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ABSTRACT

Artificial Intelligence (Al) is a branch of study that deals with intelligent machine learning, primarily intelligent
computer programs that produce outcomes that resemble human attention processes. The ability of machines and
computers to think, act, behave, and function like humans is referred to as artificial intelligence. Beyond drug
development, Al improves medication management and customizes patient care to revolutionize pharmacy
operations. Community pharmacists can use digital technology and artificial intelligence (Al) to transform patient
care in a number of ways. In order to forecast drug activity at every scale, Al systems can examine intricate
correlations between pharmacological characteristics, formulation elements, and physiological parameters. In
pharmaceutical research, artificial intelligence (Al) has become a potent tool for predicting the physicochemical
stability of oral dosage forms. Potential applications of artificial intelligence include patient education, physical
activity suggestions, personal dietary intervention, and behavioural coaching. In recent years, artificial intelligence
(Al) in medicinal chemistry has drawn a lot of attention as a potential way to transform the pharmaceutical sector.
Additionally, medication candidates' toxicity has been predicted using Al-based techniques. Predicting the toxicity
and effectiveness of possible therapeutic molecules is one of the main uses of Al in medicinal chemistry.

KEYWORD: Artificial Intelligence, Work of Al in Pharmacy, Robotic Dispensing Integrated with Al
Technology, Lifestyle Management and Counseling.

INTRODUCTION

Artificial Intelligence

Acrtificial Intelligence (Al) is a branch of study that deals
with intelligent machine learning, primarily intelligent
computer programs that produce outcomes that resemble
human attention processes.™! Al technology is used to
achieve both helpful interpretation and more accurate
analysis. Al technology is becoming an essential
component of the industry for practical uses in numerous
technical and scientific domains. Even in the face of
pharmacist shortages, rising operating costs, and
decreased reimbursements, pharmacies have done a
fantastic job of meeting the rising demand for
prescription drugs over the past 25 years.®! Since the
1980s, computers have been used in pharmacies for a

variety of purposes, including data collection, retail
pharmacy management, clinical research, drug storage,
pharmacy education, clinical pharmacy, and much more.
With the development of artificial intelligence, it is
impossible to predict how much the pharmacy industry
will change over time.! The terms robotics and
automation are frequently used interchangeably with
artificial intelligence (Al), also referred to as machine
intelligence. Al refers to the display of human-like
behaviours or intelligence by any computer or machine,
whereas robotics is merely the development of machines
capable of performing challenging repetitive tasks.” The
long-term objective of the Al community is to build
machines that can perform all cognitive tasks better than
humans on their own. General Al, often known as Strong
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Al, is the type of Al that entails building machines that
are capable of all human cognitive functions.!®

The ability of machines and computers to think, act,
behave, and function like humans is referred to as
artificial intelligence. Apple's SIRI (On the iPhone),
Amazon's Alexa, and Google, Mercedes, BMW, and
Tesla's self-driving cars are a few well-known instances
of Al-controlled systems. Al-powered data analytics can
be used to forecast a patient's future medication
purchases. The pharmacist can make better stock
procurement decisions by using Al to predict the
patient's drug purchase.” Analysing the connections
between treatment or preventative strategies and patient
outcomes is the main goal of health-related Al
applications. Al programs have been created and used in
a variety of fields, including patient monitoring and
care™ personalized medicine!®, diagnosis procedures,
and treatment protocol building.®® Through a variety of
activities like medication reconciliation, medication
review, medication therapy management (MTM),
providing drug information, patient education, adverse
drug reaction (ADR) monitoring, and interprofessional
collaborations, pharmacy practice is an essential
component of the healthcare system that guarantees safe
and effective medication management and optimal
patient care.™ Pharmacists can make precise and
evidence-based healthcare judgments with the use of
tools and systems made possible by the integration of Al
technologies. Pharmacists can swiftly examine vast
volumes of patient data, such as test results, medical
records, and prescription profiles, by utilizing Al
algorithms and ML. This enables them to evaluate the
safety and effectiveness of medications, spot any drug-
drug interactions, and provide well-informed advice
specific to each patient.' Innovation in the
pharmaceutical sector is usually based on thorough
research and development in a number of areas,
including as manufacturing technology, packaging
considerations, and  customer-focused = marketing
tactics.!*?!

The use of Al in study design aids in both optimization
and accretion for the tasks involved in developing a
patient-centric design. Al employs methods for gathering
the massive volumes of data produced by those clinical
trials, which lowers the number of data workers needed
for the same. In order to address the patient's need for
regular face-to-face engagement, these technologies use
wearable technology in conjunction with body sensors to
record vital signs and other important data remotely.
Throughout the research process, wearable technology-
based Al algorithms offer real-time insights.™*

Al offers advanced technologies for analysing this kind
of multilayer data. A deeper comprehension of the
research units will result from the analysis's
thoroughness. In order to find the best results, the
methodically applied model and parameter evaluation
rely on a variety of criteria at each stage of the research,

including simulation, scoring, and refining. Al may offer
an automated method that can be used for all of these
tasks to enhance guesswork and anticipate data
refinement for steady development. The system biology
type of the databases indicates that a thorough
understanding of the drug-biological interaction is
necessary for improved Al training in the biological
environment. Numerous cutting-edge Al technologies,
including artificial neural networks, can be used to
conduct pharmacokinetic investigations. In addition, Al
provides a variety of databases, including phonotypical,
genomic, and chemical databases, which may be used to
effectively research the complicated unit roles of
molecules and gain a better knowledge of medication
interactions. In order to have a thorough grasp of the
medication's disposition and toxicity, several of the
techniques are also used to investigate how the drug
delivery system affects the drug's pharmacokinetics.
Prior to conducting actual studies, many novel
approaches to medication delivery systems entail
designing quality qualities in addition to important
attributes and analysing their effects on experimental
trials. Al has the advantage of gathering data from many
sources and giving recommendations for the chosen drug
delivery system to function in accordance with the
expected outcomes. The assessment of molecular data,
patient data, and pharmacokinetic data is regarded as a
component of the complicated data for analysis in order
to potentially choose the most effective active
pharmaceutical against patient conditions or needs. In
order to identify molecular entity traits and compare
them to those of known molecules, passive Al is used.
Accurate medication delivery system selection, which is
made possible by Al, is essential to effective treatment.
Both the drug repurposing approach and the drug
discovery process benefit from Al. This deals with
applying the current treatments to the new illness.
Formulation,  pharmacokinetics, and  medication
development are significantly influenced by patient
requirements and disease conditions. The availability of
databases with comprehensive information is one of the
main obstacles to the complete application of Al in the
development of delivery systems. This is necessary for
the models and parameters to be evaluated objectively.
Al uses present knowledge to assist future applications.
Al tools can handle or digest a lot of data for a better
approach to the product's logical design. Excellent self-
supervised trial outcomes and appropriate parameter
recording can be achieved with a more rigorous coding
inside the knowledge database.[*>2

Al offers unmatched accuracy and efficiency in drug
discovery, speeding up the identification of medicinal
molecules. Early-stage medication development is
streamlined and drug repurposing is made possible by
machine learning models that reliably anticipate
compound efficacy and safety. These capabilities
improve the accuracy of results while drastically cutting
the time and expenses related to conventional drug
discovery techniques.’?”? Beyond drug development, Al
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improves medication management and customizes
patient care to revolutionize pharmacy operations.
Pharmacists are given data-driven tools that facilitate
accurate clinical decision-making through the integration
of Al-driven technologies. In order to predict adverse
drug events, adjust dosages, and streamline workflows-
all of which ultimately improve patient outcomes-these
systems evaluate large datasets, including patient
medical records and medication histories.”>?4 Al is
quickly transforming businesses all around the world,
and one of the main areas benefiting from its
developments is healthcare. Al has the potential to
revolutionize pharmacy, especially in terms of improving
medication administration and individualized patient
care.®

Role of Al in Pharmacy

Community pharmacists can use digital technology and
artificial intelligence (Al) to transform patient care in a
number of ways. In the near future, gathering and
analysing vast volumes of patient data to learn more
about prescription use, side effects, and treatment results
may become simpler. Patients' health outcomes could be
improved by using this information to improve patient
safety and provide tailored therapies.”® First of all, they
can help with medication adherence, which is a big
problem in the medical field. Medication reminders,
educational materials, and notifications for repeat
prescriptions are already provided by digital tools.*"!
These resources can facilitate easier access to care by
bridging the gap between patients and pharmacists.!
The advantages of pharmacists having access to patient
records are being observed in nations like the UK and
Australia.” Although pharmacists in the UK have
access to a summary of a patient's medical history (but
not the ability to edit it), new technology combined with
legislative and regulatory changes may enable
community pharmacists to play a larger role in patient
care and strengthen their relationships with other
members of the multidisciplinary healthcare team.E” The
identification, optimization, and design of new
therapeutic candidates might be streamlined and
accelerated by Al-driven methodologies in drug research
and development, which would ultimately result in more
effective and efficient drugs.®”

In order to forecast drug activity at every scale, Al
systems can examine intricate correlations between
pharmacological characteristics, formulation elements,
and physiological parameters. This makes it possible to
comprehend medication delivery mechanisms more
thoroughly and helps create effective drug delivery
systems. It aids in the prediction of the medication's
stability, in vitro drug release profile, and
physicochemical characteristics. Along with in vivo-in
vitro correlation research, the same technique is also
used for improved evaluation of in vivo pharmacokinetic
parameters and drug distribution. Early in the
development phase, researchers can detect possible
dangers and difficulties related to medication delivery

systems by employing the appropriate collection of Al
technologies. This makes it possible to make proactive
changes and adjustments to reduce risks and improve
medication efficacy. By reducing the need for costly and
time-consuming  trial-and-error  trials, artificial
intelligence (Al) and computer modelling lower the
likelihood of unexpected results.*>*1 Al uses
sophisticated hardware and software to develop human-
like abilities. Many industries, including the
pharmaceutical sector, have benefited from this kind of
innovation in recent years, particularly during the
product development stage. The application of these
technology advancements can reduce the amount of time,
money, and resources needed for production and
appropriate supply chain distribution to final consumers.
Additionally, it offers a more comprehensive framework
for comprehending how process parameters affect
product development and manufacture. To create a
classification model that further aids in differentiating
between the spring and parachute types of dissolution
profiles, they employed a random forest algorithm.
Additionally, it helped sustain supersaturation with 85%
accuracy and 86% sensitivity. The regression model
produced by the random forest technique was used to
estimate the time-dependent drug release.** Al
algorithms can create customized pharmacological
regimens by optimizing the design and formulation of
3D-printed dosage forms based on patient-specific
variables like age, weight, and medical history. Al can
quickly prototype and optimize medication release
profiles, dose strengths, and geometries by using
machine learning and computational modelling to
examine massive datasets and mimic the behaviour of
3D-printed dosage forms. Al also helps with quality
monitoring, printing parameter optimization, and
anticipating and resolving possible manufacturing issues.
Additionally, by learning from real-time data and
improving accuracy, repeatability, and scalability, Al-
driven feedback systems may constantly enhance the 3D
printing process. All things considered, the use of Al in
3D-printed dosage forms has enormous potential to
advance personalized medicine and enhance patient
outcomes.*>%!

In pharmaceutical research, artificial intelligence (Al)
has become a potent tool for predicting the
physicochemical stability of oral dosage forms. Al
models may evaluate elements including drug
degradation, excipient interactions, and environmental
influences on formulation stability. Al's incorporation
into stability prediction helps make drug development
processes more effective and economical, which
eventually results in patients receiving safe and effective
treatments.®”] Medication errors that present significant
hazards to patients and are a major concern in the
healthcare industry include adverse drug events, adverse
drug reactions, and drug interactions.® The use of Al
technology presents a viable way to improve these
reactions' control and prediction. In a 2022 study,
Westerman and associates examined machine learning
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methods and the U.S. To better identify adverse events
linked to novel drug combinations, the FDA Adverse
Event Reporting System (FAERS) database was utilized.
Using dimensional reduction and a convolutional neural
network algorithm, the researchers found patterns that
connected drugs to particular side effects. These patterns
were then encoded into a compressed representation
called "latent space," which made it easier to analyse and
interpret adverse event profiles.®**? Al is essential for
detecting and controlling medication interactions. Al
algorithms can check for possible medication
interactions, including drug-drug and drug-disease
interactions, and inform patients and healthcare
providers. For instance, Al can assess possible drug
interactions and notify pharmacists when a patient is
administered a new prescription while currently taking
another for a different medical condition. It can then
recommend dosage adjustments or alternative treatments.
Furthermore, artificial  intelligence can  detect
pharmaceuticals that could exacerbate pre-existing
diseases, screen for drug-disease interactions, and offer
relevant recommendations and alerts.

Robotic Dispensing Integrated with Al Technology
One of the most important technologies that significantly
contributes to the development of hospital pharmacy
systems is pharmacy dispensing robotics.? Due to their
heavy workloads and high levels of stress, pharmacists
may make mistakes when distributing prescriptions, such
as those that sound or look alike and endanger the
patient's health.®] In 2022, Mirates Health Services also
unveiled the robotic pharmacy, which uses Al-integrated
technology to function independently. This sophisticated
system improves the efficacy and efficiency of the
dispensing process by identifying and locating thousands
of different drugs.*! 2021 saw the introduction of Fred
AID (Artificial Intelligence Directions), an Al-integrated
distributing robot in Australia. By helping pharmacists
spend less time on repetitive duties like recording
prescription instructions, this technology increases the
amount of time pharmacists spend caring for patients,
thus improving patient safety.[*!

Lifestyle Management and Counseling

Potential applications of artificial intelligence include
patient education, physical activity suggestions, personal
dietary intervention, and behavioural coaching."®!
Personalized food planning is one important area where
Al has demonstrated promise. According to research,
people are more likely to stick to a diet plan for a longer
amount of time if it is customized to their unique
requirements and preferences, taking into account things
like dietary preferences, cultural background, and
lifestyle choices.””! Healthcare providers can find any
vitamin deficiencies that can be causing patients' health
problems thanks to this individualized method. An Al
system, for example, can identify a patient who has a
history of anaemia and suggest a plant-based diet that
might benefit from including more foods and
supplements high in iron. Additionally, artificial

intelligence can detect possible intolerance, which makes
it possible to develop death plans that steer clear of
triggers and improve people's health outcomes.[*®!

Al has shown promise in helping people stop smoking.
Al-powered tools like Persuasive Communication
Tailoring and Quit Coach, for instance, have effectively
provided customized therapy with better results than
conventional methods. These platforms aid people who
are trying to stop smoking by sending them personalized
messages, helping them set a deadline for quitting,
offering support when they have cravings, and helping
them deal with circumstances where they used to smoke.
Additionally, these cutting-edge applications use
interactive dialogue with virtual characters to increase
awareness of the negative effects of tobacco use.***"

Similar software, ChatGPT, is crucial in giving patients
important information and helpful support, such as
advice on how to take their medications and details on
any side effects. This is particularly important for those
with mental problems who might find it challenging to
interact with others in person. Patients are empowered to
seek the help they require and are encouraged to actively
participate in therapy due to the accessibility provided by
Al-based solutions.’®! Beyond their traditional role as
pharmacy managers, pharmacy professionals play an
important role in patient-centred care, especially in the
management of chronic diseases. They act as coaches,
assisting patients in quitting smoking, adopting healthy
eating habits, and addressing active lifestyles.** The
integration of Al technology gives pharmacists a
thorough understanding of each patient's specific needs,
enabling personalized interventions.®®

Opportunity in Al System

Drug Discovery

In recent years, artificial intelligence (Al) in medicinal
chemistry has drawn a lot of attention as a potential way
to transform the pharmaceutical sector.”® The process of
finding and creating new drugs, known as drug
discovery, is a difficult and drawn-out undertaking that
has historically relied on labour-intensive methods like
high-throughput screening and trial-and-error research.
However, by making it possible to analyse vast volumes
of data more accurately and efficiently, Al methods like
machine learning (ML) and natural language processing
have the potential to speed up and enhance this
process.®™ The authors have recently documented the

successful application of deep learning (DL) to
accurately ~ forecast  pharmacological  compound
efficacy.”®

Additionally, medication candidates' toxicity has been
predicted using Al-based techniques.®™ Predicting the
toxicity and effectiveness of possible therapeutic
molecules is one of the main uses of Al in medicinal
chemistry. In order to evaluate a compound's possible
effects on the human body, traditional drug discovery
processes frequently depend on labour-intensive and
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time-consuming experiments. Al approaches like
machine learning can get around these restrictions. ML
systems can find patterns and trends based on the
examination of vast amounts of data that human
researchers might miss.!®”

Numerous case studies have shown the potential of Al in
the context of drug discovery. For instance, Gupta, R., et
al. recently reported on the successful application of Al
to find new chemicals for cancer treatment.® These
authors used a sizable dataset of known cancer-related
substances and the biological activity that goes along
with them to build a deep learning algorithm. The ability
of this strategy to find new therapeutic candidates was
demonstrated by the production of novel compounds
with high promise for future cancer treatment. It has
recently been reported that ML can be used to find small-
molecule inhibitors of the protein MEK.[%¥ Although the
creation of potent inhibitors has been difficult, MEK is
another potential target for cancer treatment. New
inhibitors for this protein were found by the ML
algorithm. Another example is the use of an ML
algorithm to identify new inhibitors of beta-secretase
(BACEL1), an enzyme implicated in the development of
Alzheimer's disease.®® Additionally, Al has been
effectively used to find novel antibiotics.®! Despite Al's
potential advantages in drug research, there are a number
of obstacles and restrictions to take into account. The
availability of appropriate data is one of the main
obstacles.! Al-based methods usually need a lot of data
for training.® The accuracy and dependability of the
results can frequently be impacted by the quantity of data
that is available, or the data may be inconsistent or of
poor quality.® One crucial issue that needs to be
addressed is ensuring the ethical and equitable
application of Al for the creation of novel medicinal
molecules.’®®

Quality Control and Quality Assurance

Through its application in quality control (QC) and
assurance programs, artificial intelligence (Al) has
fundamentally altered how industries uphold product
standards and ensure operational excellence. Physical
testing, human judgment, and manual inspections are
often the foundation of conventional QC methods, which
can be time-consuming, prone to error, and inefficient
for large-scale production.™ Al enhances predictive
quality control by using algorithms that learn from past
production data to anticipate potential problems,
optimize the inspection schedule, and enhance
maintenance procedures.™ Incorporating Al into quality
assurance (QA) and control programs would improve the
end product's quality while boosting overall operational
effectiveness, cutting expenses, and enabling continuous
manufacturing process development.™ Al improves
accuracy, efficiency, and predictive capabilities,
transforming QA and QC."?

Real-time defect detection, automated inspections, and
predictive maintenance are made feasible by Al-powered

technologies like computer vision, machine learning, and
robotic process automation (RPA), which reduce
operating expenses and human error. While Al-based
natural language processing (NLP) examines compliance
paperwork, sentiment analysis evaluates customer input
in QA to enhance goods and services. Predictive
analytics powered by Al also aids in spotting industry
trends that lower errors and improve supply chains.
Businesses can guarantee  improved  customer
satisfaction, regulatory compliance, and product quality
while being more effective and economical by using Al
into QC and QA procedures.l*™

Al makes it possible to monitor production operations in
real time while maintaining quality. This enables timely
remedial action, preventing mistakes and maintaining
consistency.l’ In chemical production, for instance, Al
keeps an eye on temperature and pressure levels to
guarantee ideal circumstances and reduce the possibility
of deviations that could affect the final product's
quality/.l"® Al-driven imaging systems can detect minute
defects in turbine blades, ensuring structural integrity,
safety, and dependability.l’”? Industries can improve
accuracy, eliminate errors, and guarantee the highest
quality by integrating Al into QC. These tools guarantee
improved quality control by identifying flaws that human
inspectors could overlook. For instance, Al can identify
scratches on car body panels and detect minute flaws in
semiconductor manufacturing wafers to stop faulty items
from being sold. Errors and inefficiencies become typical
because traditional QC/QA approaches are frequently
inadequate, reactive, and subjective.l®

Important Artificial Intelligence Technologies Used in
Quality Control/Quality Assurance

By analysing and understanding visual data from their
environment, computers may simulate human vision
through computer vision. In QA and QC, it is utilized for
automated visual inspection and fault identification,
which includes finding surface  imperfections,
misalignments, or incorrect assembly. By employing DL
techniques, such as convolution neural networks
(CNNs), to examine photos and videos and find even the
tiniest flaws that human inspectors would overlook, Al
plays a critical part in this process.’! A kind of artificial
intelligence called machine learning (ML) uses historical
data to train computers to identify patterns, forecast
outcomes, and adjust to new data. In order to predict
potential defects or failures, ML models are employed in
QA and QC to assess sensor, inspection, and
manufacturing line data.®"

NLP is used in QC and QA to analyse and extract
valuable information from unstructured data sources,
including customer feedback, reports, and maintenance
logs. Al's role in this process is to examine enormous
volumes of text data and identify quality-related defects
or recurring problems that require correction. Some of
the primary applications of NLP in QC/QA are as
follows: Sentiment analysis, which analyses customer
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reviews and feedback to identify quality concerns and
drive product improvements; root cause analysis, which
looks at maintenance logs and incident reports to find
recurrent causes of defects; and automated report
generation, which processes inspection data to
automatically generate reports or alerts about quality
issues.[®

In order to automate complex or repetitive quality
assessment tasks, Al is quickly being integrated with
robotics and automation. Robots with Al capabilities can
do quick and precise jobs such precise part handling,
assembly verification, and visual inspection. The purpose
of Al is to enable these robots to work autonomously,
detect defects, and even make changes while production
is in progress without the need for human help.®?

"Digital twins" are virtual replicas of genuine systems or
processes that are designed to replicate real-world
performance and behaviour. In order to simulate
production processes and foresee any quality issues in
QA and QC, digital twins are crucial. Al is essential for
discovering and predicting quality issues utilizing
simulations and real-time data by analysing data from the
physical system and its digital twin.®! For example, the
aerospace industry uses digital twins to simulate the
airplane assembly process, allowing producers to foresee
certain defects or issues before they arise on the actual
production line. Al technologies are transforming the
QC/QA environment by improving the accuracy,
scalability, and efficiency of quality management
processes. By eliminating quality issues before they
occur and enhancing defect detection and process
optimization, these solutions ultimately improve
operational efficiency, customer happiness, and product
reliability.!®*%!

Pharmaceutical 3D Printing

The creation of pharmaceutical items has undergone a
revolutionary change thanks to the combination of 3D
printing and artificial intelligence (Al).*® with a
focus on individualized medication, additive
manufacturing is  replacing traditional  mass
production in the pharmaceutical industry thanks to
three-dimensional printing technologies.®”) Treatment
efficacy and adherence can be significantly increased
by using this technology to customize drug
combinations, release mechanisms, and dosages to
each patient's unique needs.®®®1 The enormous
potential of 3D printing technology in producing a
wide range of medications has been revealed by the
ground-breaking research on its creative application
in pharmaceuticals. Fused Deposition Modelling (FDM)
is one of the most extensively studied and utilized 3D
printing technologies in the pharmaceutical industry.
These studies have shown that 3D printing can be used to
develop rapidly dissolving or dispersible formulations®,
controlled release preparations!®, gastro retentive
tablets®®,  suppositories®™, minitablets®™, medical
devices, and flexible multi-drug combinations.’™! The

capacity to design complicated dose forms that promote
patient compliance, a wide range of materials employed,
and a reasonably easy and affordable setup are the
reasons for this significance.’®*"*  Innovative
pharmaceutical dosage forms, such as topical patches or
dispersible forms, dissolving oral films, implantable
devices, or multilayer pills, have been made possible by
three-dimensional printing technology in an effort to
improve patient compliance, increase drug efficacy, and
provide new drug delivery mechanisms.®**®! Over the
past few decades, the pharmaceutical industry has made
significant strides in integrating artificial intelligence
(Al), which has revolutionized drug research, discovery,
and customized treatment,[*%21%!

Drug design, formulation optimization, and production
efficiency could all be enhanced by the use of Al in 3D
drug printing.’®! By forecasting the best material
qualities, excipient combinations, and structural
arrangements for 3D-printed medications, artificial
intelligence improves computer-aided drug design.'*
Although the use of 3D printers in hospitals for
personalized treatment is a major advancement, issues
including the expense of installation, the requirement for
qualified staff, and maintaining quality control still
exist."%®! patient compliance is improved by gastro-
retentive drug delivery systems (GRDDS), which offer
prolonged drug release in the stomach. Rapid
prototyping with 3D printing has allowed for the
effective preparation of a variety of capsular devices
with distinct topologies, demonstrating possibilities for
modified release drug delivery devices."™® ! In order to
minimize side effects, 3D printing makes it easier to
create patches that are directly inserted into pancreatic
cancer and contain chemotherapy medications.™"!
Understanding a drug's physicochemical qualities and
ADMET features is essential for preclinical research that
focuses on pharmacology, pharmacokinetics, and
toxicology.'"* Due to the paucity of clinical studies for
paediatric applications, paediatric patients' particular
needs for safe drug products and adherence necessitate
particular considerations in drug design.** Despite the
advantages, the widespread use of 3D printing in
pharmaceuticals is hampered by issues with technology,
dosage form manufacturing, safety, quality control, and
regulatory factors.?*'¥ The FDA is currently
conducting research to obtain a thorough grasp of the
technology and recognizes the growing problems with
3D printing.**® Physical and technical limitations result
from the limited availability of a variety of raw materials
for 3D printers."®! Regulatory agencies like the FDA
may think about more expedited procedures for
approving 3D-printed drugs due to the rapid
advancement of 3D printing technology. To guarantee
the safety, effectiveness, and quality of 3D-printed
pharmaceuticals, new standards and norms need be
established. This could entail developing frameworks
that can adjust to the great variability and customisation
possibilities of 3D-printed drugs, possibly through
adaptive licensing techniques. These regulations ought to
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cover topics including patient medication

stability, and production consistency.

safety,
[117]

Al In Pharmacology

The simulation of human intelligence in computers that
have been programmed to think and behave like humans
is known as artificial intelligence (Al). It entails creating
algorithms and computer programs that can carry out
activities like speech recognition, visual perception,
language translation, and decision-making that normally
need human intelligence.**®! Target identification, hit
identification, absorption, distribution, metabolism,
elimination, toxicity prediction, lead optimization, and
drug repositioning are just a few of the stages of drug
discovery where Al is used.®! The conventional “one
drug, one target" method to drug discovery has given
way in recent years to a more comprehensive and
systems-level approach known as multi-target drug
discovery.[20121]

The increasing understanding that complex diseases
including cancer, neurological diseases, and metabolic
syndromes frequently entail the dysregulation of
numerous genes, proteins, and pathways is what is
driving this change.!*?? Therefore, a well-designed multi-
target intervention can increase efficacy, decrease
resistance, and improve safety profiles, while modifying
a single molecular target may have limited therapeutic
benefit. This idea is consistent with the principles of
systems pharmacology, which combines computer
modelling, pharmacokinetics/pharmacodynamics
(PK/PD), and network biology to comprehend drug
action at the systems level.*?®! Synergistic developments
that overcome present constraints will probably influence
multi-target drug discovery in the future. Creating
standardized,  high-quality = datasets and  more
comprehensible machine learning models to offer more
lucid biological insights are important topics.*?4 By
bridging the gap between computational and
experimental pipelines, the field is moving toward a
more cooperative approach. As we move toward a future
of precision polypharmacology, it is anticipated that the
creation of tailored, multi-target medicines will be
accelerated by the introduction of generative Al,
federated learning, and the integration of patient-level
omics data.'*”)

Medication Therapy Management (MTM)

In order to maximize drug therapy results, guarantee
patient safety, and minimize adverse drug responses,
medication  therapy = management is  essential.
Conventional MTM methods mostly rely on clinical
knowledge, pharmacist-led consultations, and manual
intervention. However, these traditional approaches have
drawbacks include human error, ineffective medication
regimen monitoring, and trouble tailoring therapies for a
variety of patient populations. Digital health technology
and artificial intelligence have become revolutionary
tools in the healthcare industry, providing creative ways
to improve pharmaceutical therapy management.?

When it comes to healthcare, artificial intelligence
includes a wide range of technologies, such as neural
networks, machine learning, and natural language
processing."?”? Smart pill dispensers, conversational
agents, and predictive analytics platforms are examples
of Al-enabled medication management systems that can
aid with adherence problems, improve dose, and lower
avoidable medication-related consequences in older
persons.?8) Artificial intelligence's ability to personalize
and predict risks is a key benefit for managing many
drugs, especially for older persons. By examining a
person's medical history, co-morbidities, renal function,
and even genomic data when available, Al systems using
machine learning techniques have proven to be able to
customize dosage regimens.*?¥ By utilizing vast
amounts of data from electronic health records (EHRS),
artificial intelligence (Al), especially machine learning
(ML), has made new methods for customized medication
possible.*

ML-based dosing models have been created for a number
of drugs, including vancomycin, B-lactam antibiotics,
and insulin control (Glucose)."* A required part of the
Medicare Part D drug benefit program, medication
therapy management (MTM) helps patients with
numerous  chronic  diseases, high  prescription
expenditures, and high utilization enhance the efficacy
and safety of their medication therapies. Patients can
choose to participate in the program, but authorized
prescription drug plans (PDPs) are required to provide
it. 32 A few research on the effects of MTM employed
different kinds of quasi-experimental approaches. A pre-
post-trial of a community-based long-term MTM
program for patients with CV disorders was carried out
by Bunting et al.'**! The risk of a cardiovascular event
decreased by 53% over the research period, and the risk
of an ED visit or hospital admission linked to
cardiovascular disease decreased by more than 50%.
Reductions in (a) mean systolic blood pressure, (b) mean
diastolic blood pressure, (c) the percentage of patients
meeting blood pressure goals, (d) mean low-density
lipoprotein (LDL) cholesterol, (e) the percentage of
patients meeting LDL cholesterol goals, (f) mean total
cholesterol, and (g) mean serum triglycerides show that
CV health improved during the study. However, the lack
of a control group restricts the ability to draw
conclusions about causality from the study's results.
Small scale pre-post-cohort research by Wittayanukorn
et al. looked into MTM services for CVD patients.*!

Al In Medical Diagnosis

Effective treatment planning requires a thorough
diagnosis of the disease, which is largely dependent on
the patient's medical history, numerous laboratory
reports, imaging tests, and biopsies. "Medical
diagnostics" is the collective term for these elements.***
Healthcare professionals frequently struggle to provide
an accurate diagnosis due to the complexity of the
diagnostic procedure, which puts patients through
needless suffering and jeopardizes their wellbeing.
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However, the danger of human mistake in disease
diagnosis has greatly decreased with the advent of
artificial intelligence (Al) and the digitization of
healthcare.™ Numerous Al-based techniques, from
machine learning to deep learning, have been created to
enhance clinical systems, maintain patient records,
identify illnesses, and treat different conditions.*” Al
algorithms have proven to be incredibly effective in
improving patient outcomes, reducing the financial
burden of malignant diseases in the healthcare system,
and identifying some cancers in their early stages, such
as liver or gastrointestinal cancer.[*31%]

Convolution neural networks (CNNs) are in high demand
for image processing in the current Al era due to their
hierarchical data interpretation from the deepest layers
that resemble human brain neurons. They are extremely
precise, comparable to human competence.™” Disease
diagnosis has accelerated thanks to the integration of Al
with traditional medical imaging methods. For example,
early diagnosis of diabetic retinopathy is aided by Al-
assisted retinal image processing.**"! Furthermore,
textual clinical records can be quickly analysed using
natural language processing (NLP), which provides
information for precise diagnosis and patient care.*2 Al
systems in radiology have demonstrated competence in
deciphering medical images and helping radiologists
identify a range of illnesses. Al-powered systems may
identify abnormalities in MRIs, CT scans, and X-rays,
leading to quicker and more precise illness
diagnosis.™*'*l When it comes to medical diagnosis, Al
has many benefits. The ability of this approach to
increase diagnostic accuracy is one of its key advantages.
Large volumes of medical data can be accurately
analysed by machine-learning-based Al systems,
especially in radiology.*%!

Al is also skilled at managing big datasets. Al has
obvious limitations, but it can handle a wide variety of
healthcare data and give medical professionals a
multitude of insights for well-informed decision-making.
The absence of human comprehension and judgment is
one obvious flaw. Al may make poor decisions because
it lacks common sense, clinical judgment, and intuitive
understanding, in contrast to human decision-making.
Another problem is reliance on training data. If the
training data is not representative and diverse, Al
machine-learning systems may yield biased results.**!
Furthermore, traditional medicine is excellent at treating
acute and serious illnesses, offering timely and focused
interventions-such as surgeries and drugs-to meet
pressing medical demands. However, the traditional
method of diagnosing illnesses has drawbacks. A
significant disadvantage that results in delayed or
incorrect diagnoses is the emergence of diagnostic
mistakes. Diagnostic errors are caused by the complex
healthcare environment as well as possible over-reliance
on particular diagnostic tests.*”? Al has revolutionized
our capacity to identify people who are vulnerable to

illness. 81 Al customizes preventative strategies,
enabling early intervention and screening for people with
elevated disease risk, by integrating genetic information,
medical history, and lifestyle data. Al recognition
technology can help doctors detect for lung cancer early
by performing multi-parameter cluster analysis and
simplifying images.[**)

New information technology (IT)-dependent systems
have been developed as a result of the healthcare
system's problems brought on by the particular
difficulties of modern medical procedures and the wide
variety of diagnostic methods. Al is already helping
medical experts and enhancing disease diagnosis. For
example, it is used to identify ectopic pregnancies early
and give gynaecologists the first alternatives for therapy.
At the moment, machine learning-based Al technology
has a number of drawbacks. The primary constraint is to
the differences in the testing and detection equipment
used in different countries, areas, and medical facilities.
This leads to differences in the resolution and quality of
the obtained images, which unavoidably affect the
accuracy of the diagnostic results and the precision of the
image analysis. Inspection equipment must be
harmonized and standardized in order to meet this task. It
is challenging to accomplish this, though. Second,
training and verification datasets for the majority of
machine-learning techniques are insufficient.
Transferring learning, which involves gaining expertise
using an advanced model trained on data from a large
source domain, such natural photographs, is one
promising strategy. After then, the model is refined using
information from the target domain, where there are very
few annotated images-especially medical images-
available.™>”

CONCLUSION

Al systems are a technology that allows us to address
any issue. Additionally, by employing this approach, we
monitor and rectify our errors. Every industry is
currently using Al systems, and our pharmacy industry is
finding them to be quite helpful. Al has the potential to
completely transform the pharmacy sector and offer
several advantages to both patients and pharmacists. This
study examines how artificial intelligence (Al) is being
used in the pharmacy industry, how it is helping the
medical area, and how a pharmacist can use Al to pursue
a career in medicine. This research article discusses a
few medical fields that apply Al, including drug
development, drug quality  control testing,
pharmaceutical quality assurance, 3D printing, fused
deposition modelling, medical diagnostics, and medical
therapy management. A pharmacist can finish his work
without making any mistakes by utilizing Al. By
combining Al and 3D printing, we can produce a product
that is both excellent and profitable. Additionally,
pharmacists have enhanced our understanding of 3D
printing, which makes it easier for them to diagnose and
treat any illness. By speeding up drug discovery and

certain diseases and recognize early, subtle signs of customizing  treatment, artificial intelligence is
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transforming the pharmaceutical sector. It shortens the
time it takes to launch a new medication. The most-
costly stage of medication research is clinical trials, but
Al makes this process easier by evaluating patient data to
find the best candidates and forecast bad events. Al
quickly evaluates current medications to find novel
therapeutic effects. Additionally, it lowers prescription
errors and improves professional practice and patient
safety. Al improves healthcare decision support systems
and raises pharmaceutical safety. Al is capable of
scanning patient data, medical records, and treatment
histories to deliver quality care. Al protects patient
medical history privacy and patent data.

REFERENCES

1.

10.

11.

12.

Mak KK, Pichika MR. Artificial intelligence in drug
development: present status and future prospects.
Drug discovery today, Mar. 1, 2019; 24(3): 773-80.
Russell S, Dewey D, Tegmark M. Research
priorities for robust and beneficial artificial
intelligence. Al magazine, Dec. 31, 2015; 36(4):
105-14.

Dasta JF. Application of artificial intelligence to
pharmacy and medicine. Hospital pharmacy, Apr. 1,
1992; 27(4): 312-5.

Deopujari, S., et al., Algoman: Gearing up for the
“Net Generation” and Era of Artificial Intelligence,
One Step at a Time. The Indian Journal of
Pediatrics, 2019; 86(12): 1079-1080.

Honavar, V., Artificial intelligence: An overview.
Artificial Intelligence Research Laboratory, 2006;
1-14.

Kawal F. A tour to the world of artificial
intelligence. Cybernomics, 2020; 2(5): 33-5.

Raza MA, Aziz S, Noreen M, Saeed A, Anjum I,
Ahmed M, Raza SM. Artificial intelligence (Al) in
pharmacy: an  overview of innovations.
INNOVATIONS in pharmacy, Dec. 12, 2022; 13(2):
10-24926.

Dilsizian, S.E. and Siegel E.L., Artificial
intelligence in medicine and cardiac imaging:
harnessing big data and advanced computing to
provide personalized medical diagnosis and
treatment. Current cardiology reports, 2014; 16(1):
441.

Li, L.-R., et al, Atrtificial Intelligence for
Personalized Medicine in Thyroid Cancer: Current
Status and Future Perspectives. Frontiers in
Oncology, 2021; 10: 3360.

Davoudi, A., et al., The intelligent ICU pilot study:
using artificial intelligence technology for
autonomous patient monitoring. arXiv preprint,
2018; arXiv: 1804.10201.

Garcia-Cardenas V, Rossing CV, Fernandez-Llimos
F, Schulz M, Tsuyuki R, Bugnon O, Tonin FS,
Benrimoj SI. Pharmacy practice research-a call to
action. Research in Social and Administrative
Pharmacy, Nov. 1, 2020; 16(11): 1602-8.

Chalasani SH, Syed J, Ramesh M, Patil V, Kumar
TP. Atrtificial intelligence in the field of pharmacy

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

practice: A literature review. Exploratory research in
clinical and social pharmacy, Dec. 1, 2023; 12:
100346.

Chavda, V.P.; Vihol, D.; Patel, A.; Redwan, E.M.;
Uversky, V.N. Introduction to Bioinformatics, Al,
and ML for Pharmaceuticals. In Bioinformatics
Tools for  Pharmaceutical Drug  Product
Development; John Wiley & Sons, Ltd.: Hoboken,
NJ, USA, 2023; 1-18.

Deloitte Using-Ai-to-Accelerate-Clinical-Trials.
Auvailable

online: https://wwwz2.deloitte.com/us/en/blog/health-
care-blog/2022/using-ai-to-accelerate-clinical-
trials.html.

Rafienia, M.; Amiri, M.; Janmaleki, M.; Sadeghian,
A. Application of artificial neural networks in
controlled drug delivery systems. Appl. Artif.
Intell, 2010; 24: 807-820.

Cui, P.; Wang, S. Application of Microfluidic Chip
Technology in  Pharmaceutical ~ Analysis: A
Review. J. Pharm. Anal., 2019; 9: 238-247.

Esch, E.W.; Bahinski, A.; Huh, D. Organs-on-Chips
at the Frontiers of Drug Discovery. Nat. Rev. Drug
Discov, 2015; 14: 248-260.

Kim, S.M.; Yang, Y.; Oh, S.J.; Hong, Y.; Seo, M.;
Jang, M. Cancer-Derived Exosomes as a Delivery
Platform of CRISPR/Cas9 Confer Cancer Cell
Tropism-Dependent Targeting. J. Control. Release,
2017; 266: 8-16.

Shuler, M.L. Organ-, Body- and Disease-on-a-Chip
Systems. Lab. Chip., 2017; 17: 2345-2346.

Balogh, G.T.; Miiller, J.; Kénczél, A. PH-Gradient
PAMPA-Based in Vitro Model Assay for Drug-
Induced Phospholipidosis in Early Stage of Drug
Discovery. Eur. J. Pharm. Sci., 2013; 49: 81-89.
Avdeef, A.; Artursson, P.; Neuhoff, S.; Lazorova,
L.; Grasjo, J.; Tavelin, S. Caco-2 Permeability of
Weakly Basic Drugs Predicted with the Double-Sink
PAMPA Method. Eur. J. Pharm. Sci., 2005; 24:
333-349.

Ghule, P.J.; Kale, P.A.; Kale, S.P. Ai-enhanced drug
discovery and  pharmaceutical  development.
In Futuristic Trends in Pharmacy & Nursing; IIP:
Chikkamagaluru, India, 2024; 3(15): 254-267.

Al Meslamani, A.Z. Applications of Al in Pharmacy
Practice: A Look at Hospital and Community
Settings; Taylor & Francis: Abingdon, UK, 2023;
26: 1081-1084.

Scheife, R.T.; Hines, L.E.; Boyce, R.D.; Chung,
S.P.; Momper, J.D.; Sommer, C.D.; Abernethy,
D.R.; Horn, J.R.; Sklar, S.J.; Wong, S.K. Consensus
recommendations for systematic evaluation of drug—
drug interaction evidence for clinical decision
support. Drug Saf., 2015; 38: 197-206.

Chalasani, S.H.; Syed, J.; Ramesh, M.; Patil, V.;
Kumar, T.P. Artificial intelligence in the field of
pharmacy practice: A literature review. Explor. Res.
Clin. Soc. Pharm., 2023; 12: 100346.

Ranchon F, Chanoine S, Lambert-Lacroix S, Bosson
JL, Moreau-Gaudry A, Bedouch P. Development of

www.wijpls.org |

Vol 12, Issue 7, 2026. |

ISO 9001:2015 Certified Journal |

30



https://www2.deloitte.com/us/en/blog/health-care-blog/2022/using-ai-to-accelerate-clinical-trials.html
https://www2.deloitte.com/us/en/blog/health-care-blog/2022/using-ai-to-accelerate-clinical-trials.html
https://www2.deloitte.com/us/en/blog/health-care-blog/2022/using-ai-to-accelerate-clinical-trials.html

Vishwakarma et al.

World Journal of Pharmaceutical and Life Sciences

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

artificial intelligence powered apps and tools for
clinical pharmacy services: A systematic review.
International journal of medical informatics, Apr. 1,
2023; 172: 104983.

Goradia S, Holland R, Alexander S, Greenbaum D,
Chen T, Aslani P. A new age intervention to support
medication adherence. Research in Social and
Administrative  Pharmacy, Jun. 1, 2021; 17(6):
1204-7.

Baldoni S, Amenta F, Ricci G. Telepharmacy
services: present status and future perspectives: a
review. Medicina, Jul. 1, 2019; 55(7): 327.

Pires C. Medical records in community pharmacies:
the cases of UK and Australia. Foundations, Apr. 23,
2022; 2(2): 399-408.

Guha A, Grewal D, Kopalle PK, Haenlein M,
Schneider MJ, Jung H, Moustafa R, Hegde DR,
Hawkins G. How artificial intelligence will affect
the future of retailing. Journal of Retailing, Mar. 1,
2021; 97(1): 28-41.

Shah, H.; Chavda, V.; Soniwala, M.M. Applications
of Bioinformatics Tools in Medicinal Biology and
Biotechnology.  In Bioinformatics  Tools  for
Pharmaceutical Drug Product Development; Wiley:
Hoboken, NJ, USA, 2023; 95-116. ISBN 978-1-
119-86572-8.

Lou, H.; Lian, B.; Hageman, M.J. Applications of
Machine Learning in Solid Oral Dosage Form
Development. J. Pharm. Sci., 2021; 110: 3150-3165.
Jiang, J.; Ma, X.; Ouyang, D.; Williams, R.O.
Emerging Artificial Intelligence (Al) Technologies
Used in the Development of Solid Dosage
Forms. Pharmaceutics, 2022; 14: 2257.

Han, R.; Xiong, H.; Ye, Z.; Yang, Y.; Huang, T.;
Jing, Q.; Lu, J.; Pan, H.; Ren, F.; Ouyang, D.
Predicting Physical Stability of Solid Dispersions by
Machine Learning Techniques. J. Control. Release,
2019; 311: 16-25.

Obeid, S.; Madzarevi¢, M.; Krkobabi¢, M.; Ibri¢, S.
Predicting Drug Release from Diazepam FDM
Printed Tablets Using Deep Learning Approach:
Influence of Process Parameters and Tablet
Surface/Volume Ratio. Int. J. Pharm., 2021; 601:
120507.

Alhijjaj, M.; Nasereddin, J.; Belton, P.; Qi, S.
Impact of Processing Parameters on the Quality of
Pharmaceutical Solid Dosage Forms Produced by
Fused Deposition Modeling (FDM). Pharmaceutics,
2019; 11: 633.

Khanam, J.J.; Foo, S.Y. A Comparison of Machine
Learning Algorithms for Diabetes Prediction. ICT
Express, 2021; 7: 432-4309.

Medication Misadventures I: Adverse Drug
Reactions. McGraw  Hill Medical n.d.
https://accesspharmacy.mhmedical.com/content.asp
x?sectionid=177200213&bookid=2275.

Staff TAP. Al Model May Help Predict Adverse
Events From New Drug Combinations - The ASCO
Post n.d. https://ascopost.com/news/april-2022/ai-

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

model-may-help-predict-adverse-events-from-new-
drug-combinations/.

Masumshah R, Aghdam R, Eslahchi C. A neural
network-based method for polypharmacy side
effects prediction. BMC Bioinformatics, 2021; 22:
385. https://doi.org/10.1186/s12859-021-04298-y.
Rammal DS, Alomar M, Palaian S. Al-Driven
pharmacy practice: Unleashing the revolutionary
potential in medication management, pharmacy
workflow, and patient care. Pharmacy Practice, May
31, 2024; 22(2): 1-1.

Alahmari AR, Alrabghi KK, Dighriri 1M, et al. An
Overview of the Current State and Perspectives of
Pharmacy Robot and Medication Dispensing
Technology. Cureus, 2022; 14.
https://doi.org/10.7759/cureus.28642.

Applied Mathematics for Pharmaceutical Problems
Using Robotics as Assistive Tools for Learning: A
Comprehensive Review | Singhai | JTAM (Jurnal
Teori dan Aplikasi Matematika) n.d.
https://journal.ummat.ac.id/index.php/jtam/article/vi
ew/4720.

Internet F. Emirates Health Services Adds Four
Robotic Pharmacies and Smart Drug Self-
Dispensing Systems. Emirates Health Services -
UAE  2022.  https://www.ehs.gov.ae/en/media-
center/news/emirates-health-services-adds-four-
robotic-pharmacies-and-smart-drug-self-dispensing-
systems.

Latest Al-powered pharmacy dispensing platform
launched in Australia. MobiHealthNews 2021.
https://www.mobihealthnews.com/news/anz/latest-
ai-powered-pharmacy-dispensing-platform-
launched-australia.

Maher CA, Davis CR, Curtis RG, et al. A Physical
Activity and Diet Program Delivered by Artificially
Intelligent Virtual Health Coach: Proof-of-Concept
Study. JMIR Mhealth Uhealth, 2020; 8: e17558.
https://doi.org/10.2196/17558.

Jarbgl DE, Larsen PV, Gyrd-Hansen D, et al.
Determinants of preferences for lifestyle changes
versus medication and beliefs in ability to maintain
lifestyle changes. A population-based survey.
Preventive Medicine Reports, 2017; 6: 66-73.
https://doi.org/10.1016/j.pmedr.2017.02.010.
Frackiewicz M. Artificial Intelligence in Clinical
Nutrition: Personalized Diet Plans for Health. TS2
SPACE 2023. https://ts2.space/en/artificial-
intelligence-in-clinical-nutrition-personalized-diet-
plans-for-health/.

QuitCoach >
http://www.quitcoach.org.au/.
Shete M, Shete A. Applied Artificial Intelligence for
Tobacco Cessation in the Era of COVID-19: A
Perspective. Asian Pac J Cancer Prev., 2022; 23:
2551-2.
https://doi.org/10.31557/APJCP.2022.23.8.2551.
Javaid M, Haleem A, Singh RP. ChatGPT for
healthcare services: An emerging stage for an
innovative perspective. BenchCouncil Transactions

Home n.d.

www.wijpls.org |

Vol 12, Issue 7, 2026. |

ISO 9001:2015 Certified Journal |

31



https://accesspharmacy.mhmedical.com/content.aspx?sectionid=177200213&bookid=2275
https://accesspharmacy.mhmedical.com/content.aspx?sectionid=177200213&bookid=2275
https://ascopost.com/news/april-2022/ai-model-may-help-predict-adverse-events-from-new-drug-combinations/
https://ascopost.com/news/april-2022/ai-model-may-help-predict-adverse-events-from-new-drug-combinations/
https://ascopost.com/news/april-2022/ai-model-may-help-predict-adverse-events-from-new-drug-combinations/
https://doi.org/10.1186/s12859-021-04298-y
https://doi.org/10.7759/cureus.28642
https://journal.ummat.ac.id/index.php/jtam/article/view/4720
https://journal.ummat.ac.id/index.php/jtam/article/view/4720
https://www.ehs.gov.ae/en/media-center/news/emirates-health-services-adds-four-robotic-pharmacies-and-smart-drug-self-dispensing-systems
https://www.ehs.gov.ae/en/media-center/news/emirates-health-services-adds-four-robotic-pharmacies-and-smart-drug-self-dispensing-systems
https://www.ehs.gov.ae/en/media-center/news/emirates-health-services-adds-four-robotic-pharmacies-and-smart-drug-self-dispensing-systems
https://www.ehs.gov.ae/en/media-center/news/emirates-health-services-adds-four-robotic-pharmacies-and-smart-drug-self-dispensing-systems
https://www.mobihealthnews.com/news/anz/latest-ai-powered-pharmacy-dispensing-platform-launched-australia
https://www.mobihealthnews.com/news/anz/latest-ai-powered-pharmacy-dispensing-platform-launched-australia
https://www.mobihealthnews.com/news/anz/latest-ai-powered-pharmacy-dispensing-platform-launched-australia
https://doi.org/10.2196/17558
https://doi.org/10.1016/j.pmedr.2017.02.010
https://ts2.space/en/artificial-intelligence-in-clinical-nutrition-personalized-diet-plans-for-health/
https://ts2.space/en/artificial-intelligence-in-clinical-nutrition-personalized-diet-plans-for-health/
https://ts2.space/en/artificial-intelligence-in-clinical-nutrition-personalized-diet-plans-for-health/
http://www.quitcoach.org.au/
https://doi.org/10.31557/APJCP.2022.23.8.2551

Vishwakarma et al.

World Journal of Pharmaceutical and Life Sciences

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

on Benchmarks, Standards and Evaluations, 2023; 3:
100105.
https://doi.org/10.1016/j.tbench.2023.100105.

Xie Y, Seth I, Hunter-Smith DJ, Rozen WM, et al.
Aesthetic Surgery Advice and Counseling from
Artificial Intelligence: A Rhinoplasty Consultation
with  ChatGPT. Aesth Plast Surg. 2023.
https://doi.org/10.1007/s00266-023-03338-7.
Release P. D14.Al launches Al-driven patient
education platform - DHealth n.d.
https://www.zawya.com/en/press-
release/companies-news/d14ai-launches-ai-driven-
patient-education-platform-dhealth-kzvx57bi.
Litvak I, Nguyen K, Pezzino NC. Community
pharmacists’ perceptions on their role in counseling
patients on lifestyle modifications. Journal of the
American Pharmacists Association, 2022.
Frackiewicz M. The Role of Al in Lifestyle
Medicine: Promoting Health and Wellness. TS2
SPACE 2023. https://ts2.space/en/the-role-of-ai-in-
lifestyle-medicine-promoting-health-and-wellness/.
Paul, D.; Sanap, G.; Shenoy, S.; Kalyane, D.; Kalia,
K.; Tekade, R.K. Artificial intelligence in drug
discovery and development. Drug Discov. Today,
2021; 26: 80-93.

Xu, Y.; Liu, X.; Cao, X.; Huang, C.; Liu, E.; Qian,
S.; Liu, X.; Wu, Y.; Dong, F.; Qiu, CW.; et al.
Artificial intelligence: A powerful paradigm for
scientific research. Innovation, 2021; 2: 100179.
Zhuang, D.; lbrahim, A.K. Deep learning for drug
discovery: A study of identifying high efficacy drug

compounds using a cascade transfer learning
approach. Appl. Sci., 2021; 11: 7772.
Pu, L.; Naderi, M.; Liu, T., Wu, H.C;

Mukhopadhyay, S.; Brylinski, M. EToxPred: A
machine learning-based approach to estimate the
toxicity of drug candidates. BMC Pharmacol.
Toxicol, 2019; 20: 2.

Hansen, K.; Biegler, F.; Ramakrishnan, R.;
Pronobis, W.; Von Lilienfeld, O.A.; Miller, K.R.;
Tkatchenko, A. Machine learning predictions of
molecular  properties:  Accurate  many-body
potentials and nonlocality in chemical space. J.
Phys. Chem. Lett., 2015; 6: 2326-2331.

Gupta, R.; Srivastava, D.; Sahu, M.; Tiwari, S.;
Ambasta, R.K.; Kumar, P. Artificial intelligence to
deep learning: Machine intelligence approach for
drug discovery. Mol. Divers, 2021; 25: 1315-1360.

Zhu, J.; Wang, J.; Wang, X.; Gao, M.; Guo, B.; Gao,
M.; Liu, J.; Yu, Y.; Wang, L.; Kong, W.; et al.
Prediction of drug efficacy from transcriptional
profiles with deep learning. Nat. Biotechnol,
2021; 39: 1444-1452.

Dhamodharan, G.; Mohan, C.G. Machine learning
models for predicting the activity of AChE and

BACE1 dual inhibitors for the treatment of
Alzheimer’s  disease. Mol.  Divers, 2022; 26:
1501-1517.

Melo, M.C.R.; Maasch, J.R.M.A;; de la Fuente-
Nunez, C. Accelerating antibiotic discovery through

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

artificial intelligence. Commun. Biol., 2021; 4:
1050.
Vamathevan, J.; Clark, D.; Czodrowski, P.;

Dunham, I.; Ferran, E.; Lee, G.; Li, B.; Madabhushi,
A.; Shah, P.; Spitzer, M.; et al. Applications of
machine learning in drug discovery and
development. Nat. Rev. Drug Discov, 2019;18:
463-477.

Tsuji, S.; Hase, T.; Yachie-Kinoshita, A.; Nishino,
T.; Ghosh, S.; Kikuchi, M.; Shimokawa, K.;
Aburatani, H.; Kitano, H.; Tanaka, H. Artificial
intelligence-based computational framework for
drug-target prioritization and inference of novel
repositionable drugs for Alzheimer’s
disease. Alzheimer Res. Ther., 2021; 13: 92.
Gomez-Bombarelli, R.; Wei, J.N.; Duvenaud, D.;
Hernandez-Lobato, J.M.; Séanchez-Lengeling, B.;
Sheberla, D.; Aguilera-lparraguirre, J.; Hirzel, T.D.;
Adams, R.P.; Aspuru-Guzik, A. Automatic
Chemical Design Using a Data-Driven Continuous
Representation of Molecules. ACS Central Sci.,
2018; 4: 268-276.

Shimao, H.; Khern-am-nuai, W.; Kannan, K
Cohen, M.C. Strategic Best Response Fairness in
Fair Machine Learning. In Proceedings of the 2022
AAAI/ACM Conference on Al, Ethics, and Society,
New York, NY, USA, 7-9 February 2022;
Association for Computing Machinery (ACM): New
York, NY, USA, 2022; 664.

Andrianandrianina  Johanesa TV, Equeter L,
Mahmoudi SA. Survey on Al applications for
product quality control and predictive maintenance
in industry 4.0. Electronics, Mar. 4, 2024; 13(5):
976.

Rozanec JM, Trajkova E, Dam P, Fortuna B,
Mladeni¢ D. Streaming Machine Learning and
Online Active Learning for Automated Visual
Inspection. IFAC-PapersOnLine, Jan. 1, 2022;
55(2): 277-82.

Chung A, Li F, Ward J, Hryniowski A, Wong A.
DVQI: A multi-task, hardware-integrated artificial
intelligence system for automated visual inspection
in electronics manufacturing. arXiv preprint
arXiv:2312.09232. 2023 Dec 14.

Ucar A, Karakose M, Kirimga N. Artificial
intelligence for predictive maintenance applications:
key components, trustworthiness, and future trends.
Applied Sciences, Jan. 20, 2024; 14(2): 898.

Bussa S. Artificial Intelligence in Quality Assurance
for Software Systems. Stallion Journal for
Multidisciplinary Associated Research Studies,
2023; 2(2): 15-26.

Wang C, Yang Z, Shi Li Z, Damian D, Lo D.
Quality assurance for artificial intelligence: A study
of industrial concerns, challenges and best practices.
arXiv e-prints, Feb. 2024; arXiv-2402.

Rashid AB, Kausik MA. Al revolutionizing
industries worldwide: A comprehensive overview of
its diverse applications. Hybrid Advances, Dec. 1,
2024; 7: 100277.

www.wijpls.org |

Vol 12, Issue 7, 2026. |

ISO 9001:2015 Certified Journal

32



https://doi.org/10.1016/j.tbench.2023.100105
https://doi.org/10.1007/s00266-023-03338-7
https://www.zawya.com/en/press-release/companies-news/d14ai-launches-ai-driven-patient-education-platform-dhealth-kzvx57bi
https://www.zawya.com/en/press-release/companies-news/d14ai-launches-ai-driven-patient-education-platform-dhealth-kzvx57bi
https://www.zawya.com/en/press-release/companies-news/d14ai-launches-ai-driven-patient-education-platform-dhealth-kzvx57bi
https://ts2.space/en/the-role-of-ai-in-lifestyle-medicine-promoting-health-and-wellness/
https://ts2.space/en/the-role-of-ai-in-lifestyle-medicine-promoting-health-and-wellness/

Vishwakarma et al.

World Journal of Pharmaceutical and Life Sciences

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Kim S, Seo H, Lee EC. Advanced anomaly
detection in manufacturing processes: leveraging
feature value analysis for normalizing anomalous
data. Electronics, Apr. 5, 2024; 13(7): 1384.

Metiner A, Nikishkov Y, Kocyigit MT, Makeev A.
Application of deep learning for defect detection by
X-ray computed tomography in large aerospace
structures. InAIAA SCITECH 2025 Forum 2025;
0633.

Sasmal S, Bag S, Chakraborty T, Sen K, Sasmal ST,
Nayak AK, KunduSen S. The role of artificial
intelligence in quality control and assurance
programs. InArtificial Intelligence in e-Health
Framework, Jan. 1, 2026; 2: 157-178. Academic
Press.

Megahed FM, Chen YJ, Zwetsloot IM, Knoth S,
Montgomery DC, Jones-Farmer LA. Introducing
ChatSQC: Enhancing statistical quality control with
augmented Al. Journal of Quality Technology, Oct.
19, 2024; 56(5): 474-97.

Mehta D, Klarmann N. Autoencoder-based visual
anomaly localization for manufacturing quality

control. Machine Learning and Knowledge
Extraction, Dec. 21, 2023; 6(1): 1-7.

Mondal S, Goswami SS. Machine learning
techniques for quality assurance in additive

manufacturing processes. International Journal of Al
for Materials and Design, Jul. 25, 2024; 1(2): 21-40.
Kopardekar P, Mital A, Anand S. Manual, hybrid
and automated inspection literature and current
research. Integrated Manufacturing Systems, Jan. 1,
1993; 4(1): 18-29.

Kreuzer T, Papapetrou P, Zdravkovic J. Artificial
intelligence in digital twins—A systematic literature
review. Data & Knowledge Engineering, May 1,
2024; 151: 102304.

Ma S, Flanigan KA, Bergés M. State-of-the-art
review: The use of digital twins to support artificial
intelligence-guided predictive maintenance. arXiv
preprint, Jun. 19, 2024; arXiv: 2406.13117.
Niggemann O, Diedrich A, Kuehnert C, Pfannstiel
E, Schraven J. The digitaltwin from an artificial
intelligence perspective. arxiv preprint
arXiv:2010.14376. 2020 Oct 27.

Prakash M, Nallasamy V, Govindharaj A,
Govindharaj A, Parasuraman M, Arthanari S.
Applications of Artificial Intelligence and 3D
Printing in the Design and Optimization of Various
Pharmaceutical Formulations. InAdvanced Materials
for Biomedical Devices, 498-508. CRC Press.
Bernatoniene J, Stabrauskiene J, Kazlauskaite JA,
Bernatonyte U, Kopustinskiene DM. The future of
medicine: how 3D printing is transforming
pharmaceuticals. Pharmaceutics, Mar. 19, 2025;
17(3): 390.

Huanbutta, K.; Burapapadh, K.; Sriamornsak, P.;
Sangnim, T. Practical Application of 3D Printing for
Pharmaceuticals in Hospitals and
Pharmacies. Pharmaceutics, 2023; 15: 1877.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Desu, P.K.; Maddiboyina, B.; Vanitha, K.; Rao
Gudhanti, S.N.K.; Anusha, R.; Jhawat, V. 3D
Printing Technology in Pharmaceutical Dosage
Forms: Advantages and Challenges. Curr. Drug
Targets, 2021, 22: 1901-1914.

Tranova, T.; Pyteraf, J.; Kurek, M.; Jamréz, W.;
Brniak, W.; Spélovska, D.; Loskot, J.; Jurkiewicz,
K.; Grelska, J.; Kramarczyk, D.; et al. Fused
Deposition Modeling as a Possible Approach for the
Preparation of Orodispersible
Tablets. Pharmaceuticals, 2022; 15: 69.

Wang, H.; Vemula, S.K.; Bandari, S.; Repka, M.A.
Preparation of core-shell controlled release tablets
using direct powder extrusion 3D printing
techniques. J. Drug Deliv. Sci. Technol, 2023; 88:
104896.

Jeong, H.M.; Weon, K.Y.; Shin, B.S.; Shin, S. 3D-
Printed Gastroretentive Sustained Release Drug
Delivery System by Applying Design of Experiment
Approach. Molecules, 2020; 25: 2330.

Awad, A.; Goyanes, A.; Orlu, M.; Gaisford, S;
Basit, A\W. 3D printed infliximab suppositories for
rectal biologic delivery. Int. J. Pharm. X., 2023; 5:
100176.

Krause, J.; Miller, L.; Sarwinska, D.; Seidlitz, A.;
Sznitowska, M.; Weitschies, W. 3D Printing of Mini
Tablets for  Pediatric ~ Use. Pharmaceuticals,
2021; 14: 143.

Mamo, H.B.; Adamiak, M.; Kunwar, A. 3D printed
biomedical devices and their applications: A review
on state-of-the-art technologies, existing challenges,
and future perspectives. J. Mech. Behav. Biomed.
Mater., 2023; 143: 105930.

Chai, X.; Chai, H.; Wang, X.; Yang, J.; Li, J.; Zhao,
Y.; Cai, W.; Tao, T.; Xiang, X. Fused Deposition
Modeling (FDM) 3D Printed Tablets for Intragastric
Floating Delivery of Domperidone. Sci. Rep.,
2017; 7: 2829.

Goyanes, A.; Det-Amornrat, U.; Wang, J.; Basit,
A.W.; Gaisford, S. 3D scanning and 3D printing as
innovative technologies for fabricating personalized
topical drug delivery systems. J. Control. Release,
2016; 234: 41-48.

Shi, K.; Salvage, J.P.; Maniruzzaman, M.
Nokhodchi, A. Role of release modifiers to
modulate drug release from fused deposition
modelling (FDM) 3D printed tablets. Int. J. Pharm.,
2021; 597: 120315.

Tracy, T.; Wu, L.; Liu, X.; Cheng, S.; Li, X. 3D
printing: Innovative solutions for patients and
pharmaceutical industry. Int. J. Pharm., 2023; 631:
122480.

100.Wang, S.; Chen, X.; Han, X.; Hong, X.; Li, X

Zhang, H.; Li, M.; Wang, Z.; Zheng, A. A Review
of 3D Printing Technology in Pharmaceutics:
Technology and  Applications, Now and
Future. Pharmaceutics, 2023; 15: 416.

101.Trenfield, S.J.; Awad, A.; Goyanes, A.; Gaisford, S.;

Basit, AW. 3D Printing Pharmaceuticals: Drug

www.wijpls.org |

Vol 12, Issue 7, 2026. |

ISO 9001:2015 Certified Journal 33




Vishwakarma et al.

World Journal of Pharmaceutical and Life Sciences

Development to Frontline Care. Trends Pharmacol.
Sci., 2018; 39: 440-451.

102.Serrano, D.R.; Luciano, F.C.; Anaya, B.J.; Ongoren,
B.; Kara, A.; Molina, G.; Ramirez, B.l.; Sanchez-
Guirales, S.A.; Simon, J.A.; Tomietto, G.; et al.
Artificial Intelligence (Al) Applications in Drug
Discovery and Drug Delivery: Revolutionizing
Personalized Medicine. Pharmaceutics, 2024; 16:
1328.

103.Kaushik, B.; Subramaniyan, A.K.; Pareek, M.;
Sharma, S.; Velu, R. 3D Printing of Pharmaceutical
Products Using Al Technology. In Digital Design
and Manufacturing of Medical Devices and
Systems; Velu, R., Subburaj, K., Subramaniyan,
AK., Eds.; Springer Nature: Singapore, 2023;
233-248.

104.Elbadawi, M.; McCoubrey, L.E.; Gavins, F.K.H.;
Ong, J.J.; Goyanes, A.; Gaisford, S.; Basit, AW.
Harnessing artificial intelligence for the next
generation of 3D printed medicines. Adv. Drug
Deliv. Rev., 2021; 175: 113805.

105.Elbadawi, M.; Li, H.; Sun, S.; Alkahtani, M.E.;
Basit, A.W.; Gaisford, S. Atrtificial intelligence
generates novel 3D printing formulations. Appl.
Mater. Today, 2024; 36: 102061.

106.Shin S, Kim TH, Jeong SW, et al. "Development of
a gastroretentive delivery system For acyclovir By
3D printing technology and its in vivo
pharmacokinetic Evaluation in Beagle dogs." PL0S
One, 2019; 14(5): €0216246.
https://doi.org/10.1371/journal.pone.0216246
PMid:31048913 PMCid:PMC6497380

107.Jeong HM, Weon KY, Shin BS, Shin S. "3D-printed
Gastroretentive sustained release drug delivery
system by Applying design of experiment
approach.”  Molecules, 2020; 25(10): 2330.
https://doi.org/10.3390/molecules25102330
PMid:32429452 PMCid:PMC7287939

108.Charoenying T, Patrojanasophon P, Ngawhirunpat
T, Rojanarata T, Akkaramongkolporn P, Opanasopit
P. "Fabrication of floating capsule-in-3D-printed
devices as gastro-Retentive delivery systems of
amoxicillin." J Drug Deliv Sci Technol, 2020; 55:
101393. https://doi.org/10.1016/j.jddst.2019.101393

109.Fu J, Yin H, Yu X, et al. "Combination of 3D
printing technologies and compressed tablets For
preparation of riboflavin floating tablet-in-device
(TiD) systems." Int J Pharm., 2018; 549(1-2):
370-379.
https://doi.org/10.1016/j.ijpharm.2018.08.011
PMid:30107218

110.Fu J, Yu X, Jin Y. "3D printing of vaginal rings with
Personalized shapes for controlled release of
progesterone.” Int J Pharm., 2018; 539(1-2): 75-82.
https://doi.org/10.1016/j.ijpharm.2018.01.036
PMid:29366944

111.Draganescu D, Lupuliasa D, Burcea Dragomiroiu
GTA, et al. "3D Printing Pharmaceutical
Formulation of Drugs in Personalized Therapy."

FARMACIA, 2019; 67(1): 1.
https://doi.org/10.31925/farmacia.2019.1.1

112.Lu M, Yin J, Zhu Q, et al. "Atrtificial Intelligence in
Pharmaceutical ~Sciences." Engineering, 2023.
https://doi.org/10.1016/j.eng.2023.01.014

113.Vaz VM, Kumar L. "3D Printing as a Promising

Tool in  Personalized  Medicine."  AAPS
PharmSciTech., 2021, 22(1): 49,
https://doi.org/10.1208/s12249-020-01905-8
PMid:33458797 PMCid:PMC7811988

114.Chen G, Xu Y, Kwok PCL, Kang L.
"Pharmaceutical Applications of 3D Printing."
Additive Manufacturing, 2020; 34: 101209.

https://doi.org/10.1016/j.addma.2020.101209

115.0utterson K. "Regulating compounding pharmacies
after NECC." N Engl J Med., 2012; 367(21): 1969-
72. https://doi.org/10.1056/NEJMp1212667
PMid:23134357.

116.1too A, Raza SN, Tariq U, et al. "3D Drug Printing:
A Swing from Laboratory Production To
Computerized Production." J Drug Deliv Ther.,
2019; 9(5-s): 201-207.
https://doi.org/10.22270/jddt.v9i5- s.3255.

117.Beitler, B.G.; Abraham, P.F.; Glennon, AR
Tommasini, S.M.; Lattanza, L.L.; Morris, J.M,;
Wiznia, D.H. Interpretation of regulatory factors for
3D printing at hospitals and medical centers, or at
the point of care. 3D Print. Med., 2022; 8: 7.

118.Jiménez-Luna J, Grisoni F, Weskamp N, Schneider
G: Artificial intelligence in drug discovery: recent
advances and future perspectives. Expert Opin Drug
Discov, 2021; 16: 949-59.
10.1080/17460441.2021.1909567.

119.Paul D, Sanap G, Shenoy S, Kalyane D, Kalia K,
Tekade RK: Atrtificial intelligence in drug discovery
and development. Drug Discov Today, 2021; 26:
80-93. 10.1016/j.drudis.2020.10.010.

120.Lavecchia, A.; Cerchia, C. In Silico Methods to
Address  Polypharmacology:  Current  Status,
Applications and Future Perspectives. Drug Discov.
Today, 2016; 21: 288-298.

121.Zhou, W.; Wang, Y.; Lu, A.; Zhang, G. Systems
Pharmacology in  Small  Molecular  Drug
Discovery. Int. J. Mol. Sci., 2016; 17: 246.

122.Pérez-Nueno, V.I. Using Quantitative Systems
Pharmacology for Novel Drug Discovery. Expert
Opin. Drug Discov, 2015; 10: 1315-1331.

123.Li, L.; Yang, L.; Yang, L.; He, C.; He, Y.; Chen, L.;
Dong, Q.; Zhang, H.; Chen, S.; Li, P. Network
Pharmacology: A Bright Guiding Light on the Way
to Explore the Personalized Precise Medication of
Traditional ~ Chinese ~ Medicine. Chin. Med.,
2023; 18: 146.

124.Fu, C.; Chen, Q. The Future of Pharmaceuticals:
Artificial Intelligence in Drug Discovery and
Development. J. Pharm. Anal, 2025; 15: 101248.

125.Bettanti, A.; Beccari, A.R.; Biccarino, M. Exploring
the Future of Biopharmaceutical Drug Discovery:
Can Advanced Al Platforms Overcome Current
Challenges? Discov. Artif. Intell, 2024; 4: 102.

www.wijpls.org | Vol 12, Issue 7, 2026. |

ISO 9001:2015 Certified Journal | 34



https://doi.org/10.1016/j.jddst.2019.101393
https://doi.org/10.1016/j.ijpharm.2018.08.011%20PMid:30107218
https://doi.org/10.1016/j.ijpharm.2018.08.011%20PMid:30107218
https://doi.org/10.1016/j.ijpharm.2018.01.036%20PMid:29366944
https://doi.org/10.1016/j.ijpharm.2018.01.036%20PMid:29366944
https://doi.org/10.31925/farmacia.2019.1.1
https://doi.org/10.1016/j.eng.2023.01.014
https://doi.org/10.1016/j.addma.2020.101209
https://doi.org/10.1056/NEJMp1212667%20PMid:23134357
https://doi.org/10.1056/NEJMp1212667%20PMid:23134357
https://doi.org/10.22270/jddt.v9i5-%20s.3255

Vishwakarma et al.

World Journal of Pharmaceutical and Life Sciences

126.Paul C. Innovations in Medication Therapy
Management: The Role of Artificial Intelligence and
Digital Health Technologies.

127.Gao Q, Zhou J, editors. Human aspects of IT for the
aged population. Springer Nature, 2025.

128.Loveys K, Prina M, Axford C, Doménec OR, Weng
W, Broadbent E, Pujari S, Jang H, Han ZA,
Thiyagarajan JA. Artificial intelligence for older
people receiving long-term care: a systematic review
of acceptability and effectiveness studies. The
Lancet Healthy Longevity, Apr. 1, 2022; 3(4):
€286-97.

129.Lyu B, Wang Z, Li H, Tanaka A, Funumoto K,
Meng L. Deep leaning based medicine packaging
information recognition for medication use in the
elderly. Procedia Computer Science, Jan. 1, 2021;
187: 194-9.

130.Fleuren LM, Roggeveen LF, Guo T, Waldauf P, van
der Voort PH, Bosman RJ, Swart EL, Girbes AR,
Elbers PW. Clinically relevant pharmacokinetic
knowledge on antibiotic dosing among intensive
care professionals is insufficient: a cross-sectional
study. Critical Care, May 22, 2019; 23(1): 185.

131.Wang Z, Ong CL, Fu Z. Al models to assist
vancomycin  dosage titration.  Frontiers in
Pharmacology, Feb. 8, 2022; 13: 801928.

132.Welch EK, Delate T, Chester EA, Stubbings T.
Assessment of the impactof medication therapy
management delivered to home-based Medicare
ben-eficiaries. Ann Pharmacother, 2009; 43(4):
603-10.

133.Bunting BA, Smith BH, Sutherland SE. The
Asheville Project: clinicaland economic outcomes of
a community-based long-term medication ther-apy
management program for hypertension and
dyslipidemia. J Am PharmAssoc (2003), 2008;
48(1): 23-31.

134.Wittayanukorn S, Westrick SC, Hansen RA, et al.
Evaluation of medica-tion therapy management
services for patients with cardiovascular disease ina
self-insured employer health plan. J Manag Care

Pharm., 2013; 19(5): 385-95. Awvailable at:
http://www.amcp.org/WorkArea/DownloadAsset.as
px?id=16595.

135.Al-Antari MA. Artificial intelligence for medical
diagnostics—Existing and future Al technology!.
Diagnostics, Feb. 12, 2023; 13(4): 688.

136.Kaur S, Singla J, Nkenyereye L, Jha S, Prashar D,
Joshi GP, El-Sappagh S, Islam MS, Islam SR.
Medical diagnostic systems using artificial
intelligence  (Al) algorithms:  principles and
perspectives. leee Access, Dec. 3, 2020; 8:
228049-69.

137.Kumar Y, Koul A, Singla R, ljaz MF.
RETRACTED ARTICLE: Atrtificial intelligence in
disease diagnosis: a systematic literature review,
synthesizing framework and future research agenda.
Journal of ambient intelligence and humanized
computing, Jul. 2023; 14(7): 8459-86.

138.Luo H, Xu G, Li C, He L, Luo L, Wang Z, Jing B,
Deng VY, Jin Y, Li Y, Li B. Real-time artificial
intelligence for detection of upper gastrointestinal
cancer by endoscopy: a multicentre, case-control,
diagnostic study. The Lancet Oncology, Dec. 1,
2019; 20(12): 1645-54.

139.Memon MH, Li JP, Hag AU, Memon MH, Zhou W.
Breast cancer detection in the 10T health
environment using modified recursive feature
selection. wireless communications and mobile
computing, 2019; 2019(1): 5176705.

140.Barragan-Montero A, Javaid U, Valdés G, Nguyen
D, Desbordes P, Macqg B, Willems S,
Vandewinckele L, Holmstrém M, Léfman F,
Michiels S. Artificial intelligence and machine
learning for medical imaging: A technology review.
Physica Medica, Mar. 1, 2021; 83: 242-56.

141.Gulshan V, Peng L, Coram M, Stumpe MC, Wu D,
Narayanaswamy A, Venugopalan S, Widner K,
Madams T, Cuadros J, Kim R. Development and
validation of a deep learning algorithm for detection
of diabetic retinopathy in retinal fundus
photographs. Jama, Dec. 13, 2016; 316(22):
2402-10.

142.Miotto R, Li L, Kidd BA, Dudley JT. Deep patient:
an unsupervised representation to predict the future
of patients from the electronic health records.
Scientific reports, May 17, 2016; 6(1): 26094.

143.Hosny A, Parmar C, Quackenbush J, Schwartz LH,
Aerts HJ. Artificial intelligence in radiology. Nature
Reviews Cancer, Aug. 2018; 18(8): 500-10.

144.Esteva A, Kuprel B, Novoa RA, Ko J, Swetter SM,
Blau HM, Thrun S. Dermatologist-level
classification of skin cancer with deep neural
networks. Nature, Feb. 2, 2017; 542(7639): 115-8.

145.Noguerol TM, Paulano-Godino F, Martin-Valdivia
MT, Menias CO, Luna A. Strengths, weaknesses,
opportunities, and threats analysis of artificial
intelligence and machine learning applications in
radiology. Journal of the American College of
Radiology, Sep. 1, 2019; 16(9): 1239-47.

146.Cote MP, Lubowitz JH, Brand JC, Rossi MJ.
Artificial intelligence, machine learning, and
medicine: A little background goes a long way
toward understanding. Arthroscopy: The Journal of
Arthroscopic & Related Surgery, Jun. 1, 2021;
37(6): 1699-702.

147.Committee on Diagnostic Error in Health Care.
Board on Health Care Services; Institute of
Medicine; The National Academies of Sciences,
Engineering, and Medicine Balogh EP, Miller BT,
Ball JR. National Academies Press (US), 2015.

148.Zhou J, Du M, Chang S, Chen Z. Artificial
intelligence  in  echocardiography:  detection,
functional evaluation, and disease diagnosis.
Cardiovascular ultrasound, Aug. 20, 2021; 19(1): 29.

149.Zhao W, Yang J, Sun Y, Li C, Wu W, Jin L, Yang
Z, Ni B, Gao P, Wang P, Hua Y. 3D deep learning
from CT scans predicts tumor invasiveness of

www.wijpls.org | Vol 12, Issue 7, 2026. |

ISO 9001:2015 Certified Journal 35



http://www.amcp.org/WorkArea/DownloadAsset.aspx?id=16595
http://www.amcp.org/WorkArea/DownloadAsset.aspx?id=16595

Vishwakarma et al. World Journal of Pharmaceutical and Life Sciences

subcentimeter pulmonary adenocarcinomas. Cancer
research, Dec. 15, 2018; 78(24): 6881-9.

150.Aamir A, Igbal A, Jawed F, Ashfaque F, Hafsa H,
Anas Z, Oduoye MO, Basit A, Ahmed S, Rauf SA,
Khan M. Exploring the current and prospective role
of artificial intelligence in disease diagnosis. Annals
of Medicine and Surgery, Feb. 1, 2024; 86(2):
943-9.

www.wijpls.org | Vol 12, Issue 7, 2026. | ISO 9001:2015 Certified Journal 36




