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Editorial

The application of nano-sized particles (usually less
than 200 nm) in pharmacology and medicine is a young
interdisciplinary science that started receiving active
research in the 20t century. Nanoparticles have various
applications in nanotherapy, nanodiagnostics and
theranostics. Nanotherapy and nanodiagnostics, as the
words suggest, are the applications of nanoparticles in
therapy and diagnosis, respectively, while theranostics
involves using nanoparticles which combine specific
targeted therapy based on specific targeted diagnostic
tests. Generally, research in the use of nanoparticles in
nanotherapy is concentrated on investigation of the
possibilities of manipulating drug delivery systems for
targeted transport of drug molecules or active substances
for optimization of therapy. It has been asserted that since
physiological processes at cellular and subcellular levels
occur on a nanoscale, there is a very great potential in the
application of nanoparticles for improving medical
diagnostics and therapeutics [1].

The first nanoparticles used for targeted drug therapy
was developed at the end of the 1960s and this finding
has been followed by rigorous research into the
development of diverse carrier systems applied for
optimal delivery of active agents [2]. Thus, cell-specific
targeting can be accomplished by attaching drugs to
specially designed carriers. Various nanostructures have
been tested as carriers in targeted drug delivery systems
and these include: (a) Liposomes (b) Natural polymers
and derivatives, (c) Synthetic Polymers, (d) Dendrimers
(e) Solid-lipid formulations; (f) Silica-based nanoparticles;
and (g) Magnetic nanoparticles.

Liposomes

Liposomes are spherically-shaped vesicles consisting of
one or more phospholipid bilayers surrounding aqueous
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phases, where the polar head groups of the phospholipids
are oriented towards the aqueous compartments.
Phospholipids are known to automatically form closed
structures when they are hydrated in aqueous solutions.
Such vesicles can transport hydrophilic or hydrophobic
drugs which are entrapped in the aqueous compartment
or lipid layers of the liposome. Generally, particle sizes of
liposomes range from 30 nm to several micrometers and
they are classified on the basis of their size and number of
bilayers. They can be classified into one of two categories:
multilamellar vesicles (MLV, with several lipid bilayers)
and unilamellar vesicles (with one lipid bilayer).The
unilamellar vesicles can also be classified into either large
unilamellar vesicles (LUV) or small unilamellar vesicles
(SUV). The versatility of liposomes makes them highly
valuable for various therapeutic applications in
immunology, tumor therapy, gene delivery, antiviral
therapy as well as to deliver drugs and proteins. We and
several other authors have demonstrated that drug
encapsulation through liposomal formulation or other
drug delivery systems can lead to improved efficacy and
therapeutic index, and reduced toxicity of a variety of
drugs [2-4].

Polymer

Examples of natural polymers and derivatives used in
formulating drug delivery systems include Chitosan,
Dextrane, Gelatin, Alginates, Albumin, and Starch. Also,
there is a wide range of synthetic polymers such as poly-
(2-hydroxyethyl methacrylate), poly-(N-
vinylpyrrolidone), poly-(methylmethacrylate), pol-(vinyl
alcohol),polyacrylamide, polycarprolactone, poly-alkyl-
cyanoacrylates and polylactic acid. Considerable research
efforts have been directed towards developing safe and
efficient natural and synthetic polymer-based
nanoparticles as carriers for a wide range of drugs for
therapeutic applications. Their chemically modified
derivatives are also used in delivering the bioactive
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molecules. Using both natural and synthetic polymers,
several hydrogel nanoparticulate systems have been
prepared and characterized in recent years. Hydrogel
nanoparticles have gained considerable attention as one
of the most promising nanoparticulate drug delivery
systems owing to their unique potentials of combining the
capacity to encapsulated drugs with the characteristics of
a hydrogel system (e.g. hydrophilicity and extremely high
water content).

Dendrimers

These are nano-sized repetitively branched polymeric
structures that are typically symmetric around the core,
and they often adopt a spherical morphology. Due to the
physical characteristics of dendrimers which include the
ability to encapsulate compounds and possession of large
number of peripheral groups that can be functionalized,
this class of branched polymers have been evaluated as
nanostructures for targeted drug delivery.

Solid Lipid Formulations

These are nanoparticulate drug delivery systems that
have been introduced after liposomes and polymeric
systems. They are composed of a single lipid core matrix
that is solid at body temperature, and is coated with a
surfactant acting as a stabilizer. The lipids used are
biodegradable and are generally recognized as safe. This
nanostructure is efficient as carriers for poorly water-
soluble pharmaceutical agents. They represent an
alternative carrier system to liposomes and polymeric
nanoparticles as they have the advantages of these
traditional systems but avoid some of their major
drawbacks. The lipid matrix of solid lipid nanoparticles is
made from physiological lipids and this offers a clear
advantage since the danger of toxicity is minimal.

Silica-Based Nanoparticles

This class of nanoparticles especially the mesoporous
form is widely used as drug carriers. This is because silica
possesses favourable properties such as their specific
surface characteristics, porosity, biocompatibility and
capacity for functionalization which render them useful
for providing drug delivery. The unique mesoporous
structure of silica facilitates effective loading of drugs.

Magnetic Nanoparticles

These consist of porous polymers that contain
magnetic materials precipitated within the pores. Several
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inorganic materials with magnetic properties may be
chosen but for several reasons, the iron oxides are the
preferred. The potential of magnetic nanoparticle as drug
delivery system is attributable to the intrinsic properties
of their magnetic cores combined with their drug loading
capability. Also, additional biochemical properties can be
imparted on them by means of a suitable coating material.
Due to these properties therapeutic agents can be
attached to, or encapsulated within the nanostructures.

Generally, modalities for enhancing drug delivery
specificity of nanoparticles include a multifunctional
approach. Targeting and drug delivery to specific tissues
can be optimized by modification of different
characteristics and properties of the nanostructures such
composition of the material, surface charge, size, and the
method of preparation. Also, surfaces of the nanoparticles
can be individually modified for specific targeted
transports by being coupled with site-specific ligands (for
example antibodies, proteins, peptides, carbohydrates
etc.) which deliver the entrapped agent to the intended
site of action [4]. Other approaches include attachment of
stealth-like features to enable the nanoparticles evade the
immune system and prevent opsonization, improvement
of cell uptake by attaching membrane-permeation
moieties and modulation of drug release at intended site
of action through incorporation of microenvironment
sensors that can trigger drug release [5].

In conclusion, nanoparticulate drug delivery systems
have been applied to several therapeutic agents.
Literature abounds with studies aimed at producing
nanoparticulate drug delivery systems with reduced drug
toxicities and enhanced efficacy compared with free
complements, while ensuring the safety and
biocompatibility of the nanoparticle materials. However,
despite these potential advantages, only a relatively small
number of nanoparticle-based medicines have been
approved for clinical use. A challenge to extensive
deployment of these drug delivery systems in
therapeutics remains the consideration of benefits versus
costs of production, as well as stability and safety profiles
of the formulations.
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