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ABSTRACT

Artificial intelligence (AI) has emerged as a transformative technology in pharmaceutical sciences, offering innovative
approaches to drug discovery, pharmaceutical research, clinical pharmacy and healthcare delivery. The integration of
machine learning, deep learning, natural language processing, robotics, and predictive analytics has improved the
efficiency, accuracy, and safety of pharmaceutical processes. In drug discovery and development, Al facilitates the
identification of potential drug candidates, prediction of drug—target interactions, molecular optimization, toxicity
assessment and clinical trial design, thereby reducing development time and costs. In clinical pharmacy, Al-based
clinical decision support systems assist pharmacists in identifying drug—drug interactions, predicting adverse drug
reactions, optimizing medication regimens, and supporting personalized medicine. In hospital pharmacy, Similarly, in
community pharmacy practice, Al-powered chatbots and digital platforms support medication counseling, patient
education, prescription processing and adherence monitoring. Al also contributes to pharmaceutical manufacturing,
quality control, pharmacovigilance and the analysis of healthcare data, supporting evidence-based decision-making and
improved patient outcomes. Despite these advantages, several challenges remain, including data privacy concerns,
algorithmic bias, high implementation costs, regulatory uncertainties, and the need for appropriate professional train-
ing. Ensuring data security, transparency, clinical validation, and ethical implementation is essential for the responsible
integration of Al into pharmacy practice. This review explores the major applications, benefits, limitations, and future
perspectives of artificial intelligence in pharmaceutical sciences, emphasizing its potential to advance pharmaceutical
innovation, enhance medication safety, and strengthen patient-centered pharmaceutical care.
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INTRODUCTION:

Artificial intelligence (AI) has emerged as one of the
most influential technological advancements in mod-
ern healthcare, transforming the way diseases are
diagnosed, medicines are developed, and pharmaceu-
tical services are delivered. Al refers to computational
systems capable of performing tasks that typically
require human intelligence, including learning, rea-
soning, pattern recognition, prediction, and decision-
making. The increasing availability of large health-
care datasets, advances in computational technolo-
gies, and the development of sophisticated algorithms
have accelerated the application of Al across phar-
maceutical sciences. Technologies such as machine
learning (ML), deep learning (DL), natural language
processing (NLP), computer vision, and robotics are

increasingly being explored to improve pharmaceuti-
cal research, medication management, clinical deci-
sion-making, and patient care [1]. The integration of
these technologies into pharmacy practice represents
an important step toward more efficient, accurate, and
data-driven healthcare delivery.

One of the most promising applications of Al is in
drug discovery and development, a complex process
traditionally associated with considerable time, fi-
nancial investment, and a high risk of failure. Al-
based computational approaches can analyze exten-
sive chemical, biological, genomic, and pharmaco-
logical datasets to identify potential drug candidates,
predict drug—target interactions, evaluate molecular
properties, and support the optimization of lead com-
pounds. Furthermore, Al-assisted toxicity prediction
and pharmacokinetic modeling can provide valuable
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information during the early stages of drug develop-
ment, helping researchers prioritize promising com-
pounds for further investigation [2]. Al also has the
potential to improve clinical trial design through pa-
tient selection, identification of suitable biomarkers,
and analysis of clinical data. These applications may
accelerate pharmaceutical innovation and support the
development of safer and more effective therapeutic
agents. In clinical pharmacy, Al is increasingly rec-
ognized as a supportive technology for medication-
related decision-making and individualized patient
care. Al-based clinical decision support systems can
assist pharmacists in identifying potential drug—drug
interactions, assessing medication-related risks, de-
tecting prescribing errors, and optimizing therapeutic
regimens. By integrating patient-specific information,
including medication history, laboratory parameters,
comorbidities, and clinical records, these systems can
support evidence-based pharmacotherapy and help
identify patients who may be at increased risk of ad-
verse drug reactions [3]. Al also contributes to per-
sonalized medicine by supporting the interpretation of
patient characteristics, pharmacogenomic informa-
tion, and treatment responses to facilitate individual-
therapeutic Nevertheless, Al-
generated recommendations require appropriate clin-
ical validation and professional interpretation before
being applied to patient care.

ized decisions.
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The application of Al extends beyond research labo-
ratories and clinical decision-making to hospital and
community pharmacy operations. In hospital phar-
macy, automated dispensing systems, robotic tech-
nologies, prescription screening tools, and intelligent
inventory management systems can improve medica-
tion handling, support stock management, and reduce
the likelihood of dispensing errors. Predictive algo-
rithms may also help forecast medicine demand,
identify potential shortages, and minimize pharma-
ceutical wastage [4]. Similarly, in community phar-
macy practice, Al-powered chatbots,
assistants, and digital healthcare platforms can sup-

virtual

port medication counseling, patient education, pre-
scription processing, and adherence monitoring.
These technologies may improve access to pharma-
ceutical services and facilitate communication be-
tween pharmacists and patients, particularly where
conventional healthcare resources are limited. How-
ever, their effectiveness depends on the quality of
available information, appropriate system design, and
the involvement of qualified healthcare professionals.

Beyond direct patient care, Al is gaining importance
in pharmaceutical manufacturing, quality assurance,
pharmacovigilance, and public health research. Ma-
chine learning algorithms can support manufacturing
process optimization, identify deviations in product
quality, and facilitate predictive maintenance of
pharmaceutical equipment. In pharmacovigilance,
Al-assisted analysis of electronic health records, sci-
entific literature, and adverse event reports may help
identify potential drug safety signals and support the
continuous evaluation of marketed medicines [5].
Furthermore, Al-based analytical tools can facilitate
the assessment of real-world healthcare data, disease
trends, and medicine utilization patterns, thereby
contributing to evidence generation and public health
planning. These applications demonstrate that Al has
the potential to influence nearly every stage of the
pharmaceutical product lifecycle, from initial molec-
ular discovery to post-marketing safety surveillance.

Despite its considerable potential, the implementation
of Al in pharmacy presents important technical, ethi-
cal, and professional challenges. Concerns regarding
patient data privacy, cybersecurity, algorithmic bias,
limited interoperability, high implementation costs,
and inadequate digital infrastructure may restrict its
widespread adoption. In addition, the limited trans-
parency of certain Al models can make it difficult for
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healthcare professionals to understand the basis of
specific predictions or recommendations. The relia-
bility of Al systems may also be affected by incom-
plete, unrepresentative, or poor-quality training data
[6]. Therefore, appropriate regulatory oversight, data
protection measures, clinical validation, transparent
algorithm development, and continuous professional
training are essential to ensure the safe and responsi-
ble use of Al in pharmacy practice. Importantly, Al
should complement rather than replace the profes-
sional judgment, ethical responsibilities, and patient-
centered approach of pharmacists.

In view of these developments, a comprehensive un-
derstanding of AI applications in pharmaceutical
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Figure 1: Artificial Intelligence in Pharmacy

Artificial Intelligence in Pharmacy

Artificial intelligence (Al) has emerged as a transfor-
mative technology across the healthcare sector, with
increasingly significant applications in pharmaceuti-
cal sciences and pharmacy practice. Al refers to
computational systems capable of performing tasks
that traditionally require human intelligence, includ-
ing pattern recognition, learning, prediction, and de-
cision-making. In pharmacy, Al technologies support
drug discovery and development, clinical decision-
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making, medication management, pharmacovigi-
lance, and personalized therapy. Their integration into
pharmaceutical workflows offers opportunities to
improve research efficiency, enhance medication
safety, and optimize patient outcomes [7].

One of the most influential applications of Al in
pharmacy is drug discovery and development. Con-
ventional drug discovery involves extensive experi-
mental  investigations,  substantial  financial

1018 |Page



Samiksha Vikas Aher, Int. J. Sci. R. Tech., 2026 3(10), 1016-1027 | Review

investment, and lengthy development timelines. Ma-
chine learning (ML) and deep learning (DL) algo-
rithms can analyze large chemical and biological
datasets to predict drug—target interactions, identify
promising molecular structures, evaluate biological
activity, and optimize lead compounds. Neural net-
works and generative models further support molec-
ular design and virtual screening, enabling researchers
to prioritize compounds for experimental validation.
These computational approaches may accelerate
early-stage drug discovery and improve the efficiency
of pharmaceutical research [8]. Al-based platforms
can also assist in predicting pharmacokinetic proper-
ties, estimating toxicity risks, and identifying poten-
tial development challenges before compounds
progress to advanced experimental studies [9].

Al also plays an important role in clinical pharmacy
and medication therapy management. Al-enabled
clinical decision support systems (CDSS) can assist
pharmacists in identifying potential drug—drug inter-
actions, contraindications, inappropriate prescrip-
tions, and dosing errors. By integrating patient-
specific information, including age, renal function,
comorbidities, laboratory results, and medication
history, these systems can support evidence-based
therapeutic decisions. Furthermore, Al-assisted phar-
macogenomic analysis may facilitate the interpreta-
tion of genetic information relevant to drug response,
helping healthcare professionals select appropriate
medications and adjust doses when clinically indi-
cated. Such applications support individualized phar-
macotherapy and may contribute to reducing
preventable medication-related problems [10].

In hospital and community pharmacy practice, Al
technologies can improve operational efficiency and
medication safety. Automated dispensing systems,
robotic technologies, and computer-vision applica-
tions support medication identification, prescription
verification, and dispensing workflows. Meanwhile,
machine learning algorithms can analyze historical
consumption patterns to forecast medicine demand,
optimize inventory levels, and reduce stockouts and
pharmaceutical wastage. Natural language processing
(NLP) can facilitate the extraction of medication-re-
lated information from electronic health records
(EHRs) and clinical documentation. Al-powered
chatbots and virtual assistants may also support pa-
tient education, medication counseling, adherence
reminders, and access to pharmaceutical information.
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However, these applications require appropriate su-
pervision to ensure that the information provided is
accurate, clinically relevant, and suitable for individ-
ual patients [11].

Pharmacovigilance represents another important area
of Al application. Traditional adverse drug reaction
monitoring relies substantially on spontaneous re-
porting, clinical observations, and post-marketing
surveillance activities. Al-based systems can analyze
large volumes of electronic health records, adverse
event reports, scientific literature, and other relevant
healthcare data to identify potential safety signals.
Natural language processing and pattern-recognition
algorithms can assist in extracting relevant informa-
tion, identifying associations between medicines and
adverse events, and prioritizing reports for further
assessment. These capabilities may support more
efficient drug safety monitoring, although detected
associations require clinical evaluation and appropri-
ate validation before regulatory or therapeutic con-
clusions can be drawn [12].

Despite its advantages, the implementation of Al in
pharmacy presents several challenges, including con-
cerns about patient privacy, data security, algorithmic
bias, limited transparency, and the interoperability of
healthcare information systems. The accuracy of Al-
generated outputs depends on the quality and repre-
sentativeness of the data used for model development
and validation. In addition, regulatory requirements,
implementation costs, and limited digital competen-
cies may influence adoption across different phar-
macy settings. Pharmacists therefore require
appropriate training to interpret Al-generated recom-
mendations, recognize potential limitations, and
maintain professional accountability. Responsible
implementation should incorporate data protection,
transparent decision-making, clinical validation, and
effective human oversight [13].

Overall, Al is reshaping the pharmacy profession by
supporting pharmaceutical innovation, improving
clinical decision-making, streamlining pharmacy
operations, and strengthening medication safety. Its
successful integration will depend on collaboration
among pharmacists, pharmaceutical scientists,
healthcare professionals, technology developers, and
regulatory authorities. Continued research and clini-
cal validation are necessary to establish the effective-
ness, reliability, and practical value of Al-based
applications. When implemented responsibly, Al can
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complement pharmacists' professional expertise and
contribute to more efficient, evidence-based, and
patient-centered pharmaceutical care [14].

Classification and Applications of Artificial Intel-
ligence in Pharmacy

Classification of Artificial Intelligence

Artificial intelligence (Al) can be classified according
to its level of intelligence, memory characteristics and
functional capabilities. These classifications provide
a conceptual framework for understanding Al tech-
nologies and their applications in pharmaceutical
sciences and pharmacy practice [15,16].

Classification Based on Intelligence Level

Artificial Narrow Intelligence (ANI): ANI refers to
Al systems designed to perform specific tasks within
a defined domain. In pharmacy, applications include
drug—drug interaction prediction, dose optimization,
drug discovery and prescription error detection
[15,17].

Artificial General Intelligence (AGI): AGI de-
scribes a hypothetical form of Al capable of learning
and reasoning across a broad range of tasks at a level
comparable to human intelligence. Its potential ap-
plications in pharmaceutical research and clinical
decision-making remain theoretical [15].

Artificial Superintelligence (ASI): ASI refers to a
hypothetical form of AI that would surpass human
cognitive abilities across a wide range of intellectual
tasks. Its potential role in autonomous drug discovery
and therapeutic optimization remains speculative
[15].

Classification Based on Memory and Functional
Capabilities

Reactive Machines: These systems respond to cur-
rent inputs without retaining information from previ-
ous interactions. Simple rule-based systems may
demonstrate some reactive characteristics [15].

Limited-Memory Al: These systems use previously
observed data to generate predictions. Pharmaceutical
examples include machine-learning models trained on
chemical databases, historical patient records and
adverse drug reaction reports [17,20].
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Theory-of-Mind Al: This theoretical category refers
to systems that could interpret human beliefs, inten-
tions and emotions. Its application in pharmacy re-
mains conceptual [15].

Self-Aware Al: This hypothetical category describes
Al possessing awareness of its own internal state. It
has no established application in current pharmacy
practice [15].

Classification Based on Functional Applications in
Pharmacy

Al can also be classified according to its practical
applications in pharmaceutical sciences, including
drug discovery, clinical decision support, pharmacy
operations, pharmacovigilance and personalized
medicine [17-20].

Drug discovery and development: Al supports
molecular screening, drug—target interaction predic-
tion and ADMET profiling [17,18].

Clinical decision support: Al assists in medication
review, identification of potential drug interactions
and patient-specific clinical decision-making [19,21].

Pharmacy operations and logistics: Al supports
medicine-demand forecasting, inventory management
and selected automated dispensing activities [20].

Pharmacovigilance and drug safety: Al can analyze
large datasets to identify potential adverse drug reac-
tion patterns and safety signals [20,21].

Personalized medicine: Al can support the integra-
tion of clinical and biological data to assist individu-
alized treatment decisions [19,20].

Applications of Artificial Intelligence in Pharmacy

Drug Discovery and Molecular Design: Al has
become an important computational tool in drug dis-
covery and development. Machine-learning and deep-
learning methods can analyze chemical and biological
datasets to identify potential drug candidates, predict
molecular properties, examine structure—activity re-
lationships and prioritize compounds for experimental
testing. These approaches can improve the efficiency
of selected stages of drug development, although
computational predictions require experimental vali-
dation [17,18].

Pharmaceutical Formulation and Development:
Al can assist formulation scientists in examining re-
lationships between formulation variables, manufac-
turing parameters and critical quality attributes.
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Predictive models may support optimization of ex-
cipient concentrations, dissolution profiles, drug-re-
lease characteristics and stability-related parameters.
Integration with Quality by Design approaches may
facilitate systematic formulation development, pro-
vided that predictions are confirmed experimentally.

Clinical Pharmacy and Therapeutic Decision
Support: Al-enabled clinical decision support sys-
tems can analyze patient information, medication
histories and laboratory results to identify potential
prescribing problems. These systems may assist in
detecting drug interactions, contraindications and
inappropriate dosing. However, their recommenda-
tions require professional evaluation, and patient
safety must remain a priority [19,21,22].

Pharmacy Practice and Medication Management:
Al applications in pharmacy practice include pre-
scription screening, medication reconciliation, patient
counselling and adherence support. Al-assisted tools
may improve access to medication information, while
automated dispensing technologies can support med-
ication handling and distribution. Appropriate verifi-
cation procedures are essential to minimize errors and
ensure reliable pharmaceutical care [19,21].

Pharmacovigilance and Adverse Drug Reaction
Detection: Al and natural language processing can
facilitate the analysis of electronic health records,
scientific literature and adverse event reports. These
methods may help identify patterns associated with
potential adverse drug reactions and prioritize signals
for further investigation. Nevertheless, the detection
of a statistical association does not establish causality,
and expert assessment remains necessary [20-22].

Supply Chain and Inventory Management: Al-
based predictive models can support medicine-de-
mand forecasting, inventory optimization and pro-
curement planning. These applications may help
reduce stock-outs, minimize wastage and improve
distribution efficiency. Their effectiveness depends
on data quality and appropriate integration with
pharmaceutical supply-chain systems.

Personalized and Precision Medicine: Al can inte-
grate clinical, genetic and biological information to
support individualized treatment selection and dosage
optimization. These approaches may contribute to
precision medicine by identifying patient-specific
patterns associated with drug response and toxicity.
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However, their clinical application requires appropri-
ate validation and consideration of established clinical
guidelines [19,20,22].

Hospital Automation and Pharmaceutical Robot-
ics: Robotic and automated systems can support
medication packaging, dispensing, inventory tracking
and selected compounding procedures. Al may en-
hance these systems through predictive monitoring
and intelligent decision-making, although conven-
tional automation should be distinguished from sys-
tems that genuinely incorporate Al. Implementation
requires validated workflows and appropriate safety
controls [19,21].

Telepharmacy and Remote Patient Monitoring:
Al-enabled digital platforms may support remote
medication counselling, adherence assessment and
monitoring of selected patient parameters. These
technologies may improve access to pharmaceutical
care, particularly for patients requiring continued
follow-up. Privacy, data security and professional
oversight remain essential considerations [19,20].

Drug Regulation and Quality Assurance: Al may
assist pharmaceutical quality assurance through anal-
ysis of manufacturing data, identification of unusual
quality patterns and document processing. Computer-
vision approaches may also help screen medicine
packaging for suspicious visual irregularities. How-
ever, such findings require confirmation using appro-
priate analytical procedures and regulatory standards
[20-22].

Methods Enhancing Artificial Intelligence in
Pharmacy

Artificial intelligence (Al) has emerged as an impor-
tant computational approach in pharmaceutical sci-
ences, with applications spanning drug discovery,
pharmaceutical formulation, pharmacokinetic model-
ling, clinical decision support and pharmacy opera-
tions. The effectiveness of Al-based systems depends
on the availability of high-quality data, appropriate
algorithm selection, model validation and integration
with established pharmaceutical knowledge. Several
computational methods can enhance the predictive
performance, reliability and practical utility of Al in
pharmacy [23-25].

1. Machine Learning Algorithms: Machine learn-
ing (ML) enables computational systems to iden-
tify patterns in datasets and generate predictions
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without requiring every decision to be explicitly
programmed. In pharmaceutical research, ML
algorithms are used to analyze chemical struc-
tures, predict biological activity, identify poten-
tial toxicity and support medication-related
decision-making [23,24].

Supervised learning methods, including support vec-
tor machines (SVMs), random forests and regression
algorithms, use labelled datasets to establish relation-
ships between input variables and known outcomes.
These approaches can be applied to drug—target in-
teraction prediction, toxicity classification and the
estimation of selected clinical outcomes. Unsuper-
vised learning methods, such as clustering and prin-
cipal component analysis (PCA), identify underlying
patterns in unlabelled datasets and can support com-
pound classification, exploratory analysis and the
identification of patient subgroups. Reinforcement
learning uses feedback from sequential actions to
optimize decisions and has potential applications in
molecular design and selected treatment-optimization
problems [23,24].

The performance of ML models can be improved
through appropriate feature engineering, including the
selection of molecular descriptors and chemical fin-
gerprints. Ensemble learning combines predictions
from multiple models to improve robustness in suit-
able applications, while automated machine learning
(AutoML) can assist with model selection, hyperpa-
rameter optimization and workflow development.
Nevertheless, these approaches require careful vali-
dation to minimize overfitting, data leakage and poor
generalization to new compounds or patient popula-
tions.

2. Deep Learning and Neural Networks: Deep
learning (DL) is a branch of ML that employs
multilayer neural networks to identify complex
relationships in large and high-dimensional
datasets. It is particularly useful for molecular
representation, image analysis, biological se-
quence processing and the analysis of unstruc-
tured biomedical information [24,25].

Convolutional neural networks (CNNs) can be ap-
plied to pharmaceutical image analysis, including the
identification of tablet defects, visual inspection of
packaging and selected microscopy-based assess-
ments. Recurrent neural networks (RNNs) have been
investigated for sequential data analysis, whereas
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transformer architectures are widely used for bio-
medical text processing and representation learning.
Graph neural networks (GNNs) are particularly rele-
vant to drug discovery because they represent mole-
cules as graphs of atoms and chemical bonds,
allowing models to learn relationships between
molecular structure and properties.

3. Natural Language Processing: Natural language
processing (NLP) enables computational systems
to analyze and interpret human language. It is
particularly relevant to pharmacy because sub-
stantial amounts of pharmaceutical information
are contained in scientific publications, electronic
health records, prescription instructions, medica-
tion histories and adverse event narratives
[25,26].

NLP applications include the extraction of drug—drug
interaction information from scientific literature,
identification of medicines and dosage instructions in
clinical documents, processing of medication-related
narratives and support for information retrieval. Con-
versational systems may also assist with medication
information and patient education, although their
outputs require appropriate verification before being
used for clinical decisions.

Performance can be improved by adapting biomedical
language models to specific pharmaceutical tasks.
Models such as BioBERT have been developed for
biomedical text representation and can support
named-entity recognition, relation extraction and
document classification. Named-entity recognition is
useful for identifying drug names, dosages, diseases
and adverse events, while knowledge graphs can rep-
resent relationships among medicines, genes, diseases
and biological targets. These methods may improve
the organization and retrieval of pharmaceutical in-
formation, but their reliability depends on the quality
of source documents, model validation and effective
handling of ambiguous clinical language [25,26].

4. Predictive Analytics and Pharmacokinetic
Modelling: Predictive analytics combines statis-
tical methods, ML and computational modelling
to estimate future outcomes from available data.
In pharmaceutical sciences, these techniques can
complement pharmacokinetic (PK) and pharma-
codynamic (PD) analyses, assist in the evaluation
of dose-response relationships and support
medicine-demand forecasting [23,24].
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Al-based approaches can help identify patterns in
drug concentration—time profiles, estimate selected
pharmacokinetic parameters and investigate variabil-
ity in drug response. When integrated appropriately
with population pharmacokinetic models, ML may
help characterize complex relationships among pa-
tient characteristics, drug exposure and clinical out-
comes. However, conventional pharmacometric
methods, including nonlinear mixed-effects model-
ling, remain important for interpreting variability and
establishing clinically meaningful dose recommenda-

tions.

Bayesian optimization can support the efficient se-
lection of experimental conditions during formulation
development and process optimization. Multivariate
time-series forecasting can be used to estimate
medicine consumption and identify temporal patterns
in pharmacy inventory data. These methods should be
evaluated using suitable validation procedures, and
clinical dosing decisions must remain consistent with
established pharmacological evidence and relevant
therapeutic guidelines.

5. AI-Enhanced Drug Discovery and Molecular
Design: Al has expanded the computational ap-
proaches available for drug discovery by enabling
rapid analysis of chemical libraries and prediction
of molecular properties. ML and DL models can
support virtual screening, quantitative structure—
activity relationship (QSAR) modelling, drug—
target interaction prediction and the prioritization
of compounds
[23,24].

for experimental evaluation

Generative models, including generative adversarial
networks (GANs) and variational autoencoders
(VAEs), can be used to propose new molecular
structures with specified characteristics. Multi-objec-
tive optimization can help researchers investigate
trade-offs among biological potency, solubility, sta-
bility, permeability and predicted toxicity. However,
a computationally generated molecule is not neces-
sarily biologically active, synthetically feasible or
safe. Therefore, predicted properties must be assessed
through appropriate chemical, biochemical and pre-
clinical investigations.

Al-based molecular modelling can also support the
analysis of protein structures and potential ligand-
binding interactions. Advances in protein-structure
prediction have contributed to structural biology and
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target-based research, but predicted structures and
docking results should not be interpreted as definitive
evidence of binding affinity or therapeutic efficacy.
Experimental confirmation remains essential for es-
tablishing the suitability of candidate compounds
[23,24].

Artificial Intelligence in Pharmaceutical Develop-
ment

Al is increasingly being investigated across the phar-
maceutical development pathway, including target
identification, lead optimization, preclinical evalua-
tion, clinical trial planning, manufacturing and post-
marketing safety surveillance. Traditional drug de-
velopment involves substantial financial investment,
extended timelines and a considerable risk of failure.
Al may improve selected stages of this process by
analyzing complex datasets, prioritizing experimental
candidates and supporting more informed research
decisions [23,24].

1. Al in Drug Discovery and Target Identification:
Drug discovery is one of the major applications of Al
in pharmaceutical research. ML algorithms can screen
large chemical datasets, predict potential interactions
between molecules and biological targets, and priori-
tize compounds for experimental testing. These tech-
niques may reduce the number of compounds
requiring initial laboratory assessment and help re-
searchers identify promising lead structures.

Al can also support target identification by integrating
genomic, proteomic, transcriptomic and other bio-
logical data. Such analyses may reveal associations
between molecular pathways and disease mecha-
nisms, thereby helping researchers investigate poten-
tial therapeutic targets. Applications in oncology,
neurodegenerative diseases and rare genetic disorders
are particularly relevant because these conditions
frequently involve complex biological interactions.
However, computationally identified targets and drug
candidates require experimental validation before
their therapeutic significance can be established
[23,24].

2. Al in Drug Design and Optimization: Al-as-
sisted drug design combines computational
chemistry, molecular representation learning and
predictive modelling to support the development
of compounds with desirable physicochemical
and biological properties. Generative models can
propose molecular structures, while QSAR and
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other predictive models can estimate selected
properties relevant to drug development.

These methods can help researchers investigate im-
provements in biological activity, solubility, perme-
ability and metabolic stability while identifying
potential toxicity liabilities. Structural biology and
protein-structure prediction can further support target-
based drug design by providing structural information
for investigating possible molecular interactions.
Nevertheless, predicted molecular properties do not
independently establish pharmacological activity, and
promising candidates must undergo synthesis, ana-
lytical characterization and appropriate experimental
testing [23,24].

3. Al in Preclinical Research and Clinical Trials:
Al may contribute to preclinical research by inte-
grating chemical, biological and toxicological
information to prioritize compounds for further
investigation. Predictive models can help identify
potential safety concerns and select experiments
for evaluating candidate molecules. Such predic-
tions are intended to complement rather than
replace established in vitro and in vivo assess-
ments.

In clinical development, Al can support trial planning,
participant recruitment, eligibility screening, analysis
of clinical datasets and identification of patterns as-
sociated with treatment response. Data-driven ap-
proaches may help identify patient subgroups likely to
benefit from a particular intervention and assist with
the monitoring of selected safety outcomes. However,
Al does not automatically improve trial success rates,
and its performance depends on representative
datasets, appropriate study design and independent
validation. Clinical decisions and trial oversight must
continue to follow ethical principles and applicable
regulatory requirements [24,27].

4. Al in Pharmaceutical Manufacturing and
Quality Assurance: Al can support pharmaceu-
tical manufacturing by analyzing process data,
monitoring production parameters and identifying
patterns associated with deviations from expected
performance. Predictive models may assist with
process optimization, equipment maintenance
and the assessment of critical quality attributes.
Computer-vision systems can also be applied to
visual inspection of tablets, capsules, labels and
packaging.
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When integrated with established pharmaceutical
quality systems, these technologies may help identify
potential defects and improve process monitoring.
However, Al-generated predictions require suitable
validation, and their implementation must be consis-
tent with applicable good manufacturing practice
requirements and relevant quality standards.

5. Al in Pharmacovigilance and Post-Marketing
Surveillance: Pharmacovigilance involves the con-
tinuous monitoring and assessment of medicine safety
following authorization and during clinical use. Al
and NLP can help process adverse event reports,
electronic health records and published literature to
identify patterns that may indicate potential safety
concerns. These systems can support information
extraction, signal prioritization and the efficient re-
view of large volumes of safety data [26,27].

Artificial Intelligence in Pharmacy Practice: Ap-
plications in Hospital and Community Pharmacy

Al is increasingly being explored in hospital and
community pharmacy to support medication man-
agement, clinical decision-making, patient coun-
selling and pharmacy operations. Its potential
contribution lies in processing large volumes of in-
formation, identifying medication-related risks and
supporting the delivery of more efficient pharmaceu-
tical services. The benefits achieved in practice de-
pend on the accuracy of the system, integration with
existing workflows and appropriate professional
oversight [26,27].

Al in Hospital Pharmacy Practice: Hospital phar-
macies manage complex medication regimens, high-
risk medicines, large inventories and coordination
among healthcare professionals. Al-enabled systems
may support these activities by analyzing medication
records, prioritizing clinical alerts and assisting with
selected operational tasks.

Automated Dispensing and Medication Distribu-
tion: Automated dispensing cabinets, robotic picking
systems and medication-packaging technologies can
assist in the storage, selection and distribution of
medicines. When integrated with Al-based identifi-
cation or predictive functions, these systems may
improve selected aspects of workflow and inventory
management. However, automation alone does not
necessarily constitute Al, and the extent of error re-
duction depends on system design, implementation
and verification procedures.
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Predictive Analytics and Inventory Management:
Al-based predictive models can support the identifi-
cation of patients who may be at increased risk of
selected medication-related complications. Such pre-
dictions may help pharmacists prioritize medication
reviews and preventive interventions. At the opera-
tional level, demand forecasting can assist hospitals in
planning medicine procurement, maintaining appro-
priate stock levels and reducing wastage. Predictions
should be evaluated against actual outcomes before
being relied upon for clinical or operational decisions.

Al in Community Pharmacy Practice: Community
pharmacists provide accessible medication-related
services, including prescription dispensing, coun-
selling, adherence support and health education. Al
applications may assist with these activities by im-
proving information retrieval, identifying potential
prescription problems and supporting the manage-
ment of routine pharmacy workflows.

Patient Counselling and Medication Information:
Conversational Al systems can help retrieve medicine
information and generate explanations about dosage
instructions, precautions and common medication-re-
lated questions. Such tools may support patient edu-
cation when their information is accurate and
appropriately reviewed. They should not replace in-
dividualized counselling by a pharmacist, particularly
when advice involves complex medication regimens,
adverse reactions or urgent clinical concerns.

Prescription Processing and Verification: Optical
character recognition (OCR) can convert prescription
images into machine-readable text, while Al-based
language and pattern-recognition methods may assist
in identifying medicine names and prescription de-
tails. These tools can flag incomplete instructions or
inconsistencies for further review. Handwritten pre-
scription interpretation remains vulnerable to recog-
nition errors, and ambiguous or high-risk
prescriptions must be verified before dispensing.

Medication Adherence Support: Digital applica-
tions, reminder systems and selected connected de-
vices can help collect information about medication-
taking behavior. Al may analyze these data to identify
patterns associated with missed doses or reduced
adherence and support targeted follow-up by phar-
macists. Nevertheless, digital indicators do not always
accurately reflect whether a medicine has been taken,
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and adherence interventions should account for indi-
vidual circumstances, patient preferences and barriers
to treatment.

Ethical and Practical Considerations in Pharmacy
Practice

The use of Al in hospital and community pharmacies
raises important concerns regarding confidentiality,
data protection, algorithmic bias, transparency and
accountability. Inaccurate predictions or inappropri-
ate recommendations may contribute to medication
errors if automated outputs are accepted without ver-
ification. Pharmacists therefore require suitable train-
ing to interpret Al-generated information, recognize
its limitations and incorporate it appropriately into
professional practice. Responsible implementation
requires validated systems, clear accountability, ap-
propriate access controls and continued human su-
pervision. Al should function as a supportive tool for
pharmacists rather than an independent substitute for
professional judgment. Its adoption should ultimately
be evaluated according to measurable improvements
in medication safety, quality of care, workflow effi-
ciency and patient outcomes [26,27].

CONCLUSION

Al-enhanced computational methods have significant
potential to support pharmaceutical research and
pharmacy practice. Machine learning, deep learning,
NLP, predictive analytics and generative modelling
provide complementary approaches for analyzing
pharmaceutical data, optimizing drug candidates and
supporting medication-related decisions. Across
pharmaceutical development, hospital pharmacy and
community practice, these technologies may improve
efficiency and help identify risks, provided that their
limitations are recognized. Future progress will de-
pend on robust validation, high-quality datasets, ethi-
cal data management, regulatory compliance and
meaningful collaboration between Al developers and
pharmacy professionals.
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