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Abstract: Artificial Intelligence (Al) has emerged as a
transformative technology in the field of pharmacy,
significantly enhancing the efficiency, accuracy, and
scope of pharmaceutical research and clinical practice.
Al-enabled techniques such as machine learning, deep
learning, natural language processing, and expert
systems are increasingly being applied in drug
discovery, formulation development, clinical decision
support, pharmacovigilance, and personalized medicine.
These techniques enable rapid analysis of large and
complex datasets, prediction of drug—target interactions,
identification of adverse drug reactions, and
optimization of therapeutic outcomes. This article
explores the role of Al-enabled techniques in
revolutionizing drug discovery and clinical pharmacy
practice, highlighting key applications, benefits, and
challenges. The study emphasizes how Al supports
pharmacists and researchers in improving patient safety,
reducing development costs, and accelerating
innovation, while also addressing ethical, regulatory,
and implementation concerns.
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INTRODUCTION

The pharmacy profession is undergoing a paradigm
shift driven by rapid advancements in digital
technologies and data-driven healthcare systems.
Among these advancements, Artificial Intelligence (Al)
has gained significant attention for its ability to
simulate human intelligence and perform complex
analytical tasks with high precision. Traditional
pharmacy practices, which largely rely on manual
processes, experimental trial-and-error methods, and
rule-based decision-making, often face limitations in
handling large-scale data, predicting outcomes
accurately, and responding to the growing complexity
of healthcare demands.

Al-enabled techniques offer powerful solutions to these
challenges by enabling automated learning from data,
pattern recognition, and predictive analytics. In drug
discovery, Al accelerates the identification of novel
drug candidates, predicts molecular properties, and
reduces time and cost associated with preclinical
development. In clinical practice, Al supports
pharmacists through clinical decision support systems,
medication therapy management, adverse drug reaction
monitoring, and personalized treatment planning based
on patient-specific data.

The integration of Al into pharmacy practice not only
enhances operational efficiency but also expands the
role of pharmacists from traditional dispensing
functions to more patient-centered and research-
oriented responsibilities. However, despite its
promising potential, the adoption of Al in pharmacy is
accompanied by challenges related to data quality,
ethical considerations, transparency of algorithms, and
regulatory compliance. This article aims to provide an
overview of Al-enabled techniques in pharmacy and
examine their impact on transforming drug discovery
and clinical practice, while highlighting future
opportunities and challenges in this evolving domain.

Review of Literature

The application of Artificial Intelligence (Al) in
pharmacy has gained substantial attention over the past
decade due to its potential to address critical challenges
in pharmaceutical research and healthcare delivery.
Several studies have explored the role of Al-enabled
techniques in enhancing drug discovery, optimizing
clinical pharmacy practices, and improving patient
outcomes.

Early research highlighted that machine learning
algorithms significantly reduce the time and cost
associated with traditional drug discovery processes by
predicting drug—target interactions, pharmacokinetic
properties, and toxicity profiles. Their study
emphasized that Al-driven models outperform
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conventional experimental screening methods in terms
of efficiency and accuracy.

Vora et al. (2023) investigated the integration of deep
learning techniques in pharmaceutical technology and
drug delivery systems. The authors reported that
convolutional neural networks and recurrent neural
networks are highly effective in analyzing molecular
structures, optimizing formulations, and predicting drug
release behavior. Their findings suggest that Al-enabled
approaches enable more precise and personalized
pharmaceutical product development.

In the context of clinical pharmacy, Alanazi (2024)
conducted a systematic review demonstrating that Al-
based clinical decision support systems enhance
medication safety by identifying potential drug—drug
interactions, adverse drug reactions, and dosing errors.
The study also highlighted the growing role of Al in
hospital and community pharmacy settings, where
automation and predictive analytics improve workflow
efficiency and reduce human error.

Research by Allam et al. (2025) focused on the role of
Al in personalized medicine and patient-centered care.
The authors emphasized that AI models utilizing
electronic health records and genomic data can support
individualized treatment planning and improve
therapeutic outcomes. However, the study also pointed
out concerns related to data privacy, algorithm
transparency, and ethical accountability.

Additionally, Topol (2019) discussed the broader
implications of Al in healthcare, including pharmacy
practice, and emphasized that Al should be viewed as
an augmentative tool rather than a replacement for
healthcare professionals. The study stressed the
importance of human oversight, interdisciplinary
collaboration, and regulatory frameworks to ensure the
safe deployment of Al technologies.

Overall, the reviewed literature indicates that Al-
enabled techniques have a transformative impact on
both drug discovery and clinical pharmacy practice.
While significant progress has been made, existing
studies consistently highlight the need for standardized
validation, regulatory guidelines, and skill development
among pharmacy professionals to fully realize the
benefits of Al in pharmacy.

Research Methodology

This study adopts a systematic literature review
methodology to examine the role and impact of Al-
enabled techniques in pharmacy, with specific emphasis
on drug discovery and clinical practice. A structured
and transparent approach was followed to ensure the
reliability and comprehensiveness of the review.

Data Sources

Relevant literature was collected from well-recognized
scientific databases, including:

. PubMed

. Scopus

. Web of Science
o IEEE Xplore

o Google Scholar

These databases were selected to ensure coverage of
both pharmaceutical sciences and computational
intelligence research.

Search Strategy

A systematic search was conducted using combinations
of keywords such as:

o Artificial Intelligence in Pharmacy

) Al-enabled Drug Discovery

o Machine  Learning in  Clinical
Pharmacy

) Al in Pharmacovigilance

o Clinical Decision Support Systems

Only peer-reviewed journal articles, review papers, and
conference proceedings published between 2019 and
2025 were considered.

Inclusion and Exclusion Criteria
Inclusion criteria:

. Studies focusing on Al applications in
pharmacy or pharmaceutical sciences

. Articles discussing Al techniques such
as machine learning, deep learning, NLP, or
expert systems

. English-language publications
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Exclusion criteria:

. Non-peer-reviewed articles

. Studies unrelated to pharmacy or
healthcare

. Editorials and opinion-only articles

without empirical or review evidence
Data Extraction and Analysis

Selected articles were analyzed to extract information

related to:
. Al techniques used
. Application areas (drug discovery,
clinical pharmacy, pharmacovigilance, etc.)
. Reported benefits and outcomes
o Limitations and challenges

The extracted data were categorized thematically to
identify trends, research gaps, and future opportunities
in Al-enabled pharmacy practice.

Results

The systematic review revealed that Al-enabled
techniques have a significant and growing impact
across multiple domains of pharmacy practice. The key
findings are summarized below.

Al in Drug Discovery

The results indicate that Al techniques substantially
accelerate the drug discovery process by:

o Predicting drug—target interactions
. Identifying lead compounds
o Estimating toxicity and

pharmacokinetic properties

Machine learning and deep learning models
demonstrated improved accuracy and reduced time
compared to traditional experimental screening
methods.

Al in Clinical Pharmacy Practice

Al-based clinical decision support systems were found
to:

o Reduce medication errors

. Improve drug—drug interaction
detection

. Support personalized dosing strategies

Studies consistently reported enhanced patient safety
and improved therapeutic outcomes when Al tools were
integrated into clinical workflows.

Al in Pharmacovigilance

The review showed that Al-enabled pharmacovigilance
systems effectively analyze large-scale real-world data,
including electronic health records and adverse event
reports. Natural language processing techniques
improved the early detection of adverse drug reactions
compared to conventional reporting systems.

Operational and Workflow Improvements

Al-driven automation in hospital and community
pharmacies improved:

. Inventory management
o Prescription processing
. Workflow efficiency

This reduced pharmacist workload and allowed greater
focus on patient-centered services.

Challenges Identified

Despite positive outcomes, several challenges were
consistently reported:

o Data privacy and security concerns
) Lack of explainable Al models
. Regulatory and ethical issues
. Limited Al training among pharmacy
professionals
Conclusion

Artificial Intelligence has emerged as a transformative
force in pharmacy, reshaping both drug discovery and
clinical practice through data-driven intelligence and
automation. The findings of this study demonstrate that
Al-enabled techniques such as machine learning, deep
learning, natural language processing, and expert
systems significantly enhance the efficiency, accuracy,
and reliability of pharmaceutical processes. In drug
discovery, Al accelerates the identification of potential

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM55745 | Page 3


https://ijsrem.com/

A-_"I \z;“
b R
@5“ International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 10 Issue: 01 | Jan - 2026

5

SJIF Rating: 8.586

ISSN: 2582-3930

drug candidates, predicts molecular behavior, and
reduces development time and cost. In clinical
pharmacy, Al-based decision support systems improve
medication safety, optimize therapy, and support
personalized patient care.

Despite these advancements, the successful integration
of Al into pharmacy practice requires careful
consideration of ethical, regulatory, and technical
challenges. Issues related to data privacy, algorithm
transparency, and workforce readiness must be
addressed to ensure responsible and effective
implementation. Importantly, Al should be viewed as a
complementary tool that augments the expertise of
pharmacists rather than replacing human judgment.
Overall, Al-enabled techniques hold immense potential
to advance pharmacy practice and improve healthcare
outcomes when implemented within a well-regulated
and ethically sound framework.

Future Scope

The future of AI in pharmacy is promising and is
expected to expand significantly with advancements in
computational power, data availability, and algorithmic
sophistication. One key area of future development is
the integration of Al with personalized and precision
medicine, where treatment strategies can be tailored
based on individual genetic, clinical, and lifestyle data.
Al-driven pharmacogenomics has the potential to
further optimize drug selection and dosing, minimizing
adverse effects and improving therapeutic efficacy.

Another important future direction is the development
of explainable and transparent AI models that
enhance trust and acceptance among healthcare
professionals and regulatory bodies. The use of hybrid
models combining Al with traditional clinical
guidelines and expert knowledge may improve
interpretability and reliability. Additionally, the
integration of Al with emerging technologies such as
blockchain, Internet of Medical Things (IoMT), and
digital health platforms can strengthen data security,
interoperability, and real-time clinical decision support.

From an educational and professional perspective,
incorporating Al and data science training into
pharmacy curricula will be essential to prepare future
pharmacists for technologically advanced practice
environments. Continued research, standardized

validation methods, and supportive regulatory policies
will play a critical role in enabling the widespread
adoption of Al-enabled techniques in pharmacy. As
these developments progress, Al is expected to become
an integral component of pharmaceutical research and
clinical practice, driving innovation and improving
patient-centered healthcare delivery.
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