Simi S. M., Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 519-526 |Review

INTERNATIONAL JOURNAL OF ™

PHARMACEUTICAL SCIENCES
[ISSN: 0975-4725; CODEN(USA): 1JPS00]
Journal Homepage: https://www.ijpsjournal.com

OPEN ACCESS

Review Article

Artificial Intelligence Powered Pharmaceutical Innovation

Simi S. M.*, Aafiya S., Abhirami V. R., Anuja Vinu, Devika P. S., Vishnavi Thampi B.

M.

Department of pharmacology, Mar Dioscorus College of Pharmacy, Alathara, Thiruvananthapuram.

ARTICLE INFO

ABSTRACT

Published: 07 Feb. 2025
Keywords:

Artificial Intelligence (Al),
Pharmaceutical Industry,
Drug Discovery, Machine
Learning (ML), Animal
Testing Alternatives,
Healthcare Innovation,
Pharmacy Practice, Patient
Outcomes.

DOIl:
10.5281/zenodo.14833995

Artificial Intelligence (Al) is transforming the pharmaceutical industry by streamlining
drug discovery, enhancing pharmacy practice, and offering ethical alternatives to animal
testing. Originating in mid-20th century computational theories, Al has evolved
significantly, with advancements in machine learning and data analysis revolutionizing
the field. In drug discovery, Al accelerates the identification of drug candidates and
optimizes their properties through data-driven insights. It also provides a promising
alternative to animal studies by simulating biological processes and predicting drug
responses with computational models, addressing ethical concerns and improving
efficiency. Additionally, Al enhances pharmacy practice by personalizing medication
regimens, predicting patient outcomes, and optimizing drug interactions. In conclusion,
Al's integration into pharmaceuticals not only speeds up and refines drug development
but also improves patient care and addresses ethical issues, heralding a new era of
innovation in healthcare.

INTRODUCTION

innovation, enabling previously unthinkable

Artificial intelligence is a subfield of computer
science that uses symbolic programming to assist
humans in solving problems. Al has become a
national addiction in the 20th century. Real
instances of artificial intelligence that we currently
use in our daily lives like Chat GPT, META Al,
etc. Several leading pharmaceutical companies,
including Pfizer, Novartis, Johnson & Johnson
Science, and others are utilizing artificial
intelligence. Al has been the leading competitor of

advancements in industries including finance,
healthcare, manufacturing, and transportation. [
According to John McCarthy, the Father of
Artificial Intelligence, it is ‘“The science and
engineering of making intelligent machine”. The
goal of the Al system is to develop a system
capable of solving complex problems in ways
similar to human logic and reasoning. This review
aims to investigate the diverse applications of
artificial intelligence in the field of drug discovery,
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and pharmacy practice, identify research gaps and
problems, and suggest future path. 3]
History Of Artificial Intelligence 2

Alan Turing’s

seminal work, “Computing

Machinery and Intelligence,” published in 1950,
marked the beginning of the artificial intelligence.
In 2004, Father of artificial intelligence,

John McCarthy.
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1950s: The Dartmouth Summer Research
Project on Artificial Intelligence (1956) is
considered the birthplace of Al. Attendees like

John  McCarthy, Marvin Minsky, and
Nathaniel Rochester explored Al's
possibilities.

1951: Alan Turing proposed the Turing Test, a
measure of a machine's ability to exhibit
intelligent behaviour equivalent to, or
indistinguishable from, that of a human.

1956: The term "Artificial Intelligence” was
coined by John McCarthy.
1960: Rule-based expert
developed, mimicking human
making processes.

systems were
decision-

1970s-1980s: Al research experienced a
decline in funding, known as the "Al winter."
1987: The market for specialized LISP-based
hardware collapsed due to cheaper and more
accessible competitors that could run LISP
software, including those offered by IBM and
Apple. This caused many specialized LISP
companies to fail as the technology was now
easily accessible.

1990s-2000s: Al resurgence began with
advancements in machine learning, natural 2
language processing, and computer vision.
2020: OpenAl started beta testing GPT-3, a
model that uses Deep Learning to create code,
poetry, and other such language and writing
tasks. While not the first of its kind, it is the

first that creates content almost
indistinguishable from those created by
humans.

2021: OpenAl developed DALL-E, which can
process and understand images enough to
produce accurate captions, moving Al one step
closer to understanding the visual world.

Terminologies Used in Al 34

Terminologies

Description

Algorithm

A set of instructions to solve a problem

or perform a task.

Machine Learning (ML)

adaptable models that can perform a

It is a subfield of Ai that produce

variety of complex task.

Deep Learning (DL)

A subfield of ML that uses neural
networks to analyse data.

Neural Network

A model inspired by the human brain,
composed of interconnected nodes
(neurons) that process data.

Natural Language Processing (NLP)

The ability of computers to understand,
interpret, and generate human language.

Supervised Learning

Training Al models on labelled data to
learn from examples.

Unsupervised Learning

Training Al models on unlabelled data
to discover patterns and relationships.
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Reinforcement Learning

Training Al models through trial and
error to make decisions based on
rewards or penalties.

Scope And Applications Of Al [

The scope of Artificial Intelligence is vast and

rapidly arising field that is changing many parts of

our lives and industries. The following are some of

the main areas where Al is having a big impact:

1. Healthcare: Diagnosis, drug discovery,
personalized medicine, and medical imaging

analysis.

2. Finance: Fraud detection, credit scoring,
portfolio management, and algorithmic
trading.

3. Education: Personalized learning, intelligent
tutoring systems, and automated grading.
4. Transportation: Autonomous vehicles, traffic
management, and route optimization.
5. Manufacturing:  Predictive  maintenance,
quality control, and supply chain optimization.
6. Customer Service: Chat bots, virtual assistants,
and sentiment analysis.
7. Cybersecurity: Threat detection, incident
response, and vulnerability assessment.
Artificial Intelligence in The Field of Drug
Discovery
Animal studies have long been a foundation of
scientific research, but growing concerns about
animal welfare, ethics, and the limitations of
animal models have sparked a search for
alternative methods. By embracing Al as an
alternative to animal studies, researchers can
promote more humane, efficient, and effective
scientific research. This module explores how new
technologies like organs-on-a- chip and computer
simulations are reducing the need for animal
testing in drug development, making the
pharmaceutical industry more ethical and efficient
[6, 10].
How Technology Reduces Animal Testing?
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New alternative methods instead of animal testing

incorporate the 3R principles:

e Replacing: Substituting animal models with
non-animal systems or with less developed
animals.

e Reducing: Decreasing the number of animals
required while still achieving testing
objectives.

e Refining: An alternative testing method
enhances animal well-being. [6, 10]

Examples For Non-Animal Model Alterntives:
% Organ-On-A-Chip (OOC)
An Organ-on-a-Chip (OOC) is a microfluidic cell
culture chip that simulates the activities,
mechanics and physiological response of entire
organs and organ systems. It's a tiny, artificial
replica of an organ, like a heart or lung, on a chip,
allowing researchers to:

e Study organ function and behaviour

e Test drug effects and toxicity

e Reduce animal testing and clinical trials 6]

% Organoids

Organoids are 3D cellular structures grown in a lab

that mimic the architecture and function of native

tissues. These are wused to study organ
development, disease modelling, and drug

discovery. [6: 10

% In Silico Trials

In silico trials, also known as computer

simulations or virtual trials can mimic clinical

trials, reducing the need for animal testing in drug
development and toxicology. They allow
researchers to:

e Simulate clinical trials and drug interaction.

e Model disease progression and treatment
responses. [14

% Personalized Medicines

521 | Page



Simi S. M., Int. J. of Pharm. Sci., 2025, Vol 3, Issue 2, 519-526 |Review

Al can help develop personalized treatment plans
for humans, reducing the need for animal testing
to predict human responses. Al can:

e Identify the most effective treatments and
minimize side effects

e Develop targeted therapies for specific patient
populations

e Optimize drug dosing and delivery for
individual patients

* Improve patient outcomes
healthcare costs ["11:12:13]

Al In Drug Discovery: Overcoming Key

Challenges

e Al requires high-quality, diverse, and large
datasets, which can be difficult to obtain in
drug discovery.

e Al models can be complex, making it
challenging to understand their decision-
making processes.

e Al may require significant changes to existing
drug discovery workflows and infrastructure.

e Requires specialized expertise in both Al and
drug discovery.

* Al may struggle to generate novel hypothesis
or ideas. (1213

Strategies To Overcome the Challenges

% Human-Al collaboration:

By Combining Al's predictive power with human

expertise and judgment.

«» Expertise and training:

and reduce

By providing interdisciplinary training and
developing  specialized Al-drug discovery
expertise.

+«+ Continuous learning and improvement:
Regularly updating and refining Al models and
strategies.

¢ Regulatory engagement:

By collaborating with regulatory agencies to
establish guidelines and acceptance criteria.

s Workflow integration:
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By seamlessly integrating Al into existing drug
discovery workflows, 1213l

Al in the field of pharmacy practice

In the rapidly evolving landscape of healthcare,
Artificial Intelligence (Al) is emerging as a
transformative force in pharmacy practice. Al has
the potential to significantly improve medication
management and patient care. Imagine a world
where pharmacy professionals have real-time
access to predict patient needs, optimize
medication regimens, and enhance clinical
outcomes, Al is bringing this vision to life and
changing how pharmacist communicate with both
patients and data. Al's capabilities extend far
beyond simple automation; it empowers
pharmacists to harness the power of data analytics,
predictive modelling, and machine learning. From
precision medicine to personalized patient care, Al
tools are streamlining medication management,
improving accuracy in drug interactions, and
facilitating more informed clinical decisions. By
integrating Al into pharmacy practice, we’re not
just enhancing efficiency we’re elevating the
quality of care and paving the way for a more
responsive and adaptive healthcare system. Al
allows for greater collaboration between different
healthcare services provided to a single patient. Al
models have been developed to predict and detect
adverse drug events, assist clinical decision
support  systems  with  medication-related
decisions, Diseases diagnosis using Al, automate
dispensing processes in community pharmacies,
optimize medication dosages, detect drug-drug
interactions, improve adherence through smart
technologies, detect and prevent medication
errors. (68l

Applications Of Al In Pharmacy Practice

> Role of Al in detecting the ADR OF Medicines
Artificial Intelligence (Al) is playing an
increasingly pivotal role in the detection,
prediction, and management of Adverse Drug
Reactions (ADRs), which are unintended and
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harmful effects resulting from the use of
medications. Here’s how Al is revolutionizing the
field:
% Predictive Analytics
Al algorithms can analyse vast amounts of data
from electronic health records, clinical trials, and
patient reports to identify patterns that may
indicate potential ADRs. By leveraging machine
learning models, Al can predict which patients are
at higher risk for specific reactions based on their
genetic, demographic, and clinical profiles. This
predictive  capability enables pre-emptive
interventions, helping to avoid adverse outcomes
before they occur.
+«+ Real-Time Monitoring
Al-powered systems continuously monitor patient
data in real-time to detect signs of ADRs as they
happen. These systems analyse various sources of
data, such as electronic health records (EHRS),
wearable devices, and patient-reported outcomes,
to identify deviations from normal health patterns
that may signal an ADR. Early detection allows for
timely adjustments to treatment plans, improving
patient safety.
+«+ Drug Development and Testing
During the drug development phase, Al can
analyse preclinical and clinical data to predict
potential ADRs before a drug reaches the market.
This capability accelerates the identification of
safety concerns and helps refine drug
formulations, leading to safer medications.
«+ Patient Education and Engagement
Al can also play a role in educating patients about
potential ADRs and empowering them to report
adverse reactions. Chat bots and virtual health
assistants can provide patients with information
about their medications, encourage them to report
side effects, and guide them through the reporting
process. (@
» Clinical Decision Support

Acrtificial Intelligence (Al) is revolutionizing
Clinical ~ Decision  Support (CDS) by
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enhancing the accuracy, efficiency, and
effectiveness of medical decision-making. Here’s
how Al is making a significant impact in this
critical area of healthcare:

¢ Enhanced Diagnostic Accuracy

Al algorithms, particularly those based on
machine learning and deep learning, can analyse
medical images (e.g., X-rays, MRIs, CT scans)
with high precision, often matching or exceeding
human radiologists' performance. Al systems can
identify patterns and anomalies that may be missed
by the human eye, assisting in early and accurate

diagnosis of conditions such as cancer,
cardiovascular  diseases, and  neurological
disorders.

% Personalized Treatment Recommendations

Al systems can analyse patient-specific data,
including genetic information, medical history,
and current health status, to provide personalized
treatment recommendations. For instance, in
oncology, Al can suggest targeted therapies based
on the genetic profile of a tumour, optimizing
treatment effectiveness and minimizing side
effects.

% Clinical Workflow Optimization

Al enhances clinical workflows by automating
routine tasks such as data entry, appointment
scheduling, and medication management. Al-
powered tools can streamline administrative
processes, reducing the burden on healthcare
providers and allowing them to focus more on
direct patient care. This efficiency can lead to
better patient outcomes and improved healthcare
delivery.

¢ Evidence-Based Guidelines and Protocols

Al can help implement and adhere to evidence-
based clinical guidelines and protocols by
analysing current medical literature and patient
data. Al systems can ensure that treatment
decisions align with the latest research and best
practices, improving the overall quality of care.

» Disease Diagnosis
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« Early Detection: Al tools can help in early
detection of diseases like cancer, where early
intervention is crucial. For example, Al
algorithms can analyse mammograms to detect
early signs of breast cancer, often identifying
issues at a stage when treatment options are
more effective

+«+ Genetic Analysis: Al algorithms can interpret
complex genetic data to identify mutations and
variations associated with specific diseases.
This  capability  supports  personalized
medicine by tailoring treatment plans based on
an individual’s genetic profile, enhancing
treatment efficacy and minimizing adverse
effects.

«»+ Targeted Therapies: In oncology, for instance,

Al helps in identifying genetic markers that

can predict how well a patient will respond to

certain targeted therapies.This leads to more
personalized and effective treatment plans.

Lifestyle Recommendations: Al can provide

personalized recommendations for lifestyle

modifications, such as diet and exercise, based
on individual patient data and cardiovascular
health metrics.

» Dose Recommendation

Al enhances dose recommendation by analysing

patient-specific data—such as age, weight, genetic

profile, and medical history—along with real-time
response to treatment. Machine learning
algorithms process this data to predict the optimal

X/
°

dosage of medications, ensuring both efficacy and
safety. Al systems can adjust dosages dynamically
based on ongoing patient feedback and health
metrics, minimizing the risk of adverse effects and
improving therapeutic outcomes. This
personalized approach helps clinicians tailor
treatments more precisely to individual needs.

» Medication Error Identification

The Food and Drug Administration (FDA)
receives over 100,000 reports from the United
States each year regarding suspected medication
errors (MEs). Prescription errors occur at rates
ranging from 0.3 to 9.1% in European hospitals,
while dispensing errors occur at rates ranging from
1.6 to 21%. According to reports, a
comprehensive and systematic approaches to
patient safety can prevent up to 70.2% of ME-
related harm. Implementation of electronic
prescription systems, robust medication error
surveillance, and the use of barcode medication
administration systems are promising strategies
for reducing MEs occurrence.

% IBM Watson for Health

IBM Watson analyses patient records, including
medication history and lab results, to identify
potential medication errors. By cross-referencing
prescribed drugs with known drug interactions and
patient-specific factors, Watson alerts healthcare
providers to potential issues such as
contraindications and incorrect dosages. [ % 10 15]

Barriers To Ai Integration in
Pharmacy Practice

Strategies To Overcome Challenges to
Ai Adoption in Pharmacy Practice

Data Privacy and Security

Addressing Data Privacy and Security

Al systems require access to large
volumes of patient data to function
effectively. Ensuring this data is
protected from breaches and misuse is
paramount, especially with sensitive
health information.

Employ advanced encryption, multi-
factor authentication, and regular security
audits to protect patient data. IBM
Watson Health wuses state-of-the-art
encryption techniques and security
protocols to protect patient data. It
implements  multi-layered  security
measures, including data encryption both
at rest and in transit, ensuring that
sensitive health information is secure
from unauthorized access.
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High Costs

Managing High Costs

The financial investment required for Al
technology—covering software,
hardware, and training—can be
prohibitive, particularly for smaller or
independent pharmacies.

Use cloud-based Al services to reduce
upfront costs and avoid the need for
expensive hardware investments.
Microsoft Azure provides Al solutions
that can be accessed on a pay-as-you-go
basis. This reduces the need for
significant upfront investments in
hardware and software, making Al more
accessible to smaller pharmacies.

Regulatory and Compliance Issues

Navigating Regulatory and
Compliance Issues

Al tools must comply with stringent
regulatory standards, which can vary by
region. Ensuring that Al systems meet
clinical guidelines and are approved by
regulatory bodies is a complex process.

Continuously monitor and adapt to
changing regulations and standards
related to Al in healthcare. Work closely
with regulatory agencies to ensure
compliance and address any concerns
during the Al development and
implementation  phases.  Regulatory
requirements include submitting detailed
documentation and conducting clinical
trials as required.

Overcoming Resistance to Change

Overcoming Resistance to Change

Resistance to adopting Al in pharmacies
may stem from staff concerns about job
displacement, complexity, or lack of
understanding.

Provide comprehensive training
programs to educate staff about Al
benefits and functionalities, Addressing
concerns and improving acceptance.
Mayo Clinic offers extensive training
sessions for staff to familiarize them with
Al technologies and their benefits. This
training includes hands-on workshops
and educational materials to address any
concerns.

CONCLUSION

Upon concluding our Presentation Looking ahead,
the future of Al in pharmacy is bright with
promise. As Al technology continues to evolve, it
is expected to drive further innovation and
improvements in pharmaceutical science. By
overcoming current challenges and embracing
Al’s potential, the field of pharmacy can look
forward to a future characterized by enhanced
precision, efficiency, and personalized patient care
and with ongoing technological progress and
strategic implementation, Al will continue to
shape the future of pharmacy, paving the way for

ot
P
/4

7

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

a new era of precision medicine and optimized

healthcare delivery.
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