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Abstract

Artificial intelligence (Al) is revolutionizing the pharmaceutical industry, through enhancing
drug discovery and improving pharmacy practice, presenting novel solutions for healthcare’s
complex challenges. Reviewing everything from target identification to medication excipient
and dose form prediction, the paper explains how artificial intelligence is revolutionizing the
pharmaceutical industry. Artificial intelligence models have the potential to decrease animal
testing by assisting in the identification of disease targets, enhancing virtual screening of drug
candidates, and even supporting toxicity prediction and pharmacokinetics, Al is transforming
pharmacy practice with applications in dose adjustment, adverse drug reaction monitoring, and
patient compliance, thus personalizing and improving patient care. In pharmacy practice, Al
enables dose optimization and adverse drug reaction detection as well as personalized medicine
along with aiding in medication adherence and provision of tele-pharmacy services. Despite
the wide range of benefits Al offers, algorithm bias, data privacy and regulatory questions are
challenges that need to be faced for a proper adoption. Finally, the review compares its use in
developed countries to expand applications in Bangladesh, underlining how Al can potentially
improve efficiency and patient safety as well as outcomes on a global scale. Ultimately, the
potential for Al to revolutionize pharmaceutical research, clinical practice and healthcare

delivery is immense.

Keywords: Attificial Intelligence, Machine Learning, Drug Discovery, Pharmacokinetics

and Pharmacodynamics, Digital Therapy, Pharmacy Practice.
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Chapter 1

Introduction

Artificial Intelligence (Al) is a rapidly advancing field focused on creating machines that can
perform tasks that typically require human intelligence. Since its inception in 1951 by Christopher
Strachey and the coining of the term "AI" by John McCarthy in 1956, Al has evolved from
academic research to practical applications (Davenport & Kalakota, 2019; Suleimenov et al.,
2020). Initially centered on rule-based and expert systems, Al today significantly impacts
healthcare, finance, and transportation. In research, Al aids in analyzing large datasets, leading to
breakthroughs in genomics and drug discovery. Al plays a crucial role in improving diagnostic
tools and creating personalized treatment plans in healthcare. It is essential to ensure responsible
development as Al continues to progress. The rapid advancement of Al technology offers the
opportunity to revolutionize healthcare services by applying it in clinical practice. Providing
healthcare providers with the necessary knowledge and tools for effective implementation of Al in

patient care is imperative (Esteva et al., 2017; Jordan & Mitchell, 2015; VanLEHN, 2011).

The advancement of numerous industries is aimed at meeting customer demands through various
methods, with the pharmaceutical sector being crucial for saving lives. Continuous innovation and
the adoption of new technologies are relied upon in this industry to address global healthcare
challenges and respond to emergencies, such as the recent pandemic (Krikorian & Torreele, 2021).
Extensive research and development across manufacturing, packaging, and marketing drive
innovation in pharmaceuticals (V. P. Chavda et al., 2023). The focus is on developing new drugs,
ranging from small molecules to biologics, with high stability and potency to cater to unmet
medical needs. Significant research is required to assess the toxicity of new drugs, presenting a
major concern. The industry encounters challenges that necessitate technological advancements to

effectively address global healthcare needs (Vora et al., 2023).

In the healthcare sector, it is crucial to have a skilled workforce and ongoing training to address
skill gaps, especially in the pharmaceutical industry. According to a report, 41% of supply chain

disruptions occurred in June 2022, making it the second most significant challenges (V. Chavda,
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Valu, et al., 2023; Vora et al., 2023). Various factors such as pandemics, natural disasters, price

fluctuations, cyberattacks, and logistical delays contribute to these challenges. These disruptions

have an impact on customer satisfaction, corporate reputation, and profits. The introduction of Al
holds the promise of transforming supply chain management in the pharmaceutical sector by offering
innovative solutions and enhancing decision-making tools for future supply chain challenges (R.
Sharma et al., 2022; Vora et al., 2023). The impact of the pandemic is waning, but it still affects
clinical trials, leading pharmaceutical companies to utilize Al and virtual platforms for restart trials
with minimal face-to-face interaction (Daka & Peer, 2012; Kalepu & Nekkanti, 2015; Sarpatwari et
al., 2019). Challenges persist, such as the requirement for highly skilled workers, high maintenance
costs, and escalating cyber threats, raising concerns about patient data security. Traditional clinical
trials encounter problems like data fragmentation, resulting in extensive manual data handling and
necessitating innovation in trial models. Important areas requiring attention include patient
recruitment, monitoring, and retention. Effective cybersecurity measures are crucial for both office
and remote settings to prevent data breaches and healthcare fraud. Enhanced technology and internal
discussions are essential to address these challenges and improve trial processes (Vora et al., 2023).
This review article aims to explore the current state of Al in healthcare, its potential benefits,
limitations, and challenges, its future development, application of Al in pharmacy practice in the
developed countries and as well as in Bangladesh. By doing so, this review aims to contribute to a

better understanding of AI’s role in healthcare and facilitate its integration into clinical practice.
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Chapter 2

Al for Drug Discovery

There are several ways in which Al has transformed drug research and discovery. Major

breakthroughs obtained in this field with the help of Al follows as:

Target Identification: DeepMind's AlphaFold can analyze a variety of molecular data types
including genetic, proteomic and clinical to identify potential therapeutic targets. Al informs the
identification of new drug targets and biological pathways involved in disease, so as to enable

medications that could optimize function.

Virtual Screening: By leveraging machine learning, it is able to screen through significantly larger
chemical libraries and find molecules that are likely binding to a particular target. Through
simulating chemical interactions and predicting binding affinities, Al helps with the prioritization
of compounds for experimental testing. This minimizes time needed to identify such critical

information, hence saving resources as a result.

Structure-Activity Relationship (SAR) Modeling: The Schrodinger Suitable to derive
connections between a chemical composition and biological behavior in compounds. This enables
researchers to optimize drug candidates by creating molecules with the desired properties, for

example high potency or selectivity as well favorable pharmacokinetic profiles.

Proposing New Chemical Structures: Al algorithms like deep-chem can propose novel druglike
chemical structures by combining reinforcement learning and generative image models. This way,
artificial intelligence learns from chemical libraries and experimental datasets to help in the

exploration of new regions of reliable drug-like chemistry.

Drug candidates have to be optimized: AI algorithms Schrédinger Suite optimize drug
candidates in a multidimensional manner across efficacy, safety and pharmacokinetic profile. This
allows scientists to optimize therapeutic molecules for maximum efficacy with minimal adverse

events.
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Drug Repurposing: Analysis of vast and varied biomedical data by Al approaches can help spot
approved drugs that could be taken to treat a range of diseases. Al speeds up drug discovery by

finding new uses for old drugs.

Overall, Al-driven approaches in drug research and development offer the potential to streamline
and expedite the identification, optimization, and design of novel therapeutic candidates,

ultimately leading to more efficient and effective medication (Shah et al., 2023; Vora et al., 2023).

2.1 Prediction of Physiochemical Properties

Secondary substance screening also entails assessment of the physicochemical properties,
biological activity and toxicity of a compound. These characteristics highly influence the clinical
profile of a drug candidate as an antipsychotic agent. Small molecule drugs require the best safety
profiles, solubility and permeability to be able to reach their targets. Prediction of physicochemical
properties helps in designing new chemical compounds to have desirable bio-pharmaceutical
properties. In predicting the key descriptors, the Machine learning (ML) algorithms (Schrodinger,
ACD/Labs) involve the prediction of the properties such as water solubility, membrane
permeability, and lipophilicity. In lead optimization stage, absorption, distribution, metabolism and
excretion toxicity or ADME-T is fine-tuned to generate models from abundance of chemical
information. ML methods having molecular modeling and processing (MMP) for bioactivity
properties such as oral exposure, distribution coefficient or logD, and ADME combined with
various SAR analyses with the help of ChEMBL and PubChem databases (H. C. S. Chan et al.,
2019).

2.2 Prediction of Bioactivity

In practice, a significant portion of medications made from natural ingredients are ineffective
because they lack bioactivity. As a result, drug bioactivity assessment has emerged as a hot topic
in the drug discovery process. Experiments conducted in vitro and in vivo can imitate the actions
of molecules in the human body, but they are nevertheless costly as well as time-consuming. Al

approaches have been successfully used to forecast pharmacological bioactivities, such as
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anticancer, antiviral, and antibacterial activities, because to their cost-effectiveness and time
economy. In order to forecast antibiotic activity, Stokes et al. presented a directed message passing
neural network. They created a molecular graph for each molecule in line with its SMILES before
obtaining the feature vector based on atomic features (such as the number of bonds for each atom)
(W. Chen et al., 2023). Recently, new techniques for predicting drug candidate’s bioactivity have
been created. In this context, Tristan et al. used a graph convolutional network to extract a signature
of the drug target site by encoding discrete molecules into a continuous latent vector space (LVS).
In molecular space, LVS enables gradient-based optimization, enabling predictions based on

differentiable models of binding affinity and other features (H. C. S. Chan et al., 2019).

2.3 Al for Pharmacokinetics and Pharmacodynamics

Drug development has five major phases — drug discovery, pre-clinical, clinical, regulatory
approval and commercialization, with PK and PD phases being significant in dosing regimens,
routes of administration and safety respectively (Cui & Wang, 2019; Mager et al., 2009).
Depending on historical approaches to carrying out PKPD studies, one has to undergo lengthy and
costly animal trials [Figure 1] and clinical studies which may be imprecise in determining the
human response (Alsultan et al., 2020; Keutzer et al., 2022). To surmount these challenges,
computational models and Al have presented themselves as valid tools in rapid and efficient, yet
precise, predictions of the drug’s PKPD. Al combines high computing capabilities and ML with
an aim to revolutionize the drug development practices with opportunities of better therapeutic
outcomes and safety profiling (V. P. Chavda, Ertas, et al., 2021; Houy & Le Grand, 2018; Patel &
Shah, 2022).
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Figure 1: Role of Al in PKPD studies.

Al-Based Methods to Predict Pharmacokinetic Parameters: In the case of PPP (Predict
Pharmacokinetic Parameters), the application of ML and DL models can be seen frequently in
pharmacokinetic parameters prediction. As for the ADME properties’ prediction, the abilities of
several ML techniques have been utilized in formulating the prediction model, which includes
Bayesian model, random forest, support vector machine, artificial neural network, and decision
tree. Some of the DL algorithms used in the pharmacokinetics predictions area are CNNs, LSTM,
and RNNs where the former is usually used to predict different pharmacokinetics parameters such
as absorption, bioavailability, clearance, volume of distribution, and half-life. Quantitative
structure activity relationship (QSAR) is one of the quantitative methods in which the biological
activity of a molecule is predetermined based on the chemical constitution of the molecule.
Pharmacokinetics is one of the fields where this method can be used with the purpose of ADME
forecast of drug solubility, permeation, or metabolism (Bhattamisra et al., 2023; Daoui et al., 2021;

Suresh et al., 2020; Westreich et al., 2010).
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Al-Based Computational Method for PBPK: PBPK (Physiologically Based Pharmacokinetic)
models are complex mathematical models for a projection of the behavior of the substances,
including the drugs in the organisms. Construction of these models was traditionally data and
computationally intensive. Yet, PBPK models have been evolving with the help of Al-based
methods which use machine learning algorithms to define what particular features are essential for
PBPK models and how the parameters of the latter should be fine-tuned. This can possibly help
cut down the use of animals in the experimental process and clinical trials on human beings (Jones
& Rowland-Yeo, 2013; Zhuang & Lu, 2016). To document some theories at least, pharmacokinetic
parameters essential for constituting and regulating the chance and impact of a drug play a crucial
role in deciding aspects like, for example, the length of exposure to the drug and the rate of drug
metabolism. ADME stands for absorption, distribution, metabolism, and elimination, and these are
some of the factors that are vital in the evaluation of any compound to reduce glorification.
Optimization of dosing in man follows the in vivo studies in animals which in turn is backed by in
vitro tests such as liver microsome tests. The allometric scaling approaches retrieve human PK
parameters like the volume of distribution, organ clearance, and absorption using PC data and in
vivo animal models. ADME properties in PBPK models are time-sensitive, which helps in
extending the in vivo activities to humans during the later stages of drug discovery. Al and machine
learning have crucial roles in working through large and detailed in vivo data and improving the

evaluation of pharmacokinetic factors which contributes to the drug development (Obrezanova,

2023).

Prediction of Drug Release and Absorption Parameters: Some studies have used Al techniques
(GastroPlus, PK-Sim) on specific models to predict drug release and absorption parameters. Thus,
Al algorithms can process information regarding different drug delivery systems and forecast the
release profiles of drugs. Due to the aspects like, how the drug interacts with its chemical and
physical surroundings, properties of the dosage form, and the mechanism used to control the
release of the delivery system, Al models can predict the release kinetics of the drug. Al based
model can also forecast the release profile of drugs on various drug delivery systems like orally
disintegrating tablets, transdermal systems, inhalers and so on (Mhatre et al., 2023).

Al models can estimate such variables as drug dissolution rate, bioavailability, and others on the

basis of solubility, permeability, or formulation. These models can explain the physicochemical
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properties like lipophilicity and molecular weight and compare these properties with the absorption
data with a view of predicting the possibility of absorption of the drug into the blood stream. In
general, it is possible to highlight that Al-based models are rather effective in terms of predicting
drug release and the main parameters of absorption. Using a client’s data as well as other
parameters, such models can determine the best way of delivering drugs, inform decisions
regarding the development of drugs and even contribute to designing better drug delivery
mechanisms.(Chintawar et al., 2023; Chou & Lin, 2023; Daoui et al., 2021; Jones & RowlandYeo,
2013)

Prediction of Metabolism and Excretion Parameters: Artificial Intelligence (MetaDrug,
Simcyp Simulator) has been of importance in aiming at drug metabolism and excretion parameter,
and thus for the pharmacokinetics of drugs. Chemical and functional properties of drugs desired
from the molecular structure can also be used by Al algorithms to forecast the metabolic pathways.
Through practice on data containing information on certain drugs’ metabolism, Al models can
learn structural properties of compounds to be related to certain metabolic stages (Tran et al.,
2023). These models allow for predicting of possible metabolites and discuss major enzymes
participating in the process of drug metabolism. Silico wound healing models can determine the
reaction rates and enzyme—substrate binding to estimate the metabolism of a drug. Thus, instead
of designating the role of interpreting metabolism impact on clearance and efficacy, Al models can
predict the effects with regard to enzyme expression levels, genetic variations, drug—drug
interactions at the same time. Altogether this information is useful in identifying appropriate
dosing schedule for drugs and possible drug interaction (Y. Li et al., 2019). Using the Al
algorithms, information on drug physicochemical characteristics like size, hydrophobicity, and
charge can be used to estimate drug clearance. Since these Al models learn from datasets
containing details of drug clearance pathways it is possible to predict the rate at which drugs are
cleared from the body. Climbing this knowledge is essential for the designation of dosing in
regimens to make the drug effective and safe (Parikh et al., 2023).

Al systems can make the prognosis of drug interactions attributed to transporters associated with
the absorption, distribution, metabolism, and excretion. Thus, Al contains the potential to identify
the possibility of DDI (Drug-drug interactions) or modulation of pharmacokinetics due to the

transporter based on procured drug physicochemical properties and transporter profiles. This
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knowledge is useful in comprehending how drug molecules behave within the body and
formulation of better drugs (Alsmadi & Idkaidek, 2023; Selvaraj et al., 2022; Z. Zhang & Tang,
2018).

Using the Al algorithms and incorporating the large information about metabolism and excretion
of drugs, the models play an important role in the predictive nature of drug fate in the body. They
help in enhancement of drug doses, in the examination of the interaction between different drugs.
Also, the models allow researchers and pharmaceutical firms to categorize drug candidates by their

metabolic and excretion profiles, enhancing the efficiency of drug development.

2.4 Al Tool Application in Dosage Form Designs

Drug delivery within the human body can be broken down into compartments using biological
membranes and physicochemical barriers. The process of drug permeation is very important with
consideration of the route of administration involved in the process. In case of orally administered
drugs, the ability to penetrate the intestinal or gastric tissue barrier is very critical for distribution
in the blood circulation and to the target sites (V. P. Chavda, 2019; Das et al., 2016; Siepmann &
Siepmann, 2012). Drug permeation can be passive which is depends on the physicochemical
property of the drug molecule or active which depends on the process of transport of the drug
across the biologic membranes and the interaction of the drug with the biological system.
Computers and Al systems study of PK’s the drug and interactions with membranes [Figure 2].
Various forms of Al in the form of artificial neural networks contribute to simplifying the analysis
and making predictions, using such databases as chemical, genome, or phenotype for improved
understanding of inter-drug interaction. Al as an underlying technology (PK-Sim, Cresset’s Spark)
enables the setup of automated tools to enhance the information processing and the results that
leads to drug delivery research. The approaches in the newer drug delivery systems concern
themselves with regarding the quality attributes of the product and analyzing their effects in

experimental trials for the better disposition and toxicity description (Menden et al., 2013; S.-Y.

Yang et al., 2009; Yu et al., 2004).
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Figure 2: Al contribution to drug development and research

The advantages associated with the use of Al include the capacity in drawing information from a
given number of sources coupled with indications for the selected drug delivery system to function
as per the expected outcome. The molecular information, patient data, and pharmacokinetic data
are described here as part of the aggregate data for consideration for the potential selection of the
most suitable active pharmaceutical’s counter to patient diseases or demands. The categorization
of drug delivery systems is achieved by the help of AI, which means that the choice of an effective
treatment depends on an accurate choice of different systems (Avdeef et al., 2005; Esch et al.,

2015; S. M. Kim et al., 2017; Rafienia et al., 2010).
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2.5 Al for Drug Delivery

Prediction of Dug Release through Formulations: The ability to predict drug release is
beneficial for maintaining quality stability within drug manufacturing. Release studies of the drug
are crucial, and they are done through in vivo and in vitro techniques, which are usually conducted
and rechecked. Release controlling factors in solid oral dosage form comprises of compaction
factors, geometry of the tableting mass and the drug loading ability. Such working methods include

spectrophotometric analysis.

Drug release rate optimization is also a complicated process while it is quite time consuming as
one has to perform the test and prepare the batches again and again (Galata et al., 2021). In drug
formulation, Al contributes to the estimation of drug release, decrease of the number of runs to
optimize batches and decrease of costs in pilot and production plans. In the pharmaceutical
industries, it uses prediction to estimate drug release and dissolution status for selection of the right
batch for further processing. In this case, Al algorithms employed by researchers include artificial
neural networks (ANNSs) in the determination of dissolution profiles in hydrophilic matrix
sustained release tablets. For data analysis and prediction, there are other algorithms commonly
used and among them are support vector machines (SVM) and regression analysis. The
information used in modeling drug release is process analytical technology (PAT) data and material
attributes, of which PSD is one of the parameters. It enables the selection of the right ANN models
for evaluation in [Figure 3] (Han et al., 2018; Petrovi¢ et al., 2012).

11
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Figure 3: Al for Oral Dosage Forms.

Dissolution Rate Predictions: Al has made a tremendous contribution toward the enhancement
in the prediction of the drug dissolution rates which plays an important role in bioavailability and

therapeutic efficacy.

This capability of Al contributes to better formulations and dosage forms as it helps in formulating
better strategies to improve solubility and absorption of the drugs (Mukhamediev et al., 2022).
Scholars like Dong et al., have used Al algorithms like support vector machine (SVM), LightGBM,
and extreme gradient boosting (XGBoost) in estimating dissolution rates for 50 active
pharmaceuticals ingredients and 25 polymers (Sun & Lee, 2013). From the investigated machine
learning algorithms, XGBoost, a scalable machine learning library was the most appropriate as it
can handle large, unstructured datasets. ANNs again fared better than other algorithms by relying
on the molecular computational software to deduce descriptors of active ingredients and polymers

(Dong et al., 2021; Gao et al., 2021).

12
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2.6 Drug toxicity prediction

Introducing new medications into the market is arduous in light of medication wellbeing.
Unexpected toxicities are the most common cause of clinical trial attrition, and many post
marketing safety problems result in unacceptable morbidity or mortality (Basile et al., 2019).
Toxicological endpoints WHAT MEAN toxicology is the study of what bad things a compound
does. An important step in the drug development process is evaluating toxicity, or studying which
compounds are toxic to humans (Yoo et al., 2019).There are two categories of systems addressing
drug safety Clinical trials assess the safety and effectiveness of a drug for its intended use before
receiving FDA approval. Monitoring of drugs continues after they are released to the market.
Adverse event (AE) reports play a crucial role in the pharmacovigilance (PV) process to ensure
that up-to-date safety data for a drug is maintained (Basile et al., 2019). However, factors such as
timely risk assessment, evaluation cost, and the desire to minimize animal testing have led to a
growing preference for in silico techniques like molecular modeling and machine learning (ML)
in toxicology (Vishnoi et al., 2020). DeepTox, an ensemble model, utilizes a three-layer deep
neural network (DNN) to predict the toxicity of compounds. When compared against its
competitors using the Tox21 dataset, DeepTox demonstrates superior performance in toxicity

prediction (Yoo et al., 2019).

2.7 Al in market prediction and market analysis

The pharmaceutical industry can work by discovering and marketing mew drugs but the research
and development output here has gone down because of regulations and resistance to new
marketing technologies. Digital technologies help to un-complicate the market by enabling Al
technologies (Tableau, Google Cloud Al) to contribute to decision making models that involves
numerical data and statistic to predict the market. Al is also necessary in the aspect of market
design, identifying consumer requirements, and studying the market to develop a structure for
market growth. Al aids in the introduction of new products on the webpage, as the software is set
to run in a certain particularized manner in a market. Such digital strategies, such as web
advertising and the availability of product websites, raise general public and doctors’ awareness

about the drugs, and the utilization of CMRs becomes less dependent (Kalyane et al., 2020).

13
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Chapter 3

Al in Pharmacy Practice

Artificial Intelligence (Al) is transforming the way pharmacy practice operates by enhancing
efficiency, precision, and patient care. Pharmacists can utilize Al tools to manage medications and
its adherence, automate prescription verification, dose recommendations and minimize errors in
dispensing. Machine learning algorithms analyze patient information to anticipate potential drug
interactions, optimize dosages, and offer personalized medication recommendations. Al systems
also simplify administrative tasks, allowing pharmacists to dedicate more attention to clinical
decision-making and patient counseling. As Al progresses, it is elevating the role of pharmacists
in healthcare, leading to improved patient outcomes and more effective pharmacy operations

(Chalasani et al., 2023).

3.1 Dose recommendations

There are benefits in developing an AI/ML-based dose prediction system to fit the requirements of
the individual patient to derive information data from multiple sources such as safety and efficacy
records, electronic health records of the patient, details of the disease, treatment history and
feedback. The objective of these systems is to increase treatment efficacy, while at the same time
decreasing adverse consequences. The reinforcement learning algorithms show promise for
prospection and dosage adjustment in the accurate cancer treatment. The dose optimization system
has been invented and it is considered as a possible innovation for improving the treatment of
chronic diseases. This new tool is expected to directly contribute to the efforts of reducing the error
margin consequent to chemotherapy by offering a set of suggestions for the appropriate dosage.
Another fact is the patient’s response to treatment over time, which allows for dynamic calculations

of the required dose to provide the necessary therapeutic and safety effect (M. Johnson et al., 2023).

3.2 Medication adherence

Approximately half of chronic disease patients do not take their prescriptions as recommended,

thereby raising morbidity and mortality while making healthcare consumers lose a hundred billion
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USD in a year (Brown & Bussell, 2011). While pharmacist led programmers are the most effective
in enhancing medication adherence, such programmer can be compound and multiple; they engage
a number of health care practitioners and their components. Al technology could be useful in
implementing the multiple aspects of multifactorial therapies aimed at improving patient’s drug
compliance which is not a simple matter. Most Al systems encourage and check whether the patient
is taking his/her medication or not. The eight technology types were classified by their technical
designs and adherence monitoring functions: pillboxes or bags, bottles in which the medication is
placed, smart ingesting devices, That comes in the form of blister pack technology, Computerized
Medication Management System, patient self-reporting based information technology, Videobased

information technology, Motion Sensors technology (Babel et al., 2021).

3.3 Adverse drug reaction (ADR) detection

Al is being used to identify and handle ADRs in pharmacy practice. This is where Al algorithms
can enable pharmacists to improve patient safety by examining extensive data sets on everything
from patient charts to prescriptions to test results, looking for subtle correlations of medications
with side effects that might otherwise not surface. As a result, pharmacists are able to respond in a

much more rapid manner and deal with the issue at hand.

It helps in monitoring the health real-time patients on their wrist watches using Al & Adaptive
learning Smartwatch, Mobile applications for Medication and Symptoms. This information can be
an early warning to clinicians, so they can detect ADRs and tailor treatments as needed.
Meanwhile, Al-driven predictive analysis also factors in each individual patient's genetic and
medical profile to determine high risk groups for ADRs, enabling more effective prescription

customization by pharmacists.

For example, natural language processing (NLP) allows analyzing free text data (e. g., electronic
health records, patient self-reports) to detect ADRs reducing the burden of pharmacovigilance
activities. Moreover, utilizing Al algorithms to analyze massive pharmacovigilance data pools (e.g.
the FDA Adverse Event Reporting System — FAERS) reveals safety signals associated with

certain drugs for chemists to evaluate risks and respond proactively. (Yang et al. 2019)
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3.4 Dose optimization and therapeutic drug monitoring

Dose optimization & Adverse drug event (ADE) risk prediction, for this Al has a huge role in
making the patient safety and treatment process much better (Martin et al., 2022). This is where
Al algorithms come in, to help healthcare providers tailor dosages and mitigate potential ADEs
(H. Lee et al., 2021). Expert clinicians were outperformed for accuracy by an Al model in

predicting PT/INR and warfarin dosage management, based on 19,719 hospitalized patients.

“CURATE.AI” is a new Al A novel platform, Al 'personalized' chemotherapy dose-based on
patient-specific information A trial showed that the CURATE (Blasiak et al., 2022). Compared
with the traditional methods, most patient responses were enhanced, and the chemotherapy

dosages were decreased using Al; therefore, further randomized clinical trials are imperative.

Then there is the other end of the spectrum, Therapeutic drug monitoring (TDM) a need for agents
with narrow therapeutic index where Al can predict how individual responds to a particular drug
based upon their genetic and medical status. By tailoring a drug specific to each patient, prescribing
the correct dose ranges obviously with higher accuracy while avoiding toxicity where possible and
beginning at the right time point using Al in TDM results in improved treatment outcomes, lower
healthcare costs and greater dosing accuracy (Sjovall et al., 2023). By predicting drug-drug
interactions, Al further reduces adverse events. With the increasing Al technology, it will become

one of the cornerstones in TDM and pharmacotherapy (Partin et al., 2023; H. Zhang et al., 2021).

3.5 Clinical decision support system (CDSS)

The aim of a clinical decision support system (CDSS) is to improve the delivery of healthcare by
supplementing medical decisions with specialized clinical knowledge, patient information, and
additional health data. The CDSS correlates individual patient characteristics with a computerized
clinical knowledge base and then provides tailored patient assessments or recommendations to the
clinician for decision-making. This technology enables pharmacists to analyze data and proactively
take measures to prevent medication errors, reduce patient complications, and realize cost savings

(Sutton et al., 2020).
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3.6 Al in drug information and consultation

The use of Al in healthcare helps providers make better decisions and deliver higher quality care
while providing more efficient and cost-effective service that is also safer for patients (Dasta,
1992). Healthcare facilities have become the new adopters of automation technologies to
streamline operations. Artificial intelligence provides real-time advice to practitioners through
NLP, machine learning and data analytics. AI has made it possible for patients, providers,
regulators and payers to get their hands on some analysis that used to be funded only million dollar
from The Gates Foundation or NIH — arguably enabling all four stakeholder groups (Alowais et
al., 2023).

Artificial intelligence guides healthcare professionals to extract drug relevant information from
peer-reviewed resources on which conscious decisions can be made. Simple queries are attended
by virtual assistants and chatbots which will help in reducing the burden on health professionals
while Al algorithms perform data analytics on patient past and present behavior and history
recommending the correct dose of medicines for personalized care (Davoudi et al., 2018; L.-R. Li

etal., 2021).

3.7 Computerized prescriber order entry (CPOE)

The types of healthcare errors can be classified in numerous ways. Medication errors, in fact, are
the top error category proven costly and deadly—having been attributed to the deaths of at least
7000 people, according to an estimate by the Institute of Medicine. Inadequate prescribing
practices, which have been shown to be associated with drug name, prescription legibility issues
and misinterpretation of dose forms or abbreviations are responsible for 11 contributions. In his
published research Ross said that junior doctors accounted for 4% of medication errors. CPOE or
Computerized Provider Order Entry or Computerized Practitioner Order Entry: An application that
allows clinicians to enter and send medication, treatment, laboratory, admission, radiology,
referral, procedure orders electronically instead of using paper notes, verbal orders over the
telephone or hand written fax. This procedure avoids concerns that result from the doctors noisy
handwriting and errors transcribing resource for this article prescriptions. CPOE refers to these

systems that select, write and store medication records electronically transmitting drug instructions
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to a pharmacy for fulfillment. New is also good from a patient safety perspective providing fresh
opportunities to prevent the patient harming themselves - e.g. alerts for an allergy or adjusting the
dose if a patient has renal disease, but at the same time they allow for dozens of new prescribing
and dispensing issues which are as predicable ad infinite, but just encumber all that stands against

with their potential impact (Jungreithmayr et al., 2021).

3.8 Electronic health record (EHR)

A new predictive EHR algorithm that functions as an adjunct to clinical decision support may
identify when a given prescribed medication appears to deviate from the 'normal' usage by running
large volumes of EHR data through Al-powered classifiers against expected medication use
patterns. Al could even help determine drugs — not because it had predicted them, but simply
because the model had, during every step of training, labeled that population so sharply as to
effectively confirm those who were least likely to suffer side effects. Patient Safety Learning
Laboratory (PSLL) that can also harness Al in EHR systems to identify, evaluate and mitigate
patient safety risks. The potential of NLP and ML that are using hospital and health system
pharmacies to extract and process the millions of unstructured free-text data from EHRs including
medication safety, patients' medication history, side effects, drug—drug interactions, discrepancy
with medications patterns and adherence assessment to improve patient care quality and premature
adherence to drug evaluation. The application of this technique could assist P&T Committees in

the bargaining of risk-sharing agreements as well as in making decisions (Chalasani et al., 2023).

3.9 Medication therapy management (MTM)

The CMM-Wrap program was delivered through an Al platform that incorporated population
health and telemedicine for identification and prioritization of at-risk patients with subsequent
Aldriven decision support for interventions. This involved the maintenance of comprehensive data
repositories, reporting and custom-built Med-Risk-Scores. You had a community health tele-based
brief illness management service employed by a disease therapy management provider (Kessler et
al., 2021), using medical assistants and clinical pharmacists to provide care over the phoneigrants.
The research concluded that this Al-based method resulted in lower overall health care

expenditures and fewer hospitalizations because of the related enhancements to patient well-being.
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At the time of COVID-19, a hospital from Shanghai delivers an internet pharmacy service powered
by Al Prescriptions were machine-analyzed by Al (Bu et al., 2022), then double-checked by the
pharmacists. Patients at the medication pick-up site were given a "medication pick-up code" for
high-risk or sensitive medications or scheduled a delivery by a third-party pharmacy, if they
ordered non-urgent medication offline. In hospitals or drugstores, patients could scan QR codes
for medication pick-up from a dispensing machine or pharmacist. The hospital also offered free

online drug consultations by volunteer pharmacists (Edrees et al., 2022).

3.10 Al in Digital Therapy/Personalized Treatment

The combination of Al can allow for relationships to be drawn from raw data, assisting in
diagnosis, disease management and mitigation. With the aid of Artificial Intelligence,
computational methods derived are widely accepted techniques and have been designed to
leverage the tools in different fields of medical sciences ensuring that clinicians can manage large
amount of data and solve clinical problems which proved to be complicated (Holmes, 2015).
Artificial Neural Networks (ANNSs), evolutionary computation, fuzzy expert systems and hybrid
intelligent systems among other methods are aiding healthcare workers in the manipulation of data
(Fogel, 2000). ANNs, which resemble the human neural system, connect several processors
(neurons) to perform a parallel computation of data (Mandal & Jana, 2019). One famous model is
a feed-forward NN; it consists of an input layer, hidden layers, and output layers in multilayers

there are numerical weights between the neurons (Whitley, 1994).

Al in Radiotherapy: Radiotherapy — AI: An automatic treatment planning in radiation therapy
enhances the quality of the plan, improves consistency, and reduces errors. This workflow is
divided into three parts namely Automated rule setting, Reasoning with prior clinical knowledge

and Multicusiteria optimization (Moore, 2019).

RaySearch: Ray-Station is a next-generation system that leverages Al and machine learning to
automatically implement clinical guidelines, evaluate patient anatomy, and streamline manual
planning (Troulis et al., 2002). RayStation also features radiomics, that is the ability to predict
outcomes / side effects from imaging biomarkers and produce patient specifically optimized

radiation therapy plans (Arimura et al., 2019).
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Al in Retina: The use of Al in Retina High-resulation imaging of the retina (LumineticsCore) has
paved away for measuring human health on minute specifics. It reveals highly personalized
information from a single snapshot of just the retina. Through the use of high-tech medical
technology, a retina specialist or radiologist is able to create an individualized treatment plan and

develops a healthcare system that learns and improves over time (Schmidt-Erfurth et al., 2018).

Al in Cancer: Artificial Intelligence (Al) in general is proving crucial in diagnosing and treatment
of medical conditions such as lung and gastrointestinal cancers and even non-Hodgkin lymphomas
(Carreras & Hamoudi, 2021). Prognostic markers, and the subclassifications of lymphomas, are
put to the test using Al computational neural networks (Carreras et al., 2022). Concerning
gastrointestinal oncology, Al helps in precisely predicting features of colorectal carcinoma, and in
out the progression of stomach cancers, eye monitoring nocturnal helps in discovering H.pylori
(Bang et al., 2020) . EE also facilitates the diagnosis of lymphomas using prognostic indicators
and blood endoscopy imaging but randomization and blinding are not feasible (Z. Zhang et al.,
2021). Algorithms such as Random Survival Forest and Cox Survival Regression has the capability

of assessing cancer prognosis along expected lines (Y. J. Yang et al., 2020).

In lung cancer Al systems assist in screening and diagnosing pulmonary nodules and also using
deep learning models they are able to estimate tumor cell volumes and predict clinical endpoints
for the cancer (Arlova et al., 2022, 2022; Espinoza & Dong, 2020). Low-dose computed
tomography (LDCT) imaging incorporates convolutional and recurrent neural networks (CNN and
RNN) for higher accuracy in differentiating benign from malignant nodules (S. Chen, 2022).
Artificial Intelligence devices in management of breast cancer enhance treatment response
determination while malignant lesion recognition is facilitated by Radiologist. However, these
bottlenecks include absence of public databases, blurry pictures required, dependency of ROI
annotation, and the difficulty in distinguishing between malignant and benign nodules (H.-P. Chan

etal., 2019).

Al in Other Chronic Diseases: Al technology and related computer aid treatments have started
to penetrate other domains such as health care, particularly with respect to behavioral and cognitive
therapies. Such applications can involve things like multiple-choice questions or joysticks. A

newer method, this one incorporates artificial intelligence, natural language processing and many
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depending on user input systems and through that offer targeted treatments and medicines based

on the patient’s complexion (Haag et al., 1999).

Chronic diseases are accessed for treatment targeting where system in question is largely artificial
intelligence which is virtual medical assistants that give guidance on text through phone
applications. Diet treatment also based on the patient’s microbiome is useful and practical.
Conditions such as atrial fibrillation have been predicted with the help of Deep learning systems
and a combination of smart watches and ECG sensors (Ellahham, 2020). In diabetes, AI methods
on case-based reasoning and vector regression enhance insulin therapy, HbAlc response and

treatment decision.

On a more molecular level, application of advanced methods of Al including molecular
phenotyping and digital biomarkers allow for disease control on a molecular basis. It allows the
people to use web-based and smartphone applications to manage diabetes with the help of

advanced Al technology.

3.11 Telehealth

The use of Telehealth (telemedicine), makes it easy for patients and the doctor to share important
medical information even when they are situated in separate geographical locations. Chatbots
based on Natural Language Processing (NLP) further improve clinical processes by collecting
patient’s clinical history and second asking questions to ascertain the presence of any adverse drug
events (ADE’s). Developers have established adverse event monitoring systems which are
conversational and comply with HIPAA but still carry out adverse drug events reporting with
machine learning and natural language processing aimed at marketing to the drug industry and the

FDA.

In telehealth, Al support includes the conducting of target patient screening, in pharmacovigilance
activities, via portals and messaging systems to enhance efficiency. The use of mobile health
applications by patients and telemonitoring and wireless monitoring devices capable of measuring
usage of symptoms medication intake foods health status by the patients. Real time monitoring of
patient conditions is made possible by the use of mobile gadgets such as fitbits, apple watch, insulin

pumps and pacemakers creating patterns which can be analyzed by providers. Patients can also be
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monitored through the use of wearable technology and smart clothes which track certain
physiological parameters and the management of medication regimen (MRM) (Edrees et al.,

2022).

3.12 Al mental health support

Al technology has the capacity to revolutionize mental health care by providing affordable and
available health services for the patients (Graham et al., 2019; J. W. Kim et al., 2019). Research
shows the efficacy of internet-based cognitive therapy which makes it appropriate for treatment in
refugees (Williams & Andrews, 2013). While psychiatrists practice with a hands-on approach to
the patients, the use of artificial intelligence can assist in control and the prevention of diseases by
helping with proper diagnostic procedures and timely treatment (Luxton, 2014). Woebot, Ginger,
Mindstrong, and Moodpath are examples of mental health applications that are able to use ABC
technology to screen patients for mental illnesses, provide treatment under saturation, and monitor

disease progression and drug adherence (Graham et al., 2019).

Al has been declared an effective tool against various psychiatric conditions especially depression
and substance use disorders (Graham et al., 2019). Use of the Woebot application for example has
been associated with increased substance use, depression, and anxiety symptoms among patients
with substance use disorder. But there are stumbling blocks, such as the inherent shortcomings of
biased models of Al and data, which do not allow making a real diagnosis. The use of Al has
limitations in that it ignores the heterogeneity of most of the mental health conditions and elements
of empathy regarding caregiving often are also removed from it (Mak & Pichika, 2019). Therefore,
although the ingrowth of Al in mental health is undeniably a welcome development, it should only

aid the clinician in their work and should never replace a qualified diagnosis and treatments.
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Chapter 4

Application of Al in pharmacy practice in the developed countries

Al has significantly impacted pharmacy practice in developed countries, enhancing various aspects

of patient care, medication management, and operational efficiency. Here are some key applications:

4.1 Medication Management

Automated Dispensing Systems: Al-powered robots are good at giving out medications accurately,

which makes fewer mistakes and saves time (Chapuis et al., 2010).

Inventory Management: Al can guess how much of each medication will be needed so there's never

too much or too little (Albayrak Unal et al., 2023).

4.2 Clinical Decision Support

Drug Interaction Alerts: Al can look at what drugs a patient is taking and warn if there could be a

problem (Graafsma et al., 2024).

Personalized Medicine: By looking at a patient's info, like their genes, Al can suggest treatments

that will work best for them (Schork, 2019).

4.3 Patient Monitoring and Adherence

Wearable devices and phone apps that use Al watch out for a patient's health info, remind them to

take meds on time, and give regular updates (Jeddi & Bohr, 2020).

Tele-pharmacy Services: With the help of Al, pharmacies can give advice over video calls, renew

prescriptions, and teach patients online (Georges Badr & Khiami, 2024).

4.4 Disease Management

Chronic Disease Monitoring: Al tools help keep an eye on diseases like diabetes by looking at
patient data and suggesting changes to their meds quickly (Arefin, 2024).
Predictive Analytics: By using Al to predict what might happen next with a disease, pharmacists

can step in early and manage things better (Subramanian et al., 2020).
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4.5 Operational Efficiency
Workflow Optimization: Using Al to do boring jobs saves time so pharmacists can spend more
time helping patients (Pierre et al., 2023).

Fraud Detection: Al can tell when someone's trying to get meds they shouldn't by looking at how

they ask for prescriptions (Bansal et al., 2024).

4.6 Pharmacovigilance

Adverse Drug Reaction (ADR) Monitoring: Thanks to Al watching reports from patients and data
from clinics, it's easier to notice any bad reactions early on (Martin et al., 2022).

Data Mining: By digging through lots of health records and other info with Al patterns about drug
safety can be found (Hauben, 2023).

4.7 Education and Training

Simulation Training: Virtual reality and other tech help pharmacy students practice in a cool way

(Dai & Ke, 2022).

Continuous Learning: Using special programs with Al helps pharmacists keep up with what's new

in medicines (Billiot, 2023).
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4.8 Al Applications in Developed Countries

In Europe region

United Kingdom uses “Pharma-Cure” is an Al platform that helps pharmacist manage prescriptions
and patient data. The system ensures accurate dispensing as well as giving clinical decision support
(Raza et al., 2022). Also, “Babylon Health” is an Al-based healthcare service comprising a virtual
assistant responsible for prescription management and consultations. It Includes medical

consultations via telephone, teleconferencing diagnoses and managing prescription drugs

(Cirkovi¢, 2020).

Germany has “Ada Health” which is a health platform that is Al-powered in helping users manage
medications as well as understand symptoms of their health. Provide personalized
recommendations and healthcare assessments (Miller et al., 2020). Also, “Merck’s Al Initiatives”
Uses Atrtificial intelligence in drug discovery, particularly in identifying new drug targets and
optimizing clinical trials. These technologies reduce R&D time and improve the efficiency and

safety of medicines (Blanco-Gonzalez et al., 2023).

In France, “Thera-pixel” is using Al in medical imaging and diagnostics which helps identify
treatment plans. Supports precision medicine (which is more targeted) thus giving rooms to
personalize the treatments. Also, “Doctolib” is a digital health platform that employs artificial
intelligence to manage medical appointments, consultations or even whether one has taken his/her
medications. This includes integration with pharmacy services that allows better healthcare

delivery (Pinar et al., 2021).

Italy has “Paginemediche” which is a telehealth platform powered by artificial intelligence offering
virtual visits and drug adherence checks. Provides customized wellness recommendations while

helping individuals manage chronic conditions (Lo Presti et al., 2022).

Spain’s “Savana” is a system that uses electronic health records (EHRs) analysis by applying
artificial intelligence, which shows how effective a particular medicine or treatment can be. It’s a
clinical decision support tools help physicians and other care providers, while this system also

supports research initiatives (Hernandez Medrano et al., 2018).
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In Netherlands, “Pharm-Access” is an Al-driven platform aimed at improving medication
management and patient care in pharmacies it optimizes pharmacy operations while also
improving data privacy measures within the organization for enhanced safety reasons (Asiki et al.,

2023).

In North America

United States “IBM Watson for Drug Discovery”, it uses Al to analyze scientific literature and
clinical trial data to locate potential new drug targets. This helps in recycling existing drugs as well
as speeding up the process of discovering the drugs (Y. Chen et al., 2016). Also, “Pillo Health” it’s
an Al-powered home health robot that can dispense medication and remind patients when they
need to adhere to their medication schedule. The device records how well a person takes his or her

pills and it provides help in voice-activated mode (G. Yang et al., 2020).

In Canada, “Clinical Decision Support Systems (CDSS)” Here, hospitals and pharmacies use Al
systems to provide alerts on drug interactions thus personalizing medication plans. In summary,
patients will be safe because few errors will occur during treatment since it will involve medication
plan optimization too (Sutton et al., 2020). Again, “Tele Health” Al used here manages patients’
health records while providing them with insights on how adherence can be improved in taking
prescribed medicines. Supports remote patient monitoring, virtual visits for doctors (Haleem et al.,

2021).

In Pacific: Australia has “Fred IT Group” develop Al-based solutions for electronic medication
management systems and prescription dispensing mechanisms. Helps pharmacies work better by
enhancing workflow efficiency and reducing medication errors (Henry, 1975). Also,
“HealthEngine” use Artificial Intelligence (Al) for telehealth provision on top of managing patient
appointments and prescriptions. It makes healthcare accessible to more people, supports adherence

to treatment regime (Jencks & Green, 1978).
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In Asia

Japan’s “Fujitsu’s Al Pharmacy Solutions” applies machine learning to streamline pharmacy
operations while improving patient care. Includes inventory management, prescription processing,
and patient consultation support (Takase et al., 2022). Also, “LINE Healthcare” it is a
collaboration between LINE and M3 that employs artificial intelligence to provide healthcare
services like medication management as well as virtual consultations. It connects easily with

common messaging platforms for accessing health services (Taylor et al., 2014).

South Korea’s, “Myongji Hospital’s Artificial Intelligence Project” Here, Al allows the hospital to
handle patient information and optimize medication use. The Al utilization incorporates clinical
decision support and predictive modelling to determine patient outcomes (D. Y. Lee et al., 2022).
Also, “Medi-Bloc” is a health data platform integrating Al technology, that brings together
patients’ history of medication as well as their records on clinical trials. It enhances personalized
medicine and offers an opportunity for remote management of patients at home (Mistry et al.,

2021).

In summary, Because of Al technology in developed countries, work is improving. Medicines are
managed better, patients get top-notch care, and operations run smoother all while making sure
everyone stays safe. As time passes, using more advanced technology promises even more success

for pharmacists and the peoples they help stay healthy in professional places like these.
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Chapter 5

Application of Al in pharmacy practice in Bangladesh

While AT applications in pharmacy practice in Bangladesh are still emerging, there have been some

notable initiatives and tools that are beginning to make an impact. Here are some examples:

5.1 Automated Prescription Management

Arogga is a digital pharmacy platform that leverages Al to streamline prescription management
and medication delivery. Here, Patients are able import prescriptions while the system verifies the

same, processes orders and ensures timely and accurate deliveries (Tabeck & Jain, 2022).

5.2 Telemedicine and Virtual Health Services

Praava Health is a healthcare service provider that uses Al-powered tools to offer telemedicine and
virtual health services. Provide preliminary consultations through Al chatbots, appointment

scheduling, electronic health record management (Marchand, n.d.).

Doctorola is a telehealth platform that provides virtual consultations with doctors and pharmacists.
The use of artificial intelligence helps manage patients’ data, provide personalized health
recommendations, as well as facilitate better consultation process streamlining (Akhter & Anwar,

n.d.).

5.3 Health Information Management

mPower uses Al in various mHealth initiatives to manage and analyze health information. Data
analytics platforms driven by Al track disease patterns, effectively managing public health data

too (J. L1 & Chang, 2021).

5.4 Al in Drug Discovery and Research

Collaborative Projects: Al is frequently employed in drug discovery research collaborations
between Bangladeshi universities and international institutions. By utilizing artificial intelligence
to analyze extensive datasets and detect potential novel pharmaceuticals or therapeutic approaches

(Chakraborty et al., 2023).
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5.5 Patient Monitoring and Compliance

Digital Health Apps: Numerous digital health applications in Bangladesh employ artificial
intelligence to track patients' adherence to prescription regimens. For example, send reminders,
monitor drug adherence, and notify both patients and healthcare professionals of any deviations

(Babel et al., 2021).

5.6 Operational Efficiency in Pharmacies

Inventory Management Systems (Automated Systems): Several pharmacies have begun deploying
inventory management systems that utilize artificial intelligence. Features like, Predicting
inventory needs, optimizing stock levels, and reducing waste by analyzing sales patterns and usage
data (Atieh et al., 2016). 5.7 Al in Healthcare Education eLearning Platforms: Platforms provide
ongoing education and training for chemists and other healthcare professionals. Provides
personalized learning experiences and up-to-date information on new drugs and treatment

protocols (Gruson et al., 2013).

5.8 Pharmacovigilance

Adverse Drug Reaction Monitoring (Pharmacovigilance Tools): Artificial intelligence tools have
been created to oversee and examine adverse medication responses that are reported by patients
and healthcare practitioners by detecting and analyzing patterns and potential safety issues

associated with drugs (Lengsavath et al., 2017).
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5.9 Challenges and Future Prospects

Despite these advancements, there are still challenges to the widespread adoption of Al in

pharmacy practice in Bangladesh:

Data Quality and Availability: Ensuring access to high-quality health data is crucial for effective
Al applications (Parycek et al., 2023).

Infrastructure: Developing the necessary technological infrastructure to support Al initiatives

requires investment (M. Sharma et al., 2022).

Regulatory Framework: Establishing a robust regulatory framework to oversee Al applications

in healthcare is essential (Cath, 2018).

Training and Expertise: Building expertise in Al and training healthcare professionals to

effectively use these tools is important (Dwivedi et al., 2023).

The use of Al in pharmacy practice in Bangladesh is in its nascent stages but shows significant
promise. As technology and infrastructure continue to develop, and with ongoing investment and
collaboration, Al has the potential to greatly enhance pharmacy practice and overall healthcare

delivery in the country.
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Chapter 6

Limitations of AI Tools

Although Al-based models offer advantages, they come with limitations including the requirement
for extensive datasets, possible biases, and a lack of interpretability. As a result, it is important to
combine Al-based models with traditional experimental approaches to guarantee the safety and

effectiveness of drugs.

Lack of Transparency: Al algorithms utilize intricate processes and are often known as "black
boxes" due to the difficulty in comprehending how the model reaches its predictions. This lack of
transparency can make it challenging to gain regulatory approval for Al-driven pharmaceutical
development tools, as demonstrating the model's accuracy and reliability can be difficult.
Moreover, the lack of transparency may also result in lack of trust towards the model's predictions,
especially if they contradict the expectations of clinicians or researchers (Kelly et al., 2019;

Kiseleva et al., 2022).

Biases in Data: The effectiveness and accuracy of Al models depend heavily on the quality of
their training data. Biased or incomplete data can lead to biased predictions. In pharmacology, the
lack of diversity in clinical trial populations is a major issue. If certain demographics or disease
states are underrepresented in the training data, the model's predictions may be unreliable for those
groups. Inaccurate or incomplete data can also result in incorrect predictions. Ensuring that Al
models are trained on trustworthy, comprehensive, an impartial data that accurately reflects the

intended population is crucial for reliable clinical decision-making (Norori et al., 2021).

Limited Ability to Account for Variability: Al models trained on extensive datasets may contain
biases toward typical responses, making it difficult to accurately predict reactions for individuals
with atypical responses. This is particularly concerning for drugs with highly variable patient

responses, such as cancer treatments (V. Chavda, Anand, et al., 2023).

Interpretation of Results: The complexity of Al models can make their outputs difficult to
interpret, even for experts. This poses a challenge for clinicians and researchers trying to

understand and apply the results in clinical settings or drug development. Additionally, the lack of
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technical expertise among some clinicians and researchers can limit the usefulness of these models.
Therefore, improving the interpretability and explainability of AI models is crucial to ensure their
predictions can be effectively understood and utilized (Ahmed et al., 2020; K. B. Johnson et al.,
2021).

Ethical Considerations: Al implementation in drug development raises ethical issues related to
patient privacy and data ownership. Protecting sensitive health information and ensuring consent
for data use is crucial. Regulatory bodies are creating protocols to responsibly incorporate Al,
addressing ethical concerns like animal welfare and patient safety. The FDA's discussion paper
provides recommendations for Al use in drug discovery and clinical research, emphasizing
validation and ethical standards. This effort aims to balance Al's potential benefits with the ethical
complexities in drug development, marking a significant milestone in healthcare regulation

(Norori et al., 2021).

Complex Biological Systems: Al models face limitations in replicating the complexity of
biological systems, which involve intricate pathways, feedback loops, and molecular interactions.
These models often simplify biological processes and rely on training data that may not capture
the full complexity of these systems. Variability due to genetic differences, environmental factors,
and individual differences may not be fully represented in Al models (Uddin et al., 2019).
Predicting system-level behaviors is challenging due to the emergent properties of biological
systems, and the integration of detailed biological knowledge is limited by incomplete

understanding of specific processes and mechanisms (Quazi, 2022).

Lack of Clinical Expertise: The identification of correlations is possible with Al, but it's
important to understand that despite these correlations, individual patient treatments can differ. Al
algorithms generally rely on a statistical framework, which may restrict their understanding of
intricate factors and the significant impact of specific parameters. The complexity of treatment
decisions being influenced by individualized factors poses a challenge for Al models that primarily
focus on statistical associations (Davenport & Kalakota, 2019). As a result, the capability of Al to
comprehensively grasp the crucial aspects and implications of specific parameters may be

constrained.
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Inactive Molecules: In drug development, Al uses computational algorithms to predict how small
molecules bind to target proteins, but faces challenges like representing molecular flexibility,
avoiding false positives/negatives, and accounting for solvation effects and receptor flexibility.
Experimental validation of compound activity is crucial to confirm predictions. Efforts are
underway to improve docking algorithms, scoring functions, and molecular dynamics integration.
Al tools hold significant potential and are advancing with better data availability, deep learning,
and computational power. Implementing FAIR principles can enhance model accuracy by

addressing data issues (Lexa & Carlson, 2012).

Despite AI’s promise in PKPD studies, it cannot fully replace human involvement. Al aids in data
analysis and pattern recognition, but effective PKPD studies require collaboration between Al and
human experts. Al should be used with caution, balancing its potential benefits with rigorous

evaluation and validation.
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Chapter 8

Conclusion

The pharmacy world is changing with the help of artificial intelligence (Al). It's a game-changer
for healthcare. Al can improve accuracy, efficiency, and patient results. Using Al in pharmacy
covers lots of areas such as medicine, decision support, patient tracking, disease control, efficiency,
drug safety, and teaching. With smart algorithms and machine learning, Al can do routine jobs,
predict patient needs, manage stocks better, and tailor treatments. That means pharmacy services
get sharper & faster while letting pharmacists focus on patients.Al also sifting through loads of
data in real-time to find drug interactions and predicting adverse drug reactions. Also, it provides
timely interventions for chronic diseases. Tele-pharmacy and Al apps give more people access to
pharmacy services, particularly in remote and underserved areas, ensuring that all patients receive

timely and appropriate care.

Despite these promising developments, the implementation of Al in pharmacy practice comes with
challenges, including the need for substantial investment in infrastructure, data privacy concerns,
and the necessity for robust training programs for healthcare professionals. A supportive regulatory
framework is also essential to address ethical considerations and ensure the safe and effective use

of Al technologies in healthcare.

As things keep changing, collaboration will be the key. Healthcare providers, technologists,
regulators, and policymakers they all have to overcoming these challenges and fully realizing the
benefits of Al's power in pharmacy practice. Welcoming Al won't just tweak how pharmacies

work; it'll flip healthcare itself into a data-smart system led by what's best for patients.
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