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ABSTRACT: The utilization of microparticles as
innovative drug delivery systems has lately gained
attention, particularly due to their adaptability for a
larger range of applications. Microparticles have
been a very successful drug delivery system as it
has  several  advantages like  improved
bioavailability, reduced dosage frequency, limited
fluctuation during therapeutic range, low toxic
effect etc. This article provides a brief review of
microparticle drug delivery system, different types
of microparticles, drug release, materials, polymers
used in these systems, and processes used to create
these systems, treatment strategy and the
microencapsulation techniques depending on
polymeric microparticles.
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l. INTRODUCTION:

Microparticles are spherical particles with
diameters from 10 pum to 1000 um, [1] which have
many different forms such as microcapsules,
microspheres, micro-cages, microshell, micro rods,
biosensor  microparticles, and  radioactive
microparticles etc. The goal is to give the drug at
the proper timing and dosage to minimize side
effects and provide the greatest therapeutic
advantages. Utilizing microparticles is one feasible
method that satisfies the above objectives [2]
Microparticles provide delivery of macromolecules
and micro molecules via different routes and
effectively control the release profile of such drugs.
Microcapsules and microspheres are compatible
with most natural and synthetic polymers and can
be used for several routes of administration,
including parenteral, oral, nasal, intraocular,
topical, etc. Microspheres and microcapsules are
favored over other colloidal drug delivery methods
as drug carriers because of their greater stability
and variety of manufacturing techniques [3].
Because of its unique and desirable qualities, such
as biocompatibility, stability, target specificity,
uniform encapsulation, better compliance, and
controlled and sustained release patterns that are
accountable for reducing toxicity and dosage

frequency, Microparticle Drug Delivery System
(MDDS) is a smartapproach with a potent
therapeutic impact that is in demanded globally in
the medical technology industry. Microparticles
encloses macromolecules, including vaccines,
nucleic acids and proteins, and control their release
by delivering them through multiple pathways.[4 ,
2]. Microparticles offers protection to drug and
provide local, controlled drug delivery.
Microparticles can be made from a variety of
natural and synthetic materials. The release rate can
be increased by reducing the molecular weight of
the polymer, the particle size and also by
controlling the nature of the polymer [5]
Microparticles come in two different forms:

(1)  Microcapsules,  which  function as
micro reservoir systems, and

(2) Microspheres, which function as micro matrix
systems.

Microspheres are basically spherical
matrix systems, but microcapsules can have either
a spherical or non-spherical shape. Microcapsules
are small particles containing the active ingredient
or core surrounded by a coating or shell [6].
Microparticles are widely applied to the
development of controlled or extended-release
dosage forms [7]. They play a very important role
as drug delivery systems by improving the
bioavailability of typical drugs and minimizing
their side effects [8].

Microencapsulation technology protects
drugs from the surrounding environment, stabilizes
sensitive drugs, eliminates incompatibilities and
masks unpleasant odors and/or tastes [9]. They are
important for enhancing the bioavailability of
typical drugs and reducing their side effects as drug
delivery systems. The term microencapsulation
refers to a number of technologies used to trap
solids, liquids or gases within a polymer matrix or
shell. [8]

Various core materials, including as
adhesives, agrochemicals, live cells, active
enzymes, flavors, fragrances, vitamins, water, and
pharmaceuticals, have been encapsulated. This
article provides a summary of the history, benefits,
and applications, as well as information on
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preparation techniques, evaluation, and latest
developments and applications [10]

Reasons for Microencapsulation

The microencapsulation technology ensures that

the encapsulated material reaches the desired site of

action without being affected by the environment.

Here are the main reasons for microcapsules [8]:

e It is believed that supported or delayed drug
release is the primary motivation for
microencapsulation.

e This technique has typically been used to mask
the taste and odor of various medications

e By using microencapsulation, drugs that are
sensitive to oxygen, moisture, or light can be
stabilized.

e Microencapsulation allows for the anticipation
of drug incongruence.

e Microencapsulation can be used to anticipate
the vaporization of several drugs, such as
methyl salicylate and peppermint oil.

e Many drugs, including ferrous sulphate and
KCI, have been microencapsulated to reduce
their toxicity and GI discomfort.

e  Microencapsulation can also be used to alter
the site of assimilation.

e To reduce the possibility of factorial individual
sharpening, hazardous substances like bug
sprays could be microencapsulated.[11] [10]

e To disperse drugs that are water-insoluble in
polymeric  dispersion to increase their
solubility.

e To improve the stability and activity of
materials that are encapsulated (protection
against oxidation or deactivation due to
reaction in the environment).

e  Minimize dose-related side effects, especially
gastrointestinal irritation.

e To allow for the controlled release of active
ingredients (sustained or delayed release).

e To allow targeted release of encapsulated
materials to incorporate reasonably high drug
concentrations.

e To control particle size and dispersibility in
aqueous injectable media and improve the
bioavailability of water-insoluble drugs.

e Toincrease patient compliance [8]

Advantages of microparticles:

MDDS offers many benefits due to their unique
properties including size, shape, some of which are
briefly explained as follows:

e They aid in the sustained and controlled
release of the entrapped medication and offer
protection to the drug from the gastrointestinal
and other external environments.

e By improving the solubility profile of drugs
that are poorly soluble, MDDS helps to
enhance therapeutic benefit and decrease side
effects.

e By avoiding repetitive drug administration and
masking the taste and odor of drugs (such as
fish oils and sulfa medicines), MDDS
improves patient compliance and lowers
toxicity concerns.

e MDDS also helps deliver incompatible agents
by loading them into single shell by
encapsulation [2].

e Encapsulation of live cells (resealed
erythrocytes)

e Transforming a liquid into a free flowing solid

e Safe handling of toxic materials

o Facilitates the dispersion of water-insoluble
compounds in aqueous media[12]

e The pH-trigged microparticles are utilized in
gene therapy and immunization transition.

e Parenteral microparticles have the benefit of
giving water soluble drugs in high
concentrations without having severe osmotic
reactions at the site of administration.[3]

e Improved process ability (improving solubility,
dispersibility, flow ability)

Disadvantages of microparticles:

e It is governed by a number of variables,
including the presence of food, residence
time, and the type of polymer.

e When prepared at different doses, the release
kinetics of the active ingredient change.

e Due to polymer degradation, drug may
occasionally be delivered other than the
targeted site

e In addition, formulating MDDS is much more
expensive than producing equivalent standard
preparations.

e To achieve reproducibility of the formulations,
the process must be carried out with high
standardization. [2]

e Process variables such as temperature change,
pH change, solvent addition, evaporation, and
agitation may have an impact on the stability
of the core particles to be encapsulated.[12]

To overcome these drawbacks, the design of

microparticle preparation can be changed, and

alternative methods such as targeted delivery,
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inhalational delivery, intracranial local delivery, for
neurological illnesses, and others can be used. [2]

Microparticles are of two types;

Microcapsules

Microcapsules are made up of a core material that
is entirely enclosed in a polymeric or film. The
coating of the microcapsules is a continuous
polymer, porous and sometimes non-porous [5].
Microcapsules can be classifying into three
categories on the basis of morphology such as

e Monocored:

Single hollow chamber is present in Monocored
microcapsules.

e Polycored:

The shell of Polycored microcapsules has several
chambers of various sizes.

e Matrix Type:

In matrix-like microcapsules, the active ingredient

is incorporated into the matrix of the shell material

Microspheres

Microspheres are matrix-based systems. A rate-

controlled polymer matrix contains the drug that is

added to the microsphere [13, 3].

Polymers used for microparticle preparation:
It's important to understand the nature of

the polymers used to create microparticles before

learning about the various techniques used to create

them.

Because they control how rapidly drugs are

released from formulations, polymers are crucial.

They even interact with the drug particles to change

the flow characteristics [2].

Either synthetic or natural polymers are employed

to prepare the microparticles. The polymer content

ranged from 3% to 30% of the total weight,

corresponding to a dry film thickness of 1-100 m.

[5]

The encapsulation of drugs is determined by factors

such  molecular  weight,  biocompatibility,

biodegradability, and polymer characteristics.

Ideal characteristics of the polymers include their

stability, biocompatibility, biodegradability,

effectiveness in loading drugs at higher
concentrations, and capacity for controlled release

of active ingredient. [2]

Localized drug delivery, sustained drug delivery,

stability of drugs, release rate less dependent on

drug characteristics, and steadier release rate with
time are the five main benefits that polymeric drug

delivery solutions can provide [12]

e Natural polymers are  biodegradable,
biocompatible and also bio-adhesive in nature.
Because they have a high degree of swelling
property in an aqueous medium and form gel,
materials with biodegradable properties can
extend the mean time when they come into
contact with mucous membrane.

e Synthetic polymeric microspheres are widely
used in a variety of fields, including clinical
setupand as bulking agents, fillers, drug
delivery vehicles, etc. They are considered to
be safe and biocompatible, but they have the
drawback of tending to move away from the
injection site and causing side effects like
embolism and organ damage[14] ,[3]

Table 1. Natural Polymers used in Micro particulate Drug Delivery Systems [3]

Natural Protein Natural polysaccharides
Silk Amvlodextrin
Gelatin Guar gum
Albumin Agarose
Collagen Starch
Chitosan
Poly — dextran
Poly- starch
Hyaluronic acid
Pectin
Chitin
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Table 2. Synthetic Polymers employed in Microparticulate Drug Delivery Systems; [14, 3]

Biodegradable

Non-biodegradable

Polyacetals

Hydroxypropyl methylcellulose (HPMC)

Poly amides

polydimethysiloxane

Polyalkonates

Polymethacrylates (PMMA),

polyurethanes

Polyvinyl pyrrolidine

Poly lactic-co-glycolic  acid

(PLGA)

Carboxymethyl cellulose (CMC)

Poly(glycolic acid)

Colloidal silica Poly (methyl methacrylate)

Poly lactic acid ( PLA)

Ethyl vinyl acetate

Poly (Sebaic acid )

Cellulose acetate

Aminated polyphosphazenes

Cellulose acetate phthalate (CAP)

Poly phosphoesters

Poloxamines

Poly orthoesters Poloxamers

Poly terphthalic acid

Poly hydro (ethyl methacrylate)

Poly(3 hydroxybutyrate) (PHB) | Acrolein

Drug Release Mechanisms

Controlled, sustained, or targeted release
mechanisms are used for encapsulated compounds.
The core material is often released from a
microcapsule by one of three possible mechanisms:
mechanical rupture of the wall, dissolving or
melting of the wall, or diffusion through the wall.
Ablation, which entails the gradual erosion of the
microshell, and biodegradation are less frequent
release processes [15, 16]. The following
subsections cover the main processes of drug
release from microcapsules.

a. Degradation-Controlled Monolithic System

In the degradation-controlled monolithic
system, the drug dissolves in the matrix and is
evenly distributed, becoming firmly attached to the
matrix and only being released when the matrix
degrades. The matrix's degradation occurs more
slowly than the drug's diffusion.

b. Diffusion-Controlled Monolithic System

The active agent is released by diffusion
in the diffusion-controlled monolithic system either
before or at the same time as the degradation of the
polymer matrix. Whether the polymer degrades
through a homogeneous or heterogeneous
mechanism affects the rate of release as well [8].

¢. Diffusion-Controlled Reservoir System

The active material is encapsulated by a
rate- controlling membrane in the diffusion-
controlled reservoir system, through which it
diffuses, with the membrane eroding until delivery
is achieved. Drug release is unaffected by matrix
degradation throughout this procedure [17].

d. Osmosis

In osmosis, the polymer coating of the
microcapsule functions as a semipermeable
membrane, resulting in a differential in osmotic
pressure between the interior and exterior of the
microcapsule. Thus, tiny pores in the coating allow
the drug solution to be forced out of the
microcapsule [18] [3].

e. Erosion

When some coating substances, including
glyceryl mono stearate, beeswax, and steryl
alcohol, experience coat erosion due to pH and
enzymatic hydrolysis, drug release occurs. [19].

Factors affecting encapsulation efficiency:

e  Polymer solubility in organic solvent

e The ability of organic solvents to dissolve in

water

Concentration of polymers.

e The proportion of dispersed phase with
continuous phase (DP/CP ratio)

DOI: 10.35629/7781-080212871303 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1290



International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 2 Mar-Apr 2023, pp: 1287-1303 www.ijprajournal.com

&N

1JPRA Journal
e Rate of solvent removal Double emulsion method:
e Interactions in Drug and polymer Double emulsion techniques include water
e Drug solubility in continuous phase in oil in water (W/O/W) or oil in water in oil
e Molecular weight of polymer [12] (O/WI/0) emulsion formulations. To

The requirements to be considered to select the
method for encapsulation are:

e There should be high yield and drug
encapsulation efficiencies.

e The drug's biological activity and stability

shouldnt be compromised throughout the

microencapsulation process.

Microspheres shouldn't show adherence or

aggregation.

The method should be feasible on an industrial

scale.

The primary factor used to choose the

procedure is the type of polymer being

employed. [12]

Method of preparation of microparticles:
A) Chemical methods:

o  Emulsion polymerization

o Interfacial polymerization

e Insitu polymerization

B) Physical methods:

Suspension cross linking

Solvent evaporation / solvent extraction
Hot melt microencapsulation
Coacervation / phase separation

Spray drying

Fluidized bed coating

Encapsulation by Rapid expansion of
Supercritical fluids

Single emulsion method:

This method is used to prepare
microparticles based on natural polymers such as
proteins and carbohydrates. Natural polymers are
dissolved or dispersed in an aqueous medium, and
then dispersed in a non-aqueous medium such as
oil. The dispersed globules were then cross-linked.
Heat and chemical cross linkers can both be used
for cross linking.

The chemicals used for cross-linking include
glutaraldehyde, formaldehyde, diacid chloride, and
tetra phthalate chloride [5].

The type of surfactant favourably affects the MPs'
bio performance in terms of particle size, particle
charge, surface morphology, drug loading, and
drug release [1].

prepare microparticles, both organic and synthetic
polymers can be used. The double emulsion
W/O/W is more suitable for water soluble drugs,
peptides, proteins and vaccines. [1]. For water
soluble drugs, peptides, proteins, and vaccines, the
double emulsion W/O/W is more suitable To create
the primary  emulsion, also known as W/O
emulsion, aqueous solutions of water-soluble drugs
are added to polymers dissolved in oily solutions.
The emulsification is carried out by a high-speed
homogenizer. The primary emulsion is added to the
excess water that contains emulsifiers while stirring
continuously. The resulting mixture is known as a
W/O/W emulsion. After that, the solvent is
removed using an extraction or evaporation
procedure [5]. Since the internal phase of a water-
oil-water emulsion contains water, water-soluble
medications can be easily encapsulated in it, which
also allows hydrophilic drugs to be delivered over
time. The external water phase of this technique,
which makes it less viscous and easier to handle,
making it  advantageous  for  parentral
administration. A two-step  emulsification
procedure is used to develop multiple emulsions.

[6]

Normal emulsification method:

This is done by different methods such as
bulk polymerization, suspension, precipitation,
emulsion and micellar. Suspension polymerization
is also known as bead polymerization. By heating
the monomer or mixture of monomers as a droplet
dispersion in a continuous aqueous phase, this is
achieved. In order to start the polymerization, a
mixture of monomers and an initiator or catalyst
are heated. The resulting polymer can then be
modified into microspheres [6].

Interfacial polymerization method:

Two monomers, one water soluble and the
other oil soluble, are wused in interfacial
polymerization, which results in the formation of
polymer on the droplet surface [20]. In interfacial
polymerization, two reactants in a polymerization
reaction meet at an interface and react rapidly [10].
In this technique, a capsule shell will be formed at
or on the surface of the droplet or particle by
polymerization of reactive monomers. The
substances used are multifunctional monomers.
Commonly used monomers include the
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multifunctional isocyanate and the multifunctional
acid chloride. They will be used individually or in
combination.

Aqueous phase containing a dispersing
agent will be used to disperse the multifunctional
monomer that is dissolved in liquid core material.
The combination will be combined with a co-
reactant multifunctional amine. This causes rapid
polymerization at the interface to form the capsule
shell [12]. Interfacial polymerization is used to
produce both mono - core and matrix-type
microcapsules depending on the solubility of
polycondensate in the droplet phase. [8]

In situ polymerization method:

In situ polymerization adds polymerized
monomers to an encapsulation reactor to form a
capsule shell. No reactants are added to the core
material in this process. Polymerization occurs by
the formation of an interface between the dispersed
core material and the continuous phase. A low
molecular weight polymer is initially created, and
as it expands, it deposits material on the surface of
the core to form a solid capsule shell. The capsule
shell is created by dispersion of the water-
immiscible liquid and polymer at the acidic pH of
urea with formaldehyde in an aqueous medium [3].

Suspension cross linking method:

Suspension crosslinking is suitable for the
production of protein and polysaccharide
microcapsules. Microcapsule formation by this
method involves dispersing an aqueous solution of
the polymer-containing core material in the form of
small droplets in an immiscible organic solvent
(suspension/dispersion medium). The suspending
medium contains suitable stabilizers to maintain
the individuality of the droplets/microcapsules. The
droplets then harden by covalent cross-linking and
converted directly into the corresponding
microcapsules. Crosslinking occurs via heat (> 500
°C) or cross linkers (formaldehyde, terephthaloyl
chloride, etc.). Suspension crosslinking is a
versatile technique for microencapsulating soluble,
insoluble, liquid, or solid materials to form both
microcapsules and nanocapsules [8]. This is the
best method for producing microcapsules of
proteins and polysaccharides [12].

Solvent evaporation/ extraction method:

Solvent extraction is mainly used to
encapsulate hydrophobic drugs by an oil-in-water
(O/W)  emulsification  process. The main
advantages of this method are the short hardening

time and the direct incorporation of the active
ingredient into the microparticles [1]. By dissolving
the drug ingredient and polymer in an appropriate
organic solvent, the solvent extraction or
evaporation process is carried out. An emulsion is
created by stirring the surfactant solution. The MPs
are finally collected following solvent evaporation.
The hollow inner core of the floating microparticle
dosage form can be produced using solvent
diffusion and evaporation techniques. Polymers
like cellulose acetate, chitosan, Eudragit, Acrycoat,
Methosyl,  polyacrylate,  polyvinyl acetate,
carbopol, agar, polyethylene oxide, and
polycarbonate have all been investigated for the
development of such systems. By evaporating the
solvent from the emulsion at a high temperature or
by extracting it with a significant amount of water,
compact microparticles are formed.
Dichloromethane and chloroform are the two most
common organic solvents used in emulsion solvent
evaporation techniques [21].

Hot melt microencapsulation method:

It involves dispersion of the polymer in a
suitable medium and then it is slowly cooled to
form microparticles [5]. First, the polymer is
melted and then mixed with finely sieved solid
drug particles smaller than 50 um. The mixture is
then suspended in an immiscible solvent (such as
silicone oil). Stir continuously and heat to 5°C
above the melting point of the polymer. Once the
emulsion is stable, it is cooled until the polymer
particles solidify. The microspheres formed were
washed by decantation with petroleum ether [6].

Coacervation or phase separation method:

This technique mainly prepares the
reservoir system for encapsulated hydrophilic drugs
such as peptides and proteins. The coacervate is a
polymer-rich phase that is formed by its basic
concept, which depends on the reduced solubility
of polymers in the organic phase. A third
component is then added to the system to separate
the coacervate, forming two phases. Additionally,
different methods, including the addition of salt,
non-solvents, or incompatible polymers,
temperature changes, and the induction of polymer-
polymer interaction, can be used to separate
polymers [8, 12]. Polylactic acid (PLA)
microspheres were prepared using butadiene as an
incompatible polymer [8]. It is widespread
procedure to prepare gelatin and gelatin acacia
microcapsules via coacervation or phase separation.

Phase separation can be simple or
complex. A single polymer, such as gelatin or ethyl
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cellulose, is used in an organic or aqueous medium,
respectively, in a process known as simple
coacervation. Complex coacervation involves
neutralization of charges on the colloid and is
primarily pH dependent [20]. It involves two
polymeric substances with opposing charges, such
as gelatin and acacia, both of which are soluble in
water. Microencapsulation by coacervation is
performed by preparing an aqueous polymer
solution (1-10%) in which the core material is
dispersed at 40-50°C.To maintain the individuality
of the finished microcapsules, a suitable stabilizer
can be added to the mixture. In order to harden the
microcapsule wall surrounding the core particles, a
cross-linking agent is added after the coacervation
mixture is cooled to about 5 -20° C [22, 3].

Spray drying and spray congealing method:

Spray drying and spray congealing are two
techniques that differ depending on whether the
solvent is removed or the solution is cooled [5].

The drug and the polymer are both
dissolved in an organic volatile solvent and
homogenized in a high-speed homogenizer. A hot
air stream is then used to spray the resulting
dispersion, causing the solvent to instantly
evaporate and creating the microparticle. The
cyclone separator is used to separate microparticles
from the hot air, and vacuum drying is used to
remove any remaining solvent [1]. High
encapsulation efficiencies and the absence of any
surfactant residue on the surface of the
microparticles are important benefits of this
approach  [5]. Temperature, pressure, nozzle
diameter, mixture volume, polymer and drug
concentration, rate of feed flow, and inlet
temperature are factors that affect microparticle
size and morphology [12, 5].

Generally, spray drying is a low-cost industrial
process used to encapsulate flavors, oils, and
perfumes [8].

The primary goal of this technique is to
protect thermolabile active ingredients and prevent
oxidation of sensitive drugs. It prevents product
environmental damage and improves product
quality through multiple drying stages [20].

Spray congealing, also known as spray
chilling, is the dispersion of active moiety in
melted coating material without the use of a
solvent. The mixture is then sprayed into a stream
of cold air to form solid droplets by cooling at
temperatures below the melting point of the coating
material [3].

Fluidized bed coating / Air suspension method:
Pharmaceuticals are frequently enclosed in
fluidized-bed coating, which is utilized to
encapsulate solid core materials, including liquids
absorbed into porous solids. A spray of liquid
coating material is applied to solid particles that
need to be enclosed after they have been suspended
in an air jet. Coating solution is sprayed on solid
particles using a spray nozzle. A high pressure gas
is used to apply the coating solution. At the gas-
liquid interface, a strong shear force interaction
creates waves that disperse the solution into
droplets [3]. The capsule shell is then solidified by
cooling or solvent evaporation. Suspending,
spraying and cooling are continuously repeated
until the capsule wall reaches the desired thickness.

Drying rate is directly related to the bulk

temperature of the supporting air stream [10].

Different types of fluid bed coaters include top

spray, bottom spray and tangential spray [3].

A) Top spray: When granules are coated by top
spray granulator system, granules usually have
porous surface and interstices. Therefore, the
bulk density of the granules produced is
usually lower than that achievable with
granulation techniques.

B) The rotating disc method (tangential spray
coating method): which combines high-density
centrifugal mixing and the efficiency of
fluidized bed drying, results in a product with a
higher bulk density but still with an interstitial
void. It produces less friable and more
spherical particles.

C) In the Wurster method (bottom spray): solid
core particles are fluidized by air pressure and
a wall material solution is sprayed on to the
particles from the bottom of the fluidization
chamber in a straight line with the air stream.
When the nozzle is immersed in the air stream
and simultaneously sprays the coating
materials onto the fluidized bed particles, the
coating solution droplets travel only a short
distance before coming into contact with the
solid particles. The result is a more even
coating and a more uniform coating. As the
coated particles are transported away from the
nozzle by the air stream, the coating dries. The
airborne particles rise up, settle, and then start
a new cycle. The cycles continue until the
desired film thickness is reached. It works
effectively for covering particles uniformly
with a polymeric membrane in a single process
[12]. The particle size can be tuned by the
well-controllable process parameters:
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properties of the core (density, hygroscopicity,
surface area, particle size and shape, melting
point,  wettability, solubility, volatility,
compressibility, crystallinity, hardness,
cohesiveness, adsorption, friability and
flowability of the core material).[23]

Application of air suspension

Using this technique, ascorbic acid has been
microencapsulated in polymethacrylate and ethyl
cellulose [8].

With the use of a Wurster air suspension
mechanical assembly, Colette and Rubin illustrated
coating headache medication gems of various work
sizes with mixtures of ethyl cellulose and
methylcellulose sprayed from an ethylene chloride:
isopropyl alcohol (1: 1) solution. [10]

Encapsulation by Rapid Expansion of
Supercritical Fluids:

Highly compressed gases with a
combination of liquid and gas properties are known
as supercritical fluids. The most often used
substances are nitrous oxide (N20), alkanes (C2 to
C4), and supercritical carbon dioxide (CO2). Near
the critical point, a minor change in temperature or
pressure results in a significant change in the
density of supercritical fluid. Supercritical CO2 is
utilized extensively due to its low critical
temperature value, nontoxic nature, and lack of
flammability. It is also widely accessible,
extraordinarily pure, and relatively inexpensive.
Nanoparticles can also be produced using this
approach. [12]

Supercritical-fluid expansion is used to
incorporate  core  materials like insecticides,
pigments, pharmaceutical ingredients, vitamins,
flavors, and dyes. For the purpose of entrapping
core components, a wide range of shell materials
that either dissolve (paraffin wax, acrylates,
polyethylene glycol) or do not dissolve (proteins,
polysaccharides) in supercritical CO2 gas are
utilized. A small nozzle is used to release
supercritical fluid at atmospheric pressure after it
has been kept under high pressure and contains the
active component and the shell material. When the
pressure suddenly drops, the shell material
dissolves and deposits around the active ingredient
(core), forming a coating layer.

This method has been used to encapsulate
felodipine in poly (ethylene glycol). [8]

Evaluation of microparticles:

1. Particle shape & size determination:
Microscopy, sieve analysis, laser light scattering,
the coulter counter method, and photon correlation
spectroscopy are some methods that can be used.
Differential scanning calorimetry analysis can be
used to determine crystallinity.

Freeze etch electron microscopy and freeze fracture
microscopy can both be used to study shape and
surface morphology.

The size range of the microparticles is also
measured using a laser diffractometer and a light
microscope.

A set of standard sieves with mesh sizes ranging
from 10 to 100 can be used to analyze the sizes of
all the batches of prepared microparticles. The
amount of microparticles retained on each sieve is
weighed after they have been passed through the
set of sieves.

The average diameter is calculated by dividing the
total weight by 100. [20]

2. The bulk and tap densities of the
microparticles are also assessed. Mercury or helium
intrusion potensiometry can also be used to assess a
specific area and porosity. The angle of repose can
be calculated using the fixed funnel and free-
standing cone methods, and the compressibility
index can be calculated using the tapped density
method to assess the flow properties of
microparticles [20].

3. Zeta Potential

Zeta potential levels greater than +25 mV or less
than -25 mV indicate extremely stable
microspheres

The electrophoretic mobility of microparticles
dispersed in deionized water at a concentration of 1
mg/mL with folded capillary cells in the automatic
mode of measurement duration can be used to
calculate the zeta potential [24].

4. Surface Morphology

It gives important details regarding the
microstructure and porosity of these drug delivery
systems. Scanning electron microscopy is the
method most frequently employed [12].

SEM analysis of surface morphology and
microparticle shape yields crucial knowledge about
porosity and microstructure. For the vacuum field
required for image generation, samples prepared
for this procedure must be dehydrated. They are
covered in an electron-dense coating material
before loading, such as gold, palladium, or a
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mixture of these. Sputtering or thermal vacuum
evaporation can be used to apply the coating. When
Tania M. et al. placed microsphere samples to
aluminium stages and coated them with 10 m of
gold/palladium using a Hummer sputter coater,
then electronically captured the images [25].

5. Percentage Yield
Prepared microspheres were completely dried in an
oven set at 37°C for 24 hours, and then weighed, as
part of a study to determine the % vyield of
microparticles. Generally, percentage yield is
calculated as follows:

% Yield = Yp/ Yt x
100

Where Yp = practical yield and Yt = theoretical
yield. [26]

6. Drug Content and Drug Loading

100 mg of microparticles are pulverized,
and distilled water is then added to them in order to
evaluate the drug content and loading. The
resulting solution is allowed to stand for 12 hours
before being sonicated for 30 minutes and filtered
through Whatman no. 1 filter paper (GE Healthcare
UK Limited, Little Chalfont, UK). Next, 2-100 mL
of the clear filtrate are diluted with distilled water
and their absorbances are measured on a
spectrophotometer using distilled water as the
blank. The calculations are as follows: [8]

Drug content (%) = Weight of
drug in microspheres x 100

Weight  of
microspheres

Drug loading (%) = Wdeight of drug in
microspheres x 100

Weight of
drug initially added
to
microspheres

7. X-Ray Powder Diffractometry

X-ray powder diffractometry (XRD) is
used to examine and record patterns in the drug, the
polymer, and the blank and drug-loaded
microspheres in order to determine how
microencapsulation affects a drug's
crystallinity[27] The scan rate used included 1 over
the range of diffraction angles from 14 to 88 (02)
and was 20 min [8].

8. The thermal properties: Thermal properties

detected by differential scanning calorimetry and

Thermo gravimetric analysis.

A. In differential scanning calorimetry or DSC:
The amount of heat required to cause a change
in the sample and reference is measured as a
function of temperature. The sample and the
reference were maintained at the same
temperature  throughout the test. The
temperature was increased gradually to find a
change in the samples. The reference sample
should have a well-defined heat capacity
within the temperature range being analyzed.

B. Thermogravimetric analysis (TGA), also
known as thermal gravimetric analysis The
TGA detected changes in weight and
temperature on the samples. Raising the
temperature gradually and plotting the weight
against temperature is how the analysis is
done. There are many ways to test
temperatures that routinely reach 1000°C or
higher. The smooth curve is produced after the
data. [28]

9. Entrapment Efficiency:
Drug loading and drug entrapment efficiency: The
amount of drug required for administration is
reduced by the high drug-loading capacity of micro
particulates. There are two ways to load drugs:
- Incorporation method
- Absorption method.
Drug content and encapsulation efficiency depend
on the solubility of the drug in the polymer
composition, molecular weight, drug-polymer
interactions. Because ionic interactions between
drugs and polymers can be a very effective way to
increase the drug load of small molecules.
Micro-particle capture efficiency or
percent trap can be determined by allowing lysis of
microparticles. The lysates are then determined for
the active ingredients required by the monograph.
The percent encapsulation efficiency is calculated
using equation [29]:

% Entrapment = Actual content/Theoretical
content x 100

10. Drug release studies were evaluated using
USP Method Il or Dissolution Test Method using
PH 6.8 phosphate buffer solution with a release
ambient temperature of 37 £ 0.5 and then checked
with spectrophotometric measurements.
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In vitro release experiments can be
performed by dialysis. In this method, a weighed
amount of microparticles placed into a dialysis bag,
which is immersed in a larger volume of
continuous phase receiving fluid. The chamber is
stirred and drugs with different uses that change
from microspheres to continuous phase are
sampled and analyzed periodically. H.Takahata
etal performed in vitro studies by incubating
microparticles in PBS alone and PBS in dialysis
tubes, internal media, and stomach [12]

Two different mathematical differential
equations, namely (1) the first order equation and
(2) Higuchi's square root of time equation, can be
used with release Kinetics to describe the
dissolution profile from the microparticles system.
(1)t First order model is given by Mt / Mo = 1- e-
k1l
(2) Higuchi's square root of time model can be
expressed as Mt/ Moo = kH t1/2

Where,

Mt is the amount of drug released at time t,

Moo is the maximal amount of drug released at
infinite time

k1 and kH are the rate constants for first order and
Higuchi model, respectively.

11. Swelling:

Swelling studies of microparticles of
different crosslinking densities can be determined
separately by immersion in simulated gastric fluid
(pH 1.2) without pepsin and in simulated intestinal
fluid (pH 7.4) without pancreatin. In this process, a
9 cm dialysis membrane is activated by immersing
in 50 ml of distilled water adjusted at 90°C for 1 h
and then washing with distilled water. A known
mass of microparticles is placed into an activated
dialysis membrane, which is tied at both ends and
immersed in a beaker placed in a thermostatic bath
maintained at 37 £ 1°C.The membrane is taken out
of medium after 5 minutes interval, dried using
filter paper, and weighed [24]. The degree of
swelling is calculated according to the following
formula:

% Swelling = M2 - M1/ M1x 100

Where M1 = initial weight of microparticles (g),
and M2 = final weight of microparticles. [8]

12. Stability studies:
Studies on product stability were assessed
in order to identify stable products for storage. For

a period of 30 days, microparticles can be kept in
glass bottles at temperatures as high as 4°C
(freezing), 25°C (room temperature), and 50°C (hot
temperature) and change in their drug content and
morphology can be observed. [20]

13. In vivo Tissue Distribution Studies:

In vivo studies are an important part of
any research because they provide solid evidence
of the efficacy of microspheres and because the
properties exhibited by microspheres are important
for understanding. Functional characteristics of
formulations in a biological system. To check the
appropriate properties of the formulation in vivo,
adult albino mice/rats/rabbits, etc. of a certain
specified weight may be used. A calculated dose of
the drug was given to each animal as a dispersion
in saline with 1% tween 80. At predetermined
intervals, the animals were injected with the
microspheres administered via tail root vein and
sacrificed by cervical dislocation. Organs such as
lung, liver, kidney, heart and spleen are extracted
and studied for targeted action. Tissue samples
were stored for 24 h at -200°C. Then, drug
concentration in each organ was determined
quantitatively by HPLC method. In vivo tissue
distribution studies in animal models were
performed to demonstrate the hypothesis of
targeting microspheres/formulations to the organ
and to compare them with conventional dosage
forms of the drug [12].

Applications of microparticles:

Biomedical Therapeutic:

e  Microparticles are used in many areas of
therapeutic/biomedical research:
Delivering therapeutic siRNA (porous silicon
microparticle)[30]

e  Transport of drugs, biologicals and vaccines
(chitosan-based
nanocapsules/microcapsules)[31]

Cell engineering with microparticles loaded
with intracellular agents to manage cellular
phenotype.[32]

e  Alveolar macrophages for tuberculosis
(inhalation of solid lipid microparticles)[33]

e  Gentamicin/dextran’s  microparticles  for
treating wound bacterial infections [34]

. preparation of thiolated polydimethyl
aminoethyl methacrylate (PDCy) and use of
PDCy submicroparticles as oral insulin
carriers in vitro.[35]
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Molecular Imaging:

Molecular imaging of disease conditions
can enhance diagnosis, permitting correct and
highly effective treatment. By specifically targeting
molecules differentially expressed in disease states,
researchers and clinicians can characterize disease
at the cellular or tissue level. Targeted micron-sized
particles of iron oxide (MPIO) are used as
molecule specific contrast agents with magnetic
resonance imaging (MRI), and early proof suggests
their suitability for use with different imaging
modalities [37].

Biosensors:

The wuse of core-shell particles as
biosensors in biomedical applications such as
medical diagnostics has been the subject of several
recent studies. Due to the high demand for
implantable biosensors for continuous monitoring
and detection of analytes in vivo, various diseases
can be diagnosed early and monitored in real time.
Biosensors containing bio sensing agents and
signaling factors can be used to detect biomarkers
such as glucose, enzymes, ions, DNA and
antibodies.  Microfluidics has offered the
opportunity to create smart microparticles with
complex structures to fabricate biosensors with
extended functions Xie et al. [38] created a hollow
polyethylene glycol microcapsule to encase
nanosensors in a liquid core. In vivo application of
implantable biosensors used to detect biomolecules
restricted by move or release from position. One
approach to solve this problem is to encapsulate the
nanosensors in a hydrogel scaffold. However,
nanosensors in contact with the hydrogel wall can
disrupt the sensor's function. Therefore, the team
developed a microcapsule with a microfluidic
liquid core to prevent contact of the nanosensors
with the hydrogel. Nanosensors include glucose-
sensitive quantum dots, heparin-sensitive gold
nanorods and core-encapsulated gold nanorods.
Biomolecules such as glucose and heparin
propagate through the envelope and their
interaction with nanosensors results in detectable
optical signals [39].

Deep-Tissue Imaging:

Magnetic targeting of tumors with
external magnets has been shown to be a promising
technique to increase the delivery of cytotoxic
agents to tumor cells and reduce their side effects. .
However, it has many intrinsic limitations such as
the inability to focus on areas within deep tissues,
mainly because the size of the magnetic field is

drastically reduced compared to that of magnets.
Another clinically viable approach to focus on deep
tissue is magnetic resonance navigation (MRN),
which involves endovascular control of therapeutic
micro carriers (TMMCs), performed with
Advanced MRI scanner. A proof-of-concept study
reported the preparation and testing of TMMCs
designed keeping in mind the limitations of MRN
and hepatic chemoembolization.
TMMCs are biodegradable microparticles loaded
with  iron-cobalt and doxorubicin  (DOX)
nanoparticles. They show high saturation
magnetization (Ms = 72 emu g-1), MRI tracking
compatibility (high contrast on T2-weighted
images), acceptable size for blood vessel
embolization (50 um) and DOX release persists for
several days. Pouponneau et al.[40] successfully
piloted TMMC in vitro and in vivo in a rabbit
model. They performed in vivo targeting of the
right or left hepatic lobe using MRN through the
hepatic artery 4 cm below the skin [8].

DNA Plasmid:

Controlled release of plasmid (pDNA)
from biodegradable Polylactic-co-glycolic acid
(PLGA) microparticles has the potential to enhance
transgene expression. However, it has some
limitations: limited packaging capacity, damage to
pDNA during production, and confinement of
microparticles in phagocytic compartments. The
combination of PLGA with polyethylenenimine
(PEI) can improve pDNA protection at the time of
fabrication, increase encapsulation efficiency, and
give PLGA microparticles the ability to escape
from phagocytic compartments [8].

In Oral drug delivery:

Drugs for oral administration are generally
dependent on their solubility and absorption. Those
drugs have low water solubility and low
bioavailability, the microscopic size of these drugs
leads to increased oral absorption and
bioavailability. Microparticles provide rapid action
for drugs that are completely absorbed but slow
[41]. Hai-feng Cheng et al. studied the oral
microparticle delivery system of diltiazem, the
microparticles were prepared with cellulose acetate
and Eudragit R5100. Drug release from the
microparticles was found to be 77.62 + 2.12 to
9750 + 1.04 at the end of 12 h. The study
concluded that the diltiazem microparticle floating
oral drug delivery system could be an effective
alternative to conventional oral tablets for cardiac
delivery [42].
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Ocular Delivery:

MDDS is an attractive method for the
preparation of ophthalmic products because, once
the particles have penetrated the cornea, tear
drainage can be delayed due to the particle size and
thus achieving retention time. Longer, reducing
drug elimination and increasing the effect. Using
this approach, promising therapeutic benefits are
obtained, but it should be borne in mind that the
drug does not cause any kind of irritation or toxic
effects. A study was performed in which CMC and
polyvinyl alcohol (PVA) in their sodium salt form
were used as polymers for the preparation of
adrenaline loaded microparticles and this prepared
formulation was able to swell with good
interpenetrate network and can be used safely in
ophthalmic delivery systems [43]

Microparticles in vaccines delivery:

Poly (ethylene glycol)-dextran (PEG-
DEG) conjugates were used as combination
stabilizers and surface modifiers to produce
degradable poly (DL-lactide-co-glycolide)
microparticles. By emulsification or solvent
evaporation techniques. This approach offers the
opportunity to attach hydrophilic species as target
groups to biodegradable microparticles to enhance
vaccine interaction with specific tissue sites [44].
Using thermoplastic polyesters of PLA and
(glycolic acid) and their copolymers (lactides
coglycolides), antigens such staphylococcus
enterotoxin B, diphtheria toxoid, hepatitis surface
antigen, and tetanus toxoid are formulated into
microspheres [5].

Enhances
uptake and
permeability
across intestinal

barrier and
modifies surface
properties

Reduce booster
dose and allow
single dose
administration
for sustained
release

Microparticles in
vaccine delivery

Improved

Immune

protection from
dation and

mediatel! and

FIG: Therapeutic effects and advantages of MDDS in vaccine delivery

Role of MDDS in the Management of Diabetes
Mellitus:

MDDS, especially in diabetes, has
received considerable attention because it avoids
repeated dosing, thereby preventing injury, pain,
and injury associated with insulin; this method also
supports drug release and improves treatment
effectiveness. Effective therapy for diabetes in the
clinical setting is delivered using insulin (INS), as
subcutaneous injection or intravenous drip;
however, administering INS by these routes could
harm the patient and lead to injury. Furthermore,
INS is a protein that can be easily digested by
gastric enzymes, thereby limiting its bioavailability
orally. Therefore, it makes practical sense to form

an INS distribution system that avoids its
degradation. For example, hydrogels have been
extensively studied as carriers of excess protein.
Such an approach has been reported using pH-
sensitive hydrogel microparticles obtained by the
polymerization of methacrylic acid dimethacrylate
and polyethylene glycol (PEG), releasing only 25%
of INS in acidic media ( pH 2.5), followed by a
long-lasting sustained effect up to 10 hours in
alkaline media, with an INS encapsulation
efficiency of 82%.[45]

Another interesting MDDS hydrogel was
prepared using chitosan complexed with PEG and
polymethylmethacrylate (PMMA) to form a matrix,
which was then functionalized with thiol groups by
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incorporating cysteine on the carboxyl group of the
polymer matrix. This system leads to slow release
of INS due to activation of tyrosine kinases

activated by carboxyl groups of matrix, promoting
controlled and sustained release as well as
preventing protein destruction of INS [46].

frequency

administra

provide
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and
extended
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FIG: Therapeutic effects and advantages of MDDS in diabetes mellitus

Microparticles in Cancer therapy:

Micro particulate technology in cancer is
the most useful today. Cancer is a disease in which
growth or malignancy is the result of uncontrolled
cell division. Anticancer drugs have the major
disadvantage of being selective only for tumor
tissues, leading to serious side effects and low cure
rates. Conventional drug delivery methods fail to
target only abnormal cells. Microparticle
technology is perhaps the only method that can be

used for site-specific actions without any
significant adverse effects on normal cells [47].

A microparticle-based system has been
developed to deliver therapeutic agents to brain
tumors. Polymethylidene-malonate polymer is used
to prepare biodegradable  sustained-release
microspheres loaded with 5-fluorouracil for the
treatment of malignant brain tumors. The polymer
degrades slowly and results in long-term local drug
delivery, i.e. 5-Fluorouracil [48, 5].

DOI: 10.35629/7781-080212871303 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1299



International Journal of Pharmaceutical Research and Applications

\V) Volume 8, Issue 2 Mar-Apr 2023, pp: 1287-1303 www.ijprajournal.com [SSN: 2249-7781

1JPRA Journal

Minimize

resistance

offered by
tumor cells

Offers
sustained
release over
a period of
times
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Pulmonary Delivery:

MDDS of 1 to 5 um in size are suggested
for lung accumulation. However, even 1-2 um
particles are eliminated by phagocytosis and thus
the elimination half-life is further shortened. This
led to the development of large porous MDDS with
low density and improved aerosol efficiency. These
particles are large and porous, so they interfere
with the phagocytosis process and reduce the
interaction between particles [49]. Porosity is
achieved using substances called porogens.
Although drug efficacy is increased in large porous
MDDS, its release is not sustained in the long term.
Therefore, to prepare a controlled extended release
formulation, expandable MDDS was developed.
These MDDS particles vary in size from 0.5 to 5
um which are easily inhaled when dry, and when
they accumulate in the lungs, their wet surface
causes the particles to swell, thus solving two
problems: reduced phagocytosis by macrophages
and sustained drug release from swelling particles

2.

I1.  CONCLUSION:

Many microparticulate formulations have
gained medicinal and diagnostic value over the last
few decades. Many different polymers have been
investigated, and a number of them have been
shown to be effective.

The  microparticles offer improved
stability, increased bioavailability, taste masking,
good handling properties, and controlled release of
the active component. The methods for creating
microparticles require fewer stages and less time.
In a wvariety of drug delivery systems,
microparticles are the ideal drug carriers.
Researchers and academicians will gain a better
understanding of the microparticle drug delivery
for better management of life-threatening diseases.
From  various aspects of  microparticle
formulations, characterization, effect of their
characteristics, and applications in cell specific
delivery of drug molecules and therapeutic genes.
For this reason, the majority of companies are
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currently focusing on the development of drug
delivery systems using microparticles.

[1].

2.

[3].

[4].

[5].

[6].

[7]1.

8].

REFERENCES:
Rafiee MH, Abdul Rasool BK. An
overview of microparticulate  drug
delivery system and its extensive
therapeutic applications in diabetes. Adv.
Pharm. Bull. 2022 Oct 1.
Bale S, Khurana A, Reddy AS, Singh M,
Godugu C. Overview on therapeutic
applications of microparticulate drug
delivery systems. Critical Reviews™ in
Therapeutic Drug Carrier Systems. 2016;
33(4).11
Irsah Magbool , Sobia Noreen , Fahad
Pervaiz, Muhammad ljaz, Irshad Farooq,
Micro Particles: A Review Of Recent
Developments, Microencapsulation
Method, And Therapeutic Strategies,
Global Pharmaceutical Sciences Review
(GPSR) (2019), 4(1); 28
39(microparticle 2019) 7
Ozeki T, Kano Y, Takahashi N, Tagami T,
Okada H. Improved bioavailability of a
water-insoluble drug by inhalation of
drug-containing  maltosyl-B-cyclodextrin
microspheres using a four-fluid nozzle
spray drier. Aaps Pharmscitech. 2012
Dec;13(4):1130-7.
N. Jyothi, Harekrishna Roy, N. Lakshmi
Prasanhti and V. Sri Vajrapriya, A Brief
Review of Microparticle Drug Delivery
System, World Journal Of Pharmacy And
Pharmaceutical Sciences, 2016, June
5:(7):701-712
Bidyut Das And Juti Rani Devi
Microparticulate Drug Delivery System-
A Review , World Journal Of
Pharmaceutical And Life Sciences, 2016,
Vol. 2, Issue 6, 243-258.(micro review)
Wischke C, Schwendeman SP. Principles
of encapsulating hydrophobic drugs in
PLA/PLGA microparticles. International
Journal of pharmaceutics. 2008 Dec
8;364(2):298-327.
Shaivad Shabee Hulhasan Abadi,Afrasim
Moin,& Gangadharappa Hosahalli
Veerabhadrappaa, Review Article:
Fabricated Microparticles: An Innovative
Method to Minimize the Side Effects of
NSAIDs in Arthritis, (2016) ,33(5): 433-
488

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

Yamada T, Onishi H, Machida Y.
Sustained release ketoprofen
microparticles with ethylcellulose and
carboxymethylethylcellulose. Journal of
controlled Release. 2001 Aug
10;75(3):271-82.

M. Suresh Babu, Arkaan Qamar Abbas,
Microencapsulation: A Review, European
Journal of Biomedical and Pharmaceutical
Sciences, 2019, Volume 6, Issue 6, 224-
237.

Kirti Ranjan Parida, Sanjay Kumar Panda,
Palaniyandi Ravanan, Harekrishna Roy,
Madhumathi Manickam, Priti Talwar.
Microparticles Based Drug Delivery
Systems: Preparation and Application in
Cancer Therapeutics. International
Archive of Applied Sciences and
Technology, 2013; 4(3): 68-75.

B.Pavan Kumar, |.Sarath Chandiran,
B.Bhavya, M.Sindhuri , Microparticulate
Drug Delivery System: A Review, Indian
Journal of Pharmaceutical Science &
Research, 2011, 1 ;( 1):19-37.

Yang WW, Pierstorff E. Reservoir-based
polymer drug delivery systems. Journal of
laboratory  automation. 2012  Feb;
17(1):50-8.

34. Kadam NR, Suvarna V. Microsphere:
a brief review. Asian Journal of
Biomedical and Pharmaceutical Sciences.
2015 Aug 1; 5(47):13.

Gupta AK, Dey BK. Microencapsulation
for controlled drug delivery: a
comprehensive review. Sunsari technical
college journal. 2012;1(1):48-54.

Sachan NK, Singh B, Rao KR. Controlled
drug delivery through microencapsulation.
Malaysian J Pharm Sci. 2006;4(1):65-81.
Nitika A, Ravinesh M, Chirag G, Manu A.
Microencapsulation, A novel Approach in
Drug Delivery. A review, Indo Glob. J.
Pharm. Sci. 2012; 2(1):1-20.

Brazel CS, Peppas NA. Modeling of drug
release  from  swellable  polymers.
European journal of pharmaceutics and
biopharmaceutics. 2000 Jan 3; 49(1):47-
58.

Haznedar S, Dortunc B. Preparation and in
vitro evaluation of Eudragit microspheres
containing acetazolamide. International
journal of pharmaceutics. 2004 Jan 9;
269(1):131-40.

DOI: 10.35629/7781-080212871303 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 1301



&N

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 2 Mar-Apr 2023, pp: 1287-1303 www.ijprajournal.com

UJPRA Journal

[20]. N.V. Satheesh Madhav, Shivani Kala, [31]. Shen J, Wu X, Lee Y, Wolfram J, Yang Z,
Review On  Microparticulate  Drug Mao ZW, Ferrari M, Shen H. Porous
Delivery silicon microparticles for delivery of

[21].  System, International  Journal  of siRNA therapeutics. JoVE (Journal of
Pharmtech Research, 2011, July-Sept, Visualized Experiments). 2015 Jan
3(3); 1242-1254. 15(95):e52075.

[22]. Kumar A, Lahiri SS, Punyani S, Singh H. [32]. Koppolu BP, Smith SG, Ravindranathan
Synthesis and characterization of pH S, Jayanthi S, Suresh Kumar TK, Zaharoff
sensitive poly (PEGDMA-MAA) DA. Controlling chitosan-based
copolymeric microparticles for oral insulin encapsulation for protein and vaccine
delivery. J Appl Polym Sci. 2008; delivery. Biomaterials. 2014;35(14):4382—
107(2):863-71. [33]. 9.

[23].  Aglero L, Zaldivar-Silva D, Pefia L, Dias [34].  Ankrum JA, Miranda OR, Ng KS, Sarkar
ML. Alginate microparticles as oral colon D, Xu C, Karp JM. Engineering cells with
drug delivery device: A  review. intracellular agent—loaded microparticles
Carbohydrate Polymers. 2017 Jul 15; to control cell phenotype. Nature
168:32-43. protocols. 2014 Feb;9(2):233-45.

[24]. Lengyel M, Kallai-Szabd N, Antal V, Laki [35]. Maretti E, Rossi T, Bondi M, Croce MA,
AJ, Antal I. Microparticles, microspheres, Hanuskova M, Leo E, Sacchetti F,
and microcapsules for advanced drug lannuccelli V. Inhaled Solid Lipid
delivery. Scientia Pharmaceutica. 2019; Microparticles to  target  alveolar
87(3):20. macrophages for tuberculosis.

[25]. D’Mello SR, Yoo J, Bowden NB, Salem International Journal of Pharmaceutics.
AK.  Microparticles  prepared  from 2014 Feb 28;462(1-2):74-82.
sulfenamide-based polymers. Journal of [36].  Aquino RP, Auriemma G, Mencherini T,
microencapsulation. 2014  Mar 1, Russo P, Porta A, Adami R, Liparoti S,
31(2):137-46. Della Porta G, Reverchon E, Del Gaudio

[26]. Mohima T, Dewan I, Islam SA, Rana S, P. Design and  production  of
Hossain AL. Encapsulation of zidovudine gentamicin/dextrans  microparticles by
in different cellulosic acrylic and supercritical assisted atomisation for the
methacrylic polymers loaded treatment of wound bacterial infections.
microspheres: in vitro characterization and International journal of pharmaceutics.
compatibility studies. International Journal 2013 Jan 20;440(2):188-94.
of Pharmacy and Pharmaceutical [37]. Sonia TA, Sharma CP. In vitro evaluation
Sciences. 2015 Jan 1; 7(1):486-95. of quaternized

[27]. Samirkumar P, Chand T, Maulik T. polydimethylaminoethylmethacrylate sub-
Formulation development and evaluation microparticles for oral insulin delivery.
of microspheres containing duloxetine Journal of biomaterials applications. 2013
hydrochloride. Int J Res Pharm Biomed Jul;28(1):62-73.

Sci. 2013; 4(2):568-72. [38]. Jefferson A, Wijesurendra RS, McAteer

[28]. Asha K, Vikash D. Formulation and MA, Choudhury RP. Development and
evaluation of Zidovudine loaded chitosan application of endothelium- targeted
Microspheres for controlled release. Int J microparticles for molecular magnetic
Drug Dev Res. 2012; 4(1):96-105. resonance imaging. Wiley Interdiscip Rev

[29]. Fathima A, Vedha Hari B.N, Ramya Devi Nanomed Nanobiotechnol. 2012;
D, Micro Particulate Drug Delivery 4(3):247-56.

System For Anti- Retroviral Drugs: A [39].  Jefferson A, Wijesurendra RS, McAteer
Review, Critical Review In Therapeutic MA, Choudhury RP. Development and
Drug Carrier Systems,, 2011; 4(2): 11-16 application of  endothelium- targeted

[30]. R. Santosh Kumar, Abhishiktha Godthi. microparticles for molecular magnetic
Floating Multiparticulate Systems: A resonance imaging. Wiley
Novel Approach In Gastroretentive Drug Interdisciplinary Reviews: Nanomedicine
Delivery Systems, Indo American Journal and Nanobiotechnology. 2012

Of Pharmaceutical Research, 2017

May;4(3):247-56.

DOI: 10.35629/7781-080212871303 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 1302



N

1JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 2 Mar-Apr 2023, pp: 1287-1303 www.ijprajournal.com

[40].

[41].

[42].

[43].

[44],

[45].

[46].

[47].

[48].

[49].

Xie X, Zhang W, Abbaspourrad A, Ahn J,
Bader A, Bose S, Vegas A, Lin J, Tao J,
Hang T, Lee H. Microfluidic fabrication
of colloidal nanomaterials-encapsulated
microcapsules for biomolecular sensing.
Nano Letters. 2017 Mar 8;17(3):2015-20.
Galogahi FM, Zhu Y, An H, Nguyen NT.
Core-shell  microparticles:  Generation
approaches and applications. Journal of
Science: Advanced Materials and Devices.
2020 Dec 1; 5(4):417-35.

Pouponneau P, Leroux JC, Soulez G,
Gaboury L, Martel S. Co-encapsulation of
magnetic nanoparticles and doxorubicin
into biodegradable microcarriers for deep
tissue targeting by vascular MRI
navigation. Biomaterials. 2011 May
1;32(13):3481-6.

Majeti N, V Ravi Kumar. Nano and
Microparticles as  Controlled Drug
Delivery Devices. Journal of Pharmacy &
Pharmaceutical Science, 2000; 3(2): 234-
258

Cheng HF, Feng Y, Duan QJ, Jiang DM,
Tao KY. Floating microparticulate oral
diltiazem hydrochloride delivery system
for improved delivery to heart. Tropical
Journal of Pharmaceutical Research.
2015;14(6):935-40.

Tataru G, Popa M, Costin D, Desbrieres J.
Microparticles based on natural and
synthetic  polymers for  ophthalmic
applications. J Biomed Mater Res A.
2012; 100(5):1209-20.

Dr. Abhay Padalkar, Sadhana Shahi,
Mahesh Thube patil. Micro particles: An
approach for betterment of drug delivery
system. International Journal of Pharma
Research and Development, 2011; 3(1):
99-115.

Kumar A, Lahiri SS, Punyani S, Singh H.
Synthesis and characterization of pH
sensitive poly (PEGDMA- MAA)
copolymeric microparticles for oral insulin
delivery. Journal of applied polymer
science. 2008 Jan 15;107(2):863-71.
D’Souza B, Bhowmik T, Uddin MN,
Oettinger C, D’Souza M. Development of
B-cyclodextrin-based sustained release
microparticles for oral insulin delivery.
Drug  development and  industrial
pharmacy. 2015 Aug 3;41(8):1288-93.
Satyabrata Bhanja, M. Sudhakar, V.
Neelima, B.B. Panigrahi, Harekrishna

[50].

[51].

Roy. Development and Evaluation of
Mucoadhesive Microspheres of Irbesartan.
Int J Pharma Res Health Sci., 2013; 1(1):
8-17.

Kirti Ranjan Parida, Sanjay Kumar Panda,
Palaniyandi Ravanan, Harekrishna Roy,
Madhumathi Manickam, Priti Talwar.
Microparticles Based Drug Delivery
Systems: Preparation and Application in
Cancer Therapeutics. International
Archive of Applied Sciences and
Technology, 2013; 4(3): 68-75.

Yang Y, Bajaj N, Xu P, Ohn K, Tsifansky
MD, Yeo Y. Development of highly
porous large PLGA microparticles for
pulmonary drug delivery. Biomaterials.
2009; 30(10):1947-53.

DOI: 10.35629/7781-080212871303 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1303



