this. AI can be used, for instance, to track drivers' speed and braking patterns as well as their eye and facial movements and expressions.
New safety technologies like drones and self-driving automobiles are being created using AI. These innovations could revolutionise the transportation industry.


F. Data Management and Analysis
AI can automate data management tasks, such as data cleaning, data extraction, and data integration, reducing the manual effort and potential for human error. AI algorithms can analyze large datasets and identify relevant patterns, correlations, and trends that may not be readily apparent to human researchers. This helps in generating actionable insights and accelerating the data analysis process.
To increase the effectiveness, precision, and productivity of data management and analysis processes, artificial intelligence (AI) is being used more and more.
The following are some applications of AI in data management and analysis:
AI may be used to automatically find and fix data mistakes. This is known as data cleaning. As manual data cleansing may be quite time-consuming and error-prone, this can save a significant amount of time and effort.
Data fusion: AI can be used to combine data from various sources into a single, comprehensive dataset. This might be useful for companies that need to gather data from several systems, including supply chain management (SCM), financial, and customer relationship management (CRM) systems.
Analysis of data: AI can be used to find patterns and trends in huge datasets. Businesses who seek to base their judgements more effectively on data may find this to be useful. AI can be used, for instance, to analyse client purchase data and spot trends in consumer behaviour. The creation of fresh marketing initiatives or enhancing the client experience can both benefit from this knowledge.
Data visualisation: Interactive data visualisations can be made using AI. Businesses may be able to better analyse data and make decisions as a result. AI might be utilised, for instance, to develop a dashboard that displays current information on sales, inventories, and customer happiness. Quick decisions regarding how to enhance the company's operations can then be made using this information.
G. Predictive Modeling and Outcome Prediction
AI can generate predictive models that estimate patient outcomes and treatment responses based on various factors, including patient characteristics, genetic data, and treatment history. This can aid in patient counseling, treatment decision-making, and optimizing trial endpoints.
To increase the precision and effectiveness of predictive modelling and result prediction, artificial intelligence (AI) is being employed more and more.
Utilising previous data to make predictions about the future is known as predictive modelling. This is applicable to a number of industries, including marketing, finance, and healthcare.
Several methods AI can be applied to predictive modelling include:
Finding patterns in data: AI can find patterns in data that are hard or impossible to find with conventional techniques. Predictive model accuracy may be enhanced as a result.
Building predictive models: More accurate prediction models can be built with AI than with conventional models. Better decision-making and superior results may result from this.
Artificial intelligence (AI) can be used to explain predictions, which can make them clearer and easier to grasp. This might be crucial for stakeholders who need to comprehend the process of making forecasts.
Predicting an event's outcome, such as the likelihood of contracting an illness or the effectiveness of a therapy, is a technique known as outcome prediction.
There are several methods AI can be applied to outcome prediction, including:
Analysing large patient data sets to find variables linked to various outcomes: AI can be used to analyse huge patient data sets to find variables linked to various outcomes. This may aid in increasing the precision of result forecasts.
Predictions can be explained using artificial intelligence (AI), which can make them more understandable and understandable. For stakeholders who need to understand the forecasting process, this could be essential.
Outcome prediction is a method for predicting the outcome of an event, such as the likelihood of developing a disease or the efficacy of a treatment.
AI can be used to anticipate outcomes in a variety of ways, including: examining extensive patient data sets to identify elements connected to various outcomes Huge patient data sets can be analysed using AI to identify characteristics related to different outcomes. This could help to improve the accuracy of result forecasts.
H. Remote Monitoring and Decentralized Trials
AI-powered technologies such as wearable devices and remote monitoring systems, enable the collection of real-time patient data outside traditional clinical settings. This facilitates decentralized trials, reducing the need for physical site visits and increasing patient participation rates. AI can analyze the continuous streams of data generated by remote monitoring, enhancing patient safety and trial efficiency.

IV. ARTIFICIAL INTELLIGENCE IN PRECISION MEDICINE
  A. Genomic data analysis
AI has significantly advanced genomic data analysis by enhancing variant calling, disease diagnosis, drug discovery, and personalized medicine. By leveraging AI techniques, researchers and clinicians can uncover valuable insights from genomic data, leading to a better understanding of genetic disorders, improved diagnostics, and more targeted therapies for individuals. However. The application of AI in genomic data analysis has enhanced the understanding of genetic variations, disease mechanisms, and personalized medicine. Here are several ways in which AI is utilized in genomic data analysis.
In order to increase the process' accuracy and efficiency, genomic data analysis is increasingly using artificial intelligence (AI).
The process of obtaining useful information from genomic data is known as genomic data analysis. In order to find new treatments for diseases, detect genetic changes linked to diseases, and personalise medicine, these techniques can be applied. Several ways AI can be applied to the study of genetic data include:
Detecting trends in data Patterns in genomic data that would be challenging or impossible to find using conventional methods can be found using AI. This can assist in locating genetic changes linked to disease. AI can be used to create prediction models that can foretell the likelihood of contracting an illness or the outcome of a therapy. This can enhance patient outcomes and personalise medical care.
AI can be used to understand data, as well as to communicate the findings of analysis to clinicians and patients. This can make sure that genomic information is used wisely to enhance patient care.
Although artificial intelligence (AI) is currently a relatively young technology in the field of genomic data processing, it has the potential to completely change how this process is carried out.

B. Variant Calling and Classification
AI algorithms can analyze genomic sequencing data to accurately identify genetic variations, such as single nucleotide polymorphisms (SNPs), insertions, deletions, and structural variants. Machine learning techniques, such as deep learning and convolutional neural networks, can be employed to classify variants and distinguish between disease-causing mutations and benign variations, aiding in clinical interpretation. For example, Deep Variant: It is an AI-based tool developed by Google that uses deep learning algorithms to analyze genomic sequencing data and identify genetic variations accurately. It has shown superior performance in identifying single nucleotide polymorphisms (SNPs) and small insertions or deletions (indels) compared to traditional methods . AI can assist in accelerating and improving the efficiency of the analysis of genomic data by automating many of the labor-intensive and time-consuming stages. This might result in the creation of novel medical therapies and an improvement in patient outcomes.
C. Drug Target Identification and Drug Repurposing
AI algorithms can analyze genomic data to identify potential drug targets and predict their interactions with candidate drugs. By integrating genomics with other data types, such as proteomics and metabolomics, AI can identify novel therapeutic targets and repurpose existing drugs for new indications, speeding up drug discovery and development processes. Forexample, Genomic Data Commons (GDC): The Genomic Data Commons, developed by the National Cancer Institute (NCI), provides a platform for researchers to access and analyze vast genomic datasets. AI algorithms are employed to analyze this data and identify potential drug targets for cancer treatment 4.
Analysis of largr genomic and proteomic data sets: AI can be used to examine large genomic and proteomic data sets to find fresh potential therapeutic targets. The number of disorders that can be the focus of drug discovery efforts may increase as a result.
Artificial intelligence (AI) can be used to predict the binding affinity of medications to their targets. In order to develop new medications, it is crucial to find medicines that can effectively block the target protein.
Prioritising research targets: AI can be used to rank research targets according to their projected characteristics and chances of success. Finding new applications for current medications is the process of drug repurposing. Compared to conventional drug discovery techniques, which can take years and millions of dollars, this may be a more time- and money-efficient way to develop new medicines.

D. Gene Expression Analysis
AI techniques, including clustering algorithms and dimensionality reduction methods, can analyze gene expression data to identify gene expression patterns, molecular subtypes, and potential biomarkers associated with diseases. This aids in understanding disease mechanisms, predicting treatment response, and developing targeted therapies. For example SCODE: SCODE (Spline-based Clustering of Observations Density) is an AI method for clustering and identifying gene expression patterns from single-cell RNA sequencing (scRNA- seq) data. It uses spline regression to model gene expression trends and cluster cells based on their expression profiles 5.
E. Genomic Data Integration
AI can integrate and analyze diverse types of genomic data, such as gene expression profiles, genomic variants, epigenetic data, and clinical information. By combining and mining these multi- dimensional datasets, AI algorithms can uncover hidden relationships, identify regulatory networks, and provide a comprehensive understanding of complex biological processes. For example, DeepCpG: DeepCpG is an AI-based model developed by researchers at the Max Planck Institute for Informatics that predicts DNA methylation patterns by integrating deep learning with DNA sequence data. It can accurately predict DNA methylation levels at specific genomic locations, aiding in understanding epigenetic regulation .
F. Data Interpretation and Clinical Decision Support
AI-powered tools and platforms can assist clinicians and researchers in interpreting genomic data and generating actionable insights. AI algorithms can prioritize genomic variants based on their clinical relevance, provide evidence-based recommendations for further investigations, and support clinical decision-making in precision medicine. For example PheWAS: Phenome-wide association studies (PheWAS) utilize AI algorithms to mine large-scale genomic and clinical data to identify associations between genetic variants and a wide range of phenotypes or diseases. PheWAS can uncover novel genotype-phenotype relationships and provide insights into the pleiotropic effects of genetic variants. 
H. Genomic Data Privacy and Security
AI can contribute to ensuring the privacy and security of genomic data by developing encryption and anonymizing techniques. AI algorithms can help identify potential vulnerabilities in genomic data systems and assist in detecting and preventing unauthorized access or misuse of sensitive genetic information.
The privacy and security of genomic data are increasingly being protected using artificial intelligence (AI). Given that it comprises details about a person's entire genetic make-up, genomic data is the most private and sensitive data that a person can have. With the aid of this information, a person can be located, their medical history followed, and even future health problems can be foreseen.
There are several methods AI can be utilised to safeguard the security and privacy of genomic data, including:
[bookmark: _GoBack]Genomic data can be anonymized using AI, which makes it hard to pinpoint the person from whom the data originated. Removing identifying data, such as names, dates of birth, and social security numbers, can do this. 
Data encryption: Genomic data can be encrypted using AI to prevent unauthorised individuals from reading it. Numerous encryption methods, including symmetric key encryption and asymmetric key encryption, can be used to accomplish this.
Data access control: By using AI, genetic data access can be restricted so that only designated users have access to it. Role-based access control (RBAC) or attribute-based access control (ABAC) can be used for this.
AI can be used to keep an eye out for unauthorised access to or use of genomic data. To do this, suspicious activity can be found utilising anomaly detection techniques.
Although artificial intelligence is still a young field of study, it has the potential to fundamentally alter the privacy and security of genomic data.
 I. Disease Diagnosis and Risk Prediction
AI can assist in the diagnosis of genetic disorders by analyzing genomic data and comparing it with reference databases and disease-specific datasets. Machine learning algorithms can identify patterns and signatures associated with specific diseases, enabling accurate and early diagnosis. Additionally, AI models can predict disease risk based on genetic variants, environmental factors, and clinical information, aiding in preventive care and personalized medicine. For example, Deep Gestalt: Deep Gestalt is an AI tool developed by researchers at the Technion-Israel Institute of Technology that uses deep learning to analyze facial images and aid in the diagnosis of genetic disorders. It can recognize distinctive facial features associated with various genetic conditions, providing a potential tool for rare disease diagnosis .
J. Personalised treatment selection
Artificial intelligence (AI) is increasingly being utilized in personalized treatment selection to assist healthcare providers in making informed decisions tailored to individual patients. By analyzing vast amounts of patient data and leveraging machine learning algorithms, AI can identify patterns, predict treatment outcomes, and recommend the most suitable interventions. While there are numerous examples of AI applications in personalized treatment selection (figure 2).
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Figure 2: Personalised treatment selection

a. Oncology
AI algorithms have been developed to predict patient response to different cancer treatments, enabling oncologists to choose the most effective therapies. For example, the Watson for Oncology system developed by IBM has been used in several countries to provide treatment recommendations based on patient data and medical literature.
b. Mental Health
AI models are being employed to assist in the selection of personalized treatments for mental health conditions. For instance, the RADAR-CNS project is utilizing machine learning to develop a digital tool that predicts the optimal treatment for patients with depression and epilepsy based on clinical and remote monitoring data.
c. Cardiology
AI algorithms are being utilized to assist cardiologists in selecting appropriate treatments for cardiovascular diseases. The FFRCT (Fractional Flow Reserve computed tomography) technology combines coronary computed tomography angiography with AI algorithms to determine whether a patient requires invasive procedures such as coronary angiography.
d. Diabetes Management
AI-based systems have been developed to personalize diabetes treatment plans. For example, the GlucoTab system utilizes machine learning to analyze patient data and generate personalized insulin dosing recommendations for better glycemic control.
V. ARTIFICIAL INTELLIGENCE IN MEDICATION MANAGEMENT
AI has shown great potential in medication management, helping healthcare providers optimize medication selection, dosing, and monitoring. Below some of the achievements AI has contributed to this role, they are a few amongst millions of similar and better achievements are described.
A. Medication Adherence
AI-based systems can enhance medication adherence by providing reminders, educational materials, and personalized interventions. The AI Cure platform uses computer vision and AI algorithms to monitor medication ingestion through smartphone cameras and provides adherence support.
B. Drug Interaction Prediction
AI models can analyze large datasets to predict potential drug-drug interactions and adverse effects. The Drug Interaction Knowledge Base (DIKB) employs machine learning to identify and predict drug interactions based on molecular and clinical data.
C. Dose Optimization
AI algorithms can aid in optimizing medication dosing based on patient-specific factors. The Dose Me system incorporates pharmacokinetic models and machine learning to personalize dosing of drugs such as antibiotics and anticoagulants.
D. Adverse Event Detection
AI can help identify and monitor adverse drug events through analysis of electronic health records and other clinical data. The FDA's Mini-Sentinel program uses AI techniques to detect adverse events associated with medications in real-world data.
E. Medication Recommendations
AI-powered clinical decision support systems provide evidence-based medication recommendations for specific conditions. The Up To Date platform integrates AI algorithms to provide clinicians with personalized medication suggestions based on patient characteristics and the latest medical evidence.
VI. PHARMACY AUTOMATION
Pharmacy automation has seen significant advancements with the integration of artificial intelligence (AI) technologies. These examples demonstrate the application of AI in various aspects of pharmacy automation, including dispensing, drug interaction checking, prescription verification, inventory management, and medication adherence monitoring.
A. Medication Dispensing Systems
AI-powered robotic dispensing systems, such as those provided by companies like Omni cell and Parata Systems, are widely used in pharmacies. These systems use computer vision and machine learning algorithms to accurately and efficiently dispense medications, reducing errors and improving workflow.
B. Drug Interaction Checking
AI algorithms can analyze patient profiles and medication databases to identify potential drug interactions and provide real-time alerts to pharmacists. One notable example is First Databank's Med Knowledge solution, which uses AI to provide comprehensive drug knowledge and interaction checks.
C. Prescription Verification
AI systems can assist pharmacists in verifying prescriptions by comparing them against patient profiles and medication databases. For instance, the AI-powered platform developed by DoseSpot provides automated prescription verification capabilities.
D. Predictive Analytics for Inventory Management
AI algorithms can analyze historical data, current demand patterns, and external factors to predict medication usage and optimize inventory management. Companies like Kit Check utilize AI-driven analytics to help pharmacies optimize their medication inventory and reduce waste.
E. Medication Adherence Monitoring
AI-powered systems, such as Pillsy and AdhereTech, use smart pill bottles and medication tracking apps to monitor patient adherence to medication regimens. These systems provide reminders, track medication usage, and send alerts to patients and healthcare providers.
VII ARTIFICIAL INTELLIGENCE IN CLINICAL DECISION SUPPORT SYSTEMS
Clinical decision support systems (CDSS) that utilize artificial intelligence (AI) have the potential to greatly enhance healthcare delivery by providing healthcare professionals with valuable information and recommendations for making clinical decisions. Below I refer some out of the many examples where this application is vividly explored; IBM Watson for Oncology: IBM Watson for Oncology is a well-known AI-based CDSS that assists oncologists in making treatment decisions for cancer patients. It analyzes patient data, medical literature, and treatment guidelines to provide evidence-based recommendations. It has been deployed in various healthcare institutions globally.
A. Clinical Genomicist Workstation (CGW)
CGW is an AI-powered CDSS developed by Congenica. It aids in the interpretation of genomic data for diagnosing rare diseases. It combines patient-specific information with extensive genomic and phenotypic databases to generate clinically relevant insights and recommendations.
B.Google DeepMind's Streams
Streams is an AI-based CDSS developed by Google DeepMind in collaboration with the UK's National Health Service (NHS). It assists healthcare professionals in detecting acute kidney injury (AKI) by analyzing patient data in real-time. Streams have been deployed in several NHS hospitals, improving AKI detection and patient outcomes.
C. Aidoc
Aidoc is an AI-powered CDSS that focuses on radiology. It uses deep learning algorithms to analyze medical images, such as CT scans, MRIs, and X-rays, to help radiologists detect and prioritize critical findings. Aidoc has been deployed globally in various healthcare institutions, augmenting radiologists' workflow.
D. Tempus
Tempus is an AI-enabled CDSS that leverages machine learning and genomic sequencing to provide personalized treatment options for cancer patients. It analyzes clinical and molecular data to generate insights and support clinical decision-making in oncology. Tempus has collaborations with numerous healthcare providers and research institutions globally.
With all the vast application and productive exploration of AI in the health care sector ,like Pharmacy for specificity, we notice how revolutionizing and transformative this technological tool is to the world, the health of the people today stands and an advantage even amidst the rising population, even amidst the numerous newly emergent health complications, new diseases, new forms of drug resistances, new kinds of adverse drug reactions just to mention but a few, amidst all these today ,AI stands out a solution that has favored productivity even in tough times.
However, irrespective of the great and enormous achievements aided by integration of AI in the health care sector, there are still numerous challenges that are associated with it and therefore a great need for strong and profound ethical considerations as we utilize and implore AI in our lifesaving profession of healthcare delivery.
VIII. CHALLENGES AND ETHICAL CONSIDERATIONS ASSOCIATED WITH AI UTILIZATION
Artificial intelligence (AI) has the potential to revolutionize various aspects of pharmacy practice, but it also brings forth a set of challenges and ethical considerations. Here are some examples and references highlighting AI challenges and ethical considerations in pharmacy:
A. Data Privacy and Security
The use of AI in pharmacy involves handling large volumes of sensitive patient data. Ensuring patient privacy, data protection, and maintaining cyber security become critical concerns. The potential for data breaches and unauthorized access requires robust security measures.
B. Algorithm Bias and Discrimination
AI algorithms can inadvertently introduce biases if they are trained on biased data. This can lead to unfair treatment or discrimination in healthcare decision-making. Ensuring that AI systems are fair, unbiased, and do not perpetuate existing healthcare disparities is an important ethical consideration.
C. Clinical Decision-Making and Autonomy
When AI systems assist in clinical decision-making, ethical considerations arise regarding the balance between the role of AI and healthcare professionals. The extent to which AI should influence treatment decisions and the importance of maintaining human autonomy and responsibility are crucial issues.
D. Accountability and Liability
In cases where AI systems are involved in medical errors or adverse outcomes, determining responsibility and liability can be challenging. Clarifying who is accountable, whether it is the AI developer, healthcare provider, or both, is an ethical consideration that requires careful legal and regulatory frameworks.
E. Transparency and Explainability
AI algorithms often operate as black boxes, making it difficult to understand the reasoning behind their decisions. Ensuring transparency and explainability of AI systems becomes essential for healthcare professionals to trust and validate the outcomes .
IX. CONCLUSION
In conclusion, this research paper has explored the applications and impact of artificial intelligence (AI) in the field of pharmacy. Looking through the vast literature pertaining AI in pharmacy, the following can be drawn,
To start with, AI has demonstrated great potential in enhancing various aspects of pharmaceutical research and development. From virtual therapeutic screening to predictive modeling of drug responses, AI algorithms have accelerated the process, reducing costs and increasing efficiency. The ability of AI to analyze large datasets and extract valuable insights has proven invaluable in identifying promising drug candidates and optimizing their pharmacological properties.
In addition, AI has revolutionized pharmacy practice by enabling personalized medicine. With the integration of patient data and AI-driven decision support systems, healthcare professionals can deliver tailored treatment plans, optimize medication dosages, and predict patient outcomes more accurately. This advancement has the potential to significantly improve patient care and enhance overall healthcare outcomes.
The implications of this research are far-reaching. AI has the power to transform the pharmaceutical industry, fostering innovation, and driving advancements in drug discovery, precision medicine, and patient care. However, it is important to address potential challenges such as data privacy, algorithm bias, and ethical considerations to ensure the responsible and ethical use of AI in pharmacy.
Looking ahead, future research should focus on overcoming the limitations and expanding the scope of AI applications in pharmacy. This may involve exploring advanced machine learning techniques, integrating multi- omics data for more comprehensive analysis, and collaborating with interdisciplinary teams to address complex healthcare challenges. Additionally, efforts should be made to establish guidelines and regulations that promote the responsible implementation of AI in pharmacy practice.
In view of all these, AI presents immense opportunities for the pharmacy field. By embracing and harnessing the power of AI, we can accelerate drug discovery, optimize patient care, and improve healthcare outcomes. Continued research and collaboration will pave the way for a future where AI and pharmacy work hand in hand to revolutionize healthcare delivery and ensure better treatment options for patients worldwide.
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