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                Nanomedicine is by now a big industry.
  The possible applications go from the clinical use of nanomaterials, to the formulation of new systems for the drug administration, to nanotechnological biosensors and to the possible use of molecular nanotechnology in the middle period. The research has had for some years the objective to realize laboratories to develop the technologies in the bio-medical field like the drug delivery and the early diagnosis of tumours. They will have huge potentials in the design of lab-on-a-chip (LOCs) for the pharmacological treatment of tumors thanks to their interdisciplinary nature between life sciences (medicine, biology and pharmacy) and exact sciences (physics and chemistry).
  In particular, these studies will include two development phases.
  The first one concerns the drug delivery, in terms of study of the structural properties, of dynamics at molecular level of some classes of nanostructured systems of interest, of study of the targeting and of release speed of the drug in vitro by the vector in relation to the functionalization of surfaces and to the 3D structure created through microfabrication and nanofabrication.
  The second development phase concerns the choice of the devices to design and to realize for a better early diagnosis of tumors, like LOCs and bioMEMS.
  The book is divided into two main parts.
  In the first part, a general overview will be given of nanomedical applications with reference to the drug delivery, in all its forms and structures, LOCs and bioMEMS. A paragraph will be dedicated to pharmaceutical nanotechnologies. Eventually, the positive aspects and the risks for health of nanotechnologies will be explained.
  In the second part of the book, the aspects related to the pharmacokinetics of nanoparticles and their toxicity degree in man will be analyzed. Eventually, the risks that nanoparticles can have on human health will be assessed.

                
                

                
            

            
        

    


Nanotechnologies and biomedical
applications






In spite of the priority target
expressed by patients mainly regards the drug delivery of proteins,
the activity of study in this field underlined the way how it is
necessary to consider the technological solutions in a wider
context. In fact, the delivery of peptides and proteins has some
characteristics and treatment strategies aimed at the protection of
the drug. However, the final result has to be necessarily part of
technologies solutions based on nanotechnologies in order to be
effective, competitive and respondent to the market
requirements.

The population’s ageing, the high expectations for a better
quality of life and the deep changes of lifestyles require more
effective and accessible technologies for the maintenance from the
economic point of view. A greater knowledge of the functioning of
the human body on a molecular and nanometric scale, as well as the
improved capabilities and possibilities to intervene in the acute
and chronic stages, but also in the pre-symptomatic stages of an
illness, are crucial to satisfy the expectations for a better
quality of life. Anyway, very important challenges remain to be won
regarding many diseases of oncologic nature, neurodegenerative
diseases (Parkinson and Alzheimer), psychotic diseases (depression,
bipolarism, ADHD – Attention Deficity Hyperactivity Disorder,
autism, etc.), viral diseases, etc.

It can be foreseen that the use of nanotechnologies applied to
medical problems can provide impressive solutions.

In this view, the drug delivery concept is changing too: it is
not anymore a simple formulation that enables the drug delivery.
The formulation, based on the use of systems on a nanometric scale,
becomes the vehicle that contains a sensitive molecule able to
detect in vitro or in vivo and the target species that indicates
the presence of the disease with the help of techniques of
molecular images. You talk about preventive
medicine and early diagnosis. The aim of nanodiagnostics
is the detection of the disease as soon as possible, ideally the
detection of the predisposition to the disease development.
Nanotechnologies can give the possibility to realize diagnostic
means of high sensitiveness, sensibility and reliability.

On the other hand, the drug delivery formulation can also be
used to spread special “signaling” molecules, messengers able to
induce the regeneration of the tissues and organs damaged by the
disease at the endogenous level. You talk about
regenerative medicine. The main objective of this
type of medicine is the restoration of the molecular mechanisms in
debilitating chronic diseases such as diabetes, osteoarthritis and
degenerative disorders of the cardiovascular systems and the
central nervous system. They can also be useful for prevention.

From here, the need to develop formulations not only for the
real therapeutic treatments, but also formulations containing the
molecular probes suitable for nanodiagnostics or containing the
promoter messengers of the restoration of the biologic mechanisms
and the tissues’ regeneration. In this last application, it will be
particularly necessary to find “intelligent” biomaterials and
bioactive “signaling” molecules that act at cellular level
(molecular recognition, bioadhesion, stimulation of the growth
processes and cellular differentiation). Nanotechnologies
associated to biotechnologies could qualify the sequential delivery
of proteins, peptides and genes, namely to induce a mimetic process
of the natural biologic process.

It has to be underlined that the real therapeutic field is
becoming increasingly demanding in terms of performance while a
cost reduction is also demanded.

The long-term objective of the field is the capability to reach
selectively the cells or the specific receptors of the
pharmacologic treatment. The market asks for new drug delivery
systems able of a specific and effective pharmacologic action, so
as to improve the patient’s acceptability and to reduce the
quantity of drug and deliveries, thus the general costs of
treatments.

The use of formulation systems of nanometric dimensions will be
crucial in the realization of these market objectives.

Nanoparticles-based formulations (for instance, micelles,
microemulsions and monolamellar liposomes) exploit the fact that a
high relationship surface/volume often brings to a significant
increase of pharmacologic activity. Nanoparticles of different
nature can be used for the delivery of not very soluble therapeutic
agents. The nanoparticle can deliver the drug to the specific site,
release it in an uncontrolled manner and, at the same time, protect
it from a premature degradation. Some examples of such formulations
are already present on the market for specific oncologic
treatments.

The combined use of nanoelectronic technologies (microchips) and
the drug delivery formulations represents a huge potential. The
miniaturization processes and the capability of the nanoparticles
to stock and release the drug according to the needs can provide
new therapeutic options. The miniaturization of the drug delivery
systems and the addressing of the release on the specific site can
enable to reduce also the side effects of the therapeutic
treatments.

Several controlled-release drug delivery systems developed
during the last thirty years are already currently available. Many
of them use polymers with particular chemical and physical
characteristics, such as biodegradability, bioabsorbability,
sensitiveness at temperature changes and pH.

Anyway, it has to be underlined that the several progresses
obtained in the scientific research didn’t find any prospects on
the preclinical experimentations either because of the slowness of
the regulation systems or the lack of rules regarding the use of
nanoparticles. On the other hand, the risk factors in the use of
nanoparticles, above all with synthetic and inorganic polymers,
haven’t been well assessed, quantified and regulated yet.

Finally, nanomedicine has essentially three fields of
interest:


	the optimization of the already existing technologies in the
medical field:

	the development of new systems for in vivo diagnostics and the
drug administration;

	the increase of competences to produce new more reliable and
effective materials at lower costs.



Nanomedicine could lead to have analysis instrument of the
health or disease and its progression, directly in vivo. These
sensors could also be used for intracellular analysis.

Nanotechnologies could be used to produce new tissues or also
supports for the cellular regeneration, for example in deteriorated
organs.
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