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lives to maintain the plasma concentration of the drug. Additionally, due to irregular
administration, patient compliance is poor, resulting in changes in blood levels. The
limitations of traditional drug delivery can be overcome by developing new drug
delivery systems that can maintain constant plasma drug levels by slowly releasing the
drug over an extended period of time. The development of drug control devices can also
improve the bioavailability of drugs, leading to better treatment and better patient
compliance. There are many ways to control distribution, such as liposomes, liposomes,
ethosomes, phytosomes, microemulsions, and microspheres. Among all the methods,
microspheres are easier because the drug is released slowly from the polymer matrix
and the polymers used are mostly biodegradable and have no side effects. For this
reason, microspheres can be used in many medical fields such as oncology, gynecology,
radiology, pulmonology, cardiology, diabetes and medicine. This review article
introduces several new types of microspheres and their preparation. The microspheres
can then be measured and quantified by different methods..
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INTRODUCTION

More than 90% of existing drugs are used in the
most popular and easy way: orally. The first
challenge faced by pharmaceutical companies
when a new drug is discovered is how to create a
dosage form that will be effective for oral use in
the first place. However, oral drugs suffer from
limitations of clinical efficacy due to the need to
achieve sustained plasma concentrations and

monitor the population. This pharmacokinetic
limitation can be overcome by changing the
formulation to release the drug slowly upon long-
term administration. One of these methods is
microspheres, also known as microparticles [1].
Microspheres are characterized by a spherical
shape and a free-flowing powder composed mostly
of biodegradable polymers. At best, their size
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varies between 1 um and 1000 um. Microspheres
can transport drugs and be used for drug delivery.
The fact that the drug is loaded into polymer
microspheres shows that the treatment is only in
the target tissue. Microspheres are designed to
enhance the therapeutic effects of drugs and
achieve better bioavailability, thereby reducing
toxicity and side effects. [2]

There are two types of microspheres: reservoir
type and matrix type.

Reservoir type

In this system, the drug acts as a base and is
surrounded by a water-insoluble polymer to
control the release of the drug. The most
commonly used polymers in these materials are
ethyl cellulose or polyvinyl acetate. This type is
also called microcapsules.

Matrix Type

In this type, the drug is distributed evenly in the
polymer matrix, thus controlling the amount of
drug released. The most commonly used matrix
type polymers are sodium alginate or
hydroxypropyl methylcellulose (HPMC). This
type is also known as micro matrix [3].

There are two methods for drug release from
microspheres

1. Dissolution: Here the dissolution rate is
controlled by the polymer decreasing its wet
ability or spontaneously dissolving in the intestine
at a slow rate.
2. Diffusion: Here, the drug spreads from the high-
drug area to the low-drug area [6].
Advantages

Better patient compliance Since microspheres can
release the drug slowly over a long period of time,
the frequency of drug use is reduced; Since there
is a better patient compliance, most drugs are used
in children, elderly and psychiatric patients.
Improved Bioavailability Microsphere size is in
the micron range, meaning the small size provides
a large surface area to increase the solubility of
poorly soluble drugs, thus improving the systemic
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bioavailability of drugs. Stable plasma drug
concentration

Microspheres show prolonged release of the drug;
Therefore, the drug concentration in the body does
not change and reaches a constant Cmax value.
Reduce Adverse Effects Biodegradable polymer
microspheres are biocompatible with the body's
environment; They do not require surgical
removal. Since the drug is released in a controlled
manner, its toxicity is reduced. Improve stability
Liquid medicine can be converted into
microspheres to ensure the stability of the
medicine and maintain its clinical life. < br>
Parenteral preparations The shape of the
microspheres is spherical and the amount of drug
can be based on parenteral deposits of the
microsphere. Targeted Drug Delivery
Microspheres are wused to target diseases,
particularly tumors, where the concentration in the
rest of the tissue is low [4,5].

Disadvantages

Cost of production - The cost of production of
prescription drugs is higher than the cost of
production of prescription drugs.

Repeatability - Microspheres are difficult to
reproduce because they require special techniques
and technology.

Potential Toxicity - Since microspheres contain
large amounts of drug, chemical waste will be
generated, leading to potential toxicity.

Polymer Toxicity - Polymer additives such as
plasticizers, stabilizers and antioxidants are also
potentially toxic. Depending on their structure,
these polymers can hydrolyze, oxidize, or react
with biological substances, causing toxicity.
Swallowing - Microspheres used for oral
administration should be swallowed rather than
chewed or crushed because they are designed to
delay the release of the drug.

Healing - conditions The performance of
microspheres such as pH, temperature, mixing,
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solvent evaporation and heat will affect the
stability of the drug to be encapsulated [4, 5].
TYPES OF MICROSPHERES

Bio adhesive Microspheres

Drug-loaded microspheres can be applied to eyes,
anus, nose, etc. It uses the adhesive properties of
water-soluble substances to adhere to the polymers
of mucous membranes. This is called bio adhesion.
This type of microspheres exhibit properties such
as being close to the absorption surface. It has also
been shown to have a longer residence time at the
target site and lead to better results, such as facial
application of acyclovir on bio adhesive
microspheres, nasal application of insulin, and
buccal application of nifedipine [7,8].
Magnetic Microspheres

Such microspheres have the important feature of
being used for distribution purposes, for example,
limiting the drug to the disease area. The main
purpose of this type of microspheres is to replace
large doses of free diffusion with small doses of
magnetically focused drugs. Since the size of
magnetic microspheres is <4um, they can operate
entire blood vessels without causing blockage of
blood vessels and target diseases from external
magnetic fields of 0.5-0.8 Tesla, removing
neuroblastoma cell singles from the bone marrow.
Magnetic microspheres [9,10].

There are two types of magnetic microspheres:
Therapeutic magnetic microspheres These types of
microspheres generally target breast cancer by
delivering chemotherapy drugs to the target area,
namely pain. Such microspheres are usually filled
with protein or peptide drugs for targeting.
Diagnostic Magnetic Microspheres

These microspheres are used only to evaluate liver
metastases. It can also be used to make nano-sized
materials such as super magnetic iron oxide, which
can be used to differentiate intestines from other
intestinal diseases.

Floating Microspheres
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Floating microspheres have a smaller volume, so
they float in the stomach without affecting the
digestive system. During the slow release of the
drug on demand, such microspheres have been
shown to affect the digestive system and increase
the residence time in the stomach, leading to a
constant plasma concentration. As a result, the
control frequency of these microspheres is also
reduced, and long-term therapeutic effects such as
ketoprofen floating microspheres and felodipine
floating microspheres are also produced [11,12].
There are two types of floating microspheres:

1. Effervescent Microspheres

2. Non-effervescent microspheres

Radioactive microspheres

Radioactive  microspheres  The size  of
radioembolization microspheres is 10-30 nm; this
is larger than the capillary diameter and hits the
first capillary bed. Microspheres are injected into
blood vessels leading to the target tumor.
Therefore, in all of these, radio microspheres do
not harm the rest of the tissue, they concentrate in
certain areas and emit high radiation. Different
types of radioactive microspheres are alpha
emitters, beta emitters and gamma emitters [13].
Polymer Microspheres

Various types of polymer microspheres can be
classified as follows.

Biodegradable Polymer Microspheres

Starch used in microsphere formulation is a natural
polymer; It is biodegradable, biocompatible and
bio adhesive in nature. Such biodegradable
polymers can last for a long time and eventually
form a gel when in contact with the mucosa due to
their swelling properties due to contact with
aqueous media. The quantity and amount of drug
released from the microspheres depends entirely
on and is controlled by the concentration and
release pattern of the polymer. This release pattern
occurs continuously. The main disadvantage of
biodegradable microspheres is drug loading
efficiency and drug release. However, they are
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widely used in microsphere-based therapy; for
example, polylactic acid microspheres loaded with
5-fluorouracil.

Synthetic polymer microspheres

such microspheres are widely used in medical
applications. It is also used as skin tightening
agents, fillers, embolic agents, drug carrier agents,
etc. They can also be used and proven. are safe,
biocompatible, but the main disadvantage of such
microspheres is that they can migrate from the
injection site and cause risk, embolism and other
organ damage, for example, phenobarbital
microspheres using the Eudragit RL polymer [14]
Porous Microspheres

Porous microspheres have two external surfaces or
a significant number of internal pores through
which active pharmaceutical ingredients can
disperse or dissolve as directed. 1. Pores are
formed by porogens that are completely dissolved
during the process; For example, porogens used
are ammonium bicarbonate, effervescent salts
such as hydrocarbon waxes, inorganic salts such as
sodium chloride, carbohydrates, ice, linear
polymers, gelatin and sugar. The coating system is
made of materials such as calcium carbonate
(CaCO3), mesoporous silica, hydroxyapatite and
biodegradable porous starch foam used in the
transport of protelns and peptldes [15 16]

Fig. 1: Porous microspheres as observed under the
scanning electron microscope. [17]

MICROSPHERE INGREDIENTS [18]

Polymers

In microsphere formulations, researchers often use

a variety of biodegradable and non-biodegradable
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polymers. Polymers used in the preparation of
microspheres are divided into two: natural and
synthetic. Before selecting the polymer for the
production of microsphere, we should consider
some non-toxicity, biocompatibility,
biodegradability and simplicity of the polymer. It
must be biocompatible, biodegradable, non-toxic
and easily available. Polymers that pass all the
options do not have many advantages, such as
increasing the time the drug stays in the body and
thus providing better bioavailability of the drug
compared to the drug formula. Examples of natural
polymers include albumin, collagen, and gelatin,
which are proteins, while agarose, carrageenan,
chitosan, and starch are carbohydrates, and
poly(acrylic acid) dextran, polystarch, and DEAE
cellulose are carbohydrates chemically treated
with sodium. alginate, cellulose ethers, xanthan
gum, Scheroglucan, arabica gum, tamarind seed
polysaccharide, beeswax, carnauba wax, chitin
and zein (Zien). Examples of synthetic polymers
are divided into three groups: lactide, glycolide
and their copolymers, polyanhydrides, polyalkyl
cyanoacrylates are biodegradable in nature, while
glycidyl methacrylate, propylene Aldehydes,
epoxy polymers and polymethyl methacrylate’s
are a polyhydrate, ultimately a polyhydrate.

/polylactide,  polyorthoesters, polycarbonate,
polylactic glycolic acid (PLGA),
Polycaprolactone, polyphosphazen, ethyl

cellulose, Eudragit L100, Eudragit S100, HPMC,
Eudragit RS100 and Eudragit RL100 are another
group [19-24].
Surfactants
Surfactants play an important role in the
emulsification and extrusion process in
microsphere formation. Surfactants play an
important role by reducing the interaction between
hydrophilic and hydrophobic molecules, thus
forming a stable emulsion. The use of surfactants
prevents the emulsion droplets from coalescing to

form separate microspheres. The hydrophile-
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lipophile balance (HLB) indicator is used to select
suitable emulsifiers. While hydrophilic surfactants
with HLB values in the range of 8-18 are used in
oil-in-water emulsions, emulsifiers with HLB
values in the range of 3.5-6 are called lipophilic
surfactants. As the surfactant concentration
increases, the particle size of the microspheres
decreases and a small and particle size distribution
occurs. For example, sodium laureth sulfate,
sodium lauryl sulfate as anionic surfactants, as
well as polysorbate 80, Tween 40, Tween 20, Span
85, Span 80, Span 20, Poloxamer 188, Brij58,

polyglycerol,  sorbitol and  sorbitol-free
polyricinoleate.[31].
oil

The particle size, distribution and uniformity of
microspheres are affected by the effect of the ratio
of the viscosity of the oil phase to the viscosity of
the aqueous phase, for example. It has been
reported that the particle size of microspheres
prepared using olive oil is larger than that of
microspheres prepared using liquid paraffin, since
the viscosity of olive oil is higher than liquid
paraffin. There are different types of oils used to
create microspheres during the emulsification/gel
process. Examples include liquid paraffin,
soybean oil, olive oil, sunflower oil, castor oil,
peanut oil, rapeseed oil and rapeseed methyl ester
[32].

Crosslinking agents

The most commonly used crosslinking agents in
microsphere preparation are Ca2+, Sr2+ and Ba2+
ions. However, Sr2+ and Ba2+ ions are slightly
toxic, while Ca2+ ions are non-toxic, so Ca2+ ions
are widely used as crosslinkers in the preparation
of microspheres. At a low Ca2+ ion concentration,
the microspheres aggregate. By increasing the Ca
2+ ion concentration, the encapsulation efficiency
of the microspheres increased slightly. However,
after the cross-linker reaches the optimum
concentration, if there is more cross-linker, the
performance of the product will decrease due to
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cross-linking of too many links. Examples include

glutaraldehyde, sulfuric acid, and calcium
carbonate [33-36].
Solvents

Solvents are commonly used when preparing
microspheres by solvent evaporation. Examples
include chloroform, dichloromethane (DCM),
ethanol, acetonitrile, polyvinyl alcohol (PVA),
dichloromethane and  methanol  [37-39].
Dry Method

In this technology, the polymer layer is first
dissolved/dissolved in organic solvents such as
acetone and DCM and then the solution is placed
into the polymer by high-speed homogenization
[40]. The resulting mixture is then atomized in a
stream of hot air. Atomization occurs through the
formation of fine air or droplets and the organic
solvent immediately evaporates, resulting in the
formation of microspheres of size 10 um-100 pm
[41].

Solvent evaporation

This method uses organic processes as the means
of production; This process has two stages. The
first is the aqueous phase in which the drug is
incorporated with or without stabilizers.
Moreover, the other phase is the organic phase
containing the polymer in organic solvents such as
acetone and DCM, then it is aqueous and the
organic phase needs to be mixed by high-speed
homogenization, which forms w/o emulsion. This
emulsion is added. If necessary, add to the aqueous
phase to form a water/water/water emulsion. The
mixture is heated with constant stirring, causing
the organic phase to evaporate, causing the
polymer layer of the main product to shrink and
microspheres to form.

Single emulsion technology

This method uses emulsification technology to
prepare microspheres; The polymer layer is
dissolved in a heavy organic solvent to form a
polymer solution. Addition of the resulting
polymer to the aqueous phase containing the

383 |Page



Rahul Mutadak, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 6, 379-394 [Review

emulsifier forms an O/W emulsion. The emulsion
is then stirred for several hours under constant
ambient conditions, filtered and dried in a
desiccator [42].

Double Emulsion Technology

This technology involves the preparation of double
emulsion by two methods: /o/w or o/w/o mode.
Agueous solutions contain chemicals dispersed in
the organic phase. The organic phase with a
polymer layer encapsulates the drug present in the
dispersed aqueous phase, resulting in the
formation of a primary emulsion. This first
emulsion is then homogenized or ultrasonicated

and then added to PVA aqueous solution to form a
second emulsion, which is then filtered and dried
in a desiccator to prepare microspheres [43].
Phase separation coacervation technology

This is generally used to prepare reservoir type
microspheres. This method is often used to
encapsulate hydrophilic drugs; In this way, the
polymer layer is dissolved in an organic volatile
solvent, and then an aqueous solution of the drug
is added to coat the drug with the polymer, and
then the drug is coated with it. polymer by
changing the environment (such as changing
temperature, changing pH, and adding salt)
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Fig. 2: Schematic illustration of the ionic gelation method. [30]

Spray Coagulation

In this process, the drug is dissolved/dispersed in a
polymer solution, for example, a lipophilic
polymer such as wax. The hot molten solution is
then sprayed into the well water in the container,
which is stored in ice water carbon dioxide [45].
Liquid Extraction

This method removes the organic phase by
extracting the organic phase. Solventization is
accomplished using a hydrophilic organic solvent
such as isopropyl alcohol. The organic phase is
then extracted with water; this is a process that
shortens the hardening time of microspheres [46].
Semi-emulsion solvent diffusion

Micro sponges can be prepared using this
technique. It has two levels, one inside and the
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other outside. The outer phase contains PVA and
distilled water, while the inner phase contains
polymer, chemicals and ethanol. Preheat the
interior to 60°C and add the bones to the outside.
Then store at room temperature. The resulting
emulsion was then homogenized for 2 h to form
micro sponges, which were filtered, washed and
dried in a vacuum oven for 24 h [47].
Crosslinker method

In this method, a crosslinker - binding agent is
used in the production of microspheres. The first
special polymer solution is prepared in an aqueous
medium and then added to the continuous phase
containing oil and a certain surfactant content to
form a w/o emulsion, then the aqueous solution of
the cross-linker is combined dropwise with the
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continuous phase. mix and then harden the surface
of the microspheres. The resulting microspheres
were washed and dried [48].
Hot Melt Microcapsules

In this technology, the polymer layer is melted and
homogenized with the drug, and the resulting
mixture is suspended in a lipophilic solvent (e.g.
silicone) by adding additional oil and continues.
The solution was heated to the melting point of the
polymer at 5 °C with stirring/stirring and after
stabilizing the emulsion, it was cooled to solidify
the polymer microspheres [49].
lon Gel Method

In this method, a suspension of hydrophilic
polymers and chemicals is complexed with
multivalent cations (e.g. calcium chloride) to form
viscous gel spheres as shown in Figure 1. 2. Get an
iridescent suspension. This suspension was
centrifuged to obtain small-sized microspheres.
The microspheres were then washed and dried at
room temperature for 24 h  [50,51].
Hydroxy Appetite (HAP) Microspheres in
Spherical Morphology  Microspheres — were
prepared from o/w emulsion after evaporation of
the organic solvent. First organic phase (contains
5% chemicals by weight)

STUDY TECHNIQUES

Characterization

Characterization of these special transporters is an
important phenomenon that helps in the creation of
high protein and suitable foods, drugs or
antibiotics. Each microsphere has a different
microstructure. These microstructures determine
the release and stability of the carrier.
Particle size and shape

The most commonly used microsphere imaging
methods are normal light microscopy (LM),
confocal fluorescence microscopy and scanning
electron microscopy (SEM). These techniques can
be used to determine the shape and external
structure of microspheres. Pa LM: Pa LM provides
process control in the case of double-walled
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microspheres. The structure of the microspheres
can be seen before and after coating, and the
changes can be measured with a microscope. SEM
provides higher resolution compared to LM. SEM:
SEM can examine the surface of microspheres and
can also be used to examine double-walled
systems after sectioning the material [59].
Confocal fluorescence microscopy: Confocal
fluorescence microscopy is used to pattern multi-
walled microspheres. In addition to measurement
techniques, laser light scattering and multiple
Coulter counters can be used to characterize the
size, shape, and morphology of microspheres [55].
Angle

Let the contact angle determine the hydrophobic
and hydrophilic wetting properties of the
microspheres. This thermodynamic property is
specific to solid matter and is affected by the
presence of absorbent material. The contact angle
IS measured at the material/air/water interface. The
increase and decrease in contact angle is measured
by placing the drop in the circle on the circle
mounted above the target of the inverse measuring
device. Contact angles were measured at one
minute of microsphere deposition at 200°C [57].
Attenuated Total Reflection Fourier Transform
Infrared (FT-IR) Spectroscopy
FT-IR determines the degradation of the
microsphere polymer matrix by calculating the
alternating total reflectance (ATR) for the
reinforcement and the microsphere surface. A
beam of infrared light passes through the ATR
crystal and is reflected many times inside the
sample, giving the infrared spectrum of most
material surfaces. ATR-FTIR integration provides
information about the surface of sample
microspheres [57].
Density Determination

Multi-volume pycnometers are used to determine
the density of microspheres. Place the correct
microsphere sample into the beaker, then place the
beaker into the multi-volume pycnometer. Place
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the glass in a multi-volume pycnometer. Under
constant pressure, helium gas is introduced into the
chamber and allowed to expand. The expansion of
the helium reduces the pressure in the chamber and
two consecutive readings of the decrease in the
first difference are recorded. From these two
pressure readings, the volume and density of the
sample microspheres can be determined [57].
Electron Spectroscopy for Chemical Analysis
(ESCA)

ESCA determines the surface chemistry of
microspheres. ESCA also uses electron
spectroscopy to produce spectra to determine the
atomic composition of the microsphere surface
and the degradation of biodegradable
microspheres. It is also called X-ray photoelectron
spectroscopy [57].

Surface Carboxylic Acid Residues

Radioactive glycine is used to measure surface
carboxylic acid residues. Radioactive glycine
conjugates are synthesized by the reaction of c14-
glycine ethyl ester hydrochloride and sample
microspheres. Glycine residues are formed using
the water-soluble condensate 1-ethyl-3 (3-
dimethylaminopropyl) carbodiimide (EDAC). The
radioactivity of the conjugates was measured using
liquid scintillation counter technology. Therefore,
carboxylic acid residues can be compared with the
structure and the requirements can be drawn
accordingly. Free carboxylic acid residues can be
used to measure hydrophobicity or hydrophilicity
or other types of derived microspheres [57].
Isoelectric Point

To determine the isoelectric point, a device called
microelectrophoresis is used to measure the
electrophoretic movement of microspheres. The
average velocity for each pH value in the range 3
to 10 was calculated by measuring the time it took
for the object to travel a distance of 1 mm. This
information can be used to determine the electrical
conductivity of the material. The electrophoretic
movement can be related to three parameters such

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

as surface charge, ionization behavior or ion
absorption properties of microspheres [57].
Tree Amino Acid Residues

Radioactive cl4-acetic acid conjugates are used to
locate amino acid residues. Amino acid residues
were first determined indirectly by measuring the
carboxylic acid residue with a liquid scintillation
counter. EDAC is used to condense amino and
cl4-acetic acid carboxylic acid residues. Indirect
estimation of free amino or free carboxylic acid
residues by measuring the radioactivity of C14
glycine ethyl ester hydrochloride with acetic acid
or glycine conjugates [57].

Capture Efficiency

The capture efficiency of microspheres is
determined by washing the microspheres in lysis
buffer. The lysate is then tested as specified in the
specific monograph to calculate the content of the
preparation. The percentage of encapsulation
efficiency was calculated using the following
formula: Percentage of encapsulation efficiency =
actual content/theoretical content x 100 [57].
In Vivo Methods

In vivo methods are ways to study the permeability
of the mucosa. This technique uses the biological
response of local organisms or the body. Some of
the earliest and simplest studies of mucosal
permeability  were  determined by the
pharmacological effects of drugs upon ingestion or
inhalation into the oral mucosa. However,
currently the most commonly used methods are
examining drug permeability using animal models,
oral tests, and bone perfusion chambers [4].
Animal Models

A number of compounds have been studied using
animal models to study drug permeability. Review
the process and use of access tools or testing
methods. Many animal models are known, such as
dogs, rats, rabbits, cats, hamsters, pigs and sheep.
This procedure involves anesthetizing the animal
and then giving it a large amount of paper to
examine. The esophagus of rats is ligated to
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prevent absorption through the oral mucosal layer.
The absorption rate is determined by taking blood
from different points and analyzing.

Buccal Absorption Test

It is known for its simplicity and reliability by
measuring the absorption of drugs in the mouth.
Single and multiple drug combinations. Thanks to
this test, the structure of the drug in the oral cavity,
contact time, pH and initial drug concentration can
be determined [61].

Core Perfusion Chamber

In Development The corneal perfusion chamber
method will be very useful compared to the
evaluation of ophthalmic drugs. The aim of this
study is to design and test a modified perfusion
chamber suitable for topical application of drugs
isolated from the corneoscleral process and
allowing continuous monitoring of the function of
endothelial cells. In this method, the perfusion
chamber is made of polycarbonate and stainless
steel and clamps the cornea to a horizontal surface,
making it suitable for local drug delivery. During
this perfusion, endothelial cell function was
assessed by ultrasound pachymetry and specular
microscopy. Epithelial barrier function was
assessed by luciferin penetration. Analyze flow by
measuring protein penetration. After perfusion,
tissues were examined by routine histology [56].
In Vitro Method

Beaker Method In this method, the dosage form is
adhered to the bottom of a beaker with a medium
and mixed thoroughly using a head. The medium
used is 50 to 500 ml and the stirrer speed is 60 to
300 rpm. The sample is removed in a short time
and the solution in the environment is determined
[60].

Interface Distribution System

Interface Distribution System was developed by
Dearden & Tomlinson. It has four compartments.
Compartment A represents the oral cavity
containing the appropriate concentration of
allergen. Column B represents bacterial membrane

containing 1-octanol, and column C represents
body fluid containing 0.2 M HCI. Compartment D
represents protein binding and also contains 1-
octanol. Before use, the aqueous phase and 1-
octanol were saturated together. Remove the
sample with the syringe and return to area A.
Therefore, the drug dissolved in different parts of
the human body is determined by analyzing
samples from four parts [4].
Dissolution Apparatus

A standard USP or BP dissolution apparatus is
used to examine in vitro drug release profiles using
two components: spoon 41, 42, 43 and basket 44,
45. It varies between 500 ml and the rotation speed
varies between 50 and 100 rpm [60].

Other Methods

Several other methods of placing a sample on
Perspex in a glass (46), agar gel method (47), etc.
has also been reported. Although many methods
have been reported, the best method is one of tank
conditions and in vitro relaxation times that results

in in Vivo relaxation times [4].
Use of Microspheres in the Pharmaceutical
Industry

Oral Drug Delivery

Oral route is a simple and easy way of
administration with patient compliance and
personal care. Many medications are administered
orally. The principle of oral absorption depends on
the solubility and permeability of the drug. Micro
spherical drug delivery provides drug resistance
and controlled release, which can reduce the
frequency of drug use and improve long-term
patient compliance [62].
Ocular Drug Delivery

Microspheres are good carriers for drug delivery
to the eye. Drug bioavailability is improved by
micro spherical drug delivery compared to
aqueous ocular formulations. Due to their
controlled release mechanism, microspheres can
be used for long-term drug delivery, thus reducing
the frequency of drug administration [63].

387 | Page



Rahul Mutadak, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 6, 379-394 [Review

Intranasal Drug Delivery

This method is used to deliver proteins and
peptides. The prepared air easily disappears from
the nasal mucosa. Bio adhesive microspheres
provide better bioavailability using their
risk/control [64].

Gene Therapy

In this technology, microspheres are created to use
bacterial cells to provide gene therapy. Compared
to direct vector delivery, this device is easy to

prepare, localize and produce at scale and shows a
lower immunogenic response [65].
Oral drug delivery

Microspheres adhering to the mucosa as a
reservoir for drugs; may leave the drug at the
application site for a long time. Mucoadhesive
polymers in the buccal mucosa act as reservoirs; It
also increases the bioavailability of the drug by
preventing first-pass metabolism in the body [62].
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Fig. 3: Microspheres application in bone tissue engineering. Adapted from reference [56].

Transdermal and Topical Drug Delivery
Polymers with good film-forming ability such as
chitosan, alginate are used for transdermal
delivery of drugs and PLGA loaded microspheres
are used for transdermal drug delivery. It is also
used to deliver topical agents such as asiaticoside-
loaded microspheres for wound healing; where it
has been shown to accelerate epithelial
regeneration and promote angiogenesis [66].
Gastrointestinal Drug Delivery

Microspheres are used to effectively deliver drugs
to a specific site (gastrointestinal tract [GIT]).
Eudragit, ethyl cellulose, carbomer and alginate
microspheres are used to deliver drugs to specific
areas in the GIT. It blocks the first-pass hepatic
metabolism of drugs and increases their
bioavailability [67].

Intratumoral and local delivery
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Antitumor drug must be delivered to the tumor site
in an inappropriate manner, such as paclitaxel-
loaded microspheres. Film-forming polymers are
used to control release at local sites (e.g. oral
cavity) [68].

Colon Drug Delivery

Microspheres are used to deliver medication to a
part of the colon, namely the colon. Insulin was
encapsulated in chitosan microspheres to release
the drug in the intestine [69].

Vaginal

Birth Microsphere delivery is used to treat vaginal
infections such as vaginal yeast infections.
Chitosan, gelatin and PLGA polymers are used to
produce microspheres for the treatment of genital
warts [70].

Radioactive Applications
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Radioactive isotopes of elements have been used
in medicine for many years [71-83] Isotope-loaded
microspheres, such as yttrium, are used in the
treatment of many diseases such as liver and
spleen cancer. 90. Packet of charged microspheres
is used to treat cancer [84].

Injectable drug delivery

Microsphere delivery has been shown to have the
best drug response;  Thiolate  Eudragit
microspheres may be a better candidate for oral
contraceptives. It can affect the immune system
and mucosa [57].

Targeting uses most drugs

Targeting means that the response caused by the
drug depends on receptor access and molecular
interaction. Most techniques are used to target
specific organs or receptors. Microspheres can be
prepared by extrusion/spheronization techniques
such as chitosan and microcrystalline cellulose
[57].

Application in Dentistry

Microspheres are used in dental preparations to
treat various oral diseases such as gingivitis and
bleeding gums. Microspheres are also used for
craniofacial tissue regeneration [85,87-89].
Applications in bone tissue engineering
Microspheres can be used as stable cells in tissue
engineering to deliver MSC (bone marrow
mesenchymal stem cells) leading to rapid bone
formation and bone regeneration [86, 90] Ben. The
process is shown in Figure 3.
CONCLUSION

Microspheres are a new type of drug delivery in
which drugs are packaged into spherical structures
composed of polymers, the difference forming the
matrix. The drug is slowly released from the
microspheres through the matrix system. Different
types of microspheres can be used depending on
the type of polymer used, and each type of
microsphere has its own unique properties. There
are also various methods prepared for the synthesis
of microspheres. Microspheres are versatile and
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have a wide range of applications, from
diagnostics to drug delivery and therapeutic
applications.
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