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Abstract

The current article sites the importance of the emerging and promising future of new dosage form, nanoparticles. In recent
years biodegradable nanoparticles are gaining attention as therapeutic strategies for epilepsy management. NP can cross the
BBB improve selectivity to the brain decreasing side effects, and offer a sustained drug delivery. Biodegradable nanomaterials
can be naturally degraded in non-toxic bioproducts in body and can be designed for their degradation once arrived to target
site while remaining are stable at off- target places. The two main types of biodegradable NP will be summarised in the
following sections along with their applications for epilepsy treatment.
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Introduction

In the treatment of many diseases, getting medicinal compounds to the
desired location is a serious issue. Poor distribution, limited effectiveness,
unfavourable side effects, and a lack of selectivity define traditional
medication use. Controlling drug delivery, for example, has the potential
to overcome these restrictions by bringing drugs to the point of action.
Furthermore, the drug delivery mechanism protects the medication
against fast breakdown or removal. When there is a mismatch between a
drug’s dose or concentration and its therapeutic or harmful effects, this
type of therapy is required. A more dependable strategy in drug delivery
is to target cells or specific tissues using uniquely tailored carriers that are
connected to medicines. Cell or tissue specific targeting is term for this
method®2. A more fundamental and successful method that forms the
basis of nanotechnology is reducing the size of a specific formulation &
designing its routes for an appropriate drug delivery system.
Nanoparticles have shown to have a lot of potential as medicine carriers
thanks to recent advances in nanotechnology. Different types of
nanostructures are produced using various size reduction processes and
technologies, each with its own set of physicochemical and biological
features. These technologies make nanostructures a good material for
biomedical applications, and they’ve gained a lot of traction
pharmacological research. Furthermore, these strategies aid in the
reduction of toxicity, the enhancement of release, the improvement of
solubility and bioavailability, and the provision of superior drug
formulation chances®*.

The word “nano” comes from a latin word that means “dwarf”.
nanotechnology’s ideal size range relates to one thousand millionth of a
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unit, hence a nanometre is one thousand millionth of a metre (i.e., 1nm =
10 m). The branch of science known as nanotechnology is concerned with
processes that take place at the molecular level and on a nanoscale.
Nanotechnology allows for the development of pharmaceuticals in the
nanometre range, which improve performance in a variety of dosage
forms. Reduced fed/fasted variability, lower patient to patient variability,
improved solubility, greater oral bioavailability, increased rate of
dissolution, increased surface area, less dose required, and faster onset of
therapeutic effect are all advantages of nano size. To maximise
therapeutic effectiveness while limiting side effects, several polymers
have been employed in the formation of nanoparticles for drug delivery
study. The main goals of nanoparticle design as a delivery system are to
manage particle size, surface characteristics, and release of
pharmacologically active substances in order to produce site specific drug
activity at the therapeutically appropriate rate and dose regimen. Other
colloidal carriers have been used as potential carriers with unique
advantages such as protecting drugs from degradation, targeting to the site
of action, and lowering toxicity or side effects, but their leakage of water-
soluble drugs in the presence of blood components, and poor storage
stability®S.

Polymeric Nanoparticle

Nanoparticles are colloidal particles made up of a lipid matrix that is
biocompatible or biodegradable. These are non-liposomal transport
carrier compartments for pharmaceuticals or other active compounds with
sizes ranging from 10-1000nm. These bioactive are entrapped in the
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polymer matrix as particulates or solid solution, or they may be
chemically or adsorbently attached to the particle surface. The bioactive
nanoparticle could not only distribute medications to targeted organs, but
their delivery rate could also be controlled as bystanders, bursts,
controlled, pulsatile, or modulated. Nanoparticles can be classified as
either nanospheres or nano capsules, depending on the method used to
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make them. Solid core spherical particles with a nanometric dimension
are known as nanospheres. Nano capsules are vesicular systems in which
drug is effectively enclosed within the centre volume surrounded by an
embryonic continuous polymeric sheath; they contain drug embedded
within the matrix or adsorbed on the surface. The medication is mostly
contained in the solution system in nano capsules
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Figure: 1.1 structure of nanospheres & nano capsules.

Advantages of nanoparticles:

1.Nanoparticle’s particle size and surface properties can be easily
adjusted to accomplish active and passive targeting.

2.The drug’s release can be regulated or sustained in order to improve the
drug’s therapeutic efficacy while reducing negative effects.

3. They can be stored for up to a year and hence have a longer shelf life.

4. They can incorporate medicinal molecules that are both hydrophilic and
hydrophobic.

5. They have a larger carrier capacity, which allows pharmaceuticals to
be absorbed without undergoing a chemical reaction, retaining
pharmacological activity.

6. The system can be supplied in a variety of ways, including orally,
nasally, parenterally, and so on.

7. They have the potential to improve medication bioavailability.
8. They require more time to clear

9. Targeting ligands can be attached to the surface of particles or magnetic
guiding can be used to accomplish site — specific targeting.

Disadvantages of nanoparticles:

1.1t entails greater manufacturing expenses, which may contribute to a
rise in formulation costs.

2. The encapsulation efficiency of these is low.

3. In the presence of blood components, water soluble medicines might
rapidly seep out.

4. Nanoparticles tiny size and extensive surface area can cause particle -
particle agglomeration, making physical handling of dry and liquid
nanoparticles challenging.
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5. They may cause an immunological response as well as an allergic
reaction and may involve use of harsh toxic solvents in the preparation
process.

Polymers Used in Nanoparticles

Polymers, which can be natural, semi-synthetic, or synthetic, are the
building blocks of nanoparticulate composite. The bio acceptability of
these polymers typically limits their application. In general, two types of
polymers are employed to make nanoparticles.

1.Polymers that are naturally hydrophilic.
2.Synthetic hydrophobic polymers
1.Polymers that are naturally hydrophilic

Proteins and polysaccharides are two types of natural hydrophilic
polymers.

Gelatine, dextran, chitosan, and agarose are polysaccharides.

-Natural polymers, on the other hand, have a number of drawbacks,
including

[a] variance from batch to batch
[b]conditional biodegradability and conditional biodegradability
[c]Antigenicity is the third factor to consider.

The antigenicity of polymeric nanoparticles makes parenteral delivery
difficult.(”

2. Synthetic hydrophobic polymers
The synthetic polymers are typically hydrophobic in nature.

The polymers used are either pre-polymerized or synthetic before or
during the process of nanoparticle preparation.

Pre-Polymerized:
polystyrene

poly (lactic acid), poly (lactic-co-glycolide)
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Polymerized in process: poly (isobutyl cyanoacrylate), poly (butyl
cyanoacrylate)

Polyhexylcyanoacrylate, poly methy(methacrylate)
Mechanisam of drug release:

Any one of this general physicochemical method is used by the polymeric
drug carrier to deliver the drug to the tissue location.

a. By hydration-induced swelling of polymer nanoparticles, followed by
diffusion -induced release

b. Through an enzymatic process that causes the polymer to rupture,
cleave, or, degrade at the delivery point, releasing the medication from
the imprisoned inner core.

c. Drug de-absorption /release from swelling nanoparticles after
dissociation from the polymer.

1.3 Different Techniques for The Preparation of Nanoparticles
1: Polymer precipitation methods
e  Solvent extraction/evaporation

e  Solvent diffusion method

e Solvent displacement (Nano
precipitation)
° out
2: Polymerization Methods
e  Emulsion polymerization
e  Dispersion polymerization
e Interfacial polymerization
3: Cross Linking Methods
e By Cross-linking of

Amphiphilic Macromolecules

1.Heat cross linking

2.Chemical cross linking
4.1onic gelation or Coacervation of hydrophilic polymers.

5. Other methods such as, Supercritical Fluid Technology (SFT)

e Rapid expansion of
supercritical solution (RESS)

e Rapid expansion of
supercritical solution inliquid
solvent.

e  Particle Replication in Non-
Wetting Templates (PRINT)

1.Polymer Precipitation Methods
A. Solvent extraction/evaporation method:

This is the most popular way to make solid polymeric nanoparticles. This
method can be used to encapsulate hydrophobic substances. In a nutshell,
an organic solvent is used to dissolve the prepare polymer and medication.
To make an o/w emulsion, this organic phase is emulsified with an
aqueous phase containing surfactant. The globule size of the crude
emulsion is then reduced by passing it through a homogenizer. The
organic phase is then evaporated using heat or a vacuum. The multiple
emulsion technique is a variant of this procedure that favours the
encapsulation of hydrophilic medicines. Colloidal stabilisers include
polyvinyl alcohol (PVA), tween 80, and albumin.
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Advantages and disadvantages: Chlorinated solvents (Chloroform,
methylene chloride) are commonly utilised in emulsification technology
due to their water insolubility, case of emulsification, solubilizing
property, and low boiling point. However, the use of these solvent is
blamed on their toxicity and negative effects.

B. Emulsification/solvent diffusion method:

This approach is a variation of the solvent evaporation method. The
encapsulating polymer is saturated with water after being dissolved in a
partly water -soluble solvent such as propylene carbonate. Dilution with
an excess of water was used to increase the diffusion of the dispersed
phase’s solvent®. The polymer-water saturated solvent phase is then
emulsified in an aqueous solution containing a stabiliser, resulting in
solvent diffusion into the exterior phase and the creation of nanospheres
or nano capsules, depending on the oil-to-polymer ration. Finally,
depending on the boiling point of the solvent, it or removed by
evaporation or filtration.

Advantages
e High encapsulation efficiency is one of the advantages.

e High batch-to-batch consistency, scale -up-ease, and a

restricted size distribution.
Disadvantages:

e Water in large quantities must be removed from the
suspension. During emulsification, water-soluble drug leakage
into the saturated -aqueous exterior phase lowers
encapsulation efficiency.

C. Solvent displacement/ Nanoprecipitation:

This method employs a semi -polar solvent that is totally miscible
with the aqueous phase, typically (acetone, ethanol or methanol).
The polymer precipitation is directly induced in an aqueous
medium (non-solvent) in this case by gradual addition of the
polymer solution while agitating it®. Only medicines that are very
soluble in polar solvents can be used in this approach. This
approach has been used on PLGA, PLA, PCL, and poly (methyl
vinyl ether-co-maleic anhydride) (PVM/MA), among other
polymeric materials.

Advantages: Because this approach is simple and does not require
the use of high homogenizers, it can be simply scaled up in an
industrial setting.

Disadvantages:The difficulty in selecting the drug / polymer /
solvent /non-solvent in which nanoparticles are generated and the
drug is successfully entrapped is a key disadvantage of this
technology.

D.Salting out process:

In a word, the polymer and medicine are dissolved in acetone, then
emulsified into an aqueous gel with the salting-out agent
(electrolytes or non -electrolytes) and colloidal stabilizer (PVP or
HEC). The acetone diffusion inti the aqueous phase is aided by
diluting the O/W emulsion with aqueous solution, resulting in the
production of nanospheres(*® Electrolytes such as magnesium
chloride, calcium chloride, magnesium acetate, and non-
electrolytes such as sucrose are salting out agents for acetone.

: The ability to incorporate large amounts of medicine and polymer,
great yields, and easy scale-up in an industrial setting are all
advantages of this approach

Drawbacks: This approach is only applicable to lipophilic
substances. To achieve thorough removal of the electrolytes, the
method necessities extensive purification processes.
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2. In Situ Polymerization of a Monomer

Depending on whether the monomer to be polymerized is emulsified in a
nonsolvent phase (emulsification polymerization) or dissolved in a
solvent that is a nonsolvent for the resultant polymer, two distinct
techniques have been investigated for the creating of nanospheres by situ
polymerization (dispersion polymerization).

A.

Emulsification Polymerization.

Two types of emulsions are formed depending on the nature of
the continuous phase in the emulsion. If an aqueous o/w
emulsion and an organic w/o emulsion are generated in the
continuous phase. In both circumstances, the monomer is
emulsified in the presence of surfactant molecules in the
nonsolvent phase, resulting in monomer-swollen micelles and
stable monomer droplets

Micellar polymerization, in which the swollen -monomer
micelles act as the nucleation and polymerization sites, is the
mechanism by which the polymeric particles are generated
during emulsification polymerization. The surface area of
swollen micelles is substantially larger than that of monomer
droplets because their diameters are in the nanometre range. In
the presence of a chemical or physical initiator, the
polymerization reaction occurs. The initiator’s energy creates
free reactive monomers in the continuous phase, which collide
with the unreactive monomers around them and start the
polymerization chain reaction. When all of the monomer or
initiator has been consumed, the reaction usually comes to a
halt. Because the monomer molecules are marginally soluble in
the surrounding phase, then diffuse into the micelles through
the continuous phase, allowing the polymerization to be
followed within the micelle. The medicine that will be premade
nanospheres thereafter, allowing the drug to be incorporated
into the matrix or simply adsorbed on the nanosphere’s surface.
PMMA, ploy (acryl amide), poly (butyl cyanoacrylates), and N-
N™ methylene-bis-acrylamide are the polymer utilized to make
nanospheres.

B. Dispersion polymerization

The monomer is no longer emulsified and is instead dissolved
in an aqueous solution that serves as a precipitant for the
polymer to form. The nucleation is induced directly in the
aqueous monomer solution, without the use of a surfactant.
Water soluble methyl methacrylate monomers are dissolved in
an aqueous media and polymerized by y-irradiation or chemical
initiation (ammonium or potassium peroxodisulfate) combined
with heating to temperatures above 65°c to produce
polymethacrylic nanospheres.

When using chemical initiation, the aqueous medium must first
be purged with nitrogen for 1 hour to remove any oxygen that
could hinder polymerization by interfering with the initiated
radicals D, Oligomers (primary polymers) are generated and
precipitate in the form of primary particles above a specific
molecular weight. Finally, nanospheres are created in the
aqueous phase by the growth or fusion of original particles.

Interfacial polymerization mechanism.

Following the displacement of a semi-polar solvent miscible
with water from a lipophilic solution, this approach involves the
interfacial deposition of biodegradable polymers at the o/w
interface. The preparation of nanocapsules is done using this
method. Inverse emulsification polymerization can be used to
encapsulate hydrophilic substance like doxorubicin and
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fluorescein . The medication was dissolved in a little amount
of water and then emulsified in an organic external phase
(hexane) containing a surfactant in this method. To the w/o
emulsion, an organic solution of cyanoacrylate monomers is
added. Namocapsules a regenerated as a result of an interfacial
polymerization process that takes place surrounding the
nanodroplets.

Disadvantages of preparation by situ polymerization of a monomer.

1.The majority of polymerized carries have poor
biodegradability, prohibiting them from being used for routine
therapeutic delivery.

2. Drug activity may be inhibited by interactions with activated
monomers present in polymerization processes.

3. Due to the multi-component structure of the polymerization
media, calculating the molecular weight of the final
polymerized material is extremely challenging.

3.Nanoparticlespreparation by Cross Linking of
Amphiphilic Macromolecules

This approach involves amphiphile aggregation followed by
heat denaturation or chemical cross-linking to stabilise the
amphiphiles.

Nanospheres are made from natural macromolecules using the
production processes.

1. The first method involves creating a water-in-water
emulsion and then heat denaturing or chemical cross-
linking the macromolecules.

2. A phase separation process in an aqueous media followed
by chemical cross linking is the second technique.

Emulsification (W/O Emulsion) -Based methods.

At room temperature, an aqueous solution of albumin is
emulsified in a vegetable oil (cottonseed oil) and
homogenised using a homogenizer or ultrasonication.
After achieving a high degree of dispersion, the emulsion
is dropped into a large amount of warmed oil(>120°c)
while stirring. This causes the water in the droplets to
vaporise immediately, as well as the albumin to become
irreversibly denaturised and congeal into solid
nanosuspension.

Disadvantages of this technique:
e  Particle wastes may result from the purifying process.

e Heat denaturation, the process of hardening, may be
detrimental to heat-sensitive medications.

e Large volumes of organic solvents are necessary to generate
nanospheres free of any oil or residues, which can be avoided
by using a cross linking agent.

Emulsion Chemical Dehydration:

Emulsion chemical dehydration can also be used to stabilise the emulsion.
The continuous phase is hydroxy propyl cellulose in chloroform, and the
internal aqueous phase is converted to solid nano suspension using a
chemical dehydration agent,2,2, di-methyl propane.

Advantages: The approach prevent droplet coalescence and potentially
result in smaller nanoparticles(300nm).

Phase separation in an aqueous medium (Desolvation)
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The particles are generated vai a phase separation procedure in an aqueous
solution and stabilised by glutaraldehyde crosslinking. Gelatin and
albumin nanospheres are made by slowly adding a desolvating agent
(neutral salt or alcohol) to the protein solution to generate protein
aggregates, which are then crosslinking with glutaraldehyde to make
nanospheres. The use of hardening agents (glutaraldehyde) that may react
with the medicine and produce toxicity in the nanoparticles formulations
is a major downside of this method.

4. lonic Gelation or Coacervation Ofhydrophilic Polymers

The approach uses a mixture of two aqueous phases, one of which is
chitosan, a di-block co-polymer of ethylene oxide or propylene oxide
(PEO-PPO), and the other of which is a polyanion sodium
tripolyphosphate*®, The positively charged amino group of chitosan
combines with the negatively charged tripolyphosphate to generate
nanometre-sized coacervates in this approach. Electrostatic contract
between two aqueous phases causes coacervates to develop.

1.4 Characterization of nanoparticles
Nanoparticles are studied using advanced microscopic techniques such

as atomic force microscopy (AFM), Scanning electron microscopy
(SEM), and transmission electron microscopy to determine their size,
shape, and surface charge (TEM). The physical stability and in vivo
distribution of nanoparticles are affected by properties such as size
distribution, average particle diameter, and charge. Electron microscopy
techniques are used to determine properties such as surface morphology,
size, and overall shape. The surface charge of the nanoparticles influences
properties such as physical stability and dispersibility of the polymer
dispersion, as well as their in vivo performance.Different characterization
tools and methodsare mentioned for nanoparticles.

Particle Size

The particle size distribution and shape are the most important factors in
determining the characteristics of nanoparticles. It is now feasible to
determine the morphology as well as the size of nanoparticles using
electron microscopy. Various techniques can be used to determine the use
of nanoparticles in drug release and therapeutic targeting.The particle size
of nanoparticles has been shown to have a significant impact on
medication release.

Nanoparticles of a smaller size have a bigger surface area, resulting in
faster drug release. When a loaded medication is exposed to the particle
surface area, it releases a large amount of the drug. On the other hand,
inside the nanoparticles, bigger particles diffuse slowly. As a result,
smaller particles tend to agglomerate during nanoparticles dispersion
storage and transportation. As a result, there is a mutual compromise
between maximal stability and nanoparticles size reduction. Furthermore,
particle size affect polymer degradation; for example, the degree of poly
(lactic-co-glycolic acid) degradation was observed to increase with
increasing particle size on vitro. With the advent of analytical equipment,
a variety of methodologies for assessing nanoparticle size are now
accessible, as detailed below:

Photon-correlation spectroscopy (PCS) or Dynamic light scattering
(DLS)

Current study necessitates the use of the quickest and most widely used
method of detecting particles size. The quickest and most popular
approaches for determining the size of Brownian nanoparticles in
colloidal suspensions in the nano and submicron ranges are photon-
correlation spectroscopy (PCS) and dynamic light scattering (DLS).
When spherical particles in Brownian motion are exposed to bright
monochromatic light in this approach, they induce a Doppler shift (laser).
When a moving particle is exposed to monochromatic light, the
wavelength of the entering light is changed . The size of the particle is
determined by the extent of this wavelength change. This parameter aids
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in the evaluation of the size distribution and particle motion in the
autocorrelation function. The most widely used technique for accurately
estimating particle size and size distribution is dynamic light scattering
(DLS).

Scanning Electron Microscopy (SEM)

With direct observation of the nanoparticles, this electron microscopy-
based approach evaluates their size, shape and surface morphology. As a
result, scanning electrons microscopy has a number of benefits in terms
of morphological and size analyses. They do, however, provide limited
information on the population size distribution and genuine average. The
solution of nanoparticles should first be transformed into a dry powder
before SME characterization(*3. This dry powder is then deposited on a
sample holder before being sputter coated with a conductive metal (for
example, gold). After that, the entire sample is scanned with a
concentrated electron beam. Surface characteristics are determined by
secondary electrons released from the sample surface. The polymer of the
nanoparticles, which must be able to endure vacuum, is frequently
damaged by this electron beam. SEM measurements of average mean size
are analogous to results from dynamic light scattering. Furthermore, these
methods are time-consuming, expensive, and typical required additional
information concerning sizing dispersion.

Transmission electron microscopy

Nanostructures present experimental challenges because of their small
size, which limits the use of established techniques for assessing their
physical properties. Transmission electron microscopy techniques can
offer imaging, diffraction, and spectroscopic information of a specimen
with an atomic or sub-nanometre spatial resolution, either concurrently or
serially. Although TEM works on a different premise than SEM, it
frequently produces the same type of data. Because the sample must be
ultra-thin  for electron transmission, TEM sample preparation is
complicated and time-consuming. When paired with nano diffraction,
atomic resolution electron energy-loss spectroscopy and nanometre
resolution X -ray energy dispersive spectroscopy techniques, high
resolution TEM imaging plays a key role in fundamental nano science and
nanotechnology research, Nanoparticle dispersion is put onto support
grids or films positive staining material after dispersion (phosphotungstic
acid or derivatives, uranyl acetate, etc., or by plastic embedding). This is
done to make nanoparticles more resistant to the instrument’s vacuum and
to make handling easier. Alternatively, after embedding nanoparticles in
vitreous ice, they can be exposed to liquid nitrogen temperature. When a
43- beam of electrons is delivered through an ultra-thin sample, it interacts
with the sample as it travels through, revealing the material’s surface
properties. When opposed to broad-beam illumination, the TEM imaging
mode offers the following

Advantages:

e Using a high angular annular dark field (HAADF) detector,
collect information about the specimen (in which the images
registered have different levels of contrast related to the
chemical composition of the sample).

e Its contrast for thick stained sections can be used for biological
sample examinations, as high angular annular dark field picture
(sample with a thickness of 100-120nm) have superior contrast
then those generated by conventional techniques.

e By combining HAADF and Em imaging nanostructure’s
atomistic structure and composition can be seen at sub angstrom
resolution.

e The availability of sub Nanometer or sub angstrom electron
probes in a Tem Instrument ensures the greatest capabilities for
studies of sizes, shapes defects crystal and surface structures,
and compositions and electronic states of nanometer size
regions of thin films, nano particles, and nanoparticle systems

Page 5 of 10



Pharmaceutics and Pharmacology Research.

thanks to the use of a field emission gun and aberration
characters.

e  Atomic Force microscopy

This technique is also known as scanning force microscopy (a
technique for creating images of surfaces by scanning the
specimen with a probe). It is a very high-resolution type of
scanning probe microscopy with reported resolution on the
order of fractions of a nanometre, which is more than 100 times
better than the optical diffraction limit. Atomic force
microscopy uses a probe tip of atomic scale to physically scan
samples at a sub-micron level, Providing ultra-high resolution
in particle size assessment. Samples are often scanned in touch
or non-contact mode depending on their equalities in contact
mode the topographical map is created by tapping the probe on
the surface across the sample while in non-contact mode the
probe hovers over the conducting Surface.(!¥)One of the most
important features of AFM is its ability to photograph non
conducting samples without the need for special treatment. The
imaging of sensitive biological and polymeric nano and
microstructure is possible with this feature. Furthermore, AFM
provides the most exact description of size size distribution and
genuine feature without any mathematical calculations which
aids in understanding the effect of diverse biological situations.

Surface Charge

The interaction of nanoparticles with the biological
environment as well as their electrostatic interaction with bio
active chemicals, is determined by the surface charger intensity.
Is used to determine the stability of collateral materials. The
potential is a measure of the surface charge that is not directly
measured. The potential difference between the outer
Helmholtz plane and the surface of shear can be calculated. As
a result the Zeta potential of a colloidal base dispersion aids in
determining storage stability to maintain practical stability and
avoid aggregation zika potential levels are attained surface
hydrophobicity and the kind of substance contained within
nanocapsules are coated onto the surface can be evaluated using
zeta potential measurement.

Surface Hydrophobicity

Surface hydrophobicity can be determined using techniques
such as hydrophobic interaction, chromatography, biphasic
partitioning, probe adsorption., contact angle measurements,
among others. Several advanced analytical tools for surface
property investigation of nanoparticles have recently been
developed as a result of recent research advances. Surface
hydrophobicity can be determined using current techniques like
X ray photon core relation spectroscopy, which also allows for
the identification of specific chemical groups on nanoparticle
surfaces.

Drug Release

It is Critical to determine. The extent of drug release,
mechanisms. Necessitate the separation of the drug and its
delivery vehicle in order to do so. The amount of drug bound
per mass of polymer, or in another language, the moles of drug
per mg polymer or MG drug per mg polymer, or it might be also
expressed as a percentage relative to the polymer, is the drug
loading capacity of nanoparticles. This parameter is determined
using several techniques such as UV spectroscopy, or high-
performance liquid chromatography after ultracentrifugation
ultra-filtration gel filtration or centrifugal ultra-filtration. The
methods used in drug release analysis are comparable to those
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used in drug loading essays, which are used to examine the drug
release mechanism overtime.

Applications Of Nanoparticles
Applications of nanoparticulate delivery systems.

The potential area in drug delivery is targeting the drug to specific cells
or tissues. It is now possible to determine the fate of Medicine entering
the body with the use of advanced drug targeting technologies. Modern
medication delivery techniques and technologies are far away from Paul
Ehrlich’s predicted “magic bullet” paradigm, in which the drug is
perfectly targeted to the exact site of action. Nanotechnology brings the
goal of delivering the medication to the correct spot at the right time that
much closer. Nanotechnology is expected to revolutionise manufacturing
and have a huge impact on life sciences, particularly in the area of
delivery, diagnostics, nutraceuticals, and biomaterials synthesis.
Targeting is the capacity to direct drug loaded system to a desired location
in a delivery system. This procedure involves two key processes
(addressing the desired areas for medication release).

1.Passive Targeting

The preferential accumulation. Of chemotherapeutic drugs in solid
tumours is the most well-known example of passive targeting when
compared to healthy tissue. These results in increased vascular
permeability in tumour tissues. Because ligand receptor interactions in
passive targeting can be highly selective, Accurate targeting at the place
of interest is achievable. Targeting using nanoparticles confronts various
barriers on the route to their target in this procedure. Mucosal obstacles,
nonspecific particle absorption, and nonspecific medication delivery are
among them (as a result of uncontrolled release).

2.Active Targeting

Surface functionalisation of drug carriers with ligands that are selectively
recognized by receptors on the surface of the cells of interest is possible
with active targeting. As a result, the following are two critical
characteristics of nanoparticle medication delivery.

e  Specific targeting of sick tissue with nanoparticles:

Drug distribution is improved and nonspecific toxicity is lowered by
using the right size and functionalisation with antibodies or other
techniques of selective binding. This problem can be remedied by
imbuing nanoparticles with recognition elements on their surfaces
that bind to the receptors found in the sick tissue. With appropriately
calibrated binding affinities, conjugation with short chain variable
fragments or antibodies will give selective binding to the specific cells
surface, and endocytosis will be improved.

e  Timed release of the drug:

To avoid nonspecific toxicity, the medicine must remain encapsulated
in the particle until it attaches to the target. To overcome this problem,
multilayer nanoparticles can be developed. With each layer
containing one medication from the cocktail, and their release
schedule to correspond to the appropriate time frame of each drugs
distribution for combination therapy. The use of nanoparticle in
targeted medicine delivery at the site of disease can considerably
improve drug bioavailability and allow drug to be targeted to a
specific spot.

e To increase the absorption of medicines that are poorly soluble.

Nanomaterials have been used to successfully synthesize
chemotherapeutic Drugs such as dexamethasone, doxorubicin 5 floor
row uracil, and paclitaxel. Polylactic or glycolic acid and polylactic
acid-based  nanoparticles were employed to encapsulate
dexamethasone. Dexamethasone binds to cytoplasmic receptors, and
the resulting drug receptor complex is delivered to the nucleus,
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causing the expression of specific genes that regulates cell
proliferation. In the therapeutic modification of effective drug dose
and disease control, site specific targeted drug delivery is critical for
such a class of pharmaceuticals. The potential use of nanoparticles in
targeting to improve bioavailability, reduce side effects, and reduce
toxicity to other organs has been documented. This less expensive
nanoparticles-based drug delivery is possible in both hydrophilic and
hydrophobic states and via a variety of roots, including oral, vascular,
and inhalation.

Advantages of nanoparticles in drug development and discovery.

e Drugs can be delivered more effectively to small parts of the body
using nanoparticles.

e This scale of engineering | love researchers to exert fine and
previously unimaginable control over the physical properties of
polymers and other biomaterials.

e  Nano carriers have the potential to carry biotech medications across
a variety of anatomical boundaries, including the blood brain barrier.

e Nanoparticles contribute inefficient Medication delivery by
improving the water solubility of poorly soluble medicines, hence
increasing bioavailability and allowing for timed drug release and
precise drug targeting.

e Particle size and surface features of nanoparticles can be easily
modified to accomplish both passive and active drug targeting
following parental delivery overcoming the resistance offered by
physiological barriers in the body.

e Targeting ligands can be attached to the surface of particles or
magnetic guiding can be used to accomplish site specific targeting.

e Targeted Nanotrack Ajax reduced drug toxicity and improved drug
distribution efficiency.

e  Nanoparticle surface characteristics can be altered for targeted drug
administration of small molecules, proteins, peptides, and nucleic
acids, for example.

e  The system can be utilized for multiple routes of delivery, including
oral, nasal, parental, intraocular, and so on. Loaded my nanoparticles
are not recognized by the immune system and are efficiently targeted
to certain tissue types.

e  Because effective drug delivery to various parts of the body is directly
affected by particle size. They control and sustain drug release. during
transportation and at site of localisation, altering organ distribution
and subsequent clearance of the drug to achieved increased drug
therapeutic efficacy and reduced side effects.

3. Tumour targeting using nanoparticulate delivery
systems:

The argument for employing nanoparticles for tumor targeting is based
on the fact that one of the nanoparticles most efficient functions is
delivering medicine to tumor targets via improved permeability and
retention. This can also be accomplished by using ligands on the surface
of nanoparticles to actively target them. Nanoparticles decrease drug
exposure to healthy tissues by limiting drug distribution to the target
organ. The liver, spleen, lungs of mice treated with doxorubicin-based
polyps. Poly (isohexilecyanoacrylate) nanospheres had higher
doxorubicin concentration that mice treated with free doxorubicin. It
was also shown that the polymeric composition of nanoparticles such
as polymeric biodegradation profile and the associated drug’s
Molecular weight, polymer type, localization in Nanospheres. And
mode of incorporation technique, adsorption or incorporation,
hydrophobicity, all have a significant impact on drug distribution
patterns in vivo.(!>) Furthermore, nanoparticles have the benefit of
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forming nanoparticles quickly, within one. By two to three hours, and
this is likely due to MPS and endocytosis or phagocytosis process. A
previous study in tumour bearing my short the biodistribution and
pharmacokinetics pattern of a cyclic RGB Doxorubicin nanoparticle
formulation. Drug concentrations in the heart lung, kidney, and plasma
decreased overtime in this biodistribution investigation, while drug
accumulation was discovered in the liver spleen, and tumour at 48 hours
after injection, the liver received the Highest percentage of the injected
dose, 56% while the tumour. Received only 1.6 percent. This research
shows that nanoparticles have a high likelihood of being caught by the
liver. The most difficult aspect of employing nanoparticles for tumour
targeting, according to this and other studies, is avoiding particle uptake
by the mononuclear phagocytic system. Mps in the liver and spleen. The
ability of the mononuclear phagocytic system to endocytosis or
phagocytosis nanoparticles provides a way to deliver therapeutic drugs
to these cells effectively. This biodistribution may be useful in the
treatment of mononuclear phagocytic system, rich organs or tissues
with localized tumours.

Bronco pulmonary tumours.

Gynaecological cancer.

Hepatitis metastasis arising from digestive tract.

Hepatocarcinoma.

Mall cell tumours.

Myeloma and leukaemia.

Primitive tumours and metastasis.

Previous study, using Doxorubicin in loaded conventional nanoparticles
to treat a hepatic metastasis model in mice proof to be beneficial.
Furthermore, it was revealed that when the free medicine was taken,
there was a higher reduction in the degree of metastasis. This is due to
the drug reservoir been allocated. To malignant tissues and Doxorubicin
been transferred from healthy tissue, resulting in improved therapeutic
efficacy of the formulation. Several other factors, such as tissue
histology, assure a significant concentration of nanoparticles in Kupffer
cells, lysosomal vesicles, whereas nanoparticles could not be clearly
recognized in tumoral cells. When typically, nanoparticles are used in
chemotherapy, damage against. Kupffer cells is likely to occur to some
level, resulting in Kupffer celldeficit. This could lead to a reduction in
hepatic uptake and reduction in therapeutic efficacy. Furthermore, bone
marrow can be a good target for conventional nanoparticles. The
location of action for most anti-cancer medications is the bone marrow,
which is significant, yet unfavourable because therapy with
chemotherapeutic agents at this site increases myelosuppressive effects.
As a result, the ability of unconventional nanoparticles to boost anti-
cancer treatment efficacies restricted to tumours targeted at the level of
organs within mononuclear phagocytic system. Furthermore, if
nanoparticles are rapidly cleared after intravenous administration,
targeting anti-cancer drug loaded nanoparticles to other tumour
locations is impossible.

4.Nanoparticles for oral drugdelivery of peptides
and proteins:

Search for additional antigenic compounds in the fields of
biotechnology and biochemistry is helping to keep vaccine production
going. Various bio macromolecules and vaccines are being investigated
as a result of recent advancements in biotechnology. As a result, an
appropriate carrier system is urgently needed, which remains a
challenge due to the fact that viability of these compounds is limited by
gastrointestinal ~ epithelial ~barriers and their sensitivity to
gastrointestinal breakdown by digestive enzymes. Insulin loaded
polymeric nanoparticles preserved insulin activity and reduced blood
glucose in diabetic rats for up to 14 days after oral administration
Demonstrating that polymer-based nanoparticles can help encapsulate
bio active molecules and protect them from enzymatic and hydrolytic
degradation.The surface area of human mucosa is 200 times that of skin,
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according to popular belief. Physiological and anatomical impediments
to protein or peptide-based medication delivery have been encountered.

e  Bacterial gut flora.
e  Mucus layer and epithelial cell lining
e  Proteolytic enzymes at the brush border membrane

e  Proteolytic enzymes in the gut lumen like pepsin trips in
and Chymotrypsin.

The intestinal mucosa’s histological features are designed to
effectively inhibit the intake of particulate particles from the
environment. To get the through the gastrointestinal barrier. A drug
can be administered in a colloidal carrier system, which could
improve the drug delivery systems interactions with the epithelial
cells in the gi tract. The use of ligands product nanoparticles to
epithelial cells could improve the interaction of nanoparticles with
adsorptive enterocytes mediated by selective binding to particulate
receptors and M cells of pier patches in the Gi tract. Targeting can
be divided into two types, those that use selective binding to ligands
or receptors, and those that use a nonspecific adsorptive mechanism
enterocytes surface may act as binding sites for colloidal drug
carriers containing suitable ligands Since M cells Express cell
specific  carbohydrates."® A particular receptor mediated
mechanism efficiently binds many glycoproteins and lectins to this
type of surface structure. Oral peptide adsorption has been
examined using lectins like tomato, lectin and bean lectin. Selective
mucoprotein, which is generated by the mucus membrane in the
stomach and bind selectively to Cobalamin, is necessary to make
the process more efficient. Mucoprotein resorption in the ileum is
mediated by selective binding to particular receptors, which can
improve absorption even further. Nonspecific interactions can also
help increase absorption. In general, macromolecules and
particulate materials are absorbed in the gastrointestinal system via
the paracellular or endocytotic pathways. For the paracellular route
of absorption of nanoparticles containing polymeric materials such
as starch or chitosan, less than 1% of mucosal surface area is used.
The permeability of macromolecules paracellularly is improved by
such polymers. Endocytotic absorption of nanoparticles can be
accomplished through receptor mediated endocytosis (active
targeting) or adsorptive endocytosis, which does not require any
ligands. This entire process is aided by the presence of electrostatic
forces (hydrogen bonding or hydrophobic bonding) between the
cell surface and the absorbed substance. Adsorptive endocytosis is
primarily influenced by the size and surface properties of the
materials; for example, positive surface charged nanoparticles with
a hydrophobic surface provide an affinity to adsorptive enterocytes,
whereas negative surface charged nanoparticles with a hydrophilic
surface have a greater affinity to adsorptive enterocytes and M cells.
As a result, it has been determined that size, surface charge, and
hydrophilicity all play a significant impact in material absorption.

5. Nanoparticles For Gene Delivery

Several vaccine-based nanomedicines work by delivering genes to host
cells and demonstrating their expression through antigenic protein
synthesis to trigger an immune response. One of the most recent
polynucleotide vaccines works by transferring genes encoding relevant
antigens to host cells (where they are expressed), causing the antigenic
protein to be produced in the proximity of professional antigen presenting
cells, triggering an immune response. Since intracellular protein
synthesis, rather than extracellular deposition, stimulates both arms of the
immune system, such vaccines are responsible for both humoral and cell-
mediated protection. Polynucleotide vaccines are made up of a core
ingredient called DNA, which can be generated cheaply and had far
superior storage and handling capabilities than the majority of protein-
based vaccines’ constituents. Many traditional vaccines are expected to
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be replace by polynucleotide vaccines due to their potential
immunotherapy. However, there are a number of difficulties with this
polynucleotide-based vaccination that limit its use. These difficulties
include ensuring that the polynucleotide’s integrity is preserved during
delivery to the target cell population and its localization to the nucleus of
these cells, as well as ensuring that the polynucleotide’s integrity is
maintained during deliver plasmid DNA based nanoparticulate systems
serve as a potential sustained release gene delivery strategy due to their
quick escape from the degradative endo-lysosomal compartment to the
cytoplasmic compartment. Previous research has demonstrated that these
nanoparticles intracellular absorption and end lysosomal escape provide
continuous DNA release, resulting in sustained gene expression. PLGA
nanoparticles harbouring therapeutic genes such bone morphogenic
protein could be used in this technique to aid bone repair to the target site
is still in regard.

6. Nanoparticles For Drug Delivery in The Brain

The nervous system is one of the body’s most fragile micro-environments,
with the blood- brain barrier (BBB) managing its homeostasis and
protecting it. The most critical problem restricting the development of
novel medications for the central nervous system is the blood- brain
barrier (BBB). The blood-brain-barrier (BBB) is a complex system that
tightly controls the transport of ions from a small number o small
molecules and an even smaller number of macro molecules from the
bloodstream to the brain, protecting it from accidents and diseases.
Endothelial cells with tight connections, enzymatic activity, and active
efflux transport mechanisms make up the BBB, which is relatively
impenetrable. It efficiently blocks the flow of water-soluble molecules
from the blood circulation into the CNS and, through the action of
enzymes or efflux pumps, can also diminish the concentration of lipid-
soluble molecules in the brain.Because the BBB only allows selective
transport of molecules that are required for brain function, it also prevents
the delivery of medications to the brain, inhibiting the treatment of a
variety of neurological illnesses. The ability of poly (butyl cyanoacrylate)
based nanoparticles to carry dalargin, hexapeptide, doxorubicin, and other
medicine into the brain has been revealed, which is noteworthy given how
difficult it is for pharmaceuticals to penetrate the BBB. Despite multiple
papers claiming effectiveness with polysorbate coated NPs, this method
has a number of flaws, including rapid NP disintegration, toxicity induced
by high polysorbate concentrations, and desorption of the polysorbate
coating. In addition to certain publications, anti-transferrin receptor
MADbs (anti-transferrin receptor MADbs), the most researched BBB
targeting antibody neurodegeneration (e.g., amyotrophic lateral sclerosis,
Alzheimer’s, Parkinson's, Huntington disease, and Prion disease), genetic
deficiencies (e.g., Lysosomal storage disease, leukodystrophy), and
genetic deficiencies (e.g., lysosomal storage diseases, leukodystrophy),
and genetic deficiencies (e.g., lysosomal storage diseases, leukocyte and
several types of cancers. Even if candidate medications for the treatment
of such diseases exist in concepts, they are now unavailable due to
insufficient access to the central nervous system (CNS) due to the
presence of the blood-brain barrier (BBB), which prevents blood from
reaching the brain. It’s feasible that these BBB specific compounds will
soon be employed to target nanoparticles to the brain.

7. Anthray Vaccine Uses
Produce Immunity

Nanoparticles to

Bacillus anthracis, a Gram-positive spore-forming bacteria, causes
anthrax. B anthracis toxins are primarily caused by an AB type toxin
compared of the receptor-binding subunit protective antigen (PA) and two
enzymatic sub-units knows as fatal factor and edoema factor. Antibodies
against PA, the core components of the current anthrax vaccine, confer
protective immunity against B. anthracis infection. In the August issue of
infection and immunity, university of Michigan Medical School scientists
report that a vaccination against anthrax that is more effective and easier
to give than the current vaccine has shown highly effective in tests in mice
and guinea pigs. The vaccinations are safe and effective, although it does
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require numerous shorts and annual boosters. By treating the inside of the
animals’ noses with a “nano emulsion,” a suspension of water, soybean
oil, alcohol, and surfactant emulsified to generate droplets as small as
200-300nm, the researchers were able to elicit a critical anthrax protein
through the nasal membranes, allowing immune system cells to react to
the protein and trigger an immunological response. This prepares the
immune system to fight infection as soon as it comes into contact with the
entire germ. To equal the breadth of a human hair,265 drops would have
to be lined up side by side. The nano emulsion anthrax vaccination has
another benefit, according to the researchers; it eliminates the need for
needles. In regions where refrigeration is not available, it is simple to keep
and utilise. An effective and simple-to-use vaccination would be a useful
weapon for health officials coping with any future incident in which
anthrax bacteria are dispersed by a terrorist. If a nasal nano emulsion-
based anthrax vaccine proves effective in humans, the researchers believe
it might be administered to patients even after they have been exposed to
anthrax, coupled with antibiotics. Vaccines gives after exposure are used
to speed up the immune response in some disease.

8.Stem Cell Therapy

Nanotechnology has the potential to improve stem cell therapy.
Nanoparticles are important participants in disclosing the fate and
performance of stem cell therapy because of their synergy between size,
structure, and physical properties. In stem cell research and therapy.
Nanoparticles clearly have a lot to offer. Stem cell therapies have a lot of
promise for treating a variety of diseases and disorders. With so many
stem cell replacement therapies in clinical trials right now, there is a big
push to figure out what makes them work. And one of the most important
ways is to follow stem cell migration proliferation and differentiation in
vivo. Tracking systems should ideally be non-invasive, high resolution
and allow tracking in three dimensions to be most useful. Magnetic
resonance imaging is one of the best approaches, but it requires a contrast
agent to be put into the cells to be followed. And magnetic nano particles
are one of the most often used in stem cell tracking. In mice. Researchers
were able to boost stem cell potential by using nano particles to stimulate
the repair of injured vascular tissue and prevent muscle degeneration.
Furthermore, researchers are looking into the significance of stem cells in
stimulating immune system and new blood vessels formulation after they
were implanted into a living organism. This was studied. Cells may not
be able to renew tissue well enough to keep it alive for an extended period
of time.(!”) As aresult, cells can profit from the assistance of performance
enhancing genes that drive tissue growth. Typically. Researchers are viral
vectors to deliver therapeutic genes to stem cells. Tiny nanoparticles may
be twice as likely to seek to the interface of two non-mixing liquids than
previously thought according to dynein nano particles, can be used for
delivering this therapeutic gene. This study paves the path of for
nanoparticles to be used in living cells, polymer composites and high-tech
foams, gels and paints.

9. Gold nanoparticles detect cancer:

Due to ability to adjust the size shape structure composition assembly.
Encapsulation and tuneable optical properties of metallic nanostructures.
They are more flexible particles than other nano materials. Among that
metallic nanostructure that can be used aunts appear to be in particular
interest in medical field, demonstrating high efficacy in cancer therapy.
The constant. Fascination with aunts stems for their tuneable optical
properties, which may be regulated and modified for disease therapy and
diagnosis. Gold nanoparticles have been used as Ultra-sensitive
fluorescent strokes to detect cancer, biomarkers in human blood by a
number of studies. This method, high sensitivity, outperforms
conventional approaches by several orders of magnitude, making it more
suitable for direct detection of viral log bacterial DNA.(1®) These Nano
particles are intriguing biological probes because they are simple to make
and unlike other fluorescent probes. Do not heat up and burnout after
prolonged light exposure. Researchers from China use the particles to
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identify Carcinoma embryonic antigen and alpha foetal protein to
essential biomarkers in the detection of diseases such as liver breast and
lung cancer, according to one study. They used nanoparticles conjugated
with antibodies to detect amount of biomarker levels in the sample in the
study.
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