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Abstract

Nanoparticles have attracted the attention of many research groups and have been utilized in quite a
number of areas during the last few years. In general, two main strategies are used for their
preparation. the dispersion of preformed polymers and the polymerization of monomers. Different
techniques may be used to prepare the polymer nanoparticles, such as solvent evaporation, salting-out,
supercritical fluid technology, micro-emulsion and mini-emulsion. The choice of technique is based on
a number of factors, for example, particle size, particle size distribution, area of application, etc. This
review attempts to provide the general description of the preparation, characterization and applications

of nanoparticles.

Keywords: Nanoparticles, biodegradable polymers, particle size.

1. Introduction in addressing this drawback. They offer site
targeting properties, which leads to reduced
Usually, the efficacy and bioavailability of any drug o ] ) )

toxicity and ultimately better patient compliance.
depend on its route or mode of administration.

Thus, almost all the pharmaceutical companies Nanoparticles can be defined as particulate

focus on the development of various novel drug
delivery systems to deliver the appropriate dose of
the drug of a particular therapeutic (small
molecules, proteins, or nucleic acids) to a specific
target site. As this cannot be generally achieved,
drugs have to be administered in much higher
doses, thus leading to toxic side effects. The
concept of site-specific delivery of the drug arises
from this particular drawback of the conventional

dosage form. Nanoparticles have a huge potential
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dispersions or solid particles having a size range of
10-1000nm. The drug can be entrapped, dissolved,
encapsulated or attached to the matrix of the
particle. The primary objectives in fabricating
Nanoparticles as delivery system are to control the
particle size, surface properties and release of the
drug in order to achieve the site-specific action of
the drug at therapeutically optimum rate and dose
regimen.  Nanoparticles are made from

biocompatible and biodegradable materials such as
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polymers, either natural (e.g., gelatin, albumin) or
synthetic (e.g., polylactides,
polyalkylcyanoacrylates), or solid lipids. In the
body, the drug loaded in nanoparticles is usually
released from the matrix by diffusion, swelling,
erosion, or degradation. Although liposome have
been wused as carriers with specific benefits
including protecting drugs from degradation,
targeting to site of action and reduction toxicity or
side effects, their applications are quite limited due
to their inherent problems like low encapsulation
efficiency, rapid leakage of water-soluble drug in
the presence of blood components and poor
storage stability. But on the other hand, the
Nanoparticles provide some unique advantages
over the liposome. For example, they help to
increase the stability of drugs/proteins and have

useful controlled release properties. 123

Some of the benefits of using Nanoparticles as a

drug delivery system are as follows:

1. Site-specific  target may be achieved
incorporating targeting ligands to the surface
of particles or by use of magnetic guidance.

2. The dosage can be administered by various
routes such as oral, nasal, parenteral, intra-
ocular etc.

3. Their particle size and surface characteristics
can be manipulated to achieve both passive
and active drug targeting after parenteral
administration.

4. 'They control and sustain the release of the

drug during the transportation and at the site
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of localization, altering organ distribution of
the drug and subsequent clearance of the drug
in order to achieve increase in drug
therapeutic efficacy and reduction in side
effects.

5. The rate of drug and also the particle
degradation characteristics can by regulated of

the choice of matrix constituents.

Despite of these advantages, nanoparticles also
have some limitations. For instance, the small size
and greater surface area may cause particle-particle
aggregation, making physical handling of
nanoparticles difficult in liquid and dry forms.
Besides this, the small particle size and large
surface area readily result in limited drug loading
and burst release. The other disadvantages
involves use of harsh toxic solvent in the
preparation process and higher manufacturing

costs 436,
2. Preparation techniques of nanoparticles

Nanoparticles can be prepared either from pre-
formed polymers or by polymerization of
monomers using chemical reactions 7. Various
strategies like solvent evaporation, salting out,
dialysis and supercritical fluid technology can be
applied for the preparation of nanoparticles from
preformed polymers. In contrast, the particles are
directly prepared from monomers using various
polymerization methods like microemulsion,
miniemulsion, surfactant-free emulsion and
interfacial ~ polymerization. The method of

preparation is selected on the basis of a variety of
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factors like size requirement, type of polymeric

Dispersion

system, area of application, etc.

Emulsion

Mini Emulsion

Micre Emulsion

Interfacial

Figure 1: various techniques for the preparation of polymer nanoparticles. SCF: supercritical fluid technology,

C/LR: controlled/living radical

These are some of the many factors which have to
be considered while choosing a particular

technique for nanoparticles preparation.
2.1 Dispersion of preformed polymers

Many methods developed and successfully utilized
to prepare nanoparticles by dispersing preformed
polymers are discussed in brief in the following

sections.
2.1.1 Solvent evaporation

Here, polymer solutions are prepared in a volatile
solvent and emulsion is formulated. The emulsion
is converted into a nanoparticles suspension on

evaporation of the solvent for the polymer, which
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is allowed to diffuse across the continuous phase.
89 In the conventional methods, two strategies are
used for formation of emulsion: the preparation
of single emulsions(e.g. o/w) and preparation of
double emulsions (e.g. w/o/w). These techniques
utilize high-speed homogenization or ultra-
sonication or combination of both, followed by
evaporation of solvent. Then the solidified
nanoparticles are collected by ultracentrifugation
and washed with distilled water to remove
additives such as surfactants. Finally, the product
is lyophilized to obtain free-flowing powder.
Normally, a polymer is dissolved in an organic
phase containing the surfactant/ stabilizer forms

the water phase.
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Although the solvent evaporation technique is a
simple method for the preparation of
nanoparticles, it is time-consuming and possible
coalescence of the nano-droplets during the
evaporation process may affect the final size and

morphology of the particle.
2.1.2 Salting out

This process is a modified version of emulsion
process which involves a salting-out process,
which avoids surfactants and chlorinated solvents.
The emulsion is formulated with a polymer
solvent which completely miscible with water and
emulsification of the polymer solution in the
aqueous phase is achieved, without utilization of
any high sheer forces 0, by dissolving high
concentration of salt or sucrose chosen for a
strong salting-out effect in the aqueous phase.
Magnesium  chloride, calcium chloride and
magnesium acetate are commonly used suitable
electrolytes 118, The miscibility properties of
water with other solvents are modified as these
components dissolve in the water. A reverse
salting out effect, obtained by dilution of the
emulsion with an excess amount of water, results
in the precipitation of the polymer dissolved in the
droplets of the emulsion. In fact, after dilution,
migration of the solvent for the polymer from the
emulsion droplets is induced due to the reduction
of the salt concentration in the continuous phase

of the emulsion.

2.1.3 Nanoprecipitation
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Also known as the solvent displacement method,
the basic principle of this method is based on the
interfacial ~deposition of a  polymer after
displacement of a semipolar solvent, miscible with
water, from a lipophilic solution. Rapid diffusion
of the solvent into non-solvent phase results in
the decrease of interfacial tension between the two
phases, which increases the surface area and leads
to the formation of small droplets of organic
solvent 1920, Nanoprecipitation system comprises
of three basic components: the polymer (synthetic,
semi synthetic or natural), the polymer solvent and
the non-solvent of the polymer. Organic solvent
(i.e., ethanol, acetone, hexane, or dioxane) which
is miscible in water and easy to remove by
evaporation is selected as the polymer solvent.
Due to this reason, acetone is the most commonly
employed polymer solvent in this method 192122,
Sometimes, it consists of binary solvent blends,
acetone with small amount of water [23], blends of
acetone with ethanol 2425 and methanol 2. On the
other hand, the non-solvent phase consisting of a
non-solvent or a mixture of non-solvents is
supplemented with one or more naturally
occurring or synthetic surfactants.
Nanoprecipitation is an easy, fast and reproducible
method which is widely used for the preparation
of both nanospheres and nanocapsules. Although
low polymer surfactant concentrations are being
used, challenges pertaining to low polymer
concentration in the organic phase need to be

addressed.
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2.1.4 Supercritical Fluid Technology

As may be noted, the methods in the preceding
subsections involve organic solvents, and the need
to develop environmentally safer methods for the
production of PNP has motivated research on the
utility of  supercritical  fluids as  more
environmental friendly solvents, with the potential
to produce PNPs with high purity and without
any trace of organic solvent [?728]. Supercritical
fluid and dense gas technology are expected to
offer an interesting and effective technique of
particle production, avoiding most of the
drawbacks of the traditional methods. Here, the
solute is dissolved in a supercritical fluid to form a
solution, followed by the rapid expansion of the
solution across an orifice or a capillary nozzle into
ambient air. The high degree of supersaturation,
accompanied by the rapid pressure reduction in
the expansion, results in homogenous nucleation
and, thereby, the formation of well-dispersed

particles.
2.2 Polymerization of monomers

The techniques mentioned previously did not
involve any polymerization process. To attain the
desired properties for a particular application,
suitable polymer nanoparticles must be designed,
which can be done during the polymerization of
monomers. Processes for the production of PNPs
through the polymerization of monomers are

discussed, focusing principally on mini-, micro-,
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and emulsion polymerization techniques as the

three major techniques currently in use.
2.2.1 Emulsion polymerization

Emulsion polymerization is the most frequent
method used for the preparation of a variety of
specialty polymers. The use of water as the
dispersion medium is environmentally friendly and
also allows excellent heat dissipation during the
process of the polymerization. The ingredients
used in the process comprise of water, a monomer
of low water solubility, water-soluble initiator and
a surfactant. Initiation occurs when a monomer
molecule dissolved in the continuous phase
collides with an initiator molecule that may be an
ion or a free radical. Phase separation and
formation of solid particles can take place before
or after the termination of the polymerization

(PS) 30-37
(PMMA) 3839

reaction 2, Polystyrene
poly(methylmethacrylate)
poly(ethylcyanoacrylate) (PECA) and
poly(butylcyanoacrylate) 40 nanoparticles were
produced by dispersion via surfactants into

solvents, such as cyclohexane, n-pentane, and

toluene.
2.2.2 Mini-emulsion polymerization

A typical formulation used in mini-emulsion
polymerization consists of water, monomer
mixture, co-stabilizer, surfactant, and initiator. The
key difference between emulsion polymerization

and mini-emulsion  polymerization is the
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utilization of a low molecular mass compound as
the co-stabilizer and also the use of a high-shear
device (ultrasound, etc.). Mini-emulsions are
critically stabilized, require a high-shear to reach a
steady state and have an interfacial tension much
greater than zero. Polyacrylic acid nanoparticles
were synthesized by Kriwet et al. 4 using a co-
emulsifier system consisting of a mixture of Span
80 and Tween 80. The polymerization was
initiated by free radicals, and the particle size was

dependent on the type of radical initiator used.
2.2.3 Micro-emulsion polymerization

Micro-emulsion polymerization is a new and
effective approach for preparing nano-sized
polymer particles and has attracted significant
attention. Although emulsion and micro-emulsion
polymerization appear similar because both
methods can produce colloidal polymer particles
of high molar mass, they are entirely different
when compared kinetically. In micro-emulsion
polymerization, an initiator, typically water-
soluble, is added to the aqueous phase of a
thermodynamically stable micro-emulsion
containing swollen micelles. The polymerization
starts from this thermodynamically stable,
spontaneously formed state and relies on high
quantities of surfactant systems, which possess an
interfacial tension at the oil/water interface close
to zero. Furthermore, the particles are completely
covered with surfactant because of the utilization
of a high amount of surfactant. Initially, polymer

chains are formed only in some droplets, as the
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initiation cannot be attained simultaneously in all
micro-droplets. Later, the osmotic and elastic
influence of the chains destabilize the fragile
micro-emulsions and typically lead to an increase
in the particle size, the formation of empty

micelles, and secondary nucleation 42.

3. Characterization of nanoparticles and its

effect on drug delivery
3.1 Particle Size

Particle size and size distribution are the most
essential characteristics of the nanoparticles. They
determine the in vivo distribution, biological fate,
toxicity and the targeting capability of nanoparticle
systems. Additionally, they have an influence on
the entrapment efficiency, release kinetics and
stability of nanoparticles. Currently, the quickest
and most routine method of examining the
particle size is by photon-correlation spectroscopy
or dynamic light scattering. Photon-correlation
spectroscopy needs the viscosity of the medium to
be known and determines the diameter of the
particle by Brownian motion and light scattering
properties 4. The report obtained by photon-
correlation spectroscopy is usually confirmed by

the scanning or transmission electron microscopy.
3.2 Surface Properties

The zeta potential of a nanoparticle is generally
used to characterize the surface charge of the
nanoparticles [*]. It exhibits the electrical

potential of particles and is influenced by the
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composition of the particles and the medium in
which it is being dispersed. Nanoparticles with a
zeta potential above (+/-) 30 mV have been
shown to be stable in suspension, as the surface
charge prevents the aggregation of the particles.
The zeta potential may also be utilized to
determine whether a charged active material is
encapsulated within the core of the nanocapsule

or adsorbed on the surface.
3.3 Drug Loading

Ideally, a successful nanoparticulate system should
have a high drug-loading capacity thereby reduce
the quantity of matrix materials for administration.
Drug loading may be done by two ways: (a)
Incorporating at the time of nanoparticles
preparation (b) Absorbing the drug after
formation of nanoparticles by incubating the

carrier with a concentrated drug solution.
3.4 Drug Release

Various methods which can be used to study the
in vitro release of the drug are: (1) side-by-side
diffusion cells with artificial or biological
membranes; (2) dialysis bag diffusion technique;
(3) reverse dialysis bag technique; (4) agitation
followed by ultracentrifugation/centrifugation; (5)
Ultra-filtration or  centrifugal  ultra-filtration
techniques. Usually the release study is carried out
by controlled agitation followed by centrifugation.
Due to the time-consuming nature and technical

difficulties encountered in the separation of
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nanoparticles from release media, the dialysis

technique is generally preferred.

4. Applications of nanoparticle based drug

delivery system

Some of the applications of nanoparticles in the

field of medicine are described below.
4.1 In tumor targeting

The rationale of using nanoparticles for tumor
targeting is based on 1) nanoparticles will be able
to deliver a concentrate dose of drug in the
vicinity of the tumor targets via the enhanced
permeability and retention effect or active
targeting by ligands on the surface of
nanoparticles; 2) nanoparticles will reduce the
drug exposure of health tissues by limiting drug
distribution to target organ. Verdun et al showed
that in mice treated with doxorubicin loaded into
poly (isohexylcyanoacrylate) nanospheres that
greater concentrations of doxorubicin manifested
in the liver, spleen and lungs than in mice treated

with free doxorubicin 4.
4.2 Long circulating nanoparticles

To be successful as a drug delivery system,
nanoparticles must be able to target tumors which
are localized outside MPS-rich organs. In the past
decade, a lot of work has been devoted to
developing  so-called “stealth” particles or
PEGylated nanoparticles, which are invisible to

macrophages or  phagocytes®. A major

7
Volume: 1; Issue: 1



JFPR

Basu A. et al., 2013

www.jfpronline.info

breakthrough in the field came when the use of
hydrophilic polymers (such as polyethylene glycol,
poloxamers, poloxamines, and polysaccharides) to
efficiently coat conventional nanoparticle surface
produced an opposing effect to the uptake by the
mononuclear phagocytic system MPS 7. These
coatings provide a dynamic “cloud” of hydrophilic
and neutral chains at the particle surface which

repel plasma proteins 4849,

4.3 Nanoparticles for oral delivery of peptides and

proteins

Significant advances in biotechnology and
biochemistry have led to the discovery of a large
number of bioactive molecules and vaccines based
on peptides and proteins. Development of
suitable carriers remains a challenge due to the
fact that bioavailability of these molecules is
limited by the epithelial barriers of the
gastrointestinal tract and their susceptibility to
gastrointestinal degradation by digestive enzymes.
Polymeric nanoparticles allow encapsulation of
bioactive molecules and protect them against
enzymatic and hydrolytic degradation. For
instance, it has been 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

50,

4.4 For gene delivery
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Nanoparticles loaded with plasmid DNA could
also serve as an efficient sustained release gene
delivery system due to their rapid escape from the
degradative endo-lysosomal compartment to the
cytoplasmic compartment 5. Hedley et al. 52
reported that following their intracellular uptake
and endolysosomal escape, nanoparticles could
release DNA at a sustained rate resulting in
sustained gene expression. This gene delivery
strategy could be applied to facilitate bone healing
by using PLGA nanoparticles containing
therapeutic genes such as bone morphogenic

protein.
4.5 Nanoparticles for drug delivery into the brain

Strategies for nanoparticle targeting to the brain
rely on the presence of and nanoparticle
interaction  with  specific  receptor-mediated
transport systems in the BBB. For example
polysorbate 80/LDL, transferrin receptor binding
antibody  (such as  OX206), lactoferrin,
cellpenetrating peptides and melanotransferrin
have been shown capable of delivery of a self non
transportable drug into the brain via the chimeric

construct that can undergo receptor-mediated

transcytosis 53-50,
5. Conclusion

The foregoing research shows that nanoparticulate
systems have great capabilities, being able to alter
pootly soluble, pootly absorbed and labile drugs

into promising deliverable drugs. The core of this
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system can enclose a variety of drugs, proteins,
genes and is characterized by a long circulation
time due to the hydrophilic shell which prevents
recognition by the reticular-endothelial system. To
optimize this drug delivery system, greater
understanding of the different mechanisms of
biological interactions, and particle engineering, is

still required.
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