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Preface

The book Biosystems, Biomedical, and Drug Delivery Systems: Characterization,
Restoration and Optimization is a value addition to the subject domain of Biosystems
and Biomedicine. In this volume, we embark on a journey through cutting-edge
advancements in the realms of biosystems, biomedical, and drug delivery, exploring
innovative technologies that redefine the landscape of medical science.

The landscape of health care is undergoing a profound transformation, fueled
by groundbreaking discoveries, technological innovations, and a relentless pursuit
of understanding the intricate complexities of biosystems. This book serves as a
comprehensive guide to the latest developments in the field, offering insights into
the characterization, restoration, and optimization of biological processes and drug
delivery systems. The book delves into the detailed exploration of biosystems at
various levels, from molecular structures to complex organisms. Understand how
advanced analytical techniques and imaging modalities are revolutionizing our under-
standing of biological entities. The volume explores the innovative approaches and
interventions that aim to restore normal physiological functions. From regenerative
medicine to targeted therapies, discover how researchers are unlocking the potential
to heal and rejuvenate the human body. Further, the book witnesses the optimization
of drug delivery systems for enhanced efficacy and reduced side effects. Uncover the
engineering marvels that enable precise and targeted drug administration, paving the
way for personalized medicine.

This compilation brings together contributions from esteemed experts in the fields
of biology, medicine, and engineering, providing a multidisciplinary perspective on
the symbiotic relationship between technology and life sciences. Whether you are
a seasoned researcher, a medical professional, or an enthusiast eager to grasp the
forefront of scientific progress, this book offers a comprehensive overview of the
transformative technologies shaping the future of health care.

As we navigate this exploration of novel technologies, may the pages ahead inspire
curiosity, spark dialogue, and contribute to the collective endeavour of advancing
biosystems, biomedical, and drug delivery.

The book starts with an editorial shedding light on the future of Novel Technolo-
gies in Biosystems, Biomedical, and Drug Delivery. The volume is divided into three
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parts. Part I is devoted to the characterization of Biosystems, Biomedical, and Drug
Delivery, Part II deals with the optimization of Biosystems, Biomedical, and Drug
Delivery, Part III is aimed at covering a host of applications of Biosystems, Biomed-
ical, and Drug Delivery, while Part IV aims to discuss applications of Biosystems,
Biomedical, and Drug Delivery.

Part I consists of four chapters. Chapter 1 sheds light on the future of Biosys-
tems, Biomedical, and Drug Delivery systems. Chapter 2 deals with the character-
ization tools employed for drug delivery systems. Chapter 3 delves into the retro-
spect, prospects, and characterization of transdermal drug delivery systems. Chapter 4
explains with requisite details about the analytical tools in characterizing nasal spray
drug products.

Part II contains three chapters. Chapter 5 deals with Al-enabled models in the
restoration of drug efficacy, and drug design. Chapter 6 discusses the potential,
challenges, and limitations in the restoration, and sustenance of nano-drug delivery
systems. Chapter 7 is devoted to artificial intelligence and machine learning in
restoring and promoting health care.

Part III consists of four chapters. Chapter 8 aims to optimize oncology tools for
organ-on-a-clip alternatives to the animal model. Chapter 9 presents the optimization
of drug formulations: by undertaking an Al-powered kinetics study in pharmaceu-
tical research. Chapter 10 offers in silico toxicological protocols for optimizing, and
predicting the toxicity of drugs. Chapter 11 dwells upon the importance of machine
learning and data analytics in optimizing healthcare throughput.

Part IV consists of five chapters. Chapter 12 gives an overview of applications
of Al-based models in the field of Biomedicine. Chapter 13 takes a review of the
application of new biological entities (NBEs) as therapeutical agents. Chapter 14
gives an account of the applications of computational tools in the prediction of
toxicity. Chapter 15 discusses at length the application of peptides derived from
plants as a bioactive material for the treatment of diabetes: The concluding Chap. 16
deals with the application of regenerative medicines in curing degenerative diseases
and disorders.

Overall, the volume is a meaningful resource not only adding value to the subject
domain of Biomedicine but also providing research directions for the researchers,
further enriching the knowledge base of academicians and students. The book will
also be of immense help to professionals and practitioners.

Melbourne, Australia\Punjab, India Shrikaant Kulkarni
Coimbra, Portugal A. K. Haghi
Pune, India Sonali Manwatkar
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Chapter 1 ®)
Editorial: Future of Novel Technologies oo
in Biosystems, Biomedical, and Drug

Delivery

Shrikaant Kulkarni

In the ever-evolving landscape of biosystems, biomedical, and drug delivery, a
wave of innovative technologies is revolutionizing our approach to understanding,
restoring, and optimizing biological processes. This editorial explores the remarkable
progress in these fields, highlighting breakthroughs in characterization, restoration,
and optimization that promise to reshape the future of healthcare and beyond.

1.1 Nature and Characterization of Biosystems

The advent of advanced characterization techniques has ushered in a new era of preci-
sion medicine. High-throughput technologies, namely, genomics, proteomics, and
metabolomics, are unraveling the intricacies of biological systems at unprecedented
scales. The ability to decode the genome, scrutinize the proteome, and analyze the
metabolome provides a comprehensive understanding of cellular functions, paving
the way for personalized diagnostics and treatment strategies.

Characterization of biosystems involves the comprehensive study and under-
standing of biological entities, such as cells, tissues, and organisms, at various levels
of complexity. This process employs a range of advanced techniques and technolo-
gies to unravel the intricate mechanisms that govern biological functions. Here are
some key aspects and methodologies in the characterization of biosystems:

S. Kulkarni ()
Adjunct Professor, Faculty of Business, Victorian Institute of Technology, Melbourne, Australia
e-mail: shrikaant kulkarni @vit.edu.au

Adjunct Professor, Chitkara University, Punjab, India
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Genomics:
Definition:

Genomics involves the study of an organism’s entire set of DNA, including genes
and non-coding regions.

Methods: Next-generation sequencing (NGS) technologies help fast and cheap ways
to sequence entire genomes. Comparative genomics helps identify genetic variations
across different species or individuals.

Proteomics:
Definition:
Proteomics focuses on the large-scale study of proteins expressed by an organism.

Methods: Mass spectrometry and two-dimensional gel electrophoresis are common
techniques for protein identification and quantification. Proteomic analyses provide
insights into protein interactions, post-translational modifications, and functional
pathways.

Metabolomics:
Definition:

Metabolomics aims to analyze the complete set of small molecules (metabolites)
within a biological system.

Methods: Nuclear magnetic resonance (NMR) spectroscopy and mass spectrom-
etry are utilized to identify and quantify metabolites. Metabolomics helps in
understanding metabolic pathways, cellular responses, and disease biomarkers.

Transcriptomics:
Definition:

Transcriptomics studies the complete set of RNA transcripts produced by a cell or
tissue.

Methods: RNA sequencing (RNA-Seq) explores gene expression patterns, splicing
events, and non-coding RNA molecules. Transcriptomic data aids in understanding
cellular responses to various stimuli.

Imaging Techniques:
Definition:
Imaging technologies allow the visualization of biological structures and processes.

Methods: Fluorescence microscopy, confocal microscopy, and electron microscopy
provide detailed images of cellular and subcellular structures. In vivo imaging tools,
like positron emission tomography (PET) and magnetic resonance imaging (MRI),
shed light on living organisms.
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Bioinformatics:
Definition:

Bioinformatics refers to the application of computational tools in analyzing and
interpreting biological data.

Methods: Computational algorithms and statistical analyses are applied to genomic,
proteomic, and other -omic data to extract meaningful information. Bioinformatics
aids in identifying patterns, pathways, and potential relationships within large
datasets.

Functional Genomics:
Definition:

Functional genomics studies how genes function and interact within a biological
system.

Methods: Techniques such as CRISPR-Cas9 gene editing, RNA interference (RNA1),
and functional screens are used to manipulate gene expression and study the resulting
phenotypic changes. This helps in understanding the roles of specific genes in cellular
processes.

Systems Biology:
Definition:

Systems biology integrates data from various -omics disciplines to understand the
holistic behavior of biological systems.

Methods: Mathematical modeling and simulation are employed to represent complex
biological networks and predict system-level responses. Systems biology aims to
capture the dynamic interactions within a biological system.

Characterizing biosystems using these techniques provides a foundation for
advancing our understanding of normal physiological processes, as well as the
underlying mechanisms of diseases. This knowledge is crucial for the develop-
ment of targeted therapies, personalized medicine, and the optimization of healthcare
interventions.

1.2 Restoration of Biological Functions

One of the most promising frontiers is the restoration of biological functions through
synthetic biology and gene therapy. The ability to edit genomes with unprecedented
precision, exemplified by CRISPR-Cas9, opens doors to correcting genetic anoma-
lies responsible for a myriad of diseases. Synthetic genomes and gene circuits are
enabling the design of biological systems with tailored functionalities, offering novel
solutions for previously untreatable conditions.
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Optogenetics, another groundbreaking technology, allows the precise control of
cellular activities using light. This not only enhances our understanding of complex
neural networks but also holds tremendous potential for developing therapies to
modulate cellular behaviors spatially and temporally.

The restoration of biological functions involves the application of various tech-
nologies and approaches to correct or compensate for dysfunctional processes within
living organisms. This can encompass a wide range of interventions, from targeted
gene therapies to the modulation of cellular activities. Here are key aspects and
methodologies related to the restoration of biological functions:

Gene Therapy:
Definition:

Gene therapy involves the introduction, alteration, or deletion of genetic material to
treat or prevent diseases caused by genetic mutations.

Methods: Technologies such as CRISPR-Cas9, zinc finger nucleases (ZFNs), and
transcription activator-like effector nucleases (TALENSs) enable precise editing of
the genome. Viral vectors, like adeno-associated viruses (AAVs) or lentiviruses, find
use in delivering therapeutic genes into target cells.

Synthetic Biology:
Definition:

Synthetic biology is an interdisciplinary field that involves designing and constructing
biological components or systems with novel functionalities.

Methods: Constructing synthetic genomes, gene circuits, and biological modules
allow researchers to engineer cells with specific functions. This can include the
creation of synthetic organisms with customized capabilities or the modification of
existing organisms for therapeutic purposes.

Optogenetics:
Definition:

Optogenetics involves the use of light-sensitive proteins to control cellular activities
with high spatial and temporal precision.

Methods: Light-activated ion channels and pumps, such as channelrhodopsin
and halorhodopsin, are introduced into target cells. By exposing these cells to
light, researchers can modulate neuronal or cellular activities. Optogenetics has
applications in neuroscience, as well as potential therapeutic uses.

Stem Cell Therapy:
Definition:

Stem cell therapy refers to the application of stem cells to repair, replace, or regenerate
tissues or organs that are damaged.
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Methods: Differentiation of pluripotent stem cells into specific cell types allows
for the generation of cells needed for tissue repair. Mesenchymal stem cells, for
example, possess regenerative properties and can be used to treat conditions such as
tissue damage or inflammatory disorders.

RNA Therapeutics:
Definition:

RNA therapeutics involve the use of RNA molecules, such as messenger RNA
(mRNA) or small interfering RNA (siRNA), to modulate gene expression.

Methods: mRNA-based vaccines, RNA interference for gene silencing, and antisense
oligonucleotides are examples of RNA therapeutics. These approaches can be used to
correct aberrant gene expression or inhibit the expression of specific genes associated
with diseases.

Tissue Engineering and 3D Bioprinting:

Definition:

Tissue engineering and 3D bioprinting aim to create functional tissues and organs
for transplantation or regenerative medicine.

Methods: Using biocompatible materials and cells, researchers can construct three-
dimensional structures that mimic native tissues. 3D bioprinting allows precise
placement of cells and biomaterials to recreate complex tissue architectures.

Regenerative Medicine:
Definition:

Regenerative medicine focuses on harnessing the body’s natural ability to repair and
replace damaged tissues.

Methods: This includes the use of growth factors, stem cells, and biomaterials to
stimulate tissue regeneration. Approaches like platelet-rich plasma (PRP) injections
or autologous cell transplantation are used in various medical fields.

CRISPR-Based Therapeutics:
Definition:

Beyond gene editing, CRISPR-based therapeutics include applications for gene
regulation and modulation.

Methods: CRISPR technologies can be adapted for controlling gene expression
without permanently modifying the genome. This includes CRISPR interference
(CRISPRi) and CRISPR activation (CRISPRa), which enable targeted gene silencing
or activation.
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The restoration of biological functions through these approaches holds an incred-
ible potential for curing a wide range of diseases, from genetic disorders to degen-
erative conditions. As these technologies continue to advance, they bring new
possibilities for personalized and precise interventions in the field of medicine.

1.3 Optimization of Drug Delivery

In the realm of drug delivery, optimization has become a focal point for enhancing
therapeutic efficacy and containing ill effects. Nanotechnology has emerged as a
powerful tool, with nano biosensors monitoring drug concentrations in real-time and
responses within the body. 3D bioprinting is pushing the boundaries of drug testing
by allowing the creation of physiologically relevant tissue models for more accurate
preclinical assessments.

Advancements in Al have revolutionized drug discovery by analyzing huge
databases and predicting potential drug leads. Machine learning algorithms are
uncovering hidden patterns in biological data, expediting the identification of novel
drug targets, and accelerating the drug development pipeline.

Microbiome engineering represents another avenue for optimizing health. Under-
standing the complex interactions within microbial communities and leveraging this
knowledge to manipulate the microbiome offers new possibilities for treating various
diseases and promoting overall well-being.

Nanotechnology in Drug Delivery:
Definition:

Nanoparticles and nanocarriers are designed to transport drugs with precision,
improving bioavailability and targeted delivery.

Methods: Liposomes, micelles, and polymeric nanoparticles can encapsulate drugs,
guard them from breaking down and promoting regulated release. These nanocarriers
can be made amenable to target particular tissues or cells, minimizing effects on
healthy ones.

Controlled Drug Release Systems:
Definition:

Systems that provide controlled and sustained release of drugs over time, ensuring
therapeutic concentrations are maintained.

Methods: Implantable devices, patches, and drug-eluting stents are examples
of controlled-release systems. These technologies help maintain a constant drug
concentration, reducing the need for frequent dosing and minimizing side effects.
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Targeted Drug Delivery:
Definition:

Techniques that enable the specific delivery of drugs to the intended site in question,
furthering efficacy and checking systemic exposure.

Methods: Ligand-based targeting, antibody—drug conjugates, and aptamer-
functionalized nanoparticles allow for precise drug delivery to cells or tissues
expressing specific receptors. This approach minimizes damage to healthy tissues.

3D Bioprinting for Drug Testing:

Definition: 3D bioprinting is utilized to create three-dimensional tissue models for
drug testing, providing more physiologically relevant information.

Methods: Bioprinted tissues can mimic the microenvironment of target organs,
allowing researchers to assess drug responses in a more accurate context before
clinical trials. This optimization aids in predicting drug efficacy and potential side
effects.

Intracellular Drug Delivery:
Definition:

Strategies to enhance the delivery of drugs into the interior of target cells, overcoming
cellular barriers.

Methods: Cell-penetrating peptides, nanocarriers with endosomal escape capabili-
ties, and viral vectors can facilitate the intracellular delivery of drugs. This is crucial
for targeting diseases at the cellular and molecular levels.

Smart Drug Delivery Systems:
Definition:

Systems that respond to specific stimuli to release drugs at the right time and in the
right location.

Methods: Responsive polymers, such as temperature-sensitive or pH-sensitive mate-
rials, can be used to design smart drug delivery systems. These systems release drugs
in response to changes in physiological conditions, improving therapeutic outcomes.

Biosensors for Real-Time Monitoring:
Definition:

Biosensors are employed to monitor drug concentrations in real-time within the body,
providing valuable data for treatment optimization.

Methods: Implantable biosensors and wearable devices can measure drug levels,
allowing healthcare professionals to adjust dosages or treatment regimens based on
individual patient responses.
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Artificial Intelligence (AI) in Drug Delivery:
Definition:

Al algorithms are employed to analyze patient data and optimize drug delivery
regimens.

Methods: Machine learning models can predict patient responses to medications,
helping to tailor drug delivery strategies for individual patients. This personalized
approach enhances therapeutic outcomes and minimizes adverse effects.

Magnetic Drug Targeting:
Definition:

Magnetic nanoparticles are used to deliver drugs to intended sites within the body
under the influence of an external magnetic field.

Methods: Nanoparticles loaded with therapeutic agents are guided to target locations
using external magnets, improving drug concentration at the desired site and reducing
systemic exposure.

The optimization of drug delivery methods is an interdisciplinary endeavor
that involves expertise in chemistry, materials science, biology, and engineering.
Advances in these technologies not only improve treatment outcomes but also pave
the way for personalized and patient-centric approaches to healthcare.

1.4 Conclusion

As we stand on the cusp of a new era in biosystems, biomedical, and drug delivery, the
amalgamation of cutting-edge technologies is reshaping the landscape of healthcare.
The characterization of biological systems at unprecedented scales, the restoration
of genetic anomalies, and the optimization of drug delivery methods are converging
to provide tailored and effective solutions for previously incurable diseases.

The optimization of drug delivery is a critical aspect of modern healthcare, aiming
to enhance the effectiveness, safety, and precision of therapeutic interventions. This
involves developing innovative strategies to deliver drugs to target sites within the
body while minimizing side effects. Here are key aspects and methodologies related
to the optimization of drug delivery:

This editorial celebrates the incredible strides made in these fields, acknowledging
the collaborative efforts of researchers, clinicians, and technologists. The journey
toward a future where personalized medicine is the norm is underway, and the novel
technologies explored herein are the guiding lights leading us to that transformative.
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Abstract The chapter “Characterization of Present Drug Delivery Systems”
provides a comprehensive exploration of methodologies used to assess contempo-
rary Drug delivery methods are critical in the ever-changing field of pharmaceu-
tical research. medications for therapeutic benefits is known as “drug delivery”, has
been revolutionized by nanotechnology, enabling precise drug targeting and reduced
adverse effects. Nanomedicine, with its microscopic applications, enhances stability,
minimizes side effects, and optimizes efficacy through small size and expansive
surface area. This chapter explores analytical approaches, experimental parameters,
and key theories underpinning drug delivery system characterization. The chapter
emphasizes the importance of characterizing these systems to study drug molecules
and their carriers during formulation, storage, and in-vitro and in-vivo transport.
Advanced characterization techniques and their underlying theories are outlined,
providing insights into cutting-edge tools used to assess drug carriers, their interac-
tions with therapeutic compounds, and their behaviour in biological environments.
The text discusses methodologies for employing experimental parameters, preparing
samples, and evaluating data. It highlights the significance of characterizing stability,
release kinetics, and targeting precision, crucial factors in optimizing drug efficacy.
The chapter offers valuable insights for researchers, scientists, and practitioners,
enhancing their understanding of contemporary drug delivery systems. It addresses
present difficulties and potential, contributing to the evolution of drug delivery
science and technology. This comprehensive examination serves as a resource for
those keen on advancing their knowledge in the field.
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2.1 Introduction

Over the past decade, biosystems, biomedical advancements, and nano drug delivery
systems have transcended mere conceptualization, evolving into tangible realities
within the realm of science. Their progress has been steadfast in enhancing medi-
cation stability, bolstering bioavailability, and refining organ-targeting capabilities.
Leveraging their size and remarkable adaptability, innovative drug delivery nanocar-
riers have emerged as versatile treatment conduits for a spectrum of conditions
(Majumder et al. 2019). This shift towards the nanoscale has propelled these materials
into a realm where heightened molecular reactivity, stemming from their amplified
surface-to-volume ratio, unveils unique characteristics distinct from their bulk coun-
terparts. Beyond their electrical, optical, and chemical properties, the mechanical
aspects of nanomaterials exhibit notable variability.

The adoption of nano-based drug delivery brings forth manifold advantages,
encompassing heightened stability, precise targeting, and the ability to accommo-
date both hydrophilic and hydrophobic therapeutic molecules. These systems find
application through diverse administration routes such as topical, parenteral, nasal,
and oral methods (Kolluru et al. 2021; Paiva-Santos et al. 2021; Reboredo et al. 2021;
Tolentino et al. 2021; Vachhani and Kleinstreuer 2021; Yao et al. 2021). Crucially, the
physiological behavior of biomaterials and nanomaterials hinges largely upon their
physicochemical attributes encompassing size, shape, molecular weight, stability,
solubility, purity, and surface traits. The quest for quality, biocompatibility, and safety,
while steering the prudent evolution of nanomedicines, necessitates a meticulous
characterization approach.

Understanding how these traits influence in vivo distribution and behavior stands
as a pivotal concern. Hence, the quest for robust, reliable characterization tech-
niques adaptable to this domain becomes imperative. Characterization methodologies
pivot on a synergy between theoretical frameworks and empirical validation. This
synergy fosters widespread recognition of models and facilitates practical applica-
tions. Consequently, Over the past few decades, a variety of characterization methods
have been put forth and used to control and predict the behavior of nanocarriers in
both vitro and in vivo circumstances.

A comprehensive exploration of various characterization methodologies
employed in delivery systems can illuminate their strengths and limitations. Within
this review, we’ve curated essential characterization techniques frequently deployed
in the majority of nanocarrier drug delivery systems (DDSs). Furthermore, we delve
into the constraints of these techniques and the hurdles entwined with regulations
and scalability confronting the nanocarrier manufacturing industry.
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2.2 Techniques Employed in Characterizing Drug Delivery
Systems

A comprehensive understanding of nanoparticles’ mechanical properties necessi-
tates a deep dive into their physical characteristics. The pivotal parameters under
scrutiny during nanoparticle characterization encompass size, size distribution,
shape, aggregation degree, surface charge, and surface area.

Within this gamut of considerations, size emerges as a paramount influencer
governing myriad facets of nanosystems. It dictates drug content uniformity, dissolu-
tion rates, active ingredient absorption, behavior in the bloodstream, traversal through
physiological drug barriers, specific cellular or tissue localization, and capacity to
evoke cellular responses. Additionally, early scrutiny of the crystal structure and
chemical composition of nanoparticles serves as a crucial benchmark for quality and
performance across various domains, notably in nanotechnology.

Numerous trending approaches exist for determining nanoparticle size, with
method selection contingent upon specific application needs (Fig. 2.1). These tech-
niques not only elucidate particle size but also shed light on associated factors such
as shape and distribution breadth, typically represented by the Polydispersity Index
(PDI) (Danaei et al. 2018a).

@" | .

Fig. 2.1 Pictorial representation of various characterization techniques



