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Preface

The intersection of Artificial Intelligence (AI) and Machine Learning (ML) within the field
of drug design and development represents a pivotal moment in the history of healthcare
and pharmaceuticals. The remarkable synergy between cutting-edge technology and the
life sciences has ushered in a new era of possibilities, offering unprecedented opportunities,
formidable challenges, and a tantalizing glimpse into the future of medicine.

Al can be applied to all the key areas of the pharmaceutical industry, such as drug discov-
ery and development, drug repurposing, and improving productivity within a short period.
Contemporary methods have shown promising results in facilitating the discovery of drugs
to target different diseases. Moreover, Al helps in predicting the efficacy and safety of mole-
cules and gives researchers a much broader chemical pallet for the selection of the best mol-
ecules for drug testing and delivery. In this context, drug repurposing is another important
topic where AI can have a substantial impact. With the vast amount of clinical and phar-
maceutical data available to date, AI algorithms find suitable drugs that can be repurposed
for alternative use in medicine. In traditional methods of drug design, searching for a drug
that exhibits desired biological activities while conforming to safe pharmacological profiles
can be a long, costly, and challenging task. Complex methods are employed to identify new
chemical compounds that may be developed and eventually marketed as drugs. Despite all
the technological progress, the process is very long, with an estimated average of 9 to 12
years, and the success rate is low, which considerably increases the total cost.

This book is a comprehensive exploration of this dynamic and rapidly evolving field.
In an era where precision and efficiency are paramount in drug discovery, Al and ML
have emerged as transformative tools, reshaping the way we identify, design, and develop
pharmaceuticals. This book is a testament to the profound impact these technologies have
had and will continue to have on the pharmaceutical industry, healthcare, and ultimately,
patient well-being.

The editors of this volume have assembled a distinguished group of experts, research-
ers, and thought leaders from both the AI, ML, and pharmaceutical domains. Their collec-
tive knowledge and insights illuminate the multifaceted landscape of AI and ML in drug
design and development, offering a roadmap for navigating its complexities and harnessing
its potential. In each section, readers will find a rich tapestry of knowledge, case studies,
and expert opinions, providing a 360-degree view of Al and MLs role in drug design and
development. Whether you are a researcher, scientist, industry professional, policymaker,
or simply curious about the future of medicine, this book offers valuable insights and a
compass to navigate the exciting journey ahead.

xxiii
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The book comprises 19 chapters providing an overview of the state-of-the-art in the
development and application of AI, ML, and DL methods in drug design and development.
Chapter 1, “The Rise of Intelligent Machines: An Introduction to Artificial Intelligence,’
gives a foundational approach towards Artificial Intelligence and Generative Al, and com-
prehensively covers various ethical and societal implications of AI development. Chapter
2, “Introduction to Bioinformatics,” provides a comprehensive overview of bioinformatics
in terms of principles, methodologies, applications, and emerging trends while also high-
lighting how it serves as an interdisciplinary bridge between biology and computer science.
In addition, the chapter specifies the significance of bioinformatics in various biological
research domains and other application areas using real-time scenarios.

Chapter 3, “Exploring the Intersection of Biology and Computing: Road Ahead to
Bioinformatics,” discusses the importance of bioinformatics and also its relation to drug
discovery and development. In addition, the chapter discusses the need for powerful com-
putational resources in the field of bioinformatics, as well as data privacy and heterogeneity.
Chapter 4, “Machine Learning in Drug Discovery: Methods, Applications, and Challenges,”
highlights the uses of Machine Learning algorithms in different phases of drug discov-
ery and development (such as target validation); discusses the challenges and limitations
inherent to ML techniques in drug discovery; and showcases various existing works on
drug discovery that use ML tools and techniques and other current advancements for drug
development.

Chapter 5 explores the use of Al to perform analysis on various data sources—e.g.,
Genomics, Proteomics, and metabolomics data—and specifies how Al-driven algorithms
are employed to find associations and trends in large, complex datasets about AMR. The
chapter also explains how to apply Al algorithms to optimize the design of antimicrobial
compounds, facilitating the translation of Al-driven findings into clinical practice and
public health policies. Chapter 6, “Artificial Intelligence Powered Molecular Docking: A
Promising Tool for Rational Drug Design” presents various Al techniques in drug discov-
ery, and highlights molecular docking along with its applications. The chapter also discusses
various challenges encountered in implementing Al in docking algorithms and proposes
potential solutions.

Chapter 7, “Revolutionizing Drug Discovery: The Role of Al and Machine Learning in
Accelerating Medicinal Advancements,” highlights the potential of AI, ML, DL, NLP, and
robotics in drug design and development. Furthermore, the chapter presents a detailed
analysis of ML algorithms and explores the diverse facets of Al in domains like personal-
ized medicine, drug reallocation, safety assessments, predictive analysis, and drug formula-
tion. Chapter 8, “Data Processing Method for AI-Driven Predictive Models for CNS Drug
Discovery, presents ideas on how Al can be used to generate drugs, and highlights AI and
ML advancements in CNS drug design, along with various advanced applications like drug
repurposing, drug synergy prediction, de nova drug design, and drug sensitivity prediction.
In addition, the chapter illustrates various pharmaceutical research directions for Al and
ML in drug discovery.

Chapter 9, “Machine Learning Applications for Drug Repurposing,” explores ML tech-
niques used in drug repurposing and the challenges faced by ML in drug repurposing. It
also gives research directions for the application of ML techniques in drug repurposing.
Chapter 10, “Personalized Drug Treatment: Transforming Healthcare with AI” looks at
the fundamentals of AI in healthcare; explores data sources and collection methods for
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personalized treatment; and illustrates various case studies specifying AI's impact on per-
sonalized drug treatment. In addition, the chapter discusses regulator and ethical consider-
ations in Al-enabled personalized medicine.

Chapter 11, “Process and Applications of Structure-Based Drug Design,” examines the
various steps involved in structure-based drug design, and the tools and techniques used in
structure-based drug design, applications. The chapter outlines the advantages and limita-
tions of structure-based drug design, and discusses some future implications and potential
impacts. Chapter 12, “AI Based Drug Development,” details how AI improves drug devel-
opment and the techniques required; enlists challenges and limitations of Al-based drug
development; and highlights some case studies and examples to illustrate AI's importance
in drug development. Chapter 13, “AI Models for Biopharmaceutical Property Prediction,”
describes the principles, advantages, and challenges of AI models used for biopharma-
ceutical property prediction; discusses ML and AL advancements in drug design and
development; and enumerates the limitations and future challenges associated with the
implementation of AI models for biopharmaceutical property prediction.

Chapter 14, “Deep Learning Tactics for Neuroimaging Genomics Investigations in
Alzheimer’s Disease,” discusses deep learning tactics in the prediction, classification, and
diagnosis of Alzheimer’s disease, and explains deep learning-based prediction of altered
genes and mRNA in Alzheimer’s disease. Chapter 15, “Artificial Intelligence Techniques in
the Classification and Screening of Compounds in Computer Aided Drug Design (CADD)
Process,” reviews the computational tools and techniques in CADD, elaborates on AI and
ML methods in the molecular screening process, and illustrates the associated challenges
and opportunities.

Chapter 16, “Empowering Clinical Decision Making: An In-Depth Systematic Review
of Al-Driven Scoring Approaches for Liver Transplantation Problem,” explores various
Al-based scoring methods employed in liver transplantation to enhance clinical deci-
sion-making efficiency, and assesses the accuracy and predictive performance of these
Al-based scoring methods in predicting post-transplant outcomes, encompassing graft
failure, rejection, and patient survival. Furthermore, the chapter examines the impact of
Al-based scoring methods on clinical decision-making efficiency pertaining to liver trans-
plantation, while focusing on resource allocation, waiting times, workflow optimization,
and overall transplant program outcomes. The chapter also analyzes the characteristics that
affect how well Al-based scoring techniques are implemented and integrated into routine
clinical decision-making in regards to liver transplantation.

Chapter 17, “Pushing Boundaries: The Landscape of Al-driven Drug Discovery and
Development with Insights into Regulatory Aspects,” highlights AI technologies used in
drug design and discovery; chronicles the applications of Al in DDS and Drug DVPT; and
elaborates on Al in medicine, current DVPTs, and a strategy for pharmaceutical companies.
Chapter 18, “Feasibility of Al and Robotics in Indian Healthcare: A Narrative Analysis,”
describes various types of robotics in healthcare and thoroughly discusses the inclusion of
robotics in Indian hospitals, using real-time case studies. The chapter also considers future
applications of robotics and Al

Chapter 19, “The Future of Healthcare: AloMT- Redefining Healthcare with Advanced
Artificial Intelligence and Machine Learning Techniques,” explores many technologies used
in drug design and development, and proposes a novel and secure AloMT framework for
smart healthcare. Additionally, the chapter discusses various case studies that demonstrate
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early detection of diabetic retinopathy, chatbots employed for mental health, and predictive
analytics for patients’ outcomes.

We are deeply grateful to everyone who helped with this book and greatly appreciate the
dedicated support and valuable assistance rendered by Martin Scrivener and the Scrivener
Publishing team during its publication.

Abhirup Khanna
May El Barachi
Sapna Jain
Manoj Kumar
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The Rise of Intelligent Machines: An
Introduction to Artificial Intelligence

Shamik Tiwari

School of Computer Science, UPES, Dehradun, India

Abstract

Artificial intelligence (AI) represents a field within computer science dedicated to developing intel-
ligent machines that can execute tasks typically demanding human intelligence. Al aims to create
algorithms, systems, and tools that replicate cognitive processes, including language comprehension,
problem-solving, learning, and reasoning. Al is a multidisciplinary field that draws inspiration from
various areas, including computer science, mathematics, neuroscience, philosophy, psychology, and
linguistics. The emergence of Al has resulted in a revolutionary period in human history. Industry,
society, and our perception of computer capabilities are all being influenced by the growth of intel-
ligent machines, which are being powered by Al technology. The main concepts, purposes, latest
developments, and ethical concerns of Al and intelligent machines are summarized in this chapter.

Keywords: Artificial intelligence, machine learning, neural networks, deep learning, intelligent
machines, Al applications

1.1 Introduction

Artificial intelligence is the term used to describe computer systems that simulate human
cognitive processes. It includes the capacity of computers to carry out operations such as
problem-solving, learning, reasoning, perception, language understanding, and decision-
making that ordinarily call for human intelligence. Artificial intelligence (AI) technologies
attempt to build systems that duplicate and enhance human cognitive abilities, changing
how we communicate with technology and our environment. The development of devices
that could imitate human thought processes marked the beginning of Al. Key milestones
include Alan Turing’s theoretical framework for computation, the Dartmouth Workshop in
1956 that coined the term “artificial intelligence,” and the development of early AI programs
like the Logic Theorist and the General Problem Solver [1, 2].
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2 Al AND ML IN DrRUG DESIGN AND DEVELOPMENT

The founding father of Al, Alan Turing, defines this discipline as:

“Al is the science and engineering of making intelligent machines, brilliant computer
programs.”

Artificial intelligence can also be defined as follows:

« The potential of a robot or other device operated by a program to carry out
tasks usually performed by intelligent beings.

o A computational system with artificial intelligence displays behavior that is
typically regarded to require intelligence.

o It is the replication by machines, particularly computer systems, of how
human intellect works. These procedures entail self-correction, inference,
and learning.

« A machine’s capacity to mimic intelligent human behavior.

The critical question is “How close or how well a computer can imitate or go beyond
when compared with a human being,” even though the above definitions are all appropriate.
Figure 1.1 provides the sub-domains of artificial intelligence.

AT can be broadly categorized into two main types [3]:

Narrow AI (weak AI): Narrow Al refers to Al systems designed and trained for specific
tasks and operating within a limited domain. Examples of narrow AI applications include
virtual assistants like Siri or Alexa, recommendation systems on online platforms, and
image recognition algorithms.

Artificial intelligence is the ability of machines
to perform tasks that are typically associated
with human intelligence.

/___.,---" Artificial |nte||igence>\"-\_‘ Machine learning is an application of Al that

. Y J/ enables systems to learn and improve from
Y. N experience without being explicitly
‘/"' Machine Learning \ programmed.
""‘. e \

/ - ™~ \.‘
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f / Neural Networks \ ‘.\
/ e

| -~ 2 \ A neural network is a machine learning
\ N model designed to mimic the function

Deep . = and structure of the human brain.
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Deep learning is a subset of machine learning
that is made up of a neural network with
three or more layers.

Figure 1.1 Artificial intelligence and its allied domains.



