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ARTICLE INFO ABSTRACT
Published: 5 Nov 2025 Artificial Intelligence (AI) is changing the field of pharmacy by improving how
Keywords: medicines are discovered, developed, and used in patient care. Al systems can analyze
Machine Learning, Drug large amounts of medical and scientific data to find new drug candidates faster and at a
Discovery, Clinical Decision lower cost. In pharmacies and hospitals, Al helps in checking prescriptions, preventing
Support, Personalized medication errors, managing inventory, and supporting clinical decisions to improve
Medicine, Automation, patient safety. Technologies like robotics make the dispensing process more accurate
Predictive Analytics and efficient, while Al tools in personalized medicine help select the right drug and dose
DOI: for each patient based on their genetics and health conditions. Al also supports
10.5281/zenodo.17534168 telepharmacy and patient counseling, making healthcare services more accessible,

especially in remote areas. However, challenges still exist, such as data privacy, ethical
concerns, high costs, and the need for proper training for pharmacists. Overall, Al has
the potential to enhance pharmacy practice by helping pharmacists provide safer, faster,
and more patient-centered care

use of AI applications, and pharmacy is no
INTRODUCTION exception. The growing complexity of diseases,
increasing volume of medical data, and demand
for personalized healthcare have created the need
for intelligent systems that can support
pharmacists in delivering accurate, efficient, and

patient-centered carel!l,

The field of pharmacy practice is evolving rapidly
due to the integration of advanced digital
technologies, among which Artificial Intelligence
(AI) has emerged as one of the most
transformative. Al refers to the capability of
computer systems or machines to perform tasks
that normally require human intelligence—such as
learning, reasoning, problem-solving, and

Traditionally, pharmacists have played an
essential role in ensuring the safe and effective use
of medicines—through dispensing, reviewing
prescriptions, and  providing  drug-related
counseling to patients. However, the traditional

decision-making. In recent years, the healthcare
industry has witnessed an exponential rise in the
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workflow often relies heavily on manual processes
and repetitive tasks, which can be time-consuming
and prone to human error. The introduction of Al
offers a new paradigm by automating several
routine functions while simultaneously providing
deeper insights for clinical decision-making. Al-
based tools can analyze massive datasets from
health records (EHRs),
literature, and clinical trials to assist pharmacists
drug interactions,

reactions, and

electronic medical
in identifying potential
predicting  adverse  drug
recommending optimal therapy regimens tailored
to individual patients!?].

Moreover, Al is transforming the drug discovery
and development process. Machine learning
algorithms can predict the biological activity of
compounds, identify potential drug candidates,
and  simulate  drug-target interactions—
significantly reducing both the cost and time of
bringing a new drug to market. In community and
hospital pharmacies, Al-powered robotics and
dispensing systems improve the speed and
precision of drug dispensing, while predictive
analytics help in optimizing inventory
management and minimizing medication
shortages.  Additionally, Natural Language
Processing (NLP) enables Al systems to interpret
unstructured text from prescriptions, clinical
notes, and medical literature, thus enhancing
evidence-based pharmacy practice and patient

communication®),

The growing integration of Al in pharmacy
practice also supports personalized medicine,
which tailors treatment plans according to genetic,
environmental, and lifestyle factors unique to each
patient. Pharmacogenomic data, when analyzed
through Al algorithms, can help pharmacists
predict how a particular individual might respond
to a specific drug, leading to safer and more
effective therapeutic outcomes. Furthermore, Al
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systems assist in monitoring patient adherence,
predicting health outcomes, and enabling remote
consultation through telepharmacy, making
healthcare more accessible—especially in rural or
underserved areas!”),

Despite its immense potential, the adoption of Al
in pharmacy practice is not without challenges.
Concerns regarding data privacy,
transparency, ethical use, and professional
accountability ~remain  significant  barriers.
Additionally, many pharmacists need specialized
training to effectively interpret and utilize Al-
generated data. Nevertheless, with proper
regulation, interdisciplinary collaboration, and
continuous education, Al can serve as a powerful

algorithm

ally to the pharmacy profession rather than a
replacement. By integrating human expertise with
artificial intelligence, pharmacy practice can move
toward a more data-driven, precise, and patient-
focused healthcare model.

Approaches of Artificial

Pharmacy

Intelligence in

1. Drug Discovery and Development

Al algorithms assist in identifying potential drug
molecules by analyzing chemical structures,
biological targets, and previous clinical data.
Machine learning models predict drug behavior,
toxicity, and effectiveness before laboratory

testing.

Example: Deep learning algorithms can predict
how a drug will bind to a protein, helping
researchers develop new medicines faster and at a
lower cost.

Benefit: Significantly reduces the time and cost
involved in bringing a new drug to market!?!.

2. Clinical Decision Support Systems (CDSS)
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Al-powered CDSS helps pharmacists and
physicians by providing real-time alerts for
potential drug interactions, allergies, or dosage
errors. These systems analyze patient history, lab
results, and medication profiles to ensure safe
prescribing!l.

Example: Systems like IBM Watson Health
analyze electronic health records to assist in
personalized drug recommendations.

Benefit: Improves medication safety and reduces
the risk of adverse drug events.

3. Personalized Medicine

Al enables the customization of treatments based
on individual patient characteristics such as
genetics, age, and lifestyle. Pharmacogenomics —
the study of how genes affect a person’s response
to drugs — is a growing field supported by Al
analytics.

Example: Al models predict which patients will
respond better to a specific cancer drug based on
their genetic profile®!.

Benefit: Enhances treatment effectiveness and
minimizes side effects.

4. Robotics and Automation

Al-driven robotic systems are increasingly used in
hospital and retail pharmacies for drug dispensing,
labeling, and packaging.

Example: Robotic dispensing units can handle
thousands of prescriptions per day with minimal
errors.

Benefit: Saves time, reduces workload, and
ensures accuracy in medication delivery!®/,

5. Predictive Analytics in Patient Care
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Al helps predict patient outcomes, disease
progression, and medication adherence by
analyzing patterns in medical data.

Example: Predictive models can identify patients
at risk of diabetes or hypertension and suggest
preventive measures.

Benefit: Enables early intervention and better
patient management!*),

6. Inventory and Supply Chain Management

Al optimizes the pharmaceutical supply chain by
predicting  medicine  demand,
overstocking or shortages,
counterfeit drugs.

preventing
and detecting

Example: Al tools forecast which medicines will
be in high demand during certain seasons (e.g., flu
season).

Benefit: Ensures cost-effective inventory control
and reduces wastel!.

7. Natural Language Processing (NLP) in
Pharmacy

NLP allows computers to read and interpret human
language from prescriptions, clinical notes, and
research papers.

Example: AI chatbots and virtual assistants can
answer patient queries about drug usage and side
effects.

Benefit: communication between
pharmacists and patients, and assists in patient

educationl®.

Improves

Ethical, Regulatory &  Human-Factor

Considerations:
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The implementation of Al in pharmacy practice is
not purely a technical challenge. Key
considerations include:

Data privacy and security: Patient data is

sensitive; Al systems must comply with
regulations (e.g., HIPAA, GDPR), ensure
anonymisation, enforce access controls, and

protect against data breaches!’].

Algorithmic bias and fairness: Al trained on
biased data may perpetuate disparities in care.
Explainable AI (XAI) is important for
transparency—Markus et al. survey how XAl
supports trust in healthcare.

Explainability & trust: For pharmacists to accept
Al recommendations, to be
interpretable or provide meaningful explanations,
especially in high-risk decisions.

models need

Human oversight & professional role: Al should
augment pharmacists, not replace them. The
unique role of the pharmacist in counselling,
professional judgement and patient-interaction
remains vital. For example, Indian regulators
emphasised — “pharmacists should co-opt Al not
compete” in a recent commentary.[®!

Regulatory compliance:
pharmacy must comply with healthcare
regulations, get appropriate validations, and align
with professional standards.

Al applications in

Training & workforce changes: Pharmacists
need new skills (data literacy, interpreting Al
outputs, working alongside  Al-systems).
Implementation without workforce preparation
may fail.

Cost, infrastructure & interoperability: Setting
up Al systems requires investment in hardware,
software, integration with existing pharmacy
systems (pharmacy information systems, EHRs).
Resource-limited settings may face barriers.

Liability issues: If Al-generated recommendation
leads to harm, who is responsible — the
pharmacist, the system vendor, or the institution?
Clear governance is needed.

Ethical use of generative Al: With generative
models (chatbots, summarization tools), ethical
risks include misinformation, inappropriate
dispensing advice, lacking human nuance®..

Application of Artificial
Pharmacy Practice:

Intelligence in

Applications of Artificial Intelligence
in Pharmacy Practice

Artificial Intelligence
in Pharmacy Practice

[ Drug Discovery ] [MedicationManagement] { Clinical Decision }

& Development

& Adherence Monitoring

Support Systems

Predictive Modelling ] [ Smart Dispensers&Alerts] [ Drug Interaction Alerts ]

Deep Learning Models

Patient Compliance Tools

Dosage Recommendations

Personalized Medicine (Genomic Analysis)
Pharmacovigilance & Adverse Event Detectio

Improved Treatment Outcomes
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1. Drug Discovery and Development

One of the most significant applications of Al is in
drug discovery and development. Traditional drug
discovery processes are time-consuming and
costly, often taking more than a decade and
billions of dollars to bring a single drug to market.
Al-based algorithms, especially machine learning
(ML) and deep learning (DL) models, can analyze
complex biological datasets, identify potential
drug targets, and predict the molecular behavior of
new compounds. For example, Al systems can
simulate drug-receptor interactions, predict
toxicity, and optimize lead compound selection.
companies like Pfizer
Novartis have successfully integrated Al platforms
such as IBM Watson and Atomwise to accelerate
molecule screening, reduce failure rates, and
shorten development cycles!‘l.

Pharmaceutical and

2. Drug Formulation and Manufacturing

Al also plays a vital role in formulation design and
manufacturing automation. Advanced predictive
models assist scientists in selecting suitable
excipients, optimizing tablet compositions, and
controlling quality parameters such as dissolution
rate and stability. Machine vision systems and
robotics supported by Al ensure precise quality
control during manufacturing by detecting
deviations or defects in tablets and packaging.
Moreover, Al-based predictive maintenance
systems help monitor machinery performance,
minimizing downtime and ensuring continuous
pharmaceutical production with high safety
standards!''l.

3. Clinical Decision Support Systems (CDSS)

In clinical pharmacy, Al-driven Clinical Decision
Support Systems (CDSS) assist pharmacists and
clinicians in making evidence-based decisions.
These

systems integrate patient data from
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electronic health records (EHRs), laboratory
results, and previous prescriptions to provide
realtime alerts about potential drug interactions,
allergies, and contraindications. For instance, Al
algorithms can automatically recommend optimal
drug dosages for renal-impaired patients or
suggest therapeutic alternatives based on current
clinical guidelines. Such systems enhance patient
safety by reducing medication errors
improving the accuracy of prescriptions!'?.

and

4. Automated Dispensing and Pharmacy
Robotics

Automation is another crucial area where Al
demonstrates its potential. Al-powered robotic
dispensing systems are increasingly being
implemented in hospital and community
pharmacies. These systems can count, label, and
dispense medications with high precision and
speed, significantly minimizing human errors.
Automated  Dispensing  Cabinets  (ADCs)
integrated with Al ensure proper inventory
management and accurate medication tracking.
For example, Al-based robots can handle high-
volume dispensing tasks in hospitals, allowing
pharmacists to focus on patient counseling and
clinical services rather than repetitive manual
tasks!"!,

5. Pharmacovigilance and Adverse Drug
Reaction (ADR) Monitoring

Al has transformed pharmacovigilance — the
process of detecting, assessing, and preventing
adverse drug reactions. With the help of Natural
Language Processing (NLP) and machine
learning, Al systems can analyze large volumes of
unstructured data from patient reports, clinical
notes, and social media platforms to identify
possible drug-related side effects early. This real-
time data analysis enables regulatory authorities
and pharmaceutical companies to take timely
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action to ensure drug safety. For instance, Al-
based tools can identify correlations between
newly introduced drugs and emerging adverse
effects more efficiently than traditional reporting
systems!4],

6. Personalized and Precision Medicine

Al supports personalized medicine by integrating
patient-specific data such as genetic profiles,
biomarkers, and health records. Pharmacists can
use Al tools to predict how patients will
metabolize certain drugs and adjust dosages
accordingly. In pharmacogenomics, Al helps
interpret genetic variations that affect drug
response, thereby minimizing adverse reactions
and optimizing therapeutic This
approach shifts the focus from a one-size-fits-all
strategy to individualized therapy — a major leap
forward in patient-centered carel!”].

outcomes.

7. Inventory Management and Supply Chain
Optimization

Efficient drug supply management is critical for
both hospital and retail pharmacies. Alpowered
predictive analytics tools analyze historical sales
data, seasonal trends, and prescription patterns to
forecast future drug demand accurately. This
reduces stockouts, prevents overstocking, and
ensures the availability of essential medicines.
Furthermore, Al systems can identify counterfeit
drugs through image recognition and blockchain-
based tracking, improving transparency and

reliability in the pharmaceutical supply chain!'®l,
8. Patient Counselling and Telepharmacy

Al chatbots and virtual assistants are now being
used in telepharmacy to enhance patient
counselling and adherence. These systems can
answer routine medication-related queries, remind
patients to take their medicines on time, and
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monitor side effects through remote consultations.
In rural or resource-limited areas, Al-driven
telepharmacy platforms make it possible for
patients to access pharmacy services without
visiting in person. Such technology ensures that
healthcare delivery remains efficient, continuous,
and inclusive!'7l.

9. Education and Training in Pharmacy

Al tools also play a role in pharmacy education and
professional training. Virtual simulation programs
and Al-based learning platforms help pharmacy
and professionals practice complex
scenarios safely. Adaptive learning

students
clinical
systems personalize the educational experience
based on learners’ progress and performance, thus
improving their decision-making and analytical
skills in real-world clinical situations!'®!,

10. Data  Management and  Predictive

Healthcare

Lastly, AI assists in health data management and
predictive healthcare analytics. By integrating
patient medication histories, hospital records, and
wearable device data, Al can predict potential
health risks and help pharmacists design
preventive strategies. For example, predictive
models can forecast which patients are likely to
experience poor medication adherence or disease
relapse, early interventions and
improving overall treatment outcomes!'’!.

allowing

CONCLUSION:

The integration of Artificial Intelligence into
pharmacy  practice  presents substantial
opportunities to enhance patient safety, improve
medication management, optimise operations, and
enable more personalised care. Al approaches—
from drug-discovery to predictive analytics and
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NLP—are maturing and increasingly relevant for
pharmacists.

However, the path to full realisation is complex:
implementation requires robust data infrastructure,
regulatory oversight, workforce training, ethical
frameworks, and interoperability. Pharmacists
must view Al as a powerful tool that augments
their expertise rather than a threat. The profession
has to pivot from purely dispensing and
verification towards clinical consultative roles
aided by Al insights.

Looking ahead, successful adoption of Al in
pharmacy practice will depend on collaboration
pharmacists, data scientists, IT
professionals, regulatory bodies and healthcare
organisations. Pilot
evaluations, and continuous monitoring of Al
systems’ performance are essential. With prudent
implementation, Al can help pharmacists deliver
higher value care, focus more on patient-centred
activities and adapt to evolving healthcare
needs!?”

between

programmes, real-world
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