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Foreword of the Series

Material science and engineering at the nanoscale have brought revolutionary advances to the bio-
medical sciences, overturning many of the known traditional approaches. Nanotechnology has driven
many of the most successful innovative technologies, and their impressive record of accomplishment
has made nanostructures promising candidates for future therapy. The advantages that nanomaterials
have already provided to therapeutics, such as targeted and controlled delivery, wide accessibility, high
specificity, low side effects, improved efficiency, and impressive versatility are currently considered
key elements in designing personalized medicine approaches for prophylaxis, diagnosis, and therapy.

Therapeutic nanostructures can be highly diverse, and their unique properties have led to the devel-
opment of highly specialized biosensors, more efficient drug delivery vehicles, and controlled release
targeting systems to fight severe or incurable diseases, such as cancer, infections, and cardiovascular
disease.

In view of the astounding progress made in the field of therapeutic nanotechnology, and its rapidly
progressing expansion, this book aims to collect together in one place all the most recent and innovative
aspects regarding the impact of nanomaterials in both current and future therapy. The book is organized
in five volumes, covering the main areas that are relevant for the design and implementation of nano-
structures in medical therapies.

The first volume, Nanostructures for Novel Therapy: Synthesis, Characterization, and Applications
describes methods to obtain and characterize nanosystems, emphasizing their biomedical applications.
Special attention in this volume was paid to modern synthesis methods to reduce side effects and limit
the toxicity of nanomaterials in biomedical applications. Numerous examples of nanostructures de-
signed for therapy, as well as the most efficient synthesis and characterization routes for these materials
are clearly described and critically analyzed.

The second volume, entitled Nanostructures for Drug Delivery covers one of the most widely uti-
lized and investigated applications of nanomaterials in the biomedical field, namely drug delivery. The
design of nanoscale agents in order to specifically and safely carry therapeutic agents to their final
destination is an intriguing approach to future targeted therapeutics. This approach could provide a
treatment for previously incurable diseases, as well as reducing the side effects of current drugs. Many
highly active drugs are severely limited by side effects related to their unspecific sites of action. This
book introduces the readers to the amazing field of nanomedicine by discussing the versatility and va-
riety of nanovehicles for drug delivery and targeting. Moreover, readers will find numerous examples,
and will learn about the currently used or investigational drug delivery agents for therapy, prophylaxis,
and diagnosis.

The third volume, Nanostructures for Antimicrobial Therapy highlights the impressive progress
made by nanotechnology in the design of novel antimicrobial approaches. Since microbial resistance to
antibiotics is a very real and worrying issue growing throughout the world, the development of more ef-
ficient antimicrobial agents has a high priority to allow control of infections in the future. Antimicrobial
nanosystems have proved to be highly efficient against drug-resistant microorganisms, are able to fight
biofilm-associated infections and control the social behavior of microbial communities. Nanostructures
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can also reduce microbial virulence factors and reduce pathogenesis mechanisms thus offering a prom-
ising alternative for future therapy.

The fourth volume, entitled Nanostructures for Cancer Therapy covers the applications of nano-
medicine in cancer diagnosis and treatment. The use of nanoparticles for cancer therapy is not in itself
a new approach, but numerous advances have been recently made in this area, and the aim of this book
is to cover the most interesting new approaches in the management of this deadly disease. Nanosized
drugs are currently believed to represent the most efficient approach in cancer chemotherapy, and this
volume provides coverage of the latest novel findings, while also discussing possible improvements in
more established types of nanosystems to increase the efficiency of cancer therapy.

Last but not least, the fifth volume of this series entitled Nanostructures for Oral Medicine covers
the progress made in applications of nanotechnology in treating various diseases of the oral cavity and
in dentistry. Readers will have the chance to learn about the most efficient modern materials used to
treat or to prevent widely encountered oral diseases, such as gingivitis, periodontitis, caries, and dental
plaque. Moreover, restorative dentistry also now makes wide use of nanomaterials.

Overall, this book series will provide a state-of-the-art compendium of knowledge, and a crys-
tal ball to see into the future of biomedical nanotechology and nanomedicine. It will appeal to
researchers, clinicians, engineers, pharmacologists, pharmacists, oncologists, infectious disease ex-
perts, and dentists. More many interested general readers may discover the impact, current progress
and future applications of nanotechnology in therapeutics and diagnosis. Taken together, nanoscale
approaches will improve the efficiency of personalized medicine for better management of diseases
in the 21st century.

Michael R. Hamblin

Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA, United States
Department of Dermatology, Harvard Medical School, Boston, MA, United States

Harvard-MIT Division of Health Sciences and Technology, Cambridge, MA, United States



Preface

ABOUT THE SERIES (VOLUMES I-V)

In our permanently changing world, novel therapeutics are constantly required to manage health and
well-being of population. Although numerous diseases are currently considered incurable, impressive
progress made in biomedicine and associated fields, such as chemistry, physics, engineering, pharmacol-
ogy, and materials science, offers a new light to the therapeutics domain. In this context, most physicists
and researchers believe that a personalized and adequate treatment may significantly improve the outcome
of severe diseases and ensure a faster healing. Nanotechnology offers great perspectives for personalized
medicine, since nanostructured therapeutics proved their efficiency and amazing impact in improving
therapy, prophylaxis, and diagnosis. The emerging field of nanosized materials has numerous applications
in the biomedical field, especially in therapy. This series of five volumes came out by the need of learning
about recent progress of the science of nanostructured materials to improve current therapy and led to the
next level. The books offer an interesting and updated perspective regarding applications of nanomaterials
in therapy of most-investigated and difficult-to-treat diseases, such as cancer and severe infections. The
presentation approach of each chapter contained in these five volumes is clear and easy to understand by
most readers and interesting for biomedical specialists, researchers, and engineers. The series is organized
in an attractive manner for students and academics on the field, starting with a volume dealing with the
synthesis, characterization, and main applications of nanostructures, emphasizing on their impact in ther-
apy. Next volume reveals the most recent progress made on a very investigated field, which is considered
akey element in personalized medicine and future therapy, namely nanostructured drug-delivery systems.
Their impact in antimicrobial therapy is also widely discussed and suggestive examples are given and
explained. Moreover, a whole volume is dedicated to the management of the disease of the century—can-
cer—revealing the huge value added by the utilization of nanosystems in the therapy of this deadly dis-
ease. Important aspects related to improved diagnosis and prophylaxis are highlighted. In the last volume,
the progress and novel applications of nanotechnology in oral medicine are dissected. The field of oral
diseases represents a wide-interest and priority field since both physicists and researchers believe that they
can be prevented and treated more easily with targeting systems and nanofunctional prosthetics. All chap-
ters are clearly illustrated to highlight important or more difficult-to-understand aspects and suggestive
examples are often enumerated in organized tables, which are explained and discussed. Overall, the series
contains very recent but accessible information regarding the progress of nanostructures in therapeutics
and gives a novel perspective about future therapy of severe diseases.

Alexandru M. Grumezescu
University Politehnica of Bucharest, Bucharest, Romania

ABOUT VOLUME |

First volume of the series Therapeutic nanostructures introduces the readers in the amazing field of
nanostructured size materials, describing types, synthesis and characterization approaches, and empha-
sizing on their applications. The utility of nanosized materials in the biomedical field is highly influ-
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enced by the physicochemical properties of nanostructured materials utilized for therapy. Therefore,
knowing their qualities ensure a more successful approach in designing effective agents for the man-
agement of a particular disease. This book offers an updated perspective regarding the most interesting
advances of nanoarchitectured therapeutics, discusses the wide variety of their synthesis routes, prefer-
ential functionalities, and most supported applications for the design of future therapeutics.

Volume I contains 30 chapters, prepared by outstanding international researchers from USA, Brazil,
Argentina, Australia, Portugal, Spain, Finland, France, Italy, Germany, Bulgaria, Romania, Turkey,
Cyprus, Iran, Pakistan, India, Taiwan, China, and Japan.

In Chapter 1, entitled Novel Approaches for Preparation of Nanoparticles, Bolla Govinda Rao
et al., give an overview about new developments in various preparation methodologies for the fabrica-
tion of nanoparticles. Also, this first chapter offers a great introductory basis in the design of functional
nanostructures aimed for particular purposes.

Andreea Aiacoboae et al., in Chapter 2, entitled Applications of Nanoscale Drugs Carriers in the
Treatment of Chronic Diseases, discuss about smart nanosized drug-delivery systems which made or
have the potential to make a great impact in the management of chronic illness. The fact that numerous
nanosystems are able to respond to various stimuli, such as pH, temperature, light, ultrasounds, electri-
cal, and magnetical fields, make them special candidates for targeted and efficient therapy. The chapter
discusses most investigated examples of nanoparticles which are under consideration for nanotherapy,
such as gold nanoparticles (NPs), silver NPs, magnetic NPs, quantum dots, and mesoporous silica NPs,
useful in targeting and delivering applications.

Chapter 3, prepared by Giorgia Adamo et al., entitled Functionalization of Nanoparticles in Specific
Targeting and Mechanism Release, reviews the potential of smart multifunctional nanostructures as
customizable, targeted drug-delivery vehicles capable of carrying large doses of therapeutic agents into
target cells. Covalent and noncovalent chemical linking using different molecules have been reported
for nanoparticles surface functionalization, since this approach confers them specific properties, such
as more specific targeting ability.

In Chapter 4, entitled Fabrication and Characterization of Natural/Synthesized, Micro-, and Nano-
structured Materials for Biomedical Applications, prepared by Hiromichi Takebe et al., is presented
an up-to-date overview about the preparation of modified micro/nanoparticles such as, magnetic ox-
ide nanoparticles for thermal coagulation therapy, iron oxide nanocubes and their shape-induced self-
assembly and micro/submicrosized, imprinted inorganic glasses for nanointegration. This chapter is a
great opportunity to review the properties of most investigated nanosystems for biomedical applications.

In chapter 5, entitled Multifunctional Nanostructured Biopolymeric Materials for Therapeutic
Applications, prepared by Armentano et al., is revealed the current state and future prospects of the new
generation of multifunctional bionanomaterials, based on different natural or synthetic biopolymers,
together with their role in development of personalized therapy.

Chapter 6, entitled Polymeric Pharmaceutical Nanoparticles Developed by Electrospray, prepared
by Faramarzi et al., gives an overview about advantages and disadvantages, basic principles and pro-
duction methods of electrospray based approaches.

Debjyoti Paul et al., in Chapter 7, entitled Nanoformulation and Administration of PUFA-Rich
Systems for Applications in Modern Healthcare, explore the realms of nanotechnology that deals with
the fabrication methods of polyunsaturated fatty acids (PUFA) rich nanoformulations, the holistic
changes in stability, bioavailability, and bioactivity as a consequence of different administration routes
(oral, topical, and parenteral) of such nanosystems.
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Naruki Kurokawa et al., in Chapter 8, entitled Electrospinning and Surface Modification Methods
for Functionalized Cell Scaffolds, present an extensive overview of effective techniques for making
optimal scaffolds, including electrospinning and surface modification methods.

Daniel Iglesias, et al., in Chapter 9, entitled Short Peptide Self-Assembled Nanostructures for
Therapeutics Innovative Delivery, described the high innovation potential offered by self-assembling
short peptides in the field of drug delivery. Several options for such use are possible, ranging from
physical drug entrapment in the hydrogel matrix, through drug noncovalent binding to the supramo-
lecular structure by the covalent binding of the drug to the self-assembling building block.

Avneet Saini et al., in Chapter 10, entitled Peptoids: Tomorrow’s Therapeutics, summarize the
recent research efforts in the field of peptoid biopolymers from synthesis to folded structural motifs.
Also, the authors present their major biological applications discovered in the last two decades.

Chapter 11, prepared by N.S. Sampath Kumar, Electrospinning of Collagen Nanofiber Scaffolds for
Tissue Repair and Regeneration, provide information about tissue repair and regeneration using biomi-
metic scaffolds and a brief overview of state-of-the-art methods for fabricating nanofibrous scaffolds,
including phase-separation, freeze-drying, self-assembly, and electrospinning.

Chapter 12, entitled Nanostructured Therapeutic Systems With Bioadhesive and Thermoresponsive
Properties, prepared by Marcos Luciano Bruschi et al., discussed the importance, applications, and
perspectives of Mucoadhesive Thermoresponsive Systems as potentially useful therapeutic approach.

Chapter 13, entitled Design Considerations in the Development of Wound Healing Bionanoma-
terials, prepared by Parvez Alam et al., provide a comprehensive overview about fundamental con-
siderations in the design of bionanomaterials with a focus on skin properties, material types, surface
structures and methods for nanofabrication.

In the Chapter 14, Role of Nanostructure Molecules in Enhancing the Bioavailability of Oral Drugs,
prepared by Muhammad Ahmed Azmi et al., the main focus is on the role of nanostructured molecules
in the enhancement of the bioavailability of drugs. The authors show recent results for different com-
pounds, which are promising candidates for anti-inflammatory, immunosuppressive, antifertility, anti-
cytogenesis, and anticancer responses.

Chapter 15, prepared by Ulvan Ozad, entitled Improvement Steps of Plastic Surgery to Tis-
sue Engineering by Nanotechnology, give an overview about the application of nanotechnol-
ogy in plastic and reconstructive surgery field. The effects of nanotechnology are observed in
numerous such procedures; ranging from the nanomaterials used in implantable materials to
wound closure, wound healing, and wound dressing, emphasizing on tissue engineering and
regeneration.

Eliana D. Farias et al., in Chapter 16, entitled Dendrimers and Dendronized Materials as Nanocar-
riers, describe general characteristics of dendrimers and dendronized materials, synthetic methodolo-
gies and their properties. Successful applications of dendrimers and novel dendritic structures to obtain
efficient nanocarriers are also discussed.

Petar A. Atanasov, in Chapter 17, entitled Gold Nanostructures: Preparation, Properties, Applica-
tion in SERS, and Biophotonics, present an up to date overview about the development of several ad-
vanced methods for fabrication of nanoparticles and nanosized arrays and examples of their application
in SERS and biophotonics. Also, advanced laser systems which are used for controlling and manipulat-
ing the properties of the structures are presented and dissected.

Chapter 18, entitled Quantum Dots for Bioimaging and Therapeutic Applications, prepared by
George Vlasceanu et al., presents an up to date review about Quantum Dots synthesis methods and bio-
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imaging techniques, with the focus on the latter. Bioimaging emerged as a relatively recent field, as the
integration of chemistry, physics, and biology in an intricate overlapping. This intriguing field proved
a great impact in modern therapeutics and the potential for future therapy seems endless.

Nily Dan et al., in Chapter 19, entitled Lipid-Based Synthetic Gene Carriers, review the equilibrium
properties of lipoplexes and the kinetics pathways for their formation. Better understanding of lipo-
plex formation can not only lead to the design of effective nucleic acid lipoplex-based gene delivery
or silencing agents, but is also of interest as a fundamental multicomponent, multilength scale, and
multitime scale process.

Chapter 20 prepared by Corinne Dejous et al., Using Microsensors to Promote Development of
Innovative Therapeutic Nanostructures, gives an overview of the existing micro- and nanosensors, and
their principles and describe microsensors that can be developed for fast evaluation of efficiency and
toxicity of innovative therapeutic nanostructures. The authors also describe their key applications
and analytical techniques employed.

D. Schipper et al., in Chapter 21, entitled The effect of Nanostructured Surfaces on Stem Cell Fate,
present details about the chemical structure of various nanomaterials used as scaffolds for stem cell
differentiation including bulk and surface properties and corresponding analytical methods for surface
characterization. Furthermore, the authors present recently developed methods for the design of tai-
lored nanomaterials used in stem cell differentiation.

Chapter 22, prepared by Sepideh Khoee, entitled Applications of Aptamers for the Diagnosis and
Therapy of Different Diseases, gives an up to date overview about aptamers and their application as biotech-
nological tools in biosensor development and therapeutic agents for drug delivery and diagnosis of diseases.

Chapter 23, entitled Recent Progress in Therapeutic Diagnosis Using Photonic Crystal Nanostruc-
tures, prepared by Saeed Olyaee, discusses about photonic crystals and their properties, as well as the
fabrication procedure. The chapter presents several demonstrations using photonic crystals and their
laser biosensors module, as lab on chip devices.

Chapter 24, prepared by Surbhi Dubey, entitled Novel Carriers and Approaches: Insight for
Psoriasis Management, presents recent progress in the field of psoriasis in terms of pathogenesis, role
of cytokines, currently available treatment options pertaining to mode of action, pharmacokinetics,
major hindrances in psoriasis treatment, side effects of individual antipsoriatic drugs, and recent devel-
opments in the delivery of various antipsoriatic drugs through lipid-based novel colloidal drug carriers.
Recent nano-based approaches bring a new light in the management of this disease.

Jalpa Soni et al., in Chapter 25, entitled Use of Nanostructures Based on Noble Metals in Nanobio-
medicine, present new developments in the nanobiotechnology with a general overview on the impact
of various types of nanostructures based on noble metals for various biomedical applications.

Chapter 26, entitled Innovative Nonviral Vectors for Small-Interfering RNA Delivery and Therapy,
prepared by Danielle Campiol Arruda, introduces the biological barriers to siRNA delivery in vivo and
discusses recent advances in material sciences, nanotechnology, and nucleic acid chemistry that have
yielded promising nonviral delivery systems, some of which are currently undergoing testing in clini-
cal trials. The diversity of these systems highlights the recent progress of siRNA-based therapy using
nonviral approaches.

Ali Rastegari et al., in Chapter 27, entitled siRNA-Based Nucleoceuticals for Tissue Regeneration,
provide an in-depth discussion of the development of siRNA-based nucleoceuticals for tissue engineer-
ing applications.
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Paula V. Messina et al., in Chapter 28, entitled Bone Tissue Regenerative Medicine Via Bioactive
Nanomaterials, summarize the most recent developments related to the application of nanomaterials
to the bone regenerative medicine and discusses their commercialization projection in consideration to
their toxicological risks.

Chapter 29, prepared by Stefana Iosub et al., entitled Toxicity of Nanostructures—A General
Approach, provides a general picture of the toxicological responses that nanomaterials can generate.
Beside the size and the concentration of nanoparticles, there are several factors that influence their cy-
totoxicity, such as: aggregation state, shape, chemistry, biodistribution, etc. However, the toxic effects
could be diminished by capping or coating the nanoparticles with various molecules to enhance their
biocompatibility, which also may increase their specificity.

Chapter 30, entitled Role of Excipients in Formulation Development and Biocompatibility of Lipid
Nanoparticles, prepared by Slavomira Doktorovova, discusses the role of excipients in the production
of lipid nanoparticles. An overview of commonly used and upcoming promising excipients, which
can facilitate the development of lipid nanoparticles and lipid-based formulations, is presented. A re-
view of new research outcomes and market status of lipid nanoparticles is also addressed in this chapter.

Denisa Ficai
University Politehnica of Bucharest, Bucharest, Romania

Alexandru M. Grumezescu
University Politehnica of Bucharest, Bucharest, Romania



