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Preface

Advanced healthcare materials are attracting strong interest in fundamen-
tal as well as applied medical science and technology. Advanced Healthcare 
Materials summarizes the current state of knowledge in the fi eld of 
Advanced Materials for functional therapeutics, point-of-care diagnostics, 
translational materials and up-and-coming bioengineering devices. In this 
book we have highlighted the key features which enable the design of stim-
uli-responsive smart nanoparticles, novel biomaterials, and nano/micro 
devices for either diagnosis or therapy, or both, called theranostics. Th e 
latest advancements in healthcare materials and medical technology are 
also presented. In narrative outline, this volume of the Advanced Materials 
series includes fourteen chapters divided into four main areas: “Functional 
Th erapeutics,” “Point-of-Care Diagnostics,” “Translational Materials” and 
“Up-and-Coming Bioengineering Devices.” 

Th e chapter “Stimuli-Responsive Smart Nanoparticles for Biomedical 
Application,” describes the synthesis and engineering of stimuli-responsive 
polymeric nanosystems and their use in sensors, logic operations, biomed-
icine, tissue engineering and regenerative medicine, synthetic muscles, 
“smart” optical or microelectromechanical systems, membranes, electronics 
and self-cleaning surfaces. Th e chapter entitled “Diagnosis and Treatment 
of Cancer – Where We Are and Where We Have to Go!” is an overview 
of new methods and technology such as functional nanoparticles-based 
drug delivery and diagnostics systems for overcoming obstacles in cancer 
diagnosis and treatment. Also, exploratory fundamental and cutting-edge 
accounts of advanced materials including nanoparticles, nanopolymers, 
metal-organic frameworks and zeolites in drug delivery and diagnostics are 
presented in the chapter, “Advanced Materials for Biomedical Application 
and Drug Delivery.” Another chapter, “Nanoparticles for Diagnosis and/
or Treatment of Alzheimer’s Disease,” focuses on the nanotheranostic 
approach to Alzheimer’s treatment. 

Th e chapters “Novel Biomaterials for Human Health: Hemocompatible 
Polymeric Micro- and Nanoparticles and Th eir Application in Biosensor” 
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and “Th e Contribution of Smart Materials and Advanced Clinical 
Diagnostic Micro-Devices on the Progress and Improvement of Human 
Health Care,” cover the application of advanced healthcare materials for 
point-of-care diagnostics. Th e notable advantages and limitations of trans-
lational biomaterials are described in the chapters “Hierarchical Modeling 
of Elastic Behavior of Human Dental Tissue Based on Synchrotron 
Diff raction Characterization,” “Biodegradable Porous Hydrogels,” and 
“Hydrogels: Properties, Preparation, Characterization and Biomedical 
Applications in Tissue Engineering, Drug Delivery and Wound Care.” 
Up-and-coming bioengineering devices are covered in the chapters 
entitled “Modifi ed Natural Zeolites – Functional Characterization  and 
Biomedical Application,” “Supramolecular Hydrogels Based on 
Cyclodextrin Poly(Pseudo)Rotaxane for New and Emerging Biomedical 
Applications,” “Polyhydroxyalkanoate-Based Biomaterials for Applications 
in Biomedical Engineering,” “Biomimetic Molecularly Imprinted Polymers 
as Smart Materials and Future Perspective in Health Care,” and “Th e Role 
of Immunoassays in Urine Drug Screening.”

Th is book has been written for a large readership including university 
students and researchers from diverse backgrounds such as chemistry, 
materials science, physics, pharmacy, medical science, and biomedical 
engineering. It can be used not only as a textbook for both undergraduate 
and graduate students, but also as a review and reference book for research-
ers in materials science, bioengineering, medical, pharmacy, biotechnology 
and nanotechnology. We hope the chapters of this book will provide read-
ers with valuable insight into the important area of advanced healthcare 
m aterials, especially the cutting-edge technology in functional therapeu-
tics, point-of-care diagnostics, translational materials and up-and-coming 
bioengineering devices. Th e interdisciplinary nature of the topics in this 
book will help young researchers and senior academicians. Th e main credit 
for this book goes to the contributors who have comprehensively written 
their updated chapters in the fi eld of Advanced Healthcare Materials.

Ashutosh Tiwari, PhD, DSc
Linköping, Sweden

March 6, 2014



xix

List of Contributors 

Debbie P. Anderson works as a researcher in the Bioproducts and 
Bioprocesses National Science Program, Agriculture and Agri-Food 
Canada, Government of Canada, and her research interests are centered 
around applications of biopolymers. 

Sophia G. Antimisiaris is Professor in the Department of Pharmacy, 
University of Patras & FORTH/ICES, Patras), Greece

Peter R. Chang serves as a Research Scientist and Professor in the 
Bioproducts and Bioprocesses National Science Program, Agriculture and 
Agri-Food Canada, Government of Canada, and his primary interests 
reside in functional systems derived from biopolymers. 

Q.Z. Chen is an Associate Professor in the Department of Materials 
Engineering at Monash University, Australia and works in the fi eld of elas-
tomeric biomaterials for applications in soft  tissue engineering.

Aleksandra Daković is a Full Research Professor at the Institute for 
Technology of Nuclear and Other Mineral Raw Materials, Belgrade, Serbia.

Arnab De is in the Department of Microbiology and Immunology, 
Columbia University where she obtained her PhD and researches in the 
interface of chemistry and biology. 

Khalil Farhadi is a Professor of Chemistry, Department of Chemistry, 
Urmia University, Iran.

Farnoush Faridbod is an Assistant Professor in analytical chemistry at the 
University of Tehran, Iran.

Luis P. Fonseca is an Associate Professor in the Department of 
Bioengineering of Instituto Superior Tecnico at the University of Lisbon, 



xx List of Contributors

Portugal and Senior Researcher of Bioengineering Research Group of the 
Institute for Biotechnology and Bioengineering in Lisbon.

Mehrdad Forough is a PhD Student in the Department of Chemistry, 
Urmia University, Iran.

Mohammad R. Ganjali is a Professor in the Center of Excellence in 
Electrochemistry, Faculty of Chemistry at the University of Tehran, Iran.

Rajiv Lochan Gaur is a Research Associate in the School of Medicine, 
Stanford University, Palo Alto, California, USA.

Jing Hao works as a researcher at the College of Chemical Engineering, 
Wuhan University of Technology, China and her research interests focus 
on biomedical materials based on assembly. 

Jin Huang is a full professor, College of Chemical Engineering, Wuhan 
University of Technology, Wuhan, China, and his research interests 
include, but are not limited to, fabrication and application of assemblies 
and composites. 

Alexander M. Korsunsky is a Professor of Engineering Science whose 
research group is based at Oxford and Harwell and pursues multi-scale 
modeling, multi-modal microscopy and “rich” tomography of biomaterials 
and engineered materials, including metallic alloys, ceramics, polymers, 
composites, and coatings.

Danina Krajišnik is an Assistant Professor at the Department of 
Pharmaceutical Technology and Cosmetology of the University of 
Belgrade, Faculty of Pharmacy, Belgrade, Serbia.

Chun Mao is a Professor at the Jiangsu Key Laboratory of Biofunctional 
Materials at Nanjing Normal University, China and his research activi-
ties focus on surface modifi cation, biomaterials and biological molecule 
detection.

Eleni Markoutsa is a PhD student in the Department of Pharmacy, 
University of Patras, Greece.

Jela Milić is a Full Professor at the Department of Pharmaceutical 
Technology and Cosmetology of the University of Belgrade, Faculty of 
Pharmacy, Belgrade, Serbia.



List of Contributors  xxi

Sushil Mishra is a graduate student pursuing his PhD in Dr. Mozumdar’s 
lab at the University of Delhi, India.

Rahim Molaei is a PhD Student in the Department of Chemistry, Urmia 
University, Iran.

Spyridon Mourtas is a Post-Doc Researcher in the Department of 
Pharmacy, University of Patras, Greece.

Subho Mozumdar is a pioneer of nanotechnology in India. He obtained 
his PhD from SUNY, Buff alo and continued his post-doctoral research at 
Johns Hopkins. In recognition of his discoveries, he recently became the 
Academic Editor of Plos One.

Parviz Norouzi is a Professor in the Center of Excellence in Electrochemistry, 
Faculty of Chemistry at the University of Tehran, Iran. 

Stanley L. Okon is a Resident Physician in the Department of Psychiatry 
at Advocate Lutheran General Hospital located in Park Ridge, Illinois.

Konstantina Papadia is a PhD student in the Department of Pharmacy, 
University of Patras, Greece

Niina J. Ronkainen is an Associate Professor of Chemistry at Benedictine 
University located in Lisle, Illinois, USA.

George E. Rottinghaus is Clinical Professor at the Veterinary Medical 
Diagnostic Laboratory, College of Veterinary Medicine, University of 
Missouri, Columbia, USA.

Yasaman Shaabani is a MSc Student at the Faculty of Chemical Engineering, 
Urmia University of Technology, Iran.

Jian Shen is a Leader at the Jiangsu Key Laboratory of Biofunctional 
Materials at Nanjing Normal University, China and his current research 
areas are anticoagulant materials and biomaterials.

Athanassios Skouras, PhD student in the Department of Pharmacy, 
University of Patras, Greece. 

M. Sirousazar is an Assistant Professor of Chemical Engineering , Faculty 
of Chemical Engineering, Urmia University of Technology, Urmia, Iran.



xxii List of Contributors

Richa Srivastava works in the Biotechnology Division, Central Institute of 
Medicinal and Aromatic Plants, Lucknow, India.

Chong Sun is a doctoral candidate at Nanjing Normal University of Science 
and Technology, China and her current research interests are nanomateri-
als and electrochemistry analytical methods.

Tan Sui is a post-doctoral researcher in the Department of Engineering 
Science, University of Oxford, and specializes in imaging, structural analy-
sis and modeling of mineralized biological tissues.

Fernando Teles works as an Assistant Researcher at the Institute of 
Hygiene and Tropical Medicine, Lisbon, Portugal with the tasks of Science 
Manager of the Institute and Microbiology Researcher at its Unit of Medical 
Microbiology.

Xiaobo Wang is a doctoral candidate at Nanjing Normal University,
China and her current research interests are surface modifi cation and 
biomaterials. 

C.H. Zhu is a PhD candidate in the Department of Materials Engineering 
at Monash University, Australia.



Part 1

FUNCTIONAL THERAPEUTICS





3

1

Stimuli-Responsive Smart Nanoparticles 
for Biomedical Application

Arnab De2, Sushil Mishra and Subho Mozumdar1,*

1Department of Chemistry, University of Delhi, Delhi-110007, India
2Department of Microbiology and Immunology, Columbia University, USA

Abstract
Biological systems consist largely of regulation systems; these natural feedback reg-
ulation systems are very important to stabilize such non-equilibrium systems like a 
living organism. One example is release of hormones from secretory cells, which is 
regulated by physiological cycles or by specifi c input signals. It is not surprising that 
regenerative medicine and drug delivery are also utilizing similar responsive strate-
gies in a biomimetic fashion. During the last two decades, scientists have been trying 
to mimic nature in designing “smart” synthetic materials from various functional 
molecular building blocks that respond to stimuli such as temperature, pH, ionic 
strength, light, electric or magnetic fi eld, chemical and biochemical stimuli in order 
to mediate molecular transport, shape changes, tune adhesion and wettability, or to 
induce signal transduction of (bio-)chemical or physical stimuli into mechanical, 
optical or electrical responses. Biomimetic approaches have been employed in the 
design, synthesis and engineering of stimuli-responsive polymeric systems, which 
undergo reversible abrupt phase transitions upon variation of a variable around a 
critical point and their use in a plethora of applications, including sensors, logic 
operations, biomedicine, tissue engineering and regenerative medicine, synthetic 
muscles, “smart” optical or microelectromechanical systems, membranes, electron-
ics and self-cleaning surfaces has been explored.

Keywords: Biological systems, nanomedicine, nanoparticles, biomedical 
applications
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1.1 A Brief Overview of Nanotechnology

Nanotechnology has emerged in the last decades of the 20th century with 
the development of new enabling technologies for imaging, manipulating, 
and simulating matter at the atomic scale. Th e frontier of nanotechnology 
research and development encompasses a broad range of science and engi-
neering activities directed toward understanding and creating improved 
materials, devices and systems that exploit the properties of matter that 
emerge at the nanoscale. Th e results promise benefi ts that will shift  par-
adigms in biomedicine (e.g., imaging, diagnosis, treatment, and preven-
tion); energy (e.g., conversion and storage); electronics (e.g., computing 
and displays); manufacturing; environmental remediation; and many 
other categories of products and applications.

Amongst leading scientists, there is growing awareness about the tre-
mendous impact this fi eld will have on society and the economy. It is fore-
casted to become possibly even more important than, for example, the 
invention of the steam engine or the discovery of penicillin. 

Th e landmark lecture by eminent Nobel Laureate Richard Feynman in 
1959 entitled “Th ere’s plenty of room at the bottom,” brought life (to) the 
concept of nanotechnology, which has been infl uencing all the diff erent 
fi elds of research involving hard core science such as chemistry, physics, 
and other applied fi elds of science, such as electronics, materials science 
and biomedical science, agrochemicals, medicine and pharmaceutical sci-
ences etc. [1].

Nanotechnology and nanoscience are widely seen as having a great 
potential to bring benefi ts to many areas of research and applications. Th ey 
are attracting increasing investments from governments and private sector 
businesses in many parts of the world. Concurrently, the application of 
nanoscience is raising new challenges in the safety, regulatory, and ethical 
domains that will require extensive debates on all levels. 

Th e prefi x nano is derived from the Greek word dwarf. One nanometer 
(nm) is equal to one-billionth of a meter, that is, 10−9 m. Th e term “nano-
technology” was fi rst used in 1974, when Norio Taniguchi, a scientist at the 
University of Tokyo, Japan, referred to materials in nanometers.

At the nanometer scale, the physical, chemical and biological proper-
ties of nanomaterials are fundamentally diff erent from those of individual 
atoms, molecules, and bulk materials. Th ey diff er signifi cantly from other 
materials due to two major principal factors: the increased surface area 
and quantum eff ects. A larger surface area usually results in more reactive 
chemical properties and also aff ects the mechanical or electrical properties 
of the materials. At the nanoscale, quantum eff ects dominate the behaviors 
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of a material, aff ecting its optical, electrical and magnetic properties. By 
exploiting these novel properties, the main purpose of research and devel-
opment in nanotechnology is to understand and create materials, devices 
and systems with improved characteristics and performances [2].

1.2 Nanoparticulate Delivery Systems

Th e nanoparticulate system comprises of particles or droplets in the sub-
micron range, i.e., below 1μm, in an aqueous suspension or emulsion, 
respectively. Th is small size of the inner phase gives such a system unique 
properties in terms of appearance and application. Th e particles are too 
small for sedimentation; they are held in suspension by the Brownian 
motion of the water molecules. Th ey have a large overall surface area and 
their dispersions provide a high solid content at low viscosity.

Historically, the fi rst nanoparticles proposed as carriers for therapeu-
tic applications were made of gelatin and cross-linked albumin [3]. Use 
of proteins may stimulate the immune system, and to limit the toxicity 
of the cross-linking agents, nanoparticles made from synthetic polymers 
were developed. At fi rst, the nanoparticles were made by emulsion polym-
erization of acrylamide and by dispersion polymerization of methylmeth-
acrylate [4]. Th ese nanoparticles were proposed as adjuvants for vaccines. 
Couvreur et al. [5] proposed to make nanoparticles by polymerization of 
monomers from the family of alkylcyanoacrylates already used in vivo as 
surgical glue. During the same period of time, Gurny et al. [6] proposed 
a method for nanoparticle synthesis from another biodegradable polymer 
consisting of poly(lactic acid) used as surgical sutures in humans. Based 
on these initial investigations, several groups improved and modifi ed the 
original processes mainly by reducing the amount of surfactant and organic 
solvents. A breakthrough in the development of nanoparticles occurred in 
1986 with the development of methods allowing the preparation of nano-
capsules corresponding to particles displaying a core-shell structure with a 
liquid core surrounded by a polymer shell [7]. Th e nanoprecipitation tech-
nique was proposed as well as the fi rst method of interfacial polymeriza-
tion in inverse microemulsion [8]. In the succeeding years, the methods 
based on salting-out [9], emulsion–diff usion [10], and double emulsion 
[11] were described. Finally, during the last decade, new approaches were 
considered to develop nanoparticles made from natural origin such as 
polysaccharides [12]. Th ese nanoparticles were developed for peptides 
and nucleic acid delivery. A further development was surface modifi ca-
tion of nanoparticles to produce long circulating particles able to avoid the 
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capture by the macrophages of the mononuclear phagocyte system aft er 
intravenous administration [13].

1.3 Delivery Systems

Th e specifi c delivery of active principles to the target site, organ, tissue, 
or unhealthy cells by carriers is one of the major challenges in bioactive 
delivery research. Many of the bioactive compounds have physicochemical 
characteristics that are not favorable to transit through the biological barri-
ers that separate the administration site from the site of action. Some of the 
active compounds run up against enzymatic barriers, which lead to their 
degradation and fast metabolization. Th erapeutically, distribution of such 
active molecules to the diseased target zones can therefore be diffi  cult. 
Moreover, the accumulation of drugs in healthy tissues can cause unac-
ceptable toxic eff ects, leading to the abandonment of treatment despite its 
eff ectiveness [14].

In order to overcome the above challenges an ideal delivery system must 
possesses basically two elements: the ability to transport loaded payload 
to the target site and control its release. Th e targeting will ensure high 
effi  ciency of loaded payload at the site of core interest and reduces any 
unwanted biological eff ects. Various delivery devices have been devel-
oped and an overview of each type of nanocarrier is given in the following 
section. 

According to the process used for the preparation of nanoparticles, 
nanospheres or nanocapsules can be obtained. Nanospheres are homoge-
neous matrix systems in which the drug is dispersed throughout the par-
ticles. Nanocapsules are vesicular systems in which the drug is confi ned to 
a cavity surrounded by a polymeric membrane [15].

1.3.1 Hydrogels

Hydrogels are three-dimensional networks composed of hydrophilic poly-
mer chains. Th ey have the ability to swell in water without dissolving. Th e 
type of cross-linking between the polymer chains can be chemical (cova-
lent bonds) or physical (hydrogen bonds or hydrophobic interactions). 
Th e high water content in these materials makes them highly biocom-
patible. Th ere are natural hydrogels such as DNA, proteins, or synthetic, 
e.g., poly(2-hydroxyethyl methacrylate), poly(N-isopropylacrylamide) or 
a biohybrid [16]. Th e release mechanism can be induced by temperature 


