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ABSTRACT

In the last 30 years, particle size reduction technologies turned from an exploratory approach into a mature commercial drug delivery platform. Nanonization
technologies have gained a special importance due to a steadily increasing number of development compounds showing poor aqueous solubility. Many drug
delivery companies and academic research groups have contributed to the currently existing large variety of different technologies to produce drug
nanoparticles. These particles consist of pure active pharmaceutical ingredient (API) and are often stabilized with surfactants and/or polymeric stabilizers
adsorbed onto their surface. The mean particle size ranges normally from 1 nm up to 1000 nm.

Here we review formulation aspects, characteristics and application of nanoparticle as drug delivery system.

KEYWORDS: Nanoparticles, polymeric nanoparticles, targeting, drug delivery, drug release.

INTRODUCTION

The prefix “nano” has found in last decade an ever-increasing
application to different fields of the knowledge. Nanoscience,
nanotechnology, nanomaterials or nanochemistry are only a
few of the new nano-containing terms that occur frequently in
scientific reports, in popular books as well as in newspapers
and that have become familiar to a wide public, even of non-
experts. The prefix comes from the ancient Greek vavog
through the Latin nanus meaning literally dwarf and by
extension, very small. Within the convention of International
System of Units (SI) it is used to indicate a reduction factor
of 10 times. So, the nanosized world is typically measured in
nanometers (Ilnm corresponding to 10° m) and it
encompasses systems whose size is above molecular
dimensions and below macroscopic ones (generally > 1 nm
and < 100 nm).

Nanotechnology is the science of the small; the very small. It
is the use and manipulation of matter at a tiny scale. At this
size, atoms and molecules work differently, and provide a
variety of surprising and interesting uses. Nanotechnology
and Nanoscience studies have emerged rapidly during the
past years in a broad range of product domains. It provides
opportunities for the development of materials, including
those for medical applications, where conventional
techniques may reach their limits. Nanotechnology should
not be viewed as a single technique that only affects specific
areas. Although often referred to as the ‘tiny science’,
nanotechnology does not simply mean very small structures
and products. Nanoscale features are often incorporated into
bulk materials and large surfaces. Nanotechnology represents
the design, production and application of materials at atomic,
molecular and macromolecular scales, in order to produce
new nanosized materials." Pharmaceutical nanoparticles are
defined as solid, submicron-sized (less than 100 nm in
diameter) drug carrier that may or may not be biodegradable.
The term nanoparticle is a combined name for both
nanospheres and nanocapsules. Nanospheres are matrix
system in which drug is uniformly dispersed, while
nanocapsules are the system in which the drug is surrounded
by a unique polymeric membrane.

This systemic review focuses on Classification, method of
preparation,  Characterization, and  applications  of
nanoparticles.

Need for developing nanoparticles

The major goals in designing nanoparticles as a delivery
system are to control particle size, surface properties and
release of pharmacologically active agents so as to achieve
the site specific action of the drug at the rationale rate and
dose.  Polymeric nanoparticles offer some specific
advantages over liposomes. For instance, they help to
increase the stability of drugs/proteins and possess useful
controlled release properties.

Advantages

Some of the advantages of using nanoparticles as a drug
delivery system are as follows;

1. Ease of manipulation of the particle size and surface
characteristics of nanoparticles so as to achieve both passive
and active drug targeting after parenteral administration.

2. The nanoparticle surface can be modified to alter
biodistribution of drugs with subsequent clearance of the
drug so as to achieve maximum therapeutic efficacy with
minimal side effects of the drug.*

3. Controlled release and particle degradation characteristics
can be readily modulated by the choice of matrix
constituents.

4. Drug loading is relatively high and drugs can be
incorporated into the systems without any chemical reaction;
this is an important factor for preserving the drug activity.

5. Site-specific targeting can be achieved by attaching
targeting ligands to surface of particles or use of magnetic
guidance.

6. Liposomes and polymer based nanoparticulates are
generally biodegradable, do not accumulate in the body and
so are possibly risk free.

7. Small sized nanoparticles can penetrate through smaller
capillaries, which could allow efficient drug accumulation at
the target sites.

8. Various routes of administration are available including
oral, nasal, parenteral, intra-ocular etc.’
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Limitations

In spite of these advantages nanoparticles do have limitations
like,

1. Altered physical properties which lead to particle — particle
aggregation, making physical handling of nanoparticles
difficult in liquid and dry forms due to smaller size and larger
surface area.

2. Smaller the particles size greater the surface area and this
property makes nanoparticles very reactive in the cellular
environment.

3. Small particles size results in limited drug loading and
burst release. These practical problems have to be sorted out
before nanoparticles can be used clinically or made
commercially available.®

Toxicity

These tiny particles can easily get the entry inside the body
through the skin, lungs or intestinal tract, depositing in
several organs and may cause severe adverse biological
reactions by altering the physiochemical properties of tissue.
Non-biodegradable particles when used for drug delivery
may show accumulation on the site of the drug delivery,
leading to chronic inflammatory reactions. Most of the

Nanocapsule

Nanoformulations

:

Drug + Polymer
E by various methods

Nanosphere

nanoparticulate toxicity reactions are observed due to
inhalation of particulate matter leading to lung and
cardiovascular diseases.

Types of Nanoparticles

Polymeric nanoparticles are colloidal structures composed of
synthetic or semi synthetic polymers. The drug is dissolved,
entrapped, encapsulated or attached to a nanoparticle matrix.
Depending upon the method of preparation, nanoparticles,
nanospheres or nanocapsule can be obtained. Nanocapsules
are systems in which the drug is confined to a cavity
surrounded by a unique polymer membrane, while
nanospheres are matrix systems in which the drug is
physically and uniformly dispersed. The general synthesis
and encapsulation of polymer are represented in Fig.l.
Polymers such as polysaccharide Chitosan-Polylactic acid,
Polylactic acid coglycolic acid, Poly-caprolactone, Chitosan
nanoparticles have been used.

Solid lipid nanoparticles (SLN) have been proposed as a new
type of colloidal drug carrier system suitable for intravenous
administration. The system consists of spherical solid lipid
particles in the nanometres range, which is dispersed in water

or in surfactant solution.”
—

Entrapped drug

Entrapped drug

Surface adsorbed drug

Figure 1: Types of polymeric nanoparticles: According to the structural organization biodegradable nanoparticles are classified as Nanocapsules and
nanospheres. The drug molecules are either entrapped inside or adsorbed on the surface.
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Classification of Nanoparticles

There are various approaches for classification of
nanomaterials. Nanoparticles are classified based on one, two
and three dimensions. ®

One dimension nanoparticles

One dimensional system, such as thin film or manufactured
surfaces, has been used for decades in electronics, chemistry
and engineering. Production of thin films (sizes1-100 nm) or
monolayer is now common place in the field of solar cells or
catalysis. These thin films are using in different technological
applications, including information storage systems, chemical
and biological sensors, fibre-optic systems, magneto-optic
and optical device.

Two dimension nanoparticles

Carbon nanotubes (CNTs): Carbon nanotubes are
hexagonal network of carbon atoms, 1 nm in diameter and
100 nm in length, as a layer of graphite rolled up into
cylinder. CNTs are of two types, single walled carbon
nanotubes (SWCNTs) and multi-walled carbon nanotubes
(MWCNTs) .The small dimensions of carbon nanotubes,
combined with their remarkable physical, mechanical and
electrical properties make them unique materials. They
display metallic or semi conductive properties, depending on
how the carbon leaf is wound on itself. The current density
that nanotubes can carry is extremely high and can reach one
billion amperes per square meter making it a superconductor.
The mechanical strength of carbon nanotubes is sixty times
greater than the best steels. Carbon nanotubes have a great
capacity for molecular absorption and offering a three
dimensional configuration. Moreover they are chemically and
chemically very stable.’”

Three dimension nanoparticles

Fullerenes (Carbon 60): Fullerenes are spherical cages
containing from 28 to more than 100 carbon atoms, contain
Ceo. This is a hollow ball composed of interconnected carbon
pentagons and hexagons, resembling a soccer ball. Fullerenes
are class of materials displaying unique physical properties.
They can be subjected to extreme pressure and regain their
original shape when the pressure is released. These molecules
do not combine with each other, thus giving them major
potential for application as lubricants. They have interesting
electrical properties and it has been suggested to use them in
the electronic field, ranging from data storage to production
of solar cells. Fullerenes are offering potential application in
the rich area of nanoelectronics. Since fullerenes are empty
structures with dimensions similar to several biological active
molecules, they can be filled with different substances and
find potential medical application. '°

Dendrimers: Dendrimers represents a new class of
controlled-structure polymers with nanometric dimensions.
Dendrimers used in drug delivery and imaging are usually 10
to 100 nm in diameter with multiple functional groups on
their surface, rendering them ideal carriers for targeted drug
delivery."" The structure and function of dendrimers has been
well studied. Contemporary dendrimers can be highly
specialized; encapsulating functional molecules (i.e.,
therapeutic or diagnostic agents) inside their core.'? They are
considered to be basic elements for large-scale synthesis of
organic and inorganic nanostructures with dimensions of 1 to
100 nm "', They are compatible with organic structure such

as DNA and can also be fabricated to metallic nanostructure
and nanotubes or to possess an encapsulation capacity.®
Dendrimers have different reactive surface groupings
(nanostructure) and compatible with organic structure such as
DNA so their prolific use is particularly in the medical and
biomedical fields. The pharmaceutical applications of
dendrimers  include  nonsteroidal  anti-inflammatory
formulations, antimicrobial and antiviral drugs, anticancer
agents, pro-drugs, and screening agents for high-throughput
drug discovery." Dendrimers may be toxic because of their
ability to disrupt cell membranes as a result of a positive
charge on their surface."

Quantum Dots (QDs): Quantum dots are small devices that
contain a tiny droplet of free electrons. QDs are colloidal
semiconductor nanocrystals ranging from 2 to 10 nm in
diameter. QDs can be synthesized from various types of
semiconductor materials via colloidal synthesis or
electrochemistry. The most commonly used QDs are
cadmium selenide (CdSe), cadmium telluride (CdTe), indium
phosphide (InP), and indium arsenide (InAs). Quantum dots
can have anything from a single electron to a collection of
several thousands. The size, shape and number of electrons
can be precisely controlled. They have been developed in a
form of semiconductors, insulators, metals, magnetic
materials or metallic oxides. It can be used for optical and
optoelectronic devices, quantum computing, and information
storage. Colour coded quantum dots are used for fast DNA
Testing. Quantum dots (QDs) refer to the quantum
confinement of electrons and hole carriers at dimensions
smaller than the Bohr radiuos. QD nanocrystals are generally
composed of atoms from groups II and VI (that is CdSe, CdS,
and CdTe) or II and V (such as In P) at their core. A shell
(that is ZnS and CdS) can be further introduce to prevent the
surface quenching of excitons in the emissive core and hence
increase the photostability and quantum yield of emission.'®
QDs also provide enough surface area to attach therapeutic
agents for simultaneous drug delivery and in vivo imaging, as
well as for tissue engineering."”

Preparation of Polymeric Nanoparticles

Nanoparticles can be prepared from a natural material such as
proteins, polysaccharides and synthetic polymers. The
selection of inert matrix material is depends on many factors
like:"® (a) final size of nanoparticles required; (b) drug
properties like aqueous solubility and stability; (c) surface
charge and permeability; (d) degree of biodegradability,
biocompatibility and toxicity; (e) desired drug release profile;
and (f) Antigenicity of the final product.

The preparation method of nanoparticles can be classified in
different ways:

In the first, it can be classified as:

e Bottom-up technique

e Chemical reaction technique

e Top-down technique

e Combination technique

Nanoparticles can be obtained by using bottom-up processes,
i.e. precipitation starting from molecular solutions.
Furthermore, comminution of larger particles down to
nanoparticles (top-down) can be performed. Another way is
the combination of both principles (combination techniques).
The last way leads via a chemical reaction step directly to
nanoparticles (chemical reaction approach).
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Figure 2: Overview of various principles to produce nanoparticles

Chemical Reactions

Chemical reactions, like polymerizations, are one way to
produce nanoparticles; however they are normally not used
for the production of drug nanoparticles consisting of pure
APL

These techniques are commercially very important e.g. for
the production of pharmaceutical coating materials in the
form of latex dispersions. Chemical reactions can also be
used to manufacture polymeric nanoparticles consisting of a
matrix forming polymer in which the API is embedded. The
drug load of such particles is normally significantly lower
than 100% therefore they have to be distinguished from drug
nanoparticles produced via standard particle size reduction
techniques.

Bottom-up Approaches

Bottom-up approaches start with drug molecules in solution.
By changing the conditions of the system in solution, the
drug molecules start to precipitate in larger formations. In the
classical precipitation process, the poorly soluble API is
dissolved in a water miscible organic solvent. The
precipitation is induced by mixing the drug solution with an
aqueous phase. This is often referred to as the “solvent/
antisolvent” approach. One approach was already developed
in the 1980’s by Sucker and colleagues. The principle of
classical precipitation has been then further developed by
several academic and industrial research groups. Later also
more and more advanced precipitation technologies have
been introduced. These technologies are also referred to as
particle engineering technologies. One interesting approach is
known as Evaporative Precipitation into Aqueous Solution
(EPAS). For this process, the API is dissolved in an organic
solvent which is not miscible with water. The drug

solution is sprayed into heated water resulting in an
immediate evaporation of the organic solvent, thus drug
nanoparticles are formed instantaneously. Spray-freezing into
liquid (SFL) and ultrarapid freezing (URF) are alternative
particle engineering processes developed by the same
research group.

Top-down Approaches

In contrast to the bottom-up technologies, one can also start
with large API particles and break them down to small drug
nanoparticles. Therefore, this process type is regarded as top-
down technology. Currently particle size reduction
technologies of this type are by far commercially the most
important and successful. A very important technology is

based on wet ball milling (WBM). In order to produce
nanocrystalline dispersions, a milling chamber is charged
with milling media (e.g. zirconium dioxide beads, silicium
nitride beads, polystyrene beads), aqueous stabilizer/
surfactant solution and micronized API. The moving milling
media causes high shear forces and thus attrition of the drug
particles. For large scale production, the mill can be run in
circulation mode, which means that the suspension is
continuously pumped through the milling chamber until the
desired particle size of the drug nanocrystals is obtained. The
drug particles are separated from the milling media by a
separating gap or a filter cartridge. The WBM technology is
by far the most important particle size reduction method at
the moment. Currently there are 5 products on the market
using this technology; many others are still in development.
High pressure homogenization (HPH) is another very
important top-down technology. One can distinguish several
process types. The first technology that was developed based
on HPH with a piston-gap homogenizer is a process
performed in aqueous media at room temperature. During the
homogenization step, a coarse suspension is forced through a
very tiny homogenization gap. The particle size reduction is
mainly caused by cavitation forces, shear forces, and particle
collision. Later, this principle was further development as a
process, which can be also performed in water-reduced and
non-aqueous media. Drug nanoparticles can be also generated
by a high shear process using jet stream homogenizers. In this
case the collision of two fluid streams under high pressures
up to 1700 bar leads to particle collision, shear forces and
also cavitation forces. To preserve the particle size,
stabilization with phospholipids or other surfactants and
stabilizers is required. A major disadvantage of this process is
the required production time. In many cases, time consuming
50 to 100 passes are necessary for a sufficient particle size
reduction. This technology is now also used for one product
on the market.

The last production principle is a relatively new one. The
combinative approach describes a process where at least two
different particle size reduction principles are combined. The
most common combination is a bottom-up process which is
combined with a top-down step."’

In an another way the preparation of nanoparticles can be
classified as: 2

A) Dispersion of preformed polymers

1. Solvent evaporation method

2. Spontaneous emulsification or solvent diffusion method

B) Polymerization of monomers
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C) Ionic gelation or coacervation of hydrophilic polymers

D) Supercritical fluid technology

However, other methods such as particle replication in non-
wetting templates (PRINT) *! have also been described in the
literature for production of nanoparticles.

A) Dispersion of preformed polymers: It is the most
common technique wused to prepare biodegradable
nanoparticles from poly (lactic acid) (PLA); poly (D, L
glycolide), PLG; poly (D, L-lactide-co-glycolide) (PLGA)
and poly (cyanoacrylates) (PCA). *»*

1. Solvent evaporation method: Organic solvents such as
dichloromethane, chloroform or ethyl acetate are used to
dissolve the polymer which is also used as the solvent for
dissolving the hydrophobic drug. The drug dissolved or
dispersed in polymer solution is then emulsified in an
aqueous solution containing a surfactant or emulsifying agent
to form oil in water emulsion. Once stable emulsion is
formed, the organic solvent is evaporated either by reducing
the pressure or by continuous stirring. For preparation of the
small uniform sized particle size, High-speed homogenizer or
ultrasonication may be employed.?*

2. Spontaneous emulsification or solvent diffusion
method: This is a modification of solvent evaporation
method. This technique involves the use of water miscible
solvent along with a small amount of the water immiscible
organic solvent as an oil phase. An interfacial turbulence is
generated between the two phases due to spontaneous
diffusion of immiscible solvents leading to the formation of
small particles. By increasing the concentration of water
miscible solvent decrease in the particle size can be achieved.
Both solvent evaporation and solvent diffusion methods can
be used for hydrophobic or hydrophilic drugs. For
hydrophilic drug, a multiple w/o/w emulsion needs to be
formec215 with the drug dissolved in the internal aqueous
phase.

B) Polymerization method: In this method, monomers are
polymerized to form nanoparticles in an aqueous solution in
which drug may be dissolved. Drug may also be incorporated
by adsorption onto the nanoparticles after polymerization
completed. The nanoparticle suspension is then purified to
remove various stabilizers and surfactants employed for
polymerization by ultracentrifugation and resuspending the

particles in an isotonic surfactant-free medium. This
technique has been reported for making
polybutylcyanoacrylate or  poly  (alkylcyanoacrylate)

nanoparticles. 2%

C) Coacervation or ionic gelation method: The method
involves a mixture of two aqueous phases, of which one is
the polymer Chitosan, a di-block co-polymer ethylene oxide
or propylene oxide (PEO-PPO) and the other is a polyanion
sodium tripolyphosphate. In this method, positively charged
amino group of Chitosan interacts with negative charged
tripolyphosphate to form coacervates with a size in the range
of nanometre. Coacervates are formed as a result of
electrostatic interaction between two aqueous phases,
whereas, ionic gelation involves the material undergoing
transition from liquid to gel due to ionic interaction
conditions at room temperature. >’

D) Supercritical fluid technology: Conventional methods
such as solvent extraction-evaporation, solvent diffusion and
organic phase separation methods require the use of
enormous amounts of organic solvents which are hazardous
to the environment as well as to human beings. Therefore, the
supercritical fluid technology has been investigated as an
alternative to prepare biodegradable micro- and
nanoparticles. Supercritical fluids are environmentally safe.*®
A supercritical fluid can be generally defined as a solvent at a
temperature above its critical temperature, at which the fluid
remains a single phase regardless of pressure. Supercritical
CO, (SC CO,) is the most widely used supercritical fluid
because of its mild critical conditions (Tc = 31.1 °C, Pc =
73.8 bars), nontoxicity, non-flammability and low price. The
most common processing techniques involving supercritical
fluids are supercritical anti-solvent (SAS) and rapid
expansion of critical solution (RESS). The process of SAS
employs a liquid solvent, e.g. methanol, which is completely
miscible with the supercritical fluid (SC CO,), to dissolve the
solute to be micronized; at the process conditions, because
the solute is insoluble in the supercritical fluid, the extract of
the liquid solvent by supercritical fluid leads to the
instantaneous precipitation of the solute, resulting the
formation of nanoparticles. The solvent power of
supercritical fluids dramatically decreases and the solute
eventually precipitates. This technique is clean because the
precipitate is basically solvent free. RESS and its modified
process have been used for the product of polymeric
nanoparticles.*” 32 Supercritical fluid technology technique,
although environmentally friendly and suitable for mass
production, requires specially designed equipment and is
more expensive.

Characterization of Nanoparticles

Nanoparticles are generally characterized by their size,
morphology and surface charge, using such advanced
microscopic techniques as scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and atomic
force microscopy (AFM). The average particle diameter, their
size distribution and charge affect the physical stability and
the in vivo distribution of the nanoparticles. Electron
microscopy techniques are very useful in ascertaining the
overall shape of polymeric nanoparticles, which may
determine their toxicity. The surface charge of the
nanoparticles affects the physical stability and redispersibility
of the polymer dispersion as well as their in vivo
performance.

Particle size

Particle size distribution and morphology are the most
important parameters of characterization of nanoparticles.
Morphology and size are measured by electron microscopy.
The major application of nanoparticles is in drug release and
drug targeting. It has been found that particle size affects the
drug release. Smaller particles offer larger surface area. As a
result, most of the drug loaded onto them will be exposed to
the particle surface leading to fast drug release. On the
contrary, drugs slowly diffuse inside larger particles. As a
drawback, smaller particles tend to aggregate during storage
and transportation of nanoparticle dispersion. Hence, there is
a compromise between a small size and maximum stability of
nanoparticles.”

Polymer degradation can also be affected by the particle size.
For instance, the degradation rate of poly (lactic-co-glycolic
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acid) was found to increase with increasing particle size in
L34
vitro.

There are several tools for determining nanoparticle size as
discussed below:

Dynamic light scattering (DLS)

Currently, the fastest and most popular method of
determining particle size is photon-correlation spectroscopy
(PCS) or dynamic light scattering (DLS). DLS is widely used
to determine the size of Brownian nanoparticles in colloidal
suspensions in the nano and submicron ranges. Shining
monochromatic light (laser) onto a solution of spherical
particles in Brownian motion causes a Doppler shift when the
light hits the moving particle, changing the wavelength of the
incoming light. This change is related to the size of the
particle. It is possible to extract the size distribution and give
a description of the particle’s motion in the medium,
measuring the diffusion coefficient of the particle and using
the autocorrelation function. The photon correlation
spectroscopy (PCS) represent the most frequently used
technique for accurate estimation of the particle size and size
distribution based on DLS. **

Scanning Electron microscopy

Scanning  electron  microscopy (SEM) is  giving
morphological examination with direct visualization. The
techniques based on electron microscopy offer several
advantages in morphological and sizing analysis; however,
they provide limited information about the size distribution
and true population average. For SEM characterization,
nanoparticles solution should be first converted into a dry
powder, which is then mounted on a sample holder followed
by coating with a conductive metal, such as gold, using a
sputter coater. The sample is then scanned with a focused fine
beam of electrons.® The surface characteristics of the sample
are obtained from the secondary electrons emitted from the
sample surface. The nanoparticles must be able to withstand
vacuum, and the electron beam can damage the polymer. The
mean size obtained by SEM is comparable with results
obtained by dynamic light scattering. Moreover, these
techniques are time consuming, costly and frequently need
complementary information about sizing distribution.

Transmission electron microscope

TEM operates on different principle than SEM, yet it often
brings same type of data. The sample preparation for TEM is
complex and time consuming because of its requirement to be
ultra thin for the electron transmittance. The nanoparticles
dispersion is deposited onto support grids or films. To make
nanoparticles withstand the instrument vacuum and facilitate
handling, they are fixed using either a negative staining
material, such as phosphotungstic acid or derivatives, uranyl
acetate, etc, or by plastic embedding. Alternate method is to
expose the sample to liquid nitrogen temperatures after
embedding in vitreous ice. The surface characteristics of the
sample are obtained when a beam of electrons is transmitted
through an ultra thin sample, interacting with the sample as it
passes through.”’

Atomic force microscopy

Atomic force microscopy (AFM) offers ultra-high resolution
in particle size measurement and is based on a physical
scanning of samples at sub-micron level using a probe tip of
atomic scale.” Instrument provides a topographical map of

sample based on forces between the tip and the sample
surface. Samples are usually scanned in contact or noncontact
mode depending on their properties. In contact mode, the
topographical map is generated by tapping the probe on to the
surface across the sample and probe hovers over the
conducting surface in non-contact mode. The prime
advantage of AFM is its ability to image non-conducting
samples without any specific treatment, thus allowing
imaging of delicate biological and polymeric nano and
microstructures.”® AFM provides the most accurate
description of size and size distribution and requires no
mathematical treatment. Moreover, particle size obtained by
AFM technique provides real picture which helps understand
the effect of various biological conditions.*®

Surface Charge

The nature and intensity of the surface charge of
nanoparticles is very important as it determines their
interaction with the biological environment as well as their
electrostatic interaction with bioactive compounds. The
colloidal stability is analyzed through zeta potential of
nanoparticles. This potential is an indirect measure of the
surface charge. It corresponds to potential difference between
the outer Helmholtz plane and the surface of shear. The
measurement of the zeta potential allows for predictions
about the storage stability of colloidal dispersion. High zeta
potential values, either positive or negative, should be
achieved in order to ensure stability and avoid aggregation of
the particles. The extent of surface hydrophobicity can then
be predicted from the values of zeta potential. The zeta
potential can also provide information regarding the nature of
material encapsulated within the nanocapsules or coated onto
the surface.*'

Surface hydrophobicity

Surface hydrophobicity can be determined by several
techniques such as hydrophobic interaction chromatography,
biphasic partitioning, adsorption of probes, contact angle
measurements etc. Recently, several sophisticated analytical
techniques are reported in literature for surface analysis of
nanoparticles. X — Ray photon correlation spectroscopy
permits the identification of specific chemical groups on the
surface of nanoparticles.*?

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 can be done
by two methods:

e Incorporating at the time of nanoparticles production
(incorporation method)

e Absorbing the drug after formation of nanoparticles by
incubating the carrier with a concentrated drug solution
(adsorption /absorption technique).

Drug loading and entrapment efficiency very much depend
on the solid-state drug solubility in matrix material or
polymer (solid dissolution or dispersion), which is related to
the polymer composition, the molecular weight, the drug
polymer interaction and the presence of end functional
groups (ester or carboxyl).*?

Drug Release

A central reason for pursuing nanotechnology is to deliver
drugs, hence understanding the manner and extent to which
the drug molecules are released is important. In order to
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obtain such information most release methods require that the
drug and its delivery vehicle be separated. The drug loading
of the nanoparticles is generally defined as the amount of
drug bound per mass of polymer (usually moles of drug per
mg polymer or mg drug per mg polymer); it could also be
given as percentage relative to the polymer. The technique
used for this analysis is classical analytical methods like UV
spectroscopy or high performance liquid chromatography
(HPLC) after ultracentrifugation, ultra filtration, gel filtration,
or centrifugal ultrafiltration. Quantification is performed with
the UV spectroscopy or HPLC. Drug release assays are also
similar to drug loading assay which is assessed for a period
of time to analyze the mechanism of drug release.**

Methods of evaluation for release of drugs

Various methods which can be used to study the in vitro
release of the drug from nanoparticles are:

(i) Side-by-side diffusion cells with artificial or biological
membranes.

(i1) Dialysis bag diffusion technique.

(iii) Reverse dialysis bag technique.

(iv) Agitation followed by ultracentrifugation/ centrifugation.
(v) Ultra-filtration or centrifugal ultra-filtration techniques.

Commonly release study is carried out by controlled agitation
and centrifugation. As the method is time consuming and
technical difficulties encountered in the separation of
nanoparticles from release media, the dialysis technique is
generally preferred.

There are five possible mechanisms for drug release: (a)
desorption of drug bound to the surface, (b) diffusion through
the nanoparticle matrix, (c) diffusion through the polymer
wall of nanocapsule, (d) nanoparticles matrix erosion, or (e) a
combined erosion—diffusion process.*’ The kinetic analysis of
drug release from nanoparticles can be described by a
biexponential function

C=Ae™ +BeP

Where C is the concentration of drug remaining in the
nanoparticles at time t, A and B are system characteristic
constants (A is used for diffusion control system and B for
erosion control system) and a, § are rate constants that can be
obtained from semi logarithmic plots.*® In general drug
release rate depends upon solubility, diffusion and
biodegradation of the matrix materials.

Applications of Nanoparticulate Delivery Systems

a) Nanoparticle as drug delivery systems

The use of pharmacological agents is frequently limited by
drug resistance at the target level owing to physiological
barriers cellular mechanism is encountered. In addition, many
drugs have a poor solubility, low bioavailability and they can
be quickly cleared in the body by the

reticuloendothelial system. Furthermore, the efficacy of
different drugs, such as chemotherapeutical agents, is often
limited by dose- dependent side effects.

Gastrointestinal tract: Other portals for entry are GI and
Skin. It is known that the kinetics of particle uptake in GI
tract depends on diffusion and accessibility through mucus
initial contact with enterocytes, cellular trafficking and post-
translocation events. The smaller the particle diameter is, the
faster they could diffuse through GI secretion to reach the
colonic enterocytes Following uptake by GI tract

nanoparticles can translocate to the blood stream and
distribute all over the body. Targeting strategies to improve
the interaction of nanoparticles with adsorptive sites
(enterocytes and M-cells of Peyer’s patches) in the GI tract
utilizes specific binding to ligands or receptors and
nonspecific adsorptive mechanism. The surface of
enterocytes and M cells shows cell-specific carbohydrates,
which can serve as binding sites to nanoparticle drug carriers
with appropriate ligands. Certain glycoproteins and lectins
bind selectively to this type of surface structure by specific
receptor-mediated mechanism.

Brain: The brain is probably one of the least accessible
organs for the delivery of drugs due to the presence of the
blood-brain barrier (BBB) that controls the transport of
endogenous and exogenous compounds, thus providing the
neuroprotective function. Drugs normally unable to cross the
BBB could be delivered to the brain after binding to the
surface-modified poly (butyl cyanoacrylate) (PBCA)
nanoparticles.*®

Tumor cell targeting: Anticancer drugs, which usually have
large volume of distribution, are toxic to both normal and
cancer cells. Therefore, precise drug release into highly
specified target involves miniaturizing the delivery systems
to become much smaller than their targets. With the use of
nanotechnology, targeting drug molecules to the site of action
is becoming a reality resulting in a personalized medicine,
which reduces the effect of the drug on other sites while
maximizing the therapeutic effect. This goal is mainly
achieved by the small size of these particles, which can
penetrate across different barriers through small capillaries
into individual cells. In addition, nanoparticles can be
prepared to entrap, encapsulate, or bind molecules improving
the solubility, stability and absorption of several drugs, as
well as avoiding the reticulo-endothelial system, thus
protecting the drug from premature inactivation during its
transport. In fact, it has been shown that nanoparticles have
the ability to carry various therapeutic agents including DNA,
proteins, peptides and low molecular weight compounds.
Among all of them, liposome and polymer-based
nanoparticulates are the most widely used nanoparticles as
drug delivery systems, as these compounds are generally
biodegradable, do not accumulate in the body and they are
possibly risk-free. For instance, several anticancer drugs,
including paclitaxel, 5-fluorouracil, doxorubicin, have been
successfully formulated using polymers and liposomes as
drug delivery systems.

Respiratory tract: One of the most common entry passages
for nanoparticles is respiratory tract. Nanoparticles could
avoid normal phagocytic defences therein respiratory tract
and gain access to systemic circulation and may reach to
CNS. Acrosol therapy using nanoparticles as drug carrier is
gaining importance for delivering therapeutic compounds.
The lung is an attractive target for drug delivery due to non-
invasive administration via inhalation aerosols, avoidance of
first-pass metabolism, direct delivery to the site of action for
the treatment of respiratory diseases and the availability of a
huge surface area for local drug action and systemic
absorption of drug. Colloidal carriers (i.e., nanocarrier
systems) in pulmonary drug delivery offer many advantages
such as the potential to achieve relatively uniform
distribution of drug dose among the alveoli, achievement of
improved solubility of the drug from its own aqueous
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solubility, a sustained drug release which consequently
reduces dosing frequency, improves patient compliance,
decreases incidence of side effects and the potential of drug
internalization by cells.*’

b) For gene delivery

The key ingredient of polynucleotide vaccines, DNA, can be
produced cheaply and has much better storage and handling
properties than the ingredients of the majority of protein-
based vaccines. However, there are several issues related to
the delivery of polynucleotides which limit their application.
These issues include efficient delivery of the polynucleotide
to the target cell population and its localization to the nucleus
of these cells and ensuring that the integrity of the
polynucleotide is maintained during delivery to the target
site. 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.*®
Following the 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.**

¢) For Diagnosis and Bioimaging

A number of molecular imaging techniques are available,
such as optical imaging (OI), magnetic resonance imaging
(MRI), ultrasound imaging (USI), positron emission
tomography (PET) and others have been reported for imaging
of in vitro and in vivo biological specimens.*”* The current
development of luminescent and magnetic nanoparticles
advances bio imaging technologies.' Two different types of
nanoparticles have been widely used for imaging:
luminescent nanoprobes for OI and magnetic nanoparticles
for MRI. There are also dual-mode nanoparticles for
simultaneous imaging by OI and MRIL® Nanobiotech
scientists have successfully produced microchips that are

coated with human molecules. The chip is designed to emit
an electrical impulse signal when the molecules detect signs
of a disease. Special sensor nanobots can be inserted into the
body under the skin where they check blood contents and
warn of any possible diseases. They can also be used to
monitor the sugar level in the blood. Advantages of using
such nanobots are that they are very cheap and easy to
produce.™ Gold nanoparticles are being used for detection of
cancer. Gold nanoparticles have been used as ultrasensitive
fluorescent probes to detect cancer biomarkers in human
blood. The method is very sensitive and could also be
employed in direct detection of viral or bacterial DNA. Gold
nanoparticles are promising probes for biomedical
applications because they can be easily prepared and, unlike
other fluorescent probes such as quantum dots or organic
dyes, don't burn out after long exposure to light.>*

d) Tissue repair

Tissue repair using iron oxide nanoparticle is accomplished
either through welding, apposing two tissue surfaces then
heating the tissues sufficiently to join them, or through
soldering, where protein or synthetic polymer-coated
nanoparticles are placed between two tissue surfaces to
enhance joining of the tissues. Temperatures greater than
50°C are known to induce tissue union induced by the
denaturation of proteins and the subsequent entanglement of
adjacent protein chains.> This is believed to be nanoparticles
that strongly absorb light corresponding to the output of a
laser are also wuseful for tissue-repairing procedures.
Specifically, gold- or silica-coated iron oxide nanoparticles
have been designed to strongly absorb light.® The
nanoparticles are coated onto the surfaces of two pieces of
tissue at the site where joining was desired. This technique
affords methods to minimize tissue damage by using the least
harmful wavelengths of light and/or lower powered light
sources. Stem cells are the body’s master cells and have a
unique ability to renew them and give rise to other
specialized cell types.

Some of the selected Drugs as Nano Drug Delivery System

Name of the drug Purpose
Clonazepam To determine the drug loading capacity & drug release. >
Morphine To study antinociceptive activity and blood brain delivery. *
Adriamycin To enhance effective delivery of Adriamycin. *'
Dexamethasone To increase the amount of drug release with respect to pure drug. ©
Tamoxifen To increase the local concentration of tamoxifen in estrogen receptor positive breast cancer cells. *
Cyclosporin A To form stable suspension of submicron particles of Cyclosporin A. *
Praziquantel To study the effect of formulation variables on size distribution. *°
Aspirin Capable of releasing the drug in a slow sustained manner. *
Docetaxel For effective delivery of drug to solid tumors. &
Estradiol To increase oral bioavailability of Estradiol. ®*
Cyproterone To improve skin penetration of the poorly absorbed drug Cyproterone. *
Curcumin For coating curcumin onto a metal stent by electrophoretic deposition thereby avoiding problem with restenosis after
percutaneous coronary intervention.”™
Ropivacaine To decrease the systemic toxicity of ropivacaine. "
Didanosine For sustained release of Didanosine. ™
Lamivudine Increased bioavailability of lamivudine is observed when tested in AIDS patients. ™
Simvastatin To enhance effective delivery of poorly water soluble drug simvastatin. ™*
Doxorubicin To improve oral bioavailability of Doxorubicin.
Amphotericin B To improve oral bioavailability and to show reduced nephrotoxicity compared to intravenous fungizone. "®
Rifampicin To formulate Rifampicin for aerosol delivery in a dry powder, which is suited for shelf stability, effective dispersibility and
extended release with local lung and systemic drug delivery. 7’
Curcumin To enhance the transport of curcumin to brain and to enhance the delivery system to cross the BBB. ™
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Some Marketed Nanoformulations

Brand Name API Company
Daunoxome Doxorubicin Gilead Sciences.
Ambisome Ampbhotericin B Gilead Sciences
Amphotec Amphotericin B Alza

Abelect Amphotericin B Elan
Rapamune Sirolimus Elan/Wyeth

Emend Aprepitatnt Elan/Merck

Tricor Fenofibrate Elan/Abbot.

Triglide Fenofibrate First Horizon Pharmaceuticals

These cells, therefore, have the potential to be used for
transplantation purposes, for example, to replace degenerated
cells or repairing of a damaged tissue, providing signals so
that the stem cells can yield the appropriate cell types for the
development of a tissue.”’ In addition, various proteins,
growth factors, etc., could be bound to these nanoparticles
that might be delivered at the damaged tissue, where it would
play a role in tissue development. Magnetic nanoparticles can
also be used to target the stem cells and activate at required
sites of injury and repair in diseases such as diabetes, cancer,
heart disease, Alzheimer’s and Parkinson’s disease.*®
Biodegradable nanoparticle-based vaccines, for oral
vaccination, are also in development and may allow targeting
of antigens to specific dendritic cell receptors.

Future Opportunities and Challenges

Nanoparticles and nanoformulations have already been
applied as drug delivery systems with great success; and
nanoparticulate drug delivery systems have still greater
potential for many applications, including anti-tumor therapy,
gene therapy, AIDS therapy, radiotherapy, in the delivery of
proteins, antibiotics, virostatics, vaccines and as vesicles to
pass the blood - brain barrier.

CONCLUSION

Nanoparticles present a highly attractive platform for a
diverse array of biological applications. The surface and core
properties of these systems can be engineered for individual
and multimodal applications, including tissue engineering,
therapeutic delivery, biosensing and bioimaging. The
foregoing show that nanoparticulate systems have great
potentials, being able to convert poorly soluble, poorly
absorbed and labile biologically active substance into
promising deliverable drugs. The core of this system can
enclose a variety of drugs, enzymes, genes and is
characterized by a long circulation time due to the
hydrophilic shell which prevents recognition by the reticular-
endothelial system. Nanotechnology-enabled drug delivery is
opening prospective future in pharmaceutics. The emergence
of nanotechnology is likely to have a significant impact on
drug delivery sector, affecting just about every route of
administration from oral to injectable.

REFERENCES

1. Hahens WL, Oomen AG., DeJong WH., Cassee FR. What do we (need
to) know about the kinetic properties of nanoparticles in the body?
Regulatory Toxicology and Pharmacology. 2007; 49:217-229. http://
dx.doi.org/10.1016/.yrtph.2007.07.006 PMid: 17868963

2. Vila A., Sanchez A., Tobio M., Calvo P., Alonso MJ. Design of
biodegradable particles for protein delivery. Journal of Control Release.
2002; 78:15-24. http://dx.doi.org/10.1016/S0168-3659(01)00486-2

3. Mu L., Feng SS. A novel controlled release formulation for the
anticancer drug paclitaxel (Taxol(R)), PLGA nanoparticles containing
vitamin E TPGS. Journal of Control Release. 2003; 86:33-48.
http://dx.doi.org/10.1016/S0168-3659(02)00320-6

4. Gaur A., Mindha A., Bhatiya AL. Nanotechnology in Medical Sciences.
Asian Journal of Pharmaceutics. 2008; 80-85.

5.

12.

13.

14.

16.

19.

20.

21.

22.

23.

24.

25.

26.

Sapra P., Tyagi P., Allen TM. Ligand-targeted liposomes for cancer
treatment. Current Drug Delivery. 2005; 2:369-381. http://dx.doi.org
/10.2174/156720105774370159 PMid: 16305440

Mohanraj VJ., Chen Y. Nanoparticles a review. Tropical Journal of
Pharmaceutical Research. 2006; 5:561-573.

Yadav C., Kumari A., Yadav SK., Subhash C. Biodegradable polymeric
nanoparticles based drug delivery systems review. Colloids and Surfaces
B: Biointerfaces. 2010; 75:1-18. http://dx.doi.org/
10.1016/j.colsurfb.2009.09.001 PMid: 19782542

Hett A. Nanotechnology: small matters, many unknown. Swiss Re, Risk
Perception Series, Zurich 2004.

Kohler M., Fritzsche W. Nanotechnology, an
nanostructuring. Wiley-VCH. 2007; 2.

introduction to

. Tomalia DA. Birth of a new macromolecular architecture: Dendrimers

as quantized building blocks for nanoscale synthetic organic chemistry.
Aldrichimica Acta. 2004; 37:39-57.

. Wiener EC., Brechbiel MW., Brothers H., Magin RL., Gansow

OA.,Tomalia DA. Dendrimer-based metal chelates: a new class of
magnetic resonance imaging contrast agents. Magnetic Resonance in
Medicine. 1994; 31:1-8. http://dx.doi.org/10.1002/mrm.1910310102

Li Y., Cheng Y., Xu T. Design, synthesis and potent pharmaceutical
applications of glycodendrimers: a mini review. Current Drug Discovery
Technology.2007;4:246-254 . http://dx.doi.org/10.2174/157016307
783220503

Fu HL., Cheng SX., Zhang XZ., Zhuo RX. Dendrimers/DNA complexes
encapsulated in a water soluble polymer and supported on fast degrading
star poly (DL-lactide) for localized gene delivery. Journal of Control
Release.2007;124:181-188.http://dx.doi.org/10.1016/j.jconrel.20
07.08.031 PMid: 17900738

Cheng Y., Wang J., Rao T., He X., Xu T. Pharmaceutical applications of
dendrimers: promising nanocarriers for drug delivery. Frontiers in
Bioscience.  2008;  13:1447-1471.  http://dx.doi.org/10.2741/2774
PMid:17981642

. Mecke A., Uppuluri S., Sassanella TM., Lee DK., Ramamoorthy A.,

Baker JR. Direct observation of lipid bilayer disruption by poly
(amidoamine) dendrimers. Chemistry and Physics of Lipids. 2004;

132:3-14. http://dx.doi.org/10.1016/j.chemphyslip.2004.09.001
PMid: 15530443
Goldberg M., Langer R., Jia X. Nanostructured materials for

applications in drug delivery and tissue engineering. Journal of
Biomaterials Science, Polymer. 2007; 18:241-268. http://dx.doi.org/
10.1163/15685620777999693 1

. Larson DR., Zipfel WR., Williams RM., Clark SW., Bruchez MP., Wise

FW. Water-soluble quantum dots for multiphoton fluorescence imaging
in vivo. Science. 2003; 300:1434-1436. http://dx.doi.org/10.1126
/science.1083780 PMid:12775841

. Kreuter J. Nanoparticles. In Colloidal drug delivery systems, J, K., Ed.

Marcel Dekker: New York. 1994; 219-342.

Moschwitzer J. Particle Size Reduction Technologies in the
Pharmaceutical Development Process. American Pharmaceutical
Review. 2010; 54-59.

Murtaza G. Formulation of Nimesulide Floating Microparticles Using
Low-viscosity Hydroxypropyl Methylcellulose. Tropical Journal of
Pharmaceutical Research. 2010; 9:293-299.

Rolland JP., Maynor BW., Euliss LE., Exner AE., Denison GM.,
DeSimone JM. Direct fabrication and harvesting of monodisperse,
shape-specific Nano biomaterials. Journal of the American Chemical
Society. 2005; 127:10096-10100. http://dx.doi.org/10.1021/ja051977¢
PMid: 16011375

Kompella UB., Bandi N., Ayalasomayajula SP. Poly (lactic acid)
nanoparticles for sustained release of budesonide. Drug Delivery
Technology. 2001; 1:1-7.

Ravi MN., Bakowsky U., Lehr CM. Preparation and characterization of
cationic PLGA nanospheres as DNA carriers. Biomaterials. 2004;
25:1771-1777. http://dx.doi.org/10.1016/j.biomaterials.2003.08.069

Li YP., Pei YY., Zhou ZH., Zhang XY., Gu ZH., Ding J., Zhou JJ., Gao
XJ., PEGylated polycyanoacrylate nanoparticles as tumor necrosis
factor-alpha carriers. Journal of Control Release. 2001; 71:287-296.
http://dx.doi.org/10.1016/S0168-3659(01)00235-8

Zambaux M., Bonneaux F., Gref R., Maincent P., Dellacherie E., Alonso
M., Labrude P., Vigneron C. Influence of experimental parameters on
the characteristics of poly(lactic acid) nanoparticles prepared by double
emulsion method. Journal of Control Release. 1998; 50:31-40.
http://dx.doi.org/10.1016/S0168-3659(97)00106-5

Niwa T., Takeuchi H., Hino T., Kunou N., Kawashima Y. Preparation of
biodegradable nanoparticles of water soluble and insoluble drugs with
D,L lactide/ glycolide copolymer by a novel spontaneous emulsification
solvent diffusion method and the drug release behaviour. Journal of
Control Release. 1993; 25:89-98. http://dx.doi.org/10.1016/0168-
3659(93)90097-O

Page 55



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Konwar Ranyjit et al. Int. Res. ]. Pharm. 2013, 4 (4)

Zhang Q., Shen Z., Nagai T. Prolonged hypoglycemic effect of insulin-
loaded  polybutylcyanoacrylate  nanoparticles after  pulmonary
administration to normal rats. International Journal of Pharmaceutics.
2001; 218:75-80. http://dx.doi.org/10.1016/S0378-5173(01)00614-7
Puglisi G., Fresta M., Giammona G., Ventura CA. Influence of the
preparation conditions on poly (ethyl cyanoacrylate) nanocapsule
formation. International Journal of Pharmaceutics. 1995; 125:283-287.
http://dx.doi.org/10.1016/0378-5173(95)00142-6

Calvo P., Remunan-Lopez C., Vila-Jato JL. Novel hydrophilic chitosan-
polyethylene oxide nanoparticles as protein carriers. Journal of Applied
Polymer  Science.1997; 63:125-132. http://dx.doi.org/10.1002
/(SICT)1097-4628(19970103)63:1<125::AID-APP13>3.0.CO;2-4

Jung J., Perrut M. Particle design using supercritical fluids: Literature
and patent survey. Journal of Supercritical Fluids. 2001; 20:179-219.
http://dx.doi.org/10.1016/S0896-8446(01)00064-X

Thote AJ., Gupta RB. Formation of nanoparticles of a hydrophilic drug
using supercritical carbon dioxide and microencapsulation for sustained
release. Nanomedicine: Nanotechnology, Biology and Medicine. 2005;
1:85-90. http://dx.doi.org/10.1016/j.nan0.2004.12.001 PMid: 17292062
Sun Y., Mezian M., Pathak P., Qu L. Polymeric nanoparticles from rapid
expansion of supercritical fluid solution Chemistry. 2005; 11:1366-
1373. http://dx.doi.org/10.1002/chem.200400422 PMid: 15390139
Redhead HM., Davis SS., Illum L. Drug delivery in poly(lactide-co-
glycolide) nanoparticles surface modified with poloxamer 407 and
poloxamine 908: in vitro characterisation and in vivo evaluation. Journal
of Control Release. 2001; 70:353-363. http://dx.doi.org/10.1016/S0168-
3659(00)00367-9

Betancor, L., Luckarift HR. Bioinspired enzyme encapsulation for
biocatalysis. Trends in Biotechnology. 2008; 26:566-572. http://
dx.doi.org/10.1016/j.tibtech.2008.06.009 PMid:18757108

De Assis DN., Mosqueira VC., Vilela JM., Andrade MS., Cardoso VN.
Release profiles and morphological characterization by atomic force
microscopy and photon correlation spectroscopy of 99m Technetium —
fluconazole nanocapsules. International Journal of Pharmaceutics. 2008;
349:152-160.http://dx.doi.org/10.1016/j.ijpharm.2007.08.002

PMid: 17869460

Jores K., Mehnert W., Drecusler M., Bunyes H., Johan C., Mader K.
Investigation on the stricter of solid lipid nanoparticles and oil-loaded
solid nanoparticles by photon correlation spectroscopy, field flow
fractionasition and transmission electron microscopy. Journal of Control
Release.  2004;  17:217-227.  http://dx.doi.org/10.1016/j.jconrel.
2003.11.012 PMid: 14980770

Molpeceres J., Aberturas MR., Guzman M. Biodegradable nanoparticles
as a delivery system for cyclosporine: preparation and characterization.
Journal of Microencapsulation. 2000; 17:599-614. http://dx.doi.org/
10.1080/026520400417658 PMid:11038119

Muhlen AZ., Muhlen EZ., Niehus H., Mehnert W. Atomic force
microscopy studies of solid lipid nanoparticles. Pharmaceutical
Research. 1996; 13:1411-1416. http://dx.doi.org/10.1023/A:10160425
04830

Shi HG., Farber L., Michaels JN., Dickey A., Thompson KC., Shelukar
SD., Hurter PN., Reynolds SD., Kaufman MJ. Characterization of
crystalline drug nanoparticles using atomic force microscopy and
complementary techniques. Pharmaceutical Research. 2003; 20:479-484.
http://dx.doi.org/10.1023/A:1022676709565

Polakovic M., Gorner T., Gref R., Dellacherie E. Lidocaine loaded
biodegradable nanospheres. Modelling of drug release. Journal of
Control Release. 1999; 60:169-177. http://dx.doi.org/10.1016/S0168-
3659(99)00012-7

Pangi Z., Beletsi A., Evangelatos K. PEG-ylated nanoparticles for
biological and pharmaceutical application. Advance Drug Delivery
Review. 2003; 24:403-419.

Scholes PD., Coombes AG., Illum L., Davis SS., Wats JF., Ustariz C.,
Vert M., Davies MC. Detection and determination of surface levels of
poloxamer and PVA surfactant on biodegradable nanospheres using
SSIMS and XPS. Journal of Control Release. 1999; 59:261-278.
http://dx.doi.org/10.1016/S0168-3659(98)00138-2

Govender T., Stolnik S., Garnett MC., Illum L., Davis SS. PLGA
nanoparticles prepared by nanoprecipitation: drug loading and release
studies of a water soluble drug. Journal of Control Release. 1999;
57:171-185. http://dx.doi.org/10.1016/S0168-3659(98)00116-3

Kreuter J.  Physicochemical characterization of  polyacrylic
nanoparticles. International Journal of Pharmaceutics. 1983; 14:43 -58.
http://dx.doi.org/10.1016/0378-5173(83)90113-8

Ringe K., Walz C., Sabel B. Nanoparticle drug delivery to the brain.
Encyclopaedia of Nanoscience and Nanotechnology. 2004; 7.

Hedley M., Curley J., Urban R. Microspheres containing plasmid-
encoded antigens elicits cytotoxic T-cell responses. Nature Medicine.
1998; 4:365-368. http://dx.doi.org/10.1038/nm0398-365 PMid:9500615

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

64.

65.

66.

67.

68.

69.

Mansour HM., Rhee Y., Wu X. Nanomedicine in pulmonary delivery.
International Journal of Nanomedicine. 2009; 4:299-319. http:
//dx.doi.org/10.2147/1JN.S4937 PMid:20054434 PMCid:2802043
Gurunathan S., Wu C., Freidag B. DNA vaccines: a key for inducing
long-term cellular immunity. Current Opinion in Immunology. 2000;
12:442-447. http://dx.doi.org/10.1016/S0952-7915(00)00118-7

Margolis JA., Hoffman JM., Herfkens RJ., Jeffrey RB., Quon A.,
Gambhir SS. Molecular imaging techniques in body imaging.
Radiology. 2007,  2:245,  333-356.  http://dx.doi.org/10.1148/
radiol.2452061117 PMid:17940297

Weissleder R. Scaling down imaging: molecular mapping of cancer in
mice. Nature Reviews Cancer. 2002; 2:11-18. http://dx.doi.org/10.1038
/nrc701 PMid: 11902581

Sharrna P., Brown S., Walter G., Santra S., Moudgil B. Advances in
Colloid and Interface Science. 2006; 123, 471. http://dx.doi.org/10.1016
/j.€is.2006.05.026 PMid:16890182

Tan WH., Wang KM., Drake T., Wang L., Bagwe RP.
Bionanotechnology based on silica nanoparticles. Medicinal Research
Reviews. 2004; 24:621-638. http://dx.doi.org/10.1002/med.20003
PMid: 15224383

Bhowmik D. Role of nanotechnology in novel drug delivery system.
Journal of Pharmaceutical Science and Technology. 2009; 1:20-35.
Abhilash M. Potential applications of Nanoparticles. International
Journal of Pharma and Bio Sciences. 2010; 1:1-12.

Fried NM. Radiometric surface temperature measurements during dye-
assisted laser skin closure: in vitro and in vivo results. Lasers in Surgery
and Medicine. 1999; 25:291-303. http://dx.doi.org/10.1002/(SICI)1096-
9101(1999)25:4<291::AID-LSM4>3.0.CO;2-#

Xu HH., Smith DT., Simon CG. Strong and bioactive composites
containing nano-silica-fused whiskers for bone repair. Biomaterials.
2004; 25:4615-4626. http://dx.doi.org/10.1016/j.biomaterials.
2003.12.058 PMid: 15120507

Kiessling AA., Anderson SC. Human embryonic stem cells, an
introduction to the science and therapeutic potential. USA: Jones &
Bartlett Publishers, 2003.

Bulte JW., Douglas T., Witwer B. Magnetodendrimers allow endosomal
magnetic labeling and in vivo tracking of stem cells. Nature
Biotechnology. 2001; 19:1141-1147. http://dx.doi.org/10.1038/nbt1201-
1141 PMid:11731783

Jae-Woon N., Yun-Woong P., Young-1 J., Dong-Woon K., Chong-Su
C., Sung-Ho K., Myung-Yul Kim. Clonazepam release from Poly (d/l
Lactideco-Glycolide) Nanoparticles prepared by dialysis method.
Archives of Pharmacal Research. 1998; 21:418-422.
http://dx.doi.org/10.1007/BF02974636

Didier B., Sandrine S., Jean-Philippe L., Josette de N., Alain E., Jean-
Marie Z., Bernard F. Biovector nanoparticles improve antinociceptive
efficacy of nasal morphine. Pharmaceutical Research. 2000; 17:743-747.
http://dx.doi.org/10.1023/A:1007594602449

Lee KY., Kim JH., Kwon IC., Jeong SY. Self aggregates of Deoxycholic
Acid modified chitosan as a novel carrier of Adriamycin. Colloid and
Polymer Science. 2000; 278:1216-1219. http://dx.doi.org/10.1007/
5003960000389

Maria GC., Paola MP., Luygi L. Release of Dexamethasone from PLGA
nanoparticles entrapped into Dextran/Poly (Vinyl alcohol) hydrogels.
Journal of Material Science: Materials in Medicine. 2002; 13:265-269.
http://dx.doi.org/10.1023/A:10140068005 14

. Jugminder SC., Mansoor MA. Biodegradable poly (caprolactone)

nanoparticles for tumor-targeted delivery of Tamoxifen. International
Journal of Pharmaceutics. 2002; 249:127-138. http://dx.doi.org/10.1016
/S0378-5173(02)00483-0

Timothy JY., Keith PJ., Gary WP., Awadhesh KM. Phospholipid-
stabilized nanoparticles of Cyclosporine A by rapid expansion from
supercritical to aqueous solution. Pharmaceutical Science and
Technology, American Association of Pharmaceutical Scientists. 2003;
5:11-16.

Rubiana MM., Raul CE. PLGA nanoparticles containing Praziquantel:
Effect of formulation variables on size distribution. International Journal
of Pharmaceutics. 2005; 296:137-144.

Saikat D., Rinti B., Jayesh B. Aspirin loaded Albumin nanoparticles by
coacervation. Implications in Drug Delivery. 2005; 18:203-212.
Mohamed NK., Pierre S., Didier H., Alce D., Jean-Christophe L. Long
circulating poly(ethylene glycol) decorated lipid nanocapsules deliver
Docetaxel to Solid Tumors. Pharmaceutical Research. 2006; 23:752-
775. http://dx.doi.org/10.1007/s11095-006-9662-5 PMid:16550475
Hariharn S., Bhardwaj V., Sitterberg J., Bakowsky U., Ravikumar MN.
Design of Estradiol loaded PLGA nanoparticulate formulations: A
potential oral delivery system for hormone therapy. Pharmaceutical
Research. 2006; 23:184-195. http://dx.doi.org/10.1007/s11095-005-
8418-y PMid: 16267632

Jana ST., Wolfgang M., Tobias B., Burkhard K., Sivaramakrishnan R.,
Christos CZ., Holger S., Hans CK., Klaus DK. Cyproterone acetate

Page 56



70.

71.

72.

73.

74.

Konwar Ranyjit et al. Int. Res. ]. Pharm. 2013, 4 (4)

loading to lipid nanoparticles for topical acne treatment: particle
characterization and skin uptake. Pharmaceutical research. 2007,
24:991-1000.http://dx.doi.org/10.1007/s11095-006-9225-9
PMid:17372681

So Hee N., Hye YN., Jae RJ., Jong-Sang P. Curcumin- loaded PLGA
nanoparticles coating onto metals stent by electrophoretic deposition
techniques. Bulletin of the Korean chemical Society. 2007; 28:397-402.
http://dx.doi.org/10.5012/bkcs.2007.28.3.397

Carolina MM., Angélica PM., Renata L., André HR., Eneida P.,
Leonardo FF. Initial development and characterization of PLGA
nanospheres containing Ropivacaine. The Journal of Biological Physics.
2007, 33:455-461.http://dx.doi.org/10.1007/s10867-008-9094-z
PMid: 19669531 PMCid:2565757

Amandeep. K, Subheet J, Ashok KT. Mannan-coated gelatin
nanoparticles for sustained and targeted delivery of Didanosine: In vitro
and In vivo evaluation. Acta Pharmaceutica Sciencia. 2008; 58:61-74.
Tamizharsi S., Shukla A., Shivakumar T., Rathi V., Rathi JC.
Formulation and evaluation of Lamivudine loaded polymethaacrylic
acid nanoparticles. International Journal of Pharmaceutical Technology
and Research. 2009; 3:411-415.

Amber V., Shailendra S., Swarnalatha S. Encapsulation of cyclodextrin
complexed Simvastatin in chitosan nanocarriers. A novel technique for
oral delivery. Journal of Inclusion Phenomena and Macrocyclic
Chemistry. 2010; 66:251-259. http://dx.doi.org/10.1007/s10847-009-
9605-y

75.

76.

77.

78.

Kalaria DR., Sharma G., Beniwal V., Ravi Kumar MNV. Design of
biodegradable nanoparticles for oral delivery of Doxorubicin: In vivo
pharmacokinetics and toxicity studies in rats. Pharmaceutical Research.
2009; 26:492-501.http://dx.doi.org/10.1007/s11095-008-9763-4
PMid: 18998202

Italia JL., Yahya MM., Singh D., Ravi Kumar MNV. Biodegradable
nanoparticles improve oral bioavailability of Amphotericin B and show
reduced nephrotoxicity compared to intravenous Fungizone®.
Pharmaceutical Research. 2009; 26:1324-1331. http://dx.doi.org/
10.1007/511095-009-9841-2 PMid: 19214716

Jean CS., Danielle JP., Lucila GC., Jarod LV., David D.,Charles AP.,
Katharina JE., Anthony JH., David AE. Formulation and
Pharmacokinetics of self-assembled Rifampicin nanoparticle systems for
pulmonary delivery. Pharmaceutical Research. 2009; 26:1847-1855.
http://dx.doi.org/10.1007/s11095-009-9894-2 PMid: 19407933

Min S., Yan G., Chenyu G., Fengliang C., Zhimei S., Yanwei X., Aihua
Y., Aiguo L., Guangxi Z. Enhancement of transport of Curcumin to
brain in mice by Poly (n-butylcyanoacrylate) nanoparticle. Journal of
Nanoresearch. 2010; 12:3111-3122.

Cite this article as:

Konwar Ranjit, Ahmed Abdul Baquee. Nanoparticle: an overview of
preparation, characterization and application. Int. Res. J. Pharm. 2013;
4(4):47-57

Source of support: Nil, Conflict of interest: None Declared

Page 57



