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Preface

This book presents the state-of-the-art laboratory, scientific and clinical aspects
of nanotechnologies, nanomaterials, and tools for medical applications. It gives a
broad overview of nanomedical utilities in order to achieve breakthroughs in health
care, ranging from nanoparticle drug delivery, diagnostics, regenerative medicine,
nanomaterials for advanced medical implants, nanodentistry, and pharmaceutics
to toxicity issues. The different pillars of the nanomedicine field are highlighted,
in respect to clinical needs for the accurate diagnosis and effective treatment
of human diseases. It also presents a spectra of nanoscale imaging modalities
for hemocompatibility and cytotoxicity assessment of nanostructured materials
implemented in the medical field. The authors, having a distinguished expertise in
the academic and industrial world, take an interdisciplinary approach of medicine,
biology, pharmacy, physics, chemistry, engineering, nanotechnology, and materials
science, and as an outcome, this book will provide the cutting-edge data on
nanomedicine, in a comprehensive and simple way. Thus, this book will be of great
value to researchers, graduate students, and medical doctors who want to enhance
their knowledge and expertise in the field of nanomedicine.

Thessaloniki, Greece Stergios Logothetidis
August 2011
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Chapter 1
Nanomedicine: The Medicine of Tomorrow

S. Logothetidis

Abstract Nowadays nanotechnology has become a technological field with great
potential since it can be applied in almost every aspect of modern life. One of
the sectors where nanotechnology is expected to play a vital role is the field of
medical science. The interaction of nanotechnology with medicine gave birth to
a completely new scientific field called nanomedicine. Nanomedicine is a field
that aims to use the nanotechnology tools and principles in order to improve
human health in every possible way. Nanotechnology provides monitoring tools and
technology platforms that can be used in terms of detection, diagnostic, bioanalysis
and imaging. New nanoscale drug-delivery systems are constantly designed with
different morphological and chemical characteristics and unique specificity against
tumours, offering a less harmful approach alternative to chemo- and radiother-
apies. Furthermore, nanotechnology has led to great breakthroughs in the field
of tissue engineering, making the replacement of damaged tissues and organs a
much feasible procedure. The thorough analysis of bio and non-bio interactions
achieved by versatile nanotools is essential for the design and development of
highly performed medical implants. The continuous revolution in nanotechnology
will result in the fabrication of nanostructures with properties and functionalities
that can benefit patient’s physiology faster and more effectively than conventional
medical procedures and protocols. The number of nanoscale therapeutical products
is rapidly growing since more and more nanomedical designs are reaching the
global market. However the nanotoxic impact that these designs can have on human
health is an era that requires still more investigation. The development of specific
guidance documents at a European level for the safety evaluation of nanotechnology
products in medicine is strongly recommended and the need for further research in
nanotoxicology is identified. Ethical and moral concerns also need to be addressed
in parallel with the new developments.

S. Logothetidis (<)
Physics Department, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece
e-mail: logot@auth.gr

S. Logothetidis (ed.), Nanomedicine and Nanobiotechnology, 1
NanoScience and Technology, DOI 10.1007/978-3-642-24181-9_1,
© Springer-Verlag Berlin Heidelberg 2012
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2 S. Logothetidis

1.1 Introduction

Nanoscale is generally considered to be at a size below 0.1jpum or 100 nm (a nanome-
tre is one billionth of a metre, 10~ m). Nanoscale science (or nanoscience) studies
the phenomena, properties and responses of materials at atomic, molecular and
macromolecular scales, and in general at sizes between 1 and 100nm. In this
scale, and especially below 5nm, the properties of matter differ significantly (i.e.
quantum scale effects play an important role) from that at a larger particulate scale.
Nanotechnology is then the design, the manipulation, the building, the production
and the application, by controlling the shape and size, of the properties (responses)
and functionality of structures, devices and systems of the order of less than
100 nm.

Nanotechnology is considered an emerging technology due to the possibility
to advance well-established products and to create new products with totally
new characteristics and functions with enormous potential in a wide range of
applications. In addition to various industrial uses, great innovations are foreseen in
information and communication technology, biology and biotechnology, medicine
and medical technology, metrology, etc. It is anticipated that nanotechnology can
have an enormous positive impact on human health. Relevant processes of living
organisms occur basically at nanometre scale; elementary biological units such
as DNA, proteins or cell membranes are of this dimension. By the means of
nanotechnology, these biological units are going to be better comprehended so that
they can be specifically guided or directed. Miniaturization down to nanometre scale
provides to become an essential feature of biomedical products and procedures in
postgenomic era. Nanoscale devices could be 100-10,000 times smaller than human
cells but are similar in size to large biomolecules such as enzymes and receptors.
Nanoscale devices smaller than 50 nm can easily enter most cells, and those smaller
than 20 nm can move out of blood vessels as they circulate through the body.

Huge aspirations are coupled to nanotechnological developments in modern
medicine (Nanotechnology, Biotechnology, Information Technology & Cognitive
Science — NBIC developments). The potential medical applications are predomi-
nantly in diagnostics (disease diagnosis and imaging), monitoring, the availability of
more durable and better prosthetics, and new drug-delivery systems for potentially
harmful drugs [1, 2], as shown in Fig. 1.1. For example, nanoscale diagnostics are
expected to identify in the becoming, giving the opportunity to intervene specifically
prior to a symptomatically detected onset disease.

Biomedical nanotechnology presents revolutionary opportunities in the fight
against many diseases. An area with near-term potential is detecting molecules
associated with diseases such as cancer and diabetes mellitus, and neurodegener-
ative diseases, as well as detecting microorganisms and viruses associated with
infections, such as pathogenic bacteria, fungi and HIV viruses. For example, in the
field of cancer therapy, promising novel nanoparticles will respond to externally
applied physical stimuli in ways that make them suitable therapeutics or therapeutic
delivery systems. Another important field of application for nanotechnology

This copy belongs to 'eichhorn’



1 Nanomedicine: The Medicine of Tomorrow 3

@ Nanoparticles for
reatment of [

Ly

Nanoparticles would deliver treatment to
specificaly targeted sites, including places
that drugs do not easily. For example,
gold nanoshells that were targeted to
tumors might, when hit by infrared light,
heat up enough to destroy the growths.

Nanometer-scale modifications of implant
surfaces would improve implant durability and
biocompatibility. For instance, an artificial hip
coated with nanoparticles might bond to the
surrounding tone more tightly than usual, thus
avoiding loosening.

ealty Ui 10519

Improved or new contrast agents

= - would detect problems at earliest,
more treatable stages. They
might reveal tumors [red] only a
few cells in size.

Fig. 1.1 Great developments are expected in medicine with the use of nanotechnology, such as

(1) use of nanoparticles for the treatment of diseases, (2) implants with superior durability and
biocompatibility and (3) improved imaging for early diagnosis
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+ S. Logothetidis

is biomaterials used, for example, in orthopaedic implants or as scaffolds for
tissue-engineered products. Nanotechnology might yield nanostructured surfaces
preventing non-specific protein adsorption. Control of surface properties at
nanolevel was shown to increase the biocompatibility of the materials [3].

While products based on nanotechnology are actually reaching the market, suffi-
cient knowledge on the associated toxicological risks is still lacking. Reducing the
size of structures to nanolevel results in distinctly different properties. In addition
to the chemical composition, which largely dictates the intrinsic toxic properties,
very small size appears to be a dominant indicator for drastic or toxic effects of
particles. From a regulatory point of view, a risk management strategy is already a
requirement for all medical technology applications [2].

In order to discuss the advances of nanotechnology in modern medicine, we
presented in Sect. I.1 the terms and concepts of nanoscale and nanotechnology,
and the relevant process and relation to living units. The impact of nanomaterials
and nanoparticles in medicine is presented in Sect. 1.2, followed by a description
of nanotechnology tools in medicine in Sect. 1.3. The impact of nanotechnology in
medicine and medical technology is presented in Sect. 1.4, first with the introduction
of nanomedicine and the “nanorobots”, and then through some of myriad applica-
tions in diagnosis and treatment (such as biocompatibility and implants, cardiology,
cancer, theranostics, etc.). In Sect. 1.5, a reference to the possible risks for human
health is given.

1.2 Nanomaterials and Nanoparticles in Biomedical
Applications

Novel nanomaterials and nanoparticles are envisaged to have a major impact on
a number of different relevant areas. Materials with high performance and unique
properties can be produced, which traditional synthesis and manufacturing methods
could not create. Future nanoparticles should act as drug-delivery and drug-targeting
systems. Due to their smallness, they are not recognized by the human body, migrate
through cell membranes beneath a critical size and are able to pass the blood—brain
barrier. These characteristics are used to develop nanoscale ferries, which transport
high potential pharmaceutics precisely to their destination. There are different kinds
of nanoparticles which are suitable to be applicable in drug and gene delivery, prob-
ing DNA structures, etc., and are categorized as liposomes, polymer nanoparticles
(nanospheres and nanocapsules), solid lipid nanoparticles, nanocrystals, polymer
therapeutics such as dendrimers and fullerenes (most common as C60 or buckyball,
similar in size of hormones and peptide a-helices) and inorganic nanoparticles (e.g.
gold and magnetic nanoparticles).

Carbon nanotubes (diameter of 1-20 nm, as shown in Fig. 1.2a) and inorganic
nanowires exhibit extraordinary mechanical, electric, electronic, thermal and optical
properties, offering the electronic industry properties that few materials platforms
could ever hope to match. Carbon nanotubes, magnetic iron oxide nanoparticles
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1 Nanomedicine: The Medicine of Tomorrow 5

Fig. 1.2 Representative types of nanomaterials and nanoparticles: (a) Carbon nanotube,
(b) human breast cancer cells tagged with quantum dots and (¢) dendrimer [4]

and gold-coated silica nanoshells can transform electromagnetic energy into heat,
causing a temperature increase lethal to cancer cells merely by increasing the
magnetic field or by irradiation with an external laser source of near-infrared (NIR)
light at the very location where these nanoparticles are bound to or internalized
within tumour cells [3]. CNTs can be used as potential drug carriers as well.
Pharmaceutical cargos are bound to nanotubes where specific biomolecules that
target specific cell types are also attached [5].

Quantum dots (nanometre-sized semiconductor nanocrystals with superior fluo-
rescent properties, as shown in Fig. 1.2b) possess remarkable optical and electronic
properties that can be precisely tuned by changing their size and composition, due
to their very small size (2-10nm). Due to their relatively inexpensive and simple
synthesis, quantum dots have already entered the market for experimental biomedi-
cal imaging applications. Quantum dots can be made to emit light at any wavelength
in the visible and infrared ranges and can be inserted almost anywhere, including
liquid solution, dyes, etc. These novel nanostructures can play an important role
in future biomedical imaging and diagnostics. A hypothetical approach proposes
the simultaneous usage of many quantum dots with different physicochemical
properties for imaging applications. In particular, this would require a complicated
system where a variety of surface ligands with unique specificity for different
targets in patient’s body are attached to each different quantum dot. So the resulting
quantum dot-ligand conjugates would be used as imaging agents for a multiple-
target in vivo detection application like the one shown in Fig. 1.3 [3,4,6,7].

Dendrimers (complex almost spherical macromolecules with diameter 1—-10 nm,
shown in Fig. 1.2¢) have improved physical, chemical and biological properties
compared to traditional polymers. Some unique properties are related to their
globular shape and the presence of internal cavities, offering the possibility as
medical nanovehicles. Dendrimers have a tree-like structure where a central nucleus
is surrounded by a large number of branches where a variety of molecules, including
drugs, can be attached. Less than 5 nm in diameter, dendrimers are small enough to
slip through tiny openings in cell membranes and to pass vascular pores and tissues
in a more efficient way than bigger polymer particles. The architectural structure
of dendrimers can be easily controlled during the synthesis process making them
ideal candidates for drug-delivery applications. In experiments reported in Cancer
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