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Abstract. The development of nanoparticles drug delivery system is widely expected to change
the traditional pharmaceutical system through increased surface specific reactivity and
bioavailability. There has been an important research interest in the area of drug delivery systems using nanoparticles. These particles have unique physicochemical properties such as
ultra small and controllable size, large surface area to mass ratio and functionalizable structure.
They have been used in vivo to protect the drug entity in the systemic circulation, control access
of the drug to the chosen sites and to deliver the drug at a controlled and sustained rate to the site
of action. Various nanostructures have been used in the drug delivery research to increase
therapeutic advantage. Present review discuss about the aspects of the characterization and
applications of various nanostructures in drug delivery system.
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nanometers in size. It has a wide range of applications in the fields of engineering, medicine and life
sciences. Advances in nanotechnology were utilized
in medicine for therapeutic drug delivery and treatment for a variety of diseases and disorders. The
drug is dissolved and entrapped into biodegradable
nanoparticles which are specially designed to absorb drug and protecting it against chemical and
enzymatic degradation [1]. The major goal in designing these nanostructures as delivery system is
to release pharmacologically active molecules for
site-specific action with accurate dose [2]. In current years, several biodegradable polymeric
nanostructures have attracted the notice with their
inherent capacity to target particular organ/tissue
to deliver the drug. This versatility in targeting tis-

sues, accessing deep molecular targets and controlling drug release has created a revolution in the
field of pharmaceutical sciences. The present review details the recent developments of
nanostructure drug delivery systems and their applications.

2. NANOSTRUCTURES AND DRUG
DELIVERY

Nanoparticles for drug delivery can be prepared from
a variety of materials such as proteins, polysaccharides and synthetic polymers. The selection of
material depends on many factors such as the size
of nanoparticles, inherent properties of the drug,
surface characteristics such as charge and permeability, degree of biodegradability, etc. After selection, these nanoparticles were prepared most often
by three methods; dispersion of preformed polymers,
polymerization of monomers and ionic gelation of
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Fig. 1. Various types of nanoparticles used in biomedical research and drug delivery.

hydrophilic polymers. The other methods such as
supercritical fluid technology and particle replication in non-wetting have also been in exploit. At the
end of preparation; an ideal nanostructure system
should have a high drug-loading capacity and reduce the quantity of matrix materials for administration. Particle size and size division are the most
significant characteristics of nanoparticle systems
[3]. They determine the in vivo distribution, biological fate, toxicity and the targeting ability of
nanoparticle systems. In addition, they can also
influence the drug loading, drug release and stability of nanoparticles. Drug loading can be made by
either incorporation or absorption/ adsorption
method. The drug loading and entrapment efficiency
are very much depend on the solid-state of the drug
solubility in matrix material, polymer composition,
the molecular weight and the drug polymer interaction (ref). Many advantages of nanoparticle-based
drug delivery have been recognized, such as improved serum solubility, prolonged systemic circulation lifetime, sustained and controlled manner of
drug delivery and concurrent delivery of multiple
therapeutic agents to the same cells [4,5]. Several
newly developed nanostructures illustrated in Fig. 1
such as nanoparticles, nanotubes, nanocrystals,
dendrimers etc., give promising results with their
own mechanism in drug delivery system.

efficacy. The combination of gold nanoparticles and
laser irradiation to control the release of drugs give
useful therapeutic benefits [6]. The gold nanoshellantibody complex is broadly used in cancer treatment. The gold nanoparticles have also shown a
selective transportation of drugs to cancer cell
nucleus specially when incorporated with conjugated arginine-glycine- aspartic acid peptide (RGD)
and PEG [7]. When getting the tumor cells, they
can induce hyperthermia using non-invasive
radiofrequency.

4. SOLID LIPID NANOPARTICLES
Solid lipid nanoparticles are lipid based submicron
colloidal carriers. Glyce behenate, glycerol
palmitostearate, lecithin, triglycerides and tristearin
glyceride are the widely used solid lipid nanoparticles

3. GOLD NANOPARTICLES
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were used for have some applications in drug delivery system. The loading of gold nanoparticles with
drugs through covalent and non-covalent bonding
(illustrated in Fig. 2) offers increased therapeutic

Fig. 2. Gold nanoparticles with drugs through covalent and non-covalent bonding.
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Fig. 3. Cross section view of a bilayered Liposome.

[8,9]. They need high amount of surfactants for stability. They can be used by different routes like oral,
topical or pulmonary and stable for a long period.
Proteins and antigens intended for therapeutic purposes may be incorporated or adsorbed onto these
nanoparticles and further administered by parenteral
routes or by alternative routes such as oral, nasal
and pulmonary. Application in anti-cancer and antiviral therapy show good results [10,11]. Solid lipid
nanoparticles can improve the ability of the drug to
penetrate through the blood-brain barrier and is a
promising drug targeting system for the treatment
of central nervous system disorders. Because of
entrapment of drug in solid lipid nanoparticles, permeability was enhanced 4-11 times than traditional
delivery. Drugs like Indomethacin, Ketoprofen, Isoniazid and pyrazinamide has been reported to be
targeted to the pulmonary system [12,13]. Administration of important peptides such as cyclosporine
A, insulin, calcitonin and somatostatin have also
currently under investigation. The limitations include
the problems with loading efficiency due to the formation of a lipid crystal matrix and changes in physical state of the lipids [14,9,15].

5. POLYMERIC NANOPARTICLE
Biodegradable polymers are widely used for controlled drug release. These nanoparticles are structurally stable inorganic systems with porous characteristics. These particles can be easily engineered
with the required size and porosity. Processes of
drug loading into polymeric nanoparticles include
entrapment, encapsulation and dissolution or dispersion. A wide spectrum of hydrophobic and hydrophilic drugs can be included into these
nanoparticles for drug delivery, tissue engineering
and different other biomedical applications. The surface of polymeric nanoparticles typically contains
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gates have made a important clinical impact through
improving the pharmaceutical efficacy and dosing
of a variety of already accepted drugs [18,19].These
are also studied extensively for pulmonary delivery
of antiasthmatic [20], antituberculosis [21], pulmonary hypertension [22], and anticancer drugs [23].
But, the biodegradability and toxicity of polymeric
nanoparticles pulmonary formulation still require further close check to avoid accumulation of polymer
carriers after repeated dosing. In order to further
improve the drug loading capacity and incorporate
the spatial and/or temporal control over drug delivery, many other biocompatible polymeric
nanoparticle platforms have also been developed
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ramic nanoparticles such as silica, titania, alumina
etc., in drug delivery systems. The new strategies
have also concentrating on the use of new biodegradable synthetic polymers and modified polymers
from natural products such as chitosan and albumin.

6. NANOTUBES
Nanotubes are self-assembling sheets of atoms in
order in tubes. They can be classified into two common categories based on their structure: singlewalled carbon nanotubes (SWCNTs) with a single
cylindrical carbon wall and multiwall carbon
nanotubes (MWCNTs) with multiple walls cylinders
nested within other cylinders. They have unique electronic, thermal, and structural characteristics and
suggest a promising approach for drug delivery for
cancer therapy [27]. Carbon nanotubes are being
highly researched in the field of efficient drug delivery and biosensing methods for disease treatment.
These materials have shown potential in targeting
specific cancer cells with a dosage lower than conventional drugs used [28]. Even though these are
potentially promising candidates for pharmaceutical applications, the tolerance on human remains
unidentified.

7. NANOCRYSTALS
Nanocrystals are aggregates of molecules that can
be combined into a crystal form of drug surrounded
via a thin coating of surfactant. These crystals are
broadly used in materials research, chemical engineering, and in biological imaging [29-32], but
comparatively less in nanomedicine for drug delivery. Nanocrystalline species are prepared using a
hydrophobic compound coated with a thin hydro-
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philic layer. The biological reaction of these
nanocrystals strongly depends on the chemical
nature of this hydrophilic coating. This hydrophilic
layer also aids in the biological distribution and
bioavailability of the crystalline drug material. These
factors combine to enhance the efficiency of overall
drug delivery [33,34]. In order to show their advantages in vivo, these drug nanocrystals require to be
transferred into the right dosage form.
Nanosuspensions can be directly used as oral suspensions to overcome the difficulties of swallowing
tablets by pediatric or geriatric patients.

8. LIPOSOMES
Liposomes were first introduced for drug delivery as
early as in the year 1965 [35].These is spherical
lipid vesicles with a bilayered membrane structure
consisting of amphiphilic lipid molecules illustrated
in Fig. 3. These liposomes are the most frequently
used antimicrobial drug delivery system [36,37].
Several procedures for the encapsulation of drugs
into liposomes have been described [38]. Liposomes
loaded with drugs can be done in a size range that
makes them vulnerable to phagocytosis by macrophage. These liposomes can be digested within
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drug contents. Opsonins and ligands that activate
endocytosis in other cell types can also be incorporated into liposome membranes. One of the distinguishing features of liposomes is its lipid bilayer
structure, which mimics cell membranes and can
readily fuse with infectious microbes. By directly
fusing with bacterial membranes, the drug can be
released inside the directly bacteria [39].

9. DENDRIMERS
Dendrimers are well-structured globular macromolecules. They consist of three regions: a core, layers of branched repeat units emerging from the core,
and functional end groups on the outer layer of repeat units. The highly-branched nature of dendrimers
provides large surface area to size ratio and allows
great reactivity with microorganisms in vivo [40,41].
Drug molecules can be included into dendrimers by
either complexation or encapsulation. Both hydrophobic and hydrophilic agents can be loaded into
dendrimers. Hydrophobic drugs can be loaded inside the cavity in the hydrophobic core, and hydrophilic drugs can be attached to the multivalent surfaces of dendrimers through covalent conjugation
or electrostatic interaction. Thus, they can be used
for oral, transdermal, ocular and intravenous deliveries [42,43]. Moreover, dendrimers have shown that
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they can easily cross cell barriers by both
paracellular and transcellular pathways [44]. The
most widely explored and used dendrimers are PolyAmidoAmine dendrimers. Poly-AmidoAmine
dendrimers can facilitate transport through epithelial barrier which show their potential as a carrier for
oral delivery [45].

10. NANOFIBERS
Nanofibers for drug delivery applications are prepared
by electrospinning process. As a fibrous scaffold,
nanofibers are able to entrap drugs with a large loading capacity and high encapsulation efficiency because of their low weight and inherent large surface
to volume ratio. They have been designed as promising carriers for delivering anticancer drugs, especially in postoperative local chemotherapy using
surgical implantation of the scaffold. These allow
the encapsulation of bioactive molecules and protect them against enzymatic and hydrolytic degradation. For instance, it was found that insulin-loaded
nanoparticles have preserved insulin activity and
produced blood glucose reduction in diabetic rats
for up to 14 days following the oral administration.

11. QUANTUM DOTS
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2-10 nm diameters [46-50]. The achievement of using these quantum dots in biological imaging, sensing and detection has encouraged scientists to further improve this technology in other application of
medicine. One of the most significant emerging applications is drug delivery. Quantum dots have a
potential for better treatment of cancer by targeted
drug delivery systems.Apart from targeting of anticancer drugs, Quantum dots are also useful to deliver other biomolecules such as siRNA [51]. Due to
concerns about long-term in vivo toxicity and degradation, quantum dots are currently limited to cell
and small animal uses.

12. CONCLUSION
Nanomedicine is the application of nanostructures
in an innovative way to develop new approaches and
therapies. Products of nanotechnology are expected
to revolutionize modern medicine, as evidenced by
recent scientific advances and global initiatives. The
field of drug delivery is one of the direct beneficiary
fields of these advancements. The most important
advantage here is the side-effects can be lowered
significantly by depositing the active agent in the
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morbid region only with accurate dose. The
nanoscale platforms to deliver drugs have made
important progress in formulation preparations and
achieved more precise treatments. But still more
understanding of the different mechanisms of biological interactions, and particle engineering, are
required. Although drug delivery through
nanostructure systems is mainly investigated in
preclinical animal models, too few studies are carried out. This will turn the concept of nanoparticle
technology into a realistic practical application as
the next generation of drug delivery system. More
number of clinical trials on epidemiological view is
requested to get more precise information.
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