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ABSTRACT

The pharmaceutical sector has been playing a crucial role in the innovation, development,
discovery and delivery of novel drugs. This article explains about the role of Atrtificial intelligence
(Al), which has nowadays become an integral part of the pharmaceutical sector in drug discovery. It
also includes different Al models like Deep Chem, RDKit, ChemBERTa, Auto Dock Vina and some
other that has been used at different stages of drug discovery. The article gives us an insight about

the contributions of Al in drug delivery, drug design, in biological product development and in
medical devices.
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1. INTRODUCTION

Artificial Intelligence is a computer science field
that involves accumulating knowledge, creating
rules, and replicating human behaviour. Al aims
at developing autonomous computer systems
that require minimum or no human involvement.
In 1956, a workshop on the Dartmouth College
campus established the subject of artificial
intelligence research. The workshop speakers
went on to become decades-long innovators in
Al research. Many of them believed that
machines as intelligent as humans would exist
within one generation. Al helps these models
learn, understand, and analyse data. Artificial
intelligence (Al) is rapidly impacting industries,
including the pharmaceutical industry. Al is being
used more and more in the pharmaceutical
sector, especially in pharmaceutical research, to
automate, improve, and personalize a variety of
processes. Traditional drug development
techniques are typically expensive, tedious, and
inefficient; they frequently take several decades
and cost bilions of dollars. Al improves
medication design by more accurately predicting
behaviour, interactions, and qualities. These
approaches promote precision in drug discovery
and lower clinical trial expenses, resulting in
more effective medications (Singh et al., 2024).

How Al started: American computer scientist
and inventor John McCarthy was known as the
"Father of Artificial Intelligence" after he
introduced the field dedicated to the research
and creation of intelligent machines.

Alan  Turing's "Computer Machinery and
Intelligence" was released in 1950, and it
presented The Imitation Game, a machine

intelligence test. In 1952, Arthur Samuel, a
computer scientist, created the first checkers
program that could learn the game on its own.

Various aspects of drug manufacturing can
also benefit from Al:

e Al has the potential to revive nanomedicine
and dose optimization. A patient's unique
disease profile is assembled using
diagnostic nanomaterials, and an array of

therapeutic nanotechnologies is then
applied to improve the treatment's
outcome.

e Al may promote quick novel drug
discoveries and build protocols for the
production of these new molecules, as well
as predicting the preferred chemical
structure and gaining knowledge of
potential drug-target interactions (Mason,
2018).

e Marketing - strategies are required in many
businesses, including the pharmaceutical
industry. Many e-commerce sites currently
use Al for effective marketing, and the
pharmaceutical industry can greatly profit
from the same method.

2. ROLE OF Al
SCIENCES

IN PHARMACEUTICAL

Al's  position in pharmaceutical sciences
encompasses a wide range of research fields
that contribute to the discovery, development,
and formulation of drug products.

2.1In the Development of Drug Delivery
Systems

Machine learning has potential applications in
various sectors, including healthcare,
pharmacology, and biological sciences. Machine
learning is utilized in the pharmaceutical sector
for several operations, including grinding, mixing,
granulating, drying, filling, packing, and testing.
Machine learning is used for genetic data
sequencing, coding, and recognition to produce
biomedicines (Mason, 2018). Computer vision, a
branch of Al that uses deep learning and pattern
recognition, can understand graphs, tables,
photos, and other text and video in PDF
documents. This technology is used to analyse
X-rays and speed up patient diagnostics.
Computer vision is used to recognize chemical
components, build complexes, and study genetic
structures (Shahiwala, 2023). Al techniques can
improve pharmaceutical delivery by stimulating,
predicting, and optimizing drug distribution in

patients. Artificial neural networks, machine
learning, and deep learning are being utilized to
automate  and optimize pharmaceutical

manufacturing and delivery.

Machine learning (ML) and DL systems can
improve therapeutic results and help in
medication selection and dosing (Taher et al.,
2023) Nanomedicine relies on these properties
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since nanocarriers can contain numerous
therapies and be administered to patients with
different medical conditions. The pharmaceutical
sector can greatly benefit from combining Al,
particularly in drug research and administration.

2.2 PAT (Process Analytical Technology)

Process Analytical Technology (PAT) is defined
by the Food and Drug Administration (FDA) as a
method for designing, analysing, and controlling
pharmaceutical manufacturing processes by
recognizing important process parameters that
impact important quality attributes of an Active
Pharmaceutical Ingredient  (API) during
manufacturing. Machine learning techniques and
artificial intelligence approaches have become
crucial for better managing the drug development
process. These models use data from the real
world to guide their predictions and design
choices, improving process output, uniformity
and quality. In conclusion, we can state that the
pharmaceutical sector is changing as a result of
the use of quality-by-design principles along with
machine learning and modern technology. By
promoting risk management, understanding of
products and processes, and continuous
improvement, QbD is opening the door to more
affordable, safer, and more efficient drug
formulations (Prusty and Panda, 2024).

2.3 Healthcare

Al has an important part in drug discovery,
including developing new compounds and
identifying new biological targets. It is essential
for identifying and validating pharmacological
targets using many approaches, including target-
based, phenotypic, and multi-target drug
discoveries, as well as repurposing and
biomarker discovery. Al can help pharmaceutical
companies speed up drug approval and market
launch, particularly when integrated into
research. Growth can result in cost savings,
making pharmaceuticals easier to get to patients
and increasing treatment options. Artificial
intelligence (Al) has the potential to improve
efficiency and accessibility in the pharmaceutical
industry (Rakocevi¢ and Markovic, 2024).

2.4 Role of Al in Drug Discovery

A significant change in pharmaceutical research
has been generated by the application of artificial
intelligence (Al) in drug discovery, which
integrates advanced computer methods with
traditional scientific investigation to overcome a

long-standing difficulty (Abbas et al., 2024). It
examines how Al is used to predict drug
attributes  like  toxicity, bioactivity, and
physicochemical aspects as well as in drug
design, polypharmacology, chemical synthesis,
and drug repurposing. The study discusses the
difficulties and restrictions faced in the sector,
such as data quality, generalizability, computing
demands, and ethical implications, despite Al's
favourable developments (Chavda et al., 2023).

2.5 Role of Al in Drug Delivery

Computational pharmaceutics use Al and big
data to improve the distribution of drugs through
multiscale simulation. Computational
pharmaceutics analyses immense data sets
using Al algorithms and machine learning
techniques to predict drug actions. Creating
healthcare formulation and distribution processes
helps researchers to evaluate and optimize
systems  without expensive trial-and-error
studies. This leads to faster medication
development, lower costs, and increase
productivity (Lou et al., 2021). Computational
pharmaceutics models drug delivery systems at
various levels, including molecular interactions
and macroscopic behaviour. Al algorithms may
evaluate medication characteristics, formulation
components, and physiological aspects that
predict behaviour at various levels from the time
the medication enters the body till it is excreted.
From the beginning, in the development stage,
researchers are able to identify all risks or
challenges related to drug delivery methods by
using the correct set of Al technologies (Jiang et
al., 2022). Therefore, it is possible to make early
modifications and adjustments that minimize
risks and enhance the effectiveness of
medicines. Unexpected results become less
possible when Al and computational modelling
are used instead of expensive and time-
consuming trial-and-error examinations.

2.6 Al in Drug Design

In the field of drug design, Al greatly speeds up
the drug development by improving the
identification  process of potential lead
compounds (Hasselgren and Oprea, 2023). The
ability of Al to evaluate a broad range of
molecular configurations and forecast their
possible binding affinities, streamlining the
pathway from concept to clinic (Deng et al.,
2021). The study of protein structures is an
important aspect of drug discovery, as many
diseases are associated with protein dysfunction.
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Al is used to predict 3D protein structures with
greater accuracy, allowing for the study of
protein-protein interactions (PPI) and further
understanding of structural drug design (Dara et
al., 2021, Xue et al., 2015).

2.7 Predicting the 3D Structure of Target
Protein

One of the most crucial processes in structure-
based drug design and discovery is predicting
the three-dimensional (3D) structure of target
proteins. In order to predict the three-dimensional
structure of proteins from their sequences,
artificial intelligence (Al) models carefully extract
characteristics associated with amino acid
properties, structural motifs, and evolutionary
history (Lim et al., 2022). AlphaFold, developed
by Google DeepMind, is a significant
advancement in Al-driven protein structure
prediction. AlphaFold predicts the 3D target
protein structure by evaluating the angles of
peptide bonds and the distances between nearby
amino acids (Jumper et al., 2021, Powles and
Hodson, 2017).

2.8 Prediction  of
Interactions

Drug - Protein

A key aspect of efficient drug development is the
prediction of drug-protein interactions (DPIs),
which greatly benefits from the application of Al.

Al enables the study of huge biological and
chemical datasets (Wang et al., 2021, Jimenes-
Vargas et al., 2024). Al tools excel at discovering
important variables that affect DPIs by evaluating
molecular data, allowing them to assess potential
interactions between novel drug possibilities
based on their chemical compositions. Accurate
detection of ligand-protein interactions is
essential for understanding therapeutic efficacy,
enabling drug repurposing, and lowering the risk
associated with polypharmacology (Cichonska et
al., 2024). Al approaches have been essential in
making exact predictions of these interactions,
resulting in improved therapeutic outcomes.

2.9 Al in Medical Devices

A medical device is a type of apparatus, tool,
instrument, implant, or machine appliance that
serves a specific medical purpose and can be
used alone or in conjunction with software or
other related systems in vitro and intended for
medical use (Koh et al., 2022).

Some examples of utilization of Al in medical
devices include:

Diagnostic Assistance
Remote Monitoring of vitals
Wearable Devices
Prosthetics and Rehabilitation
Medication Management

agr®ONE

Table 1. Role of Al in drug discovery

Al tools Role in drug discovery

DeepChem An open-source library that offers a wide range of tools and models for drug
development, including deep learning models for molecular property prediction,
virtual screening, and generative chemistry.

RDKit A prominent open-source cheminformatics library offers features for molecule
handling, substructure searching, and descriptor calculation.

ChemBERTa A linguistic approach developed primarily for drug discovery tasks. It relies on the
Transformer architecture and pre-trained on a significant body of chemical and
biomedical literature, allowing it to synthesize molecular structures, forecast
characteristics, and aids in lead optimization.

IBM RXN for An artificial intelligence model meant to anticipate chemical reactions. It uses

Chemistry deep learning algorithms and massive reaction datasets to produce potential
reaction outcomes, hence assisting in the development of new synthetic routes
and compounds.

Scape-DB scape-DB (Extraction of Chemical and Physical Properties from the Literature-

DrugBank) is a database that uses natural language processing and machine
learning to extract chemical and biological information from scientific publications.
It offers useful information for drug discovery research.
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3. Al TOOLS FOR BIOLOGICAL
PRODUCT DEVELOPMENT

Al facilitates the development of novel proteins,
peptides, nucleic  acid  biologics, and
Immunotherapeutics with desired characteristics
(Magill et al., 2023). Al algorithms can identify
therapeutic targets based on genomic,
proteomic, and clinical data. It assists
researchers in developing protein and peptide
biologics that modify biological pathways or
target illness-causing proteins by identifying
disease targets (Akbar et al, 2017). Al
algorithms predict:

1. Protein/peptide-target
affinity

2. Protein and peptide biologic toxicity

3. Predict harmful sequence and structure

4. Protein folding from amino acid sequences

molecule binding

4. APPLICATION OF Al
FIELDS

IN SCIENTIFIC

In Genomics: Mainly used in genetic variant
identification, gene function prediction and
analysis of genomic interactions. Al is mainly
advantageous in rapid processing of sequencing
data and has improved accuracy in predicting
regulatory elements.

In climate science: Used in climate model
improvement, satellite imagery analysis, extreme
weather prediction. The ability to accurately
predict both short-term weather patterns and
long-term climate trends is using Al models.

Different Al tools used for drug discovery (Vora
et al., 2023).

5. CONCLUSION

Artificial intelligence is shaping the future of
pharmaceutical industry's, bringing innovations
and advancement that promise to improve
efficacy of treatment, reducing costs, and
accelerating the development of new drugs. The
goal of Al is to enhance human lives and address
complex challenges arising in various fields,
ranging from healthcare to environmental
sustainability.
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