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FOREWORD

As we stand at the forefront of medical innovation, the integration of polymers into modern
medicine heralds a new era of possibility and advancement. In the pages of this forthcoming
book, "POLYMERS IN MODERN MEDICINE", edited by Dr. Sachin Namdeo Kothawade
and Dr. Vishal Vijay Pande, we embark on a journey through the intricate intersections of
polymer science and medical practice.

Within these chapters, a mosaic of knowledge unfolds, revealing the pivotal roles polymers
play  in  various  facets  of  modern  healthcare.  From  polymeric  biomaterials  shaping  the
landscape of regenerative medicine to the precision of polymer nanotechnology in targeted
drug delivery, each chapter unveils the boundless potential of polymer-based solutions.

The scope of this compilation extends from polymeric scaffolds nurturing tissue regeneration
to  the  intelligent  design  of  polymers  for  personalized  medicine.  Through  meticulous
exploration, the contributors illuminate the transformative impact of polymers across diverse
medical domains, from diagnostics to cancer therapy.

In an age where innovation is paramount, the editors have curated a comprehensive ensemble
of chapters that not only elucidate existing paradigms but also illuminate future horizons. It is
through their dedication and vision that this compendium stands as a beacon of knowledge,
guiding  researchers,  clinicians,  and  pharmaceutical  pioneers  toward  novel  insights  and
therapeutic  breakthroughs.

As  we  traverse  the  intricate  terrain  of  polymers  in  modern  medicine,  it  is  my  honor  to
contribute  this  foreword.  May  this  volume  serve  as  a  cornerstone  for  scientific  inquiry,  a
roadmap  for  translational  research,  and,  ultimately,  a  catalyst  for  improving  healthcare
outcomes  worldwide.

Surendra Ganeshlal Gattani
School of Pharmacy

S.R.T.M.University, Nanded-431 606
Maharashtra

India
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PREFACE

Polymers have emerged as versatile materials with a wide range of applications in modern
medicine, significantly impacting various aspects of healthcare. The book series, "Polymers in
Modern Medicine," comprises two parts  that  collectively explore the multifaceted roles of
polymers in advancing medical science and improving patient care.

Part 1 of this series provides a comprehensive introduction to the fundamental concepts and
applications  of  polymers  in  the  medical  field.  It  begins  with  an  overview  of  polymeric
biomaterials and extends into the applications of polymer nanotechnology, scaffolds for tissue
engineering, and innovative polymer-based drug delivery systems. The volume also discusses
the  use  of  smart  polymers  in  medicine,  along  with  advancements  in  polymeric  implants,
prosthetics, and coatings in medical devices.

Part  2  explores  into  more  specialized  and  advanced  topics,  covering  the  applications  of
polymers  in  personalized  medicine,  sustainable  healthcare,  and  nanomedicine  for  cancer
therapy.  It  also  explores  the  use  of  polymers  in  diagnostics,  the  development  of  polymer-
based vaccines, and regenerative medicine approaches. By examining these innovative uses,
the second part highlights the cutting-edge research and developments that are shaping the
future of polymer applications in medicine.

Together, these two volumes offer a detailed and in-depth exploration of how polymers are
revolutionizing the medical field. We hope this book series serves as a valuable resource for
researchers, practitioners, students, and industry professionals interested in the dynamic and
evolving landscape of polymer applications in healthcare.

We extend our sincere thanks to Bentham Science Publishers for their support and to all the
contributors for their hard work and dedication in creating this comprehensive compilation.
We  believe  that  these  two  volumes  will  provide  insightful  perspectives  on  current
developments and point towards future directions for leveraging polymers to address unmet
medical needs.
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Introduction to Polymers in Modern Medicine
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Abstract: The chapter is an overview of the role of polymers in modern medicine, their
classifications,  and  applications,  along  with  the  future  directions.  It  describes  the
evolution of polymers and classifies them under natural, synthetic, and biodegradable
types.  Their  importance  in  medicine  is  reflected  in  terms  of  their  biocompatibility,
versatility, and cost-effectiveness. It will cover all discussions concerning various kinds
of polymers, from biodegradable ones such as polylactic acid, polyglycolic acid, and
polycaprolactone  to  non-biodegradable  ones  like  polyethylene,  polypropylene,  and
polytetrafluoroethylene. The discussion then proceeds to smart polymers, particularly
stimulus-responsive and shape-memory polymers.

It explains in detail the applications of polymers in medicine: drug delivery systems
with mechanisms for controlled and targeted release, medical devices and implants, and
polymers  in  wound  healing  and  dressings—more  precisely,  hydrocolloids  and
hydrogels.

The chapters will include advances and future directions in polymer science, polymer
synthesis, nanotechnology with regard to nanopolymers and nanocomposites, the role
of  polymers  in  personalized  medicine,  and  individually  tailor-made  pharmaceutical
delivery systems and adjusted implantations/prosthetics. In the last part, considerations
and challenges in the use of such polymers are discussed, including biocompatibility
and safety issues, regulatory and ethical considerations, and environmental impact and
sustainability of polymer-based medical products. The chapter closes with a summary
of all views expressed and puts these in relation to the visions for the future regarding
the  role  of  polymers  in  medicine.  It  is  strongly  believed that  polymers  are  going to
revolutionize healthcare through continued research and development.
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INTRODUCTION

There  has  been  a  drastic  change  in  the  current  state  of  modern  medicine  with
advancements in materials.

Polymers  have  fundamentally  transformed  the  landscape  of  modern  medicine.
These  versatile,  macromolecular  substances  consist  of  long chains  of  repeating
units called monomers, which can be tailored to exhibit a wide range of physical,
chemical,  and  biological  properties.  This  adaptability  has  enabled  the
development of numerous medical applications, from drug delivery systems that
ensure precise, controlled release of therapeutics to wound healing materials that
provide an optimal environment for tissue regeneration. The diversity in polymer
structures  and  functionalities  allows for  the  customization  of  materials  to  meet
specific medical needs, thus broadening the scope of treatment options available
to healthcare professionals [1].

In  recent  years,  the  application  of  polymers  in  the  medical  field  has  expanded
significantly,  driven  by  advances  in  polymer  science  and  engineering.  This
chapter aims to explore these advancements, with a particular focus on the roles
of polymers in drug delivery, wound care, and dentistry. We will delve into the
latest  research,  innovations,  and  technologies,  providing  a  comprehensive
overview of how polymers are being utilized in these critical areas. Additionally,
we will compare various drug delivery methods, highlighting the advantages and
limitations  of  each  approach,  thereby  offering  insights  into  their  practical
applications  and  potential  future  developments  [2].

It  has  considerably  improved  diagnoses,  treatments,  and  patient  management.
Among this wide range of materials, an important category of materials includes
polymers,  which  are  versatile  and  important  components  in  bringing  about  a
revolution for many medical applications. Different properties and functionalities
make up polymers as versatile large molecules that mushroom in the medical field
[3].

Although polymer use in medicine began in the mid-20th century, only in the last
few  decades  has  its  potential  fully  surged  [4].  Today,  polymers  are  integral  to
many things in medicine, from devices to drug delivery systems, among others, to
tissue  engineering  and  regenerative  medicine  applications.  Their  potential  for
being tailor-made for specific tasks makes them really indispensable in the face of
complex healthcare challenges [5].
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The  chapter  extensively  discusses  the  polymers  in  modern  medicine.  It  first
explains  what  a  polymer  is,  its  historical  development,   and   its  classification.
With  the  foundation  of  this  knowledge,  one  will  be  in  a  better  position  to
appreciate the strides made in polymer science that have opened their application
in medicine.

We  will  then  focus  on  the  different  types  of  polymers  used  in  medicine:
biodegradable and non-biodegradable polymers,  as well  as smart  polymers that
react to environmental stimuli.  Each of these categories entails diverse benefits
and  applications,  ranging  from  drug-delivery  systems  to  medical  implants  and
tissue-engineering scaffolds.

Polymers  have  a  wide  scope  of  applications  within  the  medical  sector.  The
chapter  emphasizes  the  application  of  polymers  in  the  area  of  drug  delivery,
where a mechanism of controlled release and target delivery would result in better
therapeutic efficacy and patient compliance [6]. We consider their use in medical
devices and implants such as stents, catheters, and prosthetics, which have further
improved the quality of life and health outcomes for patients.

The  chapter  also  looks  at  the  areas  of  tissue  engineering  and  regenerative
medicine as new areas. In these areas, the polymers are used to prepare scaffolds
for  the  regeneration  of  tissues  through  cellular  growth,  opening  ways  for  the
treatment of diseases hitherto uncured [7]. Advanced dressings based on polymers
in wound healing supply solutions that will help the patient recover faster without
the risk of infection due to wounds [8].

Advances  in  polymer  science  are  pushing  the  boundaries  of  current  value  in
medicine. Some of the new horizons opened by advances in the fields of polymer
synthesis, nanotechnology, and personalized medicine are in the production and
provision of customized, high-performance solutions for medical technology [9,
10].  However,  this  presents  challenges  related  to  biocompatibility,  safety,  and
regulatory concerns, as well as care for the environment [11].

We will describe some successful applications of polymers in medicine through
examples of studies and real-world cases of achievement and provide some food
for thought on lessons learned in the dynamic field. We will then summarize the
discussed and future prospects of polymers in medicine with some active research
and further possible innovation.

As  we  explore  polymers  in  modern  medicine,  it  is  clear  that  such  remarkable
materials  carry  with  them  the  promise  of  great  changes  in  healthcare  that  will
yield better patient experiences and results and set up a healthier future.
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Polymeric Biomaterials
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Abstract: As a result of tissue engineering, a range of engineered scaffolds made of
ceramics,  polymers,  and  their  composites  have  been  developed.  For  better  tissue
regeneration,  biomimicry  has  been  incorporated  into  most  three-dimensional  (3D)
scaffold designs, both in terms of bioactivity and physicochemical characteristics. This
chapter discusses the importance and applications of different biologically compatible
and biodegradable  polymers  as  control  drug delivery vehicles  in  tissue engineering.
Two  factors  that  support  organ  and  tissue  production  in  the  lab  are  the  scarcity  of
transplantable  organs  and  tissues  and  the  requirement  for  immunosuppressive
medications  to  prevent  rejection.  Tissue  engineering-based  tissues  (TE)  have  the
potential  to  produce  multiple  organs  from  a  single  organ  donor  for  use  in  organ
transplantation  or  even  to  regenerate  the  entire  organ  from  a  fragment.

Keywords:  Artificial  organs,  Autograft  technique,  Biomaterials,  Bio-based
materials, Biodegradable polymers, Cochlear implants, Hearing aids, Implantable
bone-anchored  hearing  aids,  Polymer,  Scaffolds,  Surgical  sutures,  Tissue
engineering.

INTRODUCTION

As the global population ages, there is a rising need for advanced tools to swiftly
and efficiently regenerate damaged body tissues. Biomaterials and scaffolds play
a crucial role, requiring enhanced effectiveness and speed in their application to
address age-related pathologies [1]. Tissue engineering, a biomedical engineering
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subset, utilizes cells, engineering, materials science, and biochemical elements to
replace or enhance different biological tissue types [1].

Langer  and  Vacanti  define  tissue  engineering  as  an  interdisciplinary  field  that
combines  biology  and  engineering  to  create  biological  replacements  for  tissue
function that are intended to be restored, maintained, or improved. They outline
three main approaches, cell-inducing substance, tissue-inducing substance, and a
cells  +  matrix  approach  (scaffold),  as  depicted  in  Fig.  (1).  Tissue  engineering
involves  understanding  tissue  growth  fundamentals  to  create  functional
replacement tissue for medical purposes. Leveraging the system's natural biology
enhances success in developing treatments for tissue substitution,  maintenance,
repair, or improvement [1, 2].

Fig. (1).  The fundamentals of tissue engineering [5]

Incorporating bioactive molecules into a designed scaffold in tissue engineering
promotes  tissue  regeneration  by  stimulating  transplanted  or  nearby  host  cells.
Tissue  engineering,  an  interdisciplinary  field  involving  materials  science,
responds  to  the  growing  demand  for  innovative  biomaterials  to  enhance
therapeutic  strategies  and  quality  of  life  [2,  3].

The term “TE” was officially first used in 1988 at a workshop sponsored by the
National  Science  Foundation.  Tissue  engineering,  or  TE,  is  the  practical
application  of  concepts  from  biology  and  engineering  to  the  study  of  the
relationship  between  structure  and  function  in  both  healthy  and  pathological
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mammalian tissues. Creating biological replacements that preserve, enhance, or
restore tissue function is the aim [3].

POLYMERS IN TISSUE ENGINEERING

It is not always possible to fully recover from an illness or accident-related tissue
damage  or  to  quickly  find  a  donor.  While  the  autograft  technique  is  a
conventional  approach  for  tissue  repair,  its  success  depends  on  donor  tissue
availability and factors like transplantation failure, pain, and infection risks. An
excellent  substitute  is  provided  by  bioactive  polymers,  which  hasten  healing,
lower the chance of immunological rejection, and improve patient quality of life.
Polymers and other bio-based materials are being used more and more in medical
applications  like  pacemakers,  bone  replacements,  and  sutures.  This  shift  is
transforming material dynamics in the 21st century and holds significant potential
for improving healthcare and quality of life on a broader scale [2, 4].

In  biomedical  fields,  particularly  tissue  engineering,  bioactive  polymers  or
biomaterials derived from proteins, polysaccharides, and synthetic polymers find
application. Natural polymers are frequently used in tissue engineering because of
their  biological  compatibility,  biodegradability,  non-toxic,  and  capacity  to
decompose inside the body without releasing toxic substances. Single-component
materials can have a few disadvantages, though. They have weak physiological
conditions,  poor  water  stability,  and  weak  mechanical  parameters.  Therefore,
developing better materials is always needed. Combining two or more polymers
can result in novel materials with enhanced properties that are beneficial for tissue
engineering. A multitude of two-component combinations have been researched
previously,  such  as  alginate/collagen,  chitosan/collagen,  chitosan/gelatin,  and
chitosan/hyaluronic  acid  [4].

The ideal TE biomaterial mimics the tissue's native extracellular material (ECM),
offers  mechanical  support,  permits  vascularization  and  tissue  integration,
degrades  and  is  remodeled  gradually  over  time  as  new  tissues  develop,  and  is
biodegradable. By doing this, the native tissue will be able to bind to the scaffold
and gradually take over the space that it once occupied.

A wide range of polymeric biomaterials and medical devices based on polymers
that  are  already  recognized  for  use  in  clinical  trials  are  among the  commercial
goods that are currently available [5]. Many different kinds of bioactive polymeric
materials, including glass ceramics, bioactive glasses, and bioceramics made of
calcium  phosphates,  are  used  in  tissue  engineering.  The  potential  for  these
bioactive materials  as biomaterials  in regenerative medicine appears to be very
high. Bioceramics has historically dealt with problems in hard tissues, including
tooth  abnormalities  and  bone.  Illustrates  the  results  of  recent  research  that
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Abstract: Polymeric nanomaterials possess a distinct set of properties for systems due
to  their  large  surface  area  to  mass  ratio,  high  reactivity,  and  nanoscale  size.  These
attributes  make  them  unique  in  many  application  fields.  Their  application  in
nanomedicine has completely changed therapeutic and diagnostic modalities because
they are precisely engineered materials at the molecular level. Nanoparticles are widely
used  in  site-specific  controlled  delivery  and  direct  targeting  to  increase
pharmacological efficacy and decrease side effects. Polymers are potentially perfect for
meeting the needs of every specific drug-delivery system because of their versatility.
Biodegradable and biocompatible polymers are commonly used in the fabrication of
polymeric nanoparticles (PNPs). In this review, a summary of nanomedicine, targeted
therapy  with  polymer  nanoparticles,  and  diagnostic  applications  of  polymer
nanomaterials  have  been  provided.

Keywords:  Application  fields,  Biocompatible,  Biodegradable,  Controlled
delivery,  Diagnostic  applications,  Diagnostic  modalities,  Direct  targeting,
Engineered  materials,  Fabrication,  High  reactivity,  Molecular  level,
Nanomaterials,  Nanomedicine,  Polymeric  nanoparticles,  Pharmacological
efficacy,  Targeted  therapy.

INTRODUCTION

The  rapidly  expanding  science  of  nanotechnology  is  predicted  to  have  a
significant impact on many areas, including health. The integration of numerous
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scientific  disciplines,  including  biology,  chemistry,  physics,  arithmetic,  and
engineering,  has  made  nanotechnology  possible  [1].

A nanometer is one billionth of a meter, and the word “nano” is derived from the
Greek  word  “dwarf”.  Through  the  use  of  nanotechnology,  scientists  can  view,
manipulate,  and  control  atoms,  molecules,  and  submicroscopic  objects—which
are typically between 1 and 100 nm in size [2].

Utilizing nanotechnology, scientists can benefit from natural quantum effects that
come at the level of nanoscale and influence biological, physical, and chemical
properties  [3].  Nanoscale  materials  often  possess  desirable  chemical,  physical,
and  biological  properties  due  to  their  unique  consequences,  in  contrast  to  their
bigger counterparts known as “bulk” materials [4].

Nanomedicine is the application of nanotechnology to medicine. Nanomedicine is
a multidisciplinary field that originated from the intersection of nanotechnology
and  medicine.  Nanomedicine  includes  everything  from  nanotechnology  with
molecular  structures  that  can  be  used  in  the  future  to  biological  devices  and
nanomaterials  that  are  used  in  medicine  [5].

Biomedical  nanotechnology,  according  to  the  European  Science  Foundation,  is
“the use of nanoscale instruments for disease diagnosis, prevention, and treatment,
as  well  as  for  the  advancement  of  knowledge  regarding  the  complex
pathophysiology of  disease.”  So,  improving people's  quality  of  life  is  the  main
goal. Nanomedicine aims to offer an important range of instruments for scientific
investigation and devices adaptable to medical environments in the years to come
[6].  Nanotechnology is  expected to be used in new ways in the pharmaceutical
sector,  such as  for  in  vivo  imaging,  new therapies,  and enhanced drug delivery
systems [7].

It  focuses  on  three  areas  of  nanotechnology:  imaging  agents,  polymer
therapeutics, and drug transport using nanoparticles between 1 and 1000 nm. The
bioships can come from both “top-down” and “bottom-up” sources, as shown in
Fig.  (1)  [7].  The  term  “theranostics,”  which  refers  to  the  use  of  the  same
nanopharmaceuticals  for  both  diagnosis  and  treatment,  is  pertinent  and  more
recent  [7,  8].

The domain of nanoscale physiological processes has been significantly enhanced
by  advancements  in  bioengineering,  molecular  and  cellular  biology,  material
science,  proteomics,  and  genetics.  Numerous  molecules  that  are  biologically
significant,  including  water,  glucose,  proteins,  antibodies,  bacteria,  viruses,
enzymes, receptors, hemoglobin, etc., are in the nanoscale range, indicating that a
large portion of cellular activity occurs spontaneously at the nanoscale level [8].
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In addition, numerous biological processes within the human body take place at a
nanometric scale, enabling nanoparticles and nanomaterials to bypass barriers and
access new delivery sites. They can then interact with DNA or small proteins in
the bloodstream, as well as within organs, tissues, or cells, at different levels [5,
8].

Fig. (1).  The relative sizes of macroscopic, nanoscale, and microscopic objects are shown on this scale.

Many researchers are using nanotechnology to enhance the safety, effectiveness,
and  personalization  of  medical  equipment,  therapies,  and  devices.  Some of  the
positive  features  of  nanotherapeutics  compared  to  regular  medicines  are  better
absorption, less toxicity, better dose response, and better solubility [9].

The ratio of surface area to volume is so high at  the nanoscale that  the surface
properties  of  a  particle  or  material  can  now  be  determined  by  its  surface
characteristics. As a result, particles are often coated and given different functions
on their surfaces (sometimes on more than one level) to make sure they only bind
to the right target and to make them more biocompatible and help them stay in the
blood cycle longer [8, 9].

Nanomedicine can make diagnosis, treatment, and aftercare far more effective for
many  diseases,  including  cancer.  In  addition,  it  can  be  helpful  in  the  early
identification and prevention of diseases. In the field of nanomedicine, numerous
products are currently in clinical trials for a wide range of major diseases, notably
cardiovascular,  neurological,  musculoskeletal,  and  inflammatory  diseases.
Approximately  eighty  products  have  been  attributed  to  nanomedicine  to  date,
ranging from pharmaceuticals,  medical  imaging,  and diagnostic biomaterials  to
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Abstract:  Polymeric  scaffolds  perform  a  pivotal  character  in  tissue  engineering,
offering  a  versatile  platform  for  regenerative  medicine  applications.  This  abstract
provides  an  inclusive  outline  of  the  contemporary  state  of  research  on  polymeric
scaffolds, highlighting their significance in fostering tissue regeneration. These three-
dimensional structures simulate the extracellular background as long as a conducive
environment  for  proliferation,  cell  adhesion,  and  differentiation  is  concerned.  The
choice  of  polymers,  fabrication  techniques,  and  scaffold  architecture  critically
influence their performance. Various polymers belonging to the natural and synthetic
origins  have  been  explored,  each  possessing  unique  properties  that  address  specific
tissue  engineering  challenges.  Polymers  from  the  natural  origin,  such  as  chitosan,
collagen, and hyaluronic acid, offer biocompatibility and bioactivity, while synthetic
polymers  like  poly(lactic-co-glycolic  acid)  (PLGA)  provide  tunable  mechanical
properties and degradation rates. Amalgam scaffolds, combining the benefits of both
types,  exhibit  enhanced  performance.  Advanced  fabrication  methods,  including
electrospinning and 3D bioprinting, enable precise control over scaffold architecture,
porosity,  and  surface  topography.  The  rational  choices  of  polymers  are  essential  to
simulate the instinctive extracellular medium and create a conducive microenvironment
for cell proliferation, attachment, and differentiation. The interaction between cells and
polymeric scaffolds is governed by intricate signaling pathways, influencing cell fate
and tissue development. Additionally, the incorporation of bioactive fragments, growth
factors, and nanomaterials further enhances the functionality of these scaffolds. Despite
significant  progress,  challenges  such  as  long-term  biocompatibility  and
immunogenicity  remain  areas  of  active  investigation.  Polymeric  scaffolds  in  tissue
engineering continue to evolve as a promising strategy for regenerative medicine. The
synergistic  combination  of  diverse  polymers,  advanced  fabrication  techniques,  and
bioactive  components  holds  immense  potential  for  creating  tailored  solutions  for
tissue-specific  regeneration.

* Corresponding author Om M. Bagade: Vishwakarma University School of Pharmacy, Pune-411048,
Maharashtra, India; E-mail: ombagadepcist@gmail.com

Sachin Namdeo Kothawade & Vishal Vijay Pande (Eds.)
All rights reserved-© 2024 Bentham Science Publishers

mailto:ombagadepcist@gmail.com


Polymeric Scaffolds Polymers in Modern Medicine (Part 1)   69

Keywords:  3D  bioprinting,  Bioactive  molecules,  Biomaterials,  Cell  adhesion,
Electrospinning,  Polymers,  Polymeric scaffolds,  Regenerative medicine,  Tissue
engineering.

INTRODUCTION

Background

Tissue engineering represents a ground-breaking interdisciplinary field that aims
to  revolutionize  regenerative  medicine  by  developing  innovative  solutions  to
restore or substitute broken tissues as well as organs. One key element of tissue
engineering is the utilization of polymeric scaffolds, which perform a fundamental
role  in  providing structural  support  and guiding the  growth of  cells.  Polymeric
scaffolds serve as three-dimensional frameworks designed to simulate the natural
extracellular  matrix  (ECM)  of  tissues.  The  ECM  is  the  intricate  network  of
proteins and carbohydrates that provides a structural and biochemical foundation
for  cells.  In  tissue  engineering,  polymeric  scaffolds  act  as  surrogate  ECMs,
proliferation,  facilitating  cell  adhesion,  and  differentiation.  These  scaffolds  are
typically composed of biocompatible and biodegradable polymers, allowing for
optimal integration with the host tissue. Biocompatibility ensures that the scaffold
does not elicit  an adverse immune response, while biodegradability enables the
gradual breakdown of the scaffold as new tissue forms, leaving behind only the
regenerated  tissue.  The  design  and  fabrication  of  polymeric  scaffolds  involve
careful consideration of various factors, including pore size, porosity, mechanical
properties, and surface chemistry. Tailoring these properties allows researchers to
create  scaffolds  that  closely  resemble  the  specific  requirements  of  the  target
tissue.  For  instance,  a  scaffold  intended  for  bone  regeneration  may  differ
significantly  from  one  designed  for  cardiac  tissue  repair  [1  -  4].

The  versatility  of  polymeric  scaffolds  extends  beyond their  physical  attributes;
they also serve as carriers for bioactive molecules, for example, growth aspects,
cytokines, and signaling molecules. These bioactive agents can be incorporated
into the scaffold to create a microenvironment that promotes cell differentiation
and tissue regeneration. The design and fabrication of polymeric scaffolds involve
various systems, comprising electrospinning, 3D printing, and phase separation.
These  methods  consent  for  the  specific  control  of  framework  architecture,
porosity,  and  mechanical  properties,  influencing  cell  behavior  and  tissue
regeneration. Moreover, the fusion of bioactive molecules, for example, growth
aspects and peptides, on the polymeric matrix enhances the scaffolds'  ability to
guide cellular activities and promote tissue-specific differentiation [1, 5 - 7].

Polymeric scaffolds have demonstrated success in several tissue engineering uses,
including  vascular  tissue  regeneration  skin,  cartilage,  and  bone.  The  field
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continues  to  advance,  with  ongoing  research  focusing  on  refining  scaffold
properties,  improving  biocompatibility,  and  exploring  innovative  materials  to
address  specific  tissue  engineering  challenges.

Polymeric  scaffolds  stand  as  a  cornerstone  in  tissue  engineering,  offering  a
customizable platform for orchestrating the regeneration of diverse tissues. Their
ability to mimic the natural ECM and provide a conducive environment for cell
growth positions them as crucial tools in the ongoing quest to develop advanced
therapies for tissue repair and organ replacement.  This introduction reflects the
exciting  and  dynamic  nature  of  the  field,  where  the  integration  of  polymeric
scaffolds continues to drive innovation and bring us closer to the realization of
effective regenerative medicine solutions [8, 9].

Role of Polymeric Scaffolds

Structural Support

Polymeric  scaffolds  serve  as  a  structural  support  system  that  mimics  the
extracellular  matrix  (ECM)  of  natural  tissues.  The  ECM  provides  a  structural
framework for cells, and polymeric scaffolds replicate this environment to guide
tissue development.

The three-dimensional architecture of polymeric scaffolds is designed to match
the specific tissue's anatomy and mechanical properties, providing support during
cell attachment, growth, and tissue maturation.

Biocompatibility

Polymeric materials used in scaffolds are often chosen for their biocompatibility,
ensuring minimal adverse reactions with the host tissue. Common biocompatible
polymers  include  poly(lactic  acid)  (PLA),  poly(glycolic  acid)  (PGA),  and their
copolymer poly(lactic-co-glycolic acid) (PLGA).

Biocompatible scaffolds encourage cell adhesion and proliferation, facilitating the
formation of functional tissues without triggering an immune response.

Degradation Kinetics

The degradation kinetics of polymeric scaffolds is crucial for tissue engineering
uses. Scaffolds need to maintain their structural integrity long enough to support
tissue formation but should degrade at a rate compatible with tissue regeneration.
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Abstract: This book chapter explores the multifaceted role of polymers in the field of
controlled  drug  delivery,  providing  a  comprehensive  overview  of  the  latest
advancements  and  applications.  Polymers  have  emerged  as  pivotal  components  in
designing drug delivery systems due to their tunable properties, biocompatibility, and
ability to modulate drug release kinetics. The chapter delves into the various types of
polymers employed in controlled drug delivery, including natural, synthetic, and hybrid
polymers, highlighting their unique characteristics and functionalities. The discussion
encompasses  the  design  principles  behind  polymer-based  drug  delivery  systems,
elucidating  how  factors  such  as  molecular  weight,  architecture,  and  composition
influence  drug  release  profiles.  Additionally,  the  chapter  scrutinizes  the  diverse
strategies  employed  to  achieve  controlled  drug  delivery,  such  as  micelles,
nanoparticles, and hydrogels, each offering tailored solutions for specific therapeutic
needs.  Special  emphasis  is  placed  on  the  biodegradability  and  biocompatibility  of
polymers,  ensuring  safety  and  efficacy  in  clinical  applications.  Through  a  critical
examination of recent research and case studies, this chapter provides valuable insights
for  researchers,  practitioners,  and  students  in  the  pharmaceutical  and  biomaterials
fields.  It  serves  as  a  comprehensive  resource  for  understanding  the  pivotal  role  of
polymers in advancing controlled drug delivery technologies, ultimately contributing to
the evolution of more efficient and patient-friendly therapeutic interventions.

Keywords: Biodegradable polymers, Controlled release, Drug delivery systems,
Encapsulation, Hydrogels, Micelles, Nanoparticles, Oral delivery, Polymersomes,
Stimuli-responsive  polymers,  Sustained  release,  Targeted  drug  delivery,
Transdermal  delivery,  Vesicles,  Water-soluble  polymers.

INTRODUCTION

Polymers  are  macromolecules  composed  of  repeating  structural  units  called
monomers. These versatile compounds have found extensive applications across
various industries, including materials science, medicine, and technology.
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Polymers  are  large  molecules  composed  of  repeating  subunits  known  as
monomers.  The  structure  of  polymers  can  be  linear,  branched,  or  cross-linked,
imparting unique properties to different types of polymers [1].

POLYMERS AND CONTROLLED DRUG DELIVERY SYSTEMS

The  concept  of  controlled  drug  delivery  systems  emerged  as  a  response  to  the
limitations  of  conventional  drug  delivery  methods.  Traditional  drug
administration  often  involves  multiple  doses  throughout  the  day,  leading  to
fluctuations  in  drug  levels  and  potential  side  effects.  Controlled  drug  delivery
systems  address  these  issues  by  providing  a  mechanism  to  release  drugs  at  a
controlled rate over an extended period, resulting in improved patient compliance
and therapeutic outcomes.

The primary goals of controlled drug delivery systems include maintaining drug
concentration  within  the  therapeutic  window,  reducing  the  frequency  of
administration, enhancing patient convenience, and minimizing adverse effects.
These systems offer several advantages, such as improved bioavailability, reduced
toxicity, and increased patient adherence to prescribed regimens.

Controlled  drug  delivery  systems  have  revolutionized  the  field  of  medicine  by
providing a means to administer therapeutic agents in a more precise and targeted
manner.  These  systems  play  a  crucial  role  in  enhancing  the  efficacy  of  drugs
while minimizing side effects. The use of polymers in drug delivery has been a
key aspect of this advancement, allowing for sustained and controlled release of
pharmaceutical  agents.  This  book  chapter  aims  to  provide  a  comprehensive
background  on  controlled  drug  delivery  systems,  highlight  the  importance  of
polymers  in  drug  delivery,  discuss  the  role  of  polymers  in  controlled  drug
delivery, delve into types of polymers commonly used in drug delivery systems,
and address the advantages and challenges associated with polymer-based drug
delivery [2].

ROLE OF POLYMERS IN CONTROLLED DRUG DELIVERY

Polymers  are  essential  components  of  controlled  drug  delivery  systems  due  to
their unique physicochemical properties. These macromolecules can be tailored to
achieve  specific  drug  release  profiles,  allowing  for  customization  based  on  the
drug's characteristics and therapeutic requirements. The use of polymers in drug
delivery systems is particularly advantageous for delivering both small and large
molecular-weight drugs.

The role of polymers in controlled drug delivery is multifaceted, encompassing
several key aspects that contribute to the success of these systems.
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Polymers  play  a  crucial  role  in  the  development  of  nanoparticles  for  drug
delivery, offering a versatile platform for designing controlled and targeted drug
release systems. Nanoparticles made from polymers exhibit unique properties that
enhance  the  therapeutic  efficacy  of  drugs  [3].  Here,  we  will  discuss  the
advantages  and  challenges  associated  with  polymer-based  drug  delivery:

ADVANTAGES OF POLYMERS IN DRUG DELIVERY.

Polymers  play  a  crucial  role  in  the  development  of  nanoparticles  for  drug
delivery, offering a versatile platform for designing controlled and targeted drug
release systems. Nanoparticles made from polymers exhibit unique properties that
enhance the therapeutic efficacy of drugs. Here is an overview of the significance
of polymers in nanoparticle-based drug delivery.

Polymer-based  drug  delivery  systems  offer  several  advantages,  including
controlled release, targeted delivery, and improved patient compliance, as shown
in Table 1.

Table 1. Advantages of polymers in drug delivery.

Sr.
No. Advantage Explanation References

1.
Polymer

Nanoparticles for
Drug Encapsulation:

Polymers serve as excellent carriers for encapsulating drugs within
nanoparticles. Polymeric nanoparticles protect drugs from

degradation, enhance solubility, and control their release kinetics.
Common polymers used for drug encapsulation include

poly(lactic-co-glycolic acid) (PLGA), polyethylene glycol (PEG),
and chitosan.

[4]

2. Controlled Release
Systems

Polymers enable the development of controlled-release systems,
allowing for sustained and controlled drug release over an

extended period. This is crucial for maintaining therapeutic
concentrations while minimizing side effects. PLGA, for instance,

is widely employed for its biodegradability and tunable release
profiles.

[5]

3.
Surface

Modification for
Targeted Delivery

Polymers facilitate surface modifications of nanoparticles,
enabling targeted drug delivery. Conjugation of ligands or

antibodies onto the polymer surface enhances the nanoparticles'
affinity for specific cells or tissues. PEGylation, using

polyethylene glycol, is a common strategy to improve the stealth
properties of nanoparticles and increase circulation time.

[6]

4.
Biodegradable
Polymers for

Nanoparticle Design

Biodegradable polymers are essential for the development of
environmentally friendly and safe nanoparticles. PLGA, polylactic

acid (PLA), and poly(caprolactone) (PCL) are biodegradable
polymers commonly used in the synthesis of nanoparticles. These

polymers undergo gradual degradation, ensuring the release of
drugs and leaving non-toxic byproducts.

[7]
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Abstract:  Systems  for  controlled  and  continuous  delivery  have  emerged  quickly,
demonstrating  their  capacity  to  overcome  the  drawbacks  of  conventional  delivery
methods. The advancement of biomedical and biomaterial sciences on a daily basis has
increased  awareness  of  implanted  delivery  systems.  Owing  to  developments  in
polymeric  science  and  other  related  domains,  numerous  implantable  devices  can  be
produced.  Worldwide,  trauma,  birth  flaws,  and  cancers  leave  millions  of  people
deformed, posing serious psychological, social, and economic challenges. By restoring
appearance  and  functionality  with  synthetic  materials  that  closely  resemble  natural
tissue, prosthetics seek to lessen their pain. As a result, since their introduction, these
systems  have  become  well-known  in  the  medical  field.  The  present  chapter  covers
various  aspects  of  polymeric  implants  and  prosthetics,  ranging  from  conventional
synthetic  polymers  as  manufacturing  materials  to  sophisticated  prosthetic  materials.
Further manufacturing techniques and prosthetic material degradation are emphasized
in the discussion as well. Future technology advancements and novel manufacturing
techniques  are  also  addressed  in  relation  to  particular  tissues  (like  the  hand,  breast,
nose,  eye,  ear,  and  nose)  that  need  to  be  restored  for  aesthetic  reasons.  With  the
advancement in manufacturing based on research on clinical practice, prosthetics can
usher in a new era of greatly improved quality of life for individuals who suffer from
disfigurement or tissue loss.
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INTRODUCTION

Polymeric  implants  are  small  cylindrical  rods  having  a  diameter  and  length  of
around 1–2 mm and 1–1.5 cm, respectively. Large needles (such as 16 gauges) or
surgical  incisions  are  required  for  implant  administration.  Once  administered
through  surgery,  the  drug  is  released  for  several  months  to  years  [1].

Recent  implant  materials  need  to  be  developed  to  serve  the  patient's  entire
lifetime. A good implant should have a surface chemistry that allows for a variety
of cell modifications that would naturally occur at the interface in the absence of
the implant. Implants that do not meet these requirements develop non-adherent
fibrous capsules, which cause instability in their interface. A fibrous capsule that
separates the implant from the surrounding tissues forms as a result of infection,
ongoing  wear  and  tear,  the  discharge  of  worn  particles,  leakage  of  hazardous
materials,  or  unchecked  surface  impairment.  The  ideal  property  of  a  perfect
implant  is  that  it  should  act  like  the  host  tissue.

Both inside and outside the body, polymeric implant materials are subjected to the
physiological environment for a prolonged period of time. As a result, it is crucial
to  confirm  that  the  substance  is  biocompatible  and  does  not  produce  an
uncomfortable  reaction.  To  achieve  even  greater  advantages,  the  polymers  are
undergoing  additional  modifications,  including  improved  cell  adhesion  and
bioactivity, drug loading, and surface property optimization [2]. Cell adhesion of
human  bone  marrow  has  been  demonstrated  to  be  improved  by  surface
characteristic  alterations,  such  as  the  hydrophilicity  of  biopolymers.  By  using
plasma  treatment,  the  polymer's  surface  hydrophilicity  can  be  increased.
However,  plasma  therapy  has  other  uses  besides  hydrophilicity.  It  has  been
suggested by Borcia et al. that plasma therapy may cause new radical groups to
surface, which could lead to the introduction of novel functional groups and an
increase in flexibility [3]. Plasma therapy involves curing the surface with a gas,
usually oxygen, nitrogen, or inert gases. Natural fibers can be tailored to a range
of applications by changing their surface properties. A nozzle-equipped plasma jet
device  is  used  to  provide  plasma  treatment  to  an  electrospun  polycaprolactone
(PCL)/chitosan/PCL hybrid scaffold. Different gas mixtures with varying ratios of
nitrogen,  oxygen,  and  argon  are  utilized  to  create  plasma  using  the  Diener
(PlasmaBeam)  and  kINPen  plasma  systems.  The  two  plasma  jet  systems  are
powered  by  argon  and  air,  respectively.  The  treated  scaffolds  have  improved
fibroblast adhesion and cell proliferation, making them more suitable for use as an
implant material [4].
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CLASSIFICATION

Implants Classification Based on Applications

Chemotherapeutic Implants

Different types of implantable formulations have been studied since 1997 to keep
naltrexone opioid receptors’ antagonists at therapeutic level over a long period.
Investigated  naltrexone  implants  seemed  to  be  effective  in  treating  opioid
addiction and also in preventing overdosing, a common experience for addicted
individuals, by providing 2ng/ml of naltrexone in the blood circulation for about
six months [5 - 7].

Buprenorphine,  a  partial  agonist  of  µ  receptors,  is  used  sublingually  for  the
treatment  of  heroin  addiction.  Its  15  minutes  administration  and  also  its
consultation requirement with physicians or pharmacists for each use often lead to
patient  reluctance  to  continue  their  treatment  procedure.  Probuphine®,  a
buprenorphine-loaded ethylene-vinyl  acetate  subcutaneous implant  designed by
Titan Pharmaceuticals, is able to keep a constant drug level for six months. Minor
withdrawal  symptoms  and  no  serious  safety  issues  besides  trivial  response  on
implant  insertion  site  in  some  patients  make  the  designed  implant  a  golden
alternative  and  valuable  substitution  for  sublingual  formulation  [7  -  9].
Hydromorphone-loaded  thermoplastic  polyurethane  implants  have  been
investigated  subcutaneously  for  use  in  cancerous  patients  or  chronic  pain
associated  with  HIV/AIDS-induced  neuropathy.  The  great  potency  of
hydromorphone, in comparison with morphine, demands a tinier implant than a
morphine pump [10, 11] bearing interstitial cystitis and is currently in phase II of
a clinical trial (Table 1).

Table 1. Chemotherapeutic Implants.

Implant Name Active Ingredient Indication Duration of
Action

Zoladex® PLGA rods
(subcutaneous) Goserelin advanced prostate and breast

cancer therapies 14 weeks

Eligard®an in situ forming implant Leuprolide advanced prostate cancer six months

hydrogel implant, VantasTM, Histrelin acetate prostate cancer 12 months

A flexible pretzel-shaped device
an osmotic pump made of silicone

and nickel alloy wire
- non-muscle invasive bladder

cancer several weeks
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Abstract:  The  rapid  progress  in  biomedical  research  has  resulted  in  numerous
innovative  uses  for  biocompatible  polymers.  In  contemporary  medicine,  with  an
increased  understanding  of  both  physiological  and  pathophysiological  mechanisms,
there  is  a  growing  emphasis  on  replicating  or,  when  possible,  recreating  the
functionality of a healthy system to facilitate healing. This has led to the emergence of
smart polymers designed for responsive drug delivery. These soft materials, consisting
of  polymers,  exhibit  significant  responses  to  subtle  changes  in  their  surroundings.
Researchers are increasingly drawn to the development of novel drug delivery systems
using  smart  polymers.  The  significance  of  these  polymers  is  escalating,  given  their
ability  to undergo substantial  reversible  physical  or  chemical  changes in reaction to
minor alterations in environmental factors such as pH, temperature, dual stimuli, light,
and  phase  transition.  This  characteristic  holds  great  promise  for  biomedical
applications,  enabling  the  targeted  treatment  of  various  diseases  through
microenvironment stimuli. Smart polymers offer a potential avenue for targeted drug
delivery,  improved  drug  delivery,  gene  therapy,  enhanced  patient  compliance,  drug
stability  maintenance,  and easy manufacturability.  Yet,  there are numerous research
opportunities  to  be  explored  to  develop  perfect  delivery  methods  that  are
biodegradable, biocompatible, and easy to administer, as well as release the integrated
agent in a chemically and conformationally stable form for a longer duration. However,
it is possible to conclude that smart polymers offer immense potential in biotechnology
and  healthcare  applications  if  these  difficulties  are  solved.  This  article  provides  an
overview of the essential attributes and applications of smart polymers in the medical
field, highlighting the current research status and envisioning the future potential of
smart polymers in advancing medical technologies.
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INTRODUCTION

Polymers are one of the basic components of life. We are continuously exposed to
polymers  in  our  daily  lives.  Polymeric  molecules,  like  carbohydrates,  proteins,
and  nucleic  acids,  are  the  most  significant  components  of  living  organisms.
Polymers are used by nature as both building materials and as components of the
complex  cell  mechanism  of  living  beings  [1].  The  usage  of  polymers  in
pharmaceutical,  medicinal,  and technical  domains has solved several  problems.
Polymers  of  diverse  configurations  are  used  in  a  variety  of  medicinal
compositions.  Polymers  are  higher  molecular  mass  compounds  composed  of
repeated single molecule units [2]. These are frequently employed in therapeutic
processes as additives. Commercially accessible controlled-release devices have
effectively  achieved  the  goals  of  continuing  the  medication  in  the  chosen
therapeutic  variety  with  a  single  dosage,  directing  the  medication  in  an  exact
location, and reducing the systemic medication level [3].

The term “smart polymer” is becoming more common in scientific and technical
journals. Smart polymers are self-possessed polymers that react drastically to even
little  alterations  in  their  surroundings.  They  are  also  referred  to  as  “stimuli-
responsive  polymers”,  “intelligent  polymers”,  or  “environmental-sensitive
polymers”. The ability of these polymers to respond to extremely minute changes
in their surroundings is what distinguishes them as 'smart'.  The individuality of
these  substances  arises  not  only  from  their  rapidly  microscopic  structural
variations but also from the fact that these transitions are reversible. Alteration in
one  or  more  of  the  following  parameters  occurs  as  a  result  of  the  responses:
appearance,  superficial  properties,  solvability,  the  development  of  a  detailed
molecular  arrangement,  a  sol-gel  change,  and  more  [4,  5].

In recent years, researchers have been paying considerable attention to so-called
“smart or intelligent materials”. This term refers to materials that may respond to
tiny  alterations  in  the  external  medium  in  a  pre-programmed  manner.  Smart
polymers have enormous potential for usage in treatment; this methodology has
been useful in a wide range of applications, including insulin administration, anti-
cancer  medication  delivery,  and  gene  transfer,  as  shown  in  Fig.  (1).  These
macromolecules have likewise been employed in a series of distribution methods
(oral  and  topical)  as  innovative  medication  distribution  nanostructures  or  as
parenteral nanoparticle coverings [6]. The sophisticated chemistry that drives the
production  of  exclusive  and  enhanced  macromolecules  with  exciting



188   Polymers in Modern Medicine (Part 1) Pingale et al.

physicochemical structures has been a major focus of research on smart polymers
for medical  applications.  However,  thorough information on the interactions of
these constituents at the interfaces of biology, chemistry, and medicine is lacking.
Synthetic  polymers,  for  example,  have  a  variety  of  activities  within  biological
schemes  that  may  not  be  originally  measured  or  obvious  in  the  smart  system's
early  design.  Biological  activity  observed  with  a  variety  of  polymers  includes
anticancer,  antibacterial,  antiviral,  anticoagulant,  pro-apoptotic,  immune-
modulatory,  and efflux pump prohibitor.  Polymers employed in the therapeutic
area have been expected to be innocuous; however, new data contradicts this [7].
Because there are few structure-activity observations and many structure-activity
investigations readily accessible, it  is presently difficult to predict exactly what
type of biological action a given polymer will have. This is impeded in part by the
requirement for a multidisciplinary method; nonetheless, it is also hampered by
the  absence  of  simple,  standardized  procedures  existing  in  the  technical
community  that  are  widely  accessible  and  do  not  need  a  particular  skill  set  to
apply [8].

Fig. (1).  Applications of smart polymers.

The  key  characteristics  of  smart  polymers  are  that  they  promote  patient
acceptance, keep the medicine stable, keep the medication level in the therapeutic
window,  and  are  simple  to  produce.  Targeted  medication  delivery  systems,
bioseparation,  microfluidic  procedures,  tissue  management,  gene  transporters,
biochips, revocable accelerators, actuators, peptide folding, and many more key
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Abstract: When assessing how well an implant integrates with the human body, the
surface of the implant is crucial. Proper coatings are helpful and frequently necessary
for the implant to be accepted and function well. Medical device coatings can lessen
discomfort  and  inflammation  while  also  improving  implant  placement  by  reducing
friction within the body. It can increase biocompatibility by preventing the scarring that
surrounds devices implanted, lowering the risk of infection associated with the device,
and promoting the development of tissues that  aid in the healing process.  Coating a
gadget that is inserted into the body is an extremely important procedure. The coating
needs to be consistent, covering the entire surface, which is frequently made up of a
complicated structure and prevents the structure from being altered. Many technologies
have been developed recently to give medical  devices a  thin coating.  These include
surface polymerization,  which creates a  film from a monomer vapor;  spray coating,
which deposits a fine film; physical vapor deposition (PVD), which transfers a surface
film from a solid source; and inkjet coating, which deposits a coating by impinging tiny
droplets. The most significant methods and uses of thin coatings on medical devices are
covered in this chapter.

Keywords:  Coatings,  Carboxymethylcellulose,  Fine  film,  Medical  devices,
Hydroxypropylmethylcellulose,  Impinging,  Monomer  vapour,  Microneedles,
Polymer,  Spray  coating,  Surface  polymerization,  Surface  film.

INTRODUCTION

From temporary, easily placed and pulled out contact lenses to urinary catheters,
endotracheal  tubes,  and  operationally  placed  cardiac  valves,  coronary  stents,
vascular grafts, pacemakers, hip, knee, and shoulder joints, and devices used in
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reconstructive  surgery,  there  is  a  known  risk  of  “device-related”  or  “implant-
associated” infection with all implanted medical devices [1].

Two  primary  approaches  have  been  used  to  lower  the  frequency  of  infections
linked  to  medical  devices:  first,  anti-adhesive  biomaterials  that  employ
physicochemical surface modification techniques like coatings devoid of drugs,
and  second,  direct  drug  inserted  into  or  onto  the  medical  device  that  is  either
released or immobilized [2 - 4].

Applications

Antimicrobial

The  literature  has  recorded  a  wide  range  of  antimicrobial  surfaces,  including
coatings containing antibiotics like cefazolin, minocycline-rifampin, teicoplanin,
and  vancomycin,  that  have  undergone  biomaterials  testing.  Additional
antibacterial coatings, including salicylic acid, quaternary ammonium compounds,
and chlorhexidine, have also been tested. This theory states that polymers coated
on the implant's surface act as transporters of antibiotics. The cytocompatibility of
various polymers has also been examined on titanium surfaces with and without
chlorhexidine  diacetate  (CHA)  for  Staphylococcus  aureus,  Staphylococcus
epidermidis,  and  hTERT  human  fibroblasts.  Poly  (D,L-lactide)  (PDLLA),
politerefate  (PTF),  polyurethane  (PU),  calcium  phosphate/anodic  plasma-
chemical  treatment  (CaP/APC),  and  polyvinylpyrollidone  (PVP)  were  among
these  polymers.  The  study  found  that  the  release  kinetics  varied  from constant
release (PDLLA > PTF > PU > CaP/APC = PVP) to burst release (greater than
200 hours). The current chapter demonstrated that PDLLA and PTF, which were
cytocompatible with hTERT fibroblasts, efficiently discharged CHA, withstood
mechanical  testing,  and  held  the  greatest  potential  as  coatings  on  implants  for
drug  administration.  Due  to  the  quantity  of  CHA  being  over  the  minimal
inhibitory  concentration  limit  for  a  brief  time  before  entirely  dissipating,  the
release  kinetics  of  PDLLA  and  PTF  are  significant.  Additionally,  silver
antimicrobial  compounds  are  being  employed  to  reduce  bacterial  adhesion  and
halt the formation of biofilms [5 - 8]. Due to its many other advantages, including
its wide range of antibacterial activity, which includes antibiotic-tolerant bacteria,
its non-cytotoxicity at appropriate doses, its adequate stability, and the decreased
likelihood of developing resistant strains, silver (Ag) is a powerful bactericide that
is gaining more and more attention. Nevertheless, due to proven concentration-
dependent toxicity, silver needs to be used carefully. An evaluation revealed that a
mouse spermatogonial stem cell line was suitable in an in vitro manner to assess
silver's  toxicity.  They  discovered  that  in  myeloid  stem  cells,  doses  of  silver
nanoparticles  (SN)  ranging  from  5  μg/mL  to  10  μg/mL  produced  necrosis  or
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apoptosis.  In  addition  to  silver,  two  other  metals  that  exhibit  potential  for
antibacterial  coatings  are  copper  (Cu)  and  zinc  (Zn).

Other  antimicrobial  coatings  for  medical  equipment,  such  as  antimicrobial
peptides  and  polymers,  have  been  suggested  as  substitutes  for  traditional
antibiotics. Polymers have been utilized to solve issues with low molecular weight
antibacterial  drugs,  like  environmental  toxicity  and  temporary  antibacterial
efficacy  because  it  is  possible  to  incorporate  antimicrobial  functional  groups
through  polymer  molecules.  By  decreasing  the  agents'  remaining  toxicities,
raising their efficiency and selectivity, and extending their lifespan, the utilization
of antimicrobial polymers retains promise for improving the effectiveness of some
currently  accessible  antimicrobial  agents  and  reducing  the  environmental
concerns associated with standard antimicrobial agents. Star PEG (poly (ethylene
glycol-stat-propylene  glycol))  pre-polymers  were  used.  Substrates  coated  with
Star-PEG showed a notable decrease in the quantity of blood-material interactions
in  contrast  to  uncoated  substrates.  To  avoid  bacterial  adherence  and  the
development  of  biofilms,  a  variety  of  polymers,  like  poly  (hydroxyethyl
methacrylate) (PHEMA), poly (methacrylic acid), and polyurethanes, have been
employed to modify the amount and/or structure of adsorbed proteins.To prevent
biomaterial  colonization,  antimicrobial  peptides  (AMP)  have  just  lately  been
presented to fitted surfaces due to their minimal cytotoxic profile and sustained
stability throughout the procedure for disinfection. Antimicrobial agents (AMPs)
have been found to have amphipathic structures and a strongly cationic character,
which  lead  to  their  potential  to  attach  to  the  charge-negative  membranes  and
surfaces  of  microorganisms.  Those  peptides  have  some  alluring  benefits,
including the ability to function at extremely low concentrations, their virucidal,
tumoricidal, fungicidal, and bactericidal qualities, and their decreased propensity
to  encourage  bacterial  resistance.  To  lessen  varieties  of  both  gram-positive
(Staphylococcus aureus) and ram-negative (Pseudomonas aeruginosa) bacteria,
AMPs have been coated on implants [9 - 15]

Eluting Coating of the Drug

Stents

Small  inflatable  tubes  called  stents  are  used  to  treat  coronary  heart  disease.
Percutaneous coronary intervention, or coronary angioplasty, is the process used
to insert a stent. Blood flow through constricted or obstructed arteries is restored
with PCI. In the weeks or months following PCI, a stent supports the artery's inner
wall.  Bare metal  was used to make stents  in the initial  generation.  While bare-
metal  stents  nearly  disposed  of  the  danger  of  the  artery  collapsing,  they  only
marginally decreased the chance of restenosis. Approximately 25% of coronary
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