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ABSTRACT

The microsphere is having free-flowing powder
properties that are incorporate proteins and
synthetic or natural polymer. This polymer is
biodegradable in nature and particle size having
less than 200 um. Advanced drug delivery system
has various advantages over the mainstream multi
dose therapy. The microsphere's drug delivery
systems are acceptable for attained delay or
sustained release formulation with minimum risk of
dose repeatability and small gastric habitation time.
One such approach is using microspheres as
carriers for drugs also known as microparticles. It
is the reliable means to deliver the drug to the
target site with specificity, if modified, and to
maintain the desired concentration at the site of
interest. Carrier technology provides an interesting
as well as an intelligent approach for the delivery
of drug. It offers delivery of drug by coupling the
drug to a carrier particle such as microspheres,
nanoparticles, liposomes, etc. Microspheres
constitute an important part of this particulate drug
delivery system because of their small size and
other  efficient  properties. Mucoadhesive
microspheres provide better drug absorption as
they get adhere to the mucosal surface and release
drug for prolonged time. Microspheres will play a
key role in novel drug delivery in the future by
fusing together a variety of other strategies,
especially in diseased cell sorting, diagnostics,
gene & genetic materials, safe, targeted, and
efficient in vivo delivery, and supplements as
miniature representations of diseased organs and
tissues in the body.

Keywords: Microsphere, Nanopatrticles,
Mucoadhesive, Drug delivery, Biodegradable

l. INTRODUCTION
Microspheres are defined as solid, roughly
spherical particles with a diameter of 1 to 1000 m,
comprising dispersed pharmaceuticals in specific
solutions or microcrystalline shapes. Micro
particles used in skin applications guarantee that

the medicine remains localised at the application
site and does not enter the systemic circulation
needlessly. This is necessary to facilitate the release
of the medication into the skin. They serve as a
reservoir that slowly releases an active component
to keep a medication product's therapeutic
concentration in the skin while reducing
undesirable side effects. As a result, there are fewer
cycles of over- and under-medication. It is
particularly important for lowering antibiotic
resistance while treating infectious disorders. The
integration of these distribution methods into the
proper vehicles can help improve product safety.
[1]

Carrier technology offers an intelligent
approach for drug delivery by coupling the drug to
a carrier particle such as Microspheres[2],
nanoparticles, liposomes, etc. which modulates the
release and absorption characteristics of the drug.
Dosage forms that can precisely control the release
rates and target drugs to a specific body site have
created enormous impact on the formulation and
development of novel drug delivery systems. [3]

Generally, microspheres posses’
potentiality to be employed for targeted and
controlled/extended  release  of drug, but
incorporating  mucoadhesive  properties  to
microspheres will furthermore improve absorption
and bioavailability of the drugs. [4,5]
Mucoadhesive microspheres enhance the intimate
contact with the mucus layer, and drug targeting to
the absorption site by anchoring bacterial
adhesions, plant lectins, antibodies etc. Tailored
mucoadhesive microspheres offers the possibilities
of localized as well as controlled release of drugs
by adherence to any mucosal tissue present in eye,
nasal cavity, urinary, and Gl tract. [6,7,8]

In the middle of the 1940s and 1960s, the
possibility of  synthetic  microencapsulation
innovation started as offbeat methods for
conveying drugs. In the proceeded with pursuit for
more refined frameworks' during the 1980s
polymer/Membrane innovation came to be known

DOI: 10.35629/7781-090212121223 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 1212



International Journal of Pharmaceutical Research and Applications

N

UPRA Journal

} Volume 9, Issue 2 Mar-Apr 2024, pp: 1212-1223 www.ijprajournal.com
\/

at the bleeding edge. [9] Biodegradable and non-
biodegradable polymers of microspheres have been
investigated for deferred or controlled delivery
trusts in the finishing up application. The most
predominant quality of microparticles is the
microphase separation morphology which blesses it
with a defer change in medication discharge and
furthermore debasement rate.[10]

Itfacilitates the accurate delivery of small
amounts of potent drugs and reduced drug
concentration at the site other than the target site
and protection of labile compound before and after
the administration and prior to appearance at the
site of action. By coupling the drug with carrier
molecule, we can change the behavior of drug in-
vivo. The behavior of carrier molecule can affect
the clearance kinetics, tissue metabolism & cellular
interaction of drug. The exploitation of these
changes in Pharmacodynamics may lead to
enhanced therapeutic effect. [11]

Fig. 1 Microsphere

1. History of Microsphere

The first dermal filler substance, Zyderm,
was debuted in 1982 and was very well accepted.
We were all waiting for this material, and it finally
arrived. Although it continues to be one of the
safest substances injected into the dermis, the
initial excitement has subsided due to its brief
duration. According to the senior author's three
decades of experience with all types of autologous
grafts, including dermal, fat, cartilage, bone, and
tendon, they will fall out in locations where they do
not retain their natural biologic function. After a
few months, most of these grafting materials leave
only a little amount of scar tissue behind. A
scaffold made of non-resorbable synthetic material
must be wused to continuously stimulate the
connective tissue in order to induce collagen
deposition over a longer time. He investigated all
varieties of micro particles made from various
synthetic materials presently employed in medicine

in an effort to find a solution to this issue. These
were suspended in either Tween 80 or gelatine to
make injections into rats easier.

2. ldeal Properties of Microspheres [12]

» The potential to coordinate reasonably high
groupings of the medication.

» Stability of the detailing after union with a

clinically satisfactory shelf life of realistic

usability.

Controlled molecule size and dispersed in

watery vehicles for infusion.

Having Biocompatibility with a prohibited

biodegradability.

The propensity to compound adjustment.

Control of medication discharge Control of

medication discharge.

Increase helpful adequacy and abatement the

harmfulness.

Bioadsorbable.

YV VYV VV V V

Advantages[13,14,15]

Masking of terrible order and repulsive tasting
drug.

Get better actual steadiness and gastric
compound dependability.

Less dosing recurrence, along these lines,
increment patient consistence and abatement
poisonousness.

Reduced gastric variance.

Minimize the first-pass metabolism.

Improved biological half-life.

Enhance bioavailability.

Enhance restorative adequacy and delayed
length of activity.

They bear the cost of guard before after
organization for the precarious medication.

v VvV VvV®

VVVVYVYYVY

A\

Disadvantages [16,17]

Drug discharge from measurements structure

differs with an assortment of variables like

inalienable and outward factors, food, and the
pace of move through the gut.

» The distinction in the delivery rate starting
with one portion then onto the next.

» Controlled discharge arrangement normally
having a high amount of medications contains
veracity and any vanishing of the
measurements structure discharge trademark it
might show to bring about the development of
conceivable poisonousness and treatment
disappointment.

» Such measurement structures ought not be

compacted or bitten.

v &
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» Short drug stacking (limit of half) for the
controlled delivery measurement structure.

» Once managed it is difficult to eliminate the
transporter totally from the body.

» Parental conveyance of microsphere may act
together or structure edifices with the blood
segment.

5. Mucoadhesion and Mucus
Membrane[18,19]

Bioadhesion is a phenomenon in which
two materials at least one of which is biological in
nature are held together by means of interfacial
forces. The term “mucoadhesion” define the
adhesion of the polymers with the surface of the
mucosal layer.

Mucus membranes are the moist surfaces
lining walls of various body cavities such as the
gastrointestinal and respiratory tracts. Mucus is
secreted by the goblet cells. Mucus is present either
as a gel layer adherent to the mucosal surface or in
suspended form or as a luminal soluble. The major
components of all mucus gels are mucin
glycoprotein, water, lipids, and inorganic salts. The
mucus serves as a protective barrier and for
lubrication also.

Fig. 2 Mucus Membrane

6. Mechanism of Mucoadhesion[20]
As stated, mucoadhesion is the attachment of the
drug along with a suitable carrier to the mucosal

layer. Mucoadhesion is a complex phenomenon

which  involves  wetting, adsorption  and

interpenetration of polymer chains. Mucoadhesion
has the following Mechanism

> Intimate contact between a mucoadhesive
delivery system and mucosal membrane
(wetting or swelling phenomenon)

» Penetration of the mucoadhesive delivery
system into the tissue or into the surface of the
mucous membrane (interpenetration, figure 3
shows the mechanism of mucoadhesion

CONTACT
STAGE

Dosage
form
E

: CONSOLIDATION
AGE
|
I
I
I
I
|
I

Interaction
./ b

Mucous membrane

Mucus
layer

Fig. 3 Mechanism of Mucoadhesion

7. Types of Microspheres
These are the different types

Mucoadbesive

Microsphere
Polhvmeric Bindegradabie Pulymerie

Microsphere Sunthetic Pehaer

Brief  descriptions of different types of
Microspheres
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Bioadhesive
microspheres

Floating

microspheres

Radioactive
microspheres

Polymeric
microspheres

Magnetic
microspheres

Table no. 1 Description of microsphere

For a long time, these
microspheres were in contact with
the application site

Drugs delivered by floating
carriers that are gastro-retentive
have the advantage of being less
dense in mass than stomach fluid.
Large doses of radiation can
bedelivered to a specific area using
radioactive microspheres without
harming the surrounding normal
tissue.

Synthetic ~ microspheres  and
biodegradable polymeric
microspheres are two categories
that can be used to categories the
numerous types of polymeric
microspheres.

| t's important to use this kind of
delivery system for directing the liver
medication to the disease's source.

Nasal-Gentamycin

NSAIDS-antibiotics

Diagnostics-liver,spleen

Vaccine; Hepatitis

Chemotherapeutic agent to

i)

i)

Bioadhesive Microspheres: Adhesion is the
attaching of a substance to a membrane using
the adhesive properties of water-soluble
polymers. Bioadhesion is the attachment of a
medication delivery device to a mucosal
membrane, such as the buccal, ocular, rectal,
nasal, etc. Materials that adhere to biological
substrates, such as mucosal members, are
referred to as having "bioadhesion." The
ability of establishing a close and persistent
contact at the site of administration exists due
to the adhesion of bioadhesive drug delivery
devices to the mucosal tissue. By reducing the
frequency of delivery, this extended residence
time can improve patient compliance while
also enhancing absorption when combined
with a controlled drug release. By affixing the
drug to a carrier particle such microspheres,
nanospheres, liposomes, nanoparticles, etc.,
which controls the release and absorption of
the medication, carrier technology offers an
intelligent method for drug delivery. These
particulate drug delivery techniques rely
heavily on microspheres due to their small size
and effective carrier capacity. [21]

Magnetic microspheres This type of delivery
mechanism is crucial for directing the drug to
the site of the sickness. In this case, a smaller

i)

iv)

amount of a medicine that is magnetically
targeted can replace a larger amount of a drug
that is freely circulating. Materials utilised for
magnetic microspheres such as chitosan and
dextran are integrated into magnetic carriers,
which receive magnetic responses to a
magnetic field. The various types are
Chemotherapeutic agents are delivered to liver
tumours  using  therapeutic magnetic
microspheres. Through this technique, drugs
like proteins and peptides can also be targeted.
[22]

Diagnostic microspheres: The principle
behind the magnetic drug delivery method is
that the medication can either be conjugated on
the surface of a magnetic microsphere or
enclosed within one. They are able to locally
distribute the medication due to the carrier's
buildup at the target site. [23]

Floating microspheres: The bulk density of
floating kinds is lower than that of gastric
fluid, they float unaffected by the rate at which
the stomach empties. If the system is floating
on stomach content, the drug is released slowly
at the desired rate, which increases gastric
residence and causes plasma concentration to
fluctuate. Additionally, it lessens the likelihood
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of striking and dose dumping and generates a

sustained therapeutic impact. [24]
V) Radioactive microspheres:  Microspheres
used in radio emobilization therapy range in
size from 10 to 30 nm, which are larger than
capillaries and are tapped into the first
capillary bed upon contact. They are injected
into the arteries that supply the target tumour.
As a result, these radioactive microspheres
deliver a high radiation dose to the desired
locations while sparing the healthy tissues
around them. It differs from drug delivery
system, as radio activity is not released from
microspheres but acts from within a
radioisotope typical distance and the different
kinds of radioactive microspheres are o
emitters,  emitters, y emitters. [25]
Mucoadhesive microspheres: The addition of
mucoadhesive properties to microspheres has
additional benefits, such as efficient absorption
and enhanced bioavailability of the drugs due
to a high surface to volume ratio, much more
intimate contact with the mucus layer, and
specific targeting of drug to the absorption site
achieved by anchoring plant I. In order to
provide the possibility of both localised and
systemic  controlled medication release,
mucoadhesive microspheres can be designed to
stick to any mucosal tissue, including those
present in the eye, nasal cavity, urinary, and
gastrointestinal tract. [26]

Vi)

Vii) Polymeric microspheres: The different types
of polymeric microspheres can be classified as:
Biodegradable polymeric  microspheres:
The idea behind the usage of natural polymers
like starch is that they are biodegradable,
biocompatible, and bioadhesive by nature. Due
to their extreme swelling capacity in aqueous
media, biodegradable polymers extend the
residence time when in contact with mucous
membranes, causing gel formation. The
concentration of the polymer and the sustained
release pattern regulate the rate and degree of
medication release. The key disadvantage is
that biodegradable microspheres' drug loading
efficiency in clinical settings is complex,
making it challenging to regulate drug release.

Synthetic polymeric microspheres: In addition to

being employed as bulking agents, fillers, embolic

particles, drug delivery vehicles, etc., synthetic
polymeric microspheres are also frequently used in
clinical applications and have proven to be both
safe and biocompatible. The main drawback of
these microspheres is that they have a propensity to
migrate away from the injection site, increasing the
risk of embolism and subsequent organ damage.
[27,28]

8. Method of Preparation Microspheres
Microspheres can be prepared by following
methods: -

Solvent Single
Spray Drying Jlaieaaians Emulsion
porsat Technique
Double METHOD Phase.
Emulsion OF Separation
Technique PREPARATION Coacervation
Technique
S[;ll'::lysl) l;,\;ing Solvent Quassi Emulsion
Congeglinyg Extraction Solvent Diffusion

i) Spray Drying: In the spray drying process, the
polymer is first dissolved in a volatile organic

solvent like acetone or dichloromethane. The
medication is then homogenized at a high
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speed and disseminated in a polymeric
solution. Then, a heated air stream atomizes
this dispersion. When a substance is atomized,
it creates tiny droplets from which the solvent
rapidly evaporates, creating microspheres that

range in size from 1 to 100 m. The cyclone
Feed Pump

Liquid ~— *O*‘__'_

HEPA =

Process |
Air Heater |

Ly
A
-

Fan Drying
Chamber

separator separates micro particles from hot air
while vacuum drying eliminates any remaining
liquid. One of this procedure' main benefits is
its ability to operate under aseptic
environments. [29]

[?4— Atomizing Gas

Cyclone

s »

G

Powder
Product

Fig. 4 Spray Drying

ii) Solvent Evaporation: In this method, the drug
and the polymer must be soluble in organic
solvent, frequently methylene chloride. The
solution containing polymer and drug may be
dispersed in an aqueous phase to form
droplets. Continuous mixing and elevated

Sonication o o o
(@] o O
o o

[]rgs_ﬂic solvent  Aqg. protein

polymes solution

e Lyophilization o

ot

DEY <= W <=

Microsphere

Homogenization

temperatures may be employed to evaporate
the more volatile organic solvents and leave
the solid polymerdrug particles suspended in
an aqueous medium. The particles are finally
filtered from the suspension. [30]

Second ag.
phase
emulsifier

Hardening

Harvest %D O

O%D

Fig. 5 Solvent Evaporation

iii) Single emulsion method: Proteins and
Dietary sources of naturally occurring
polymers microparticulate carriers,
respectively.Preparations technique using a
single emulsion. In an aqueous medium, the
natural polymers are first dissolved or
distributed. After that, the mixture is placed in

an oil-based, non-aqueous medium.
Thescattered globule is cross-linked in the
subsequent stage of preparation. There are two
methods of crossing connect materials: either
via heat or chemical means.connecting
substances such as glutaraldehyde acid,
chloride, formaldehyde, etc. [31, 32]
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l Chemical Cross linking/heat denaturation l

& (Gluteraldehyde/
00 formaldehyde/butanol}

Fig. 6 Single Emulsion

iv) Double Emulsion method: The ideal
candidates for this method of microsphere
preparation include water soluble medications,
peptides, proteins, and vaccines. It involves the
formation of multiple emulsions or double
emulsions of type w/o/w. Both natural and

(Bio) Polymer
+ Emulsifier

synthetic polymers can be employed using this
technique. The lipophilic organic continuous
phase contains a dispersion of the aqueous
protein solution. The active ingredients could
be present in this protein solution. [33]

Crosslinking
{Chemical, Thermal or Enzymatic)

X
0.0

{oil removal)

Fig. 7 Double Emulsion

Phase Separation Co-acervation Technique:
It is a simple process of separation of a micro
molecular solution into two immiscible liquid
phases. The principle of coacervation involves
decreasing solubility of polymer in organic
phase to affect the formation of polymer rich
phase called coacervates. In this method,

formation of dispersion of drug particles in a
solution of polymer and an incompatible
polymer added to the system which makes first
polymer to phase separate and engulf the drug
particle. [34,35]
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[ Aqueous/Organic Solution of polymer ]

l Drug

36095:0
Polymer rich globules 5%
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l Hardening
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Eliﬁté"éi"‘ Microspheres in aq./organic phase ;$333333233
p 20201:‘ P P P D P Y Y P T T T YooY 9999 YYYYYY 0:“""1":’
l Separation, Washing, Drying
MICROSPHERES
Fig. 8 Phase Separation technique
vi) Solvent Extraction technique: In this pressure, by using a second solvent to take the

first solvent out of the contaminant/solvent
mixture, or by physical separation process.[36]

technique, the contaminants are separated from
solvent either by changing temperature or by

Solvent polymer

adsorption

Solvent polymer
adsorption

Sonication . Hoaby o

; ?
@ ’o'

[

Hardenin L
0“"“‘ ©

5 Harvest | 4
e Second aqueous
Organic solvent Aqueous protein phase emulsifier
phase solution
Ly ophxhzanon *
Deh} dration

6

Fig. 9Solvent Extraction technique

9. Evaluation of Microsphere

i) Optical microscopy i) Scanning electron microscopy

This method and an optical microscope
were used to determine particle size. (Meizer
OPTIK). 100 particles were calculated for the
measurement under 450x (10x eyepiece and 45x
objective).

SEM was used to evaluate the surface
morphology. With the aid of double-sided tape, the
microcapsules were placed directly on a sample of
the SEMsluband, while operating under lower
pressure, covered with goldfilm.
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iii) Thermal analysis

Thermal analysis techniques routinely
analyse these changes by applying predetermined
specimen atmospheres and pressures, as well as
scheduled temperature variations for heating and
cooling.Among the most frequently observed
properties are the tiny fluctuations in gas evolution,
thermal expansion or shrinkage, weight loss or
gain, Young's modulus, and heat and enthalpy.

iv) Entrapment efficiency Five milligrams
of the medication were present in crushed
microspheres, combined with distilled water for
three hours using an ultrasonic stirrer, filtered, and
then subjected to UV-vis spectroscopy analysis.
The proportion between theoretical and actual drug
content determines the effectiveness of entrapment.

V) Flow properties

The Hausner ratio, the resting angle of repose, and
the Carr's compressibility index can all be used to
analyse the flow properties.A volumetric cylinder
was used to calculate the densities of the bulk and
tapped materials.

Vi) Swelling index

It is determined by measuring the extent
of swelling of microspheres in a particular solvent.
The equilibrium swelling degree of microspheres is
determined by swelling of 5mg of dried
microspheres poured in 5ml of buffer solution
overnight in a measuring cylinder. It is calculated
by given formula:

Swelling index = Mass of swollen
microsphere — Mass of dried microspheres x100 /
Mass of dried microspheres.

vii) Drug content

Allowing the dust to settle before washing
it away, the mixture needs to be set aside.A
volumetric flask was filled with 1 mL of the
filtrate, and the volume was then adjusted with 0.1
N NaOH. The drug was evaluated.Using
spectrophotometry after the proper dilution.
[37,38,39,40,41]

10. Application of Microsphere

i) Microspheres in vaccine delivery: The
condition for vaccines are immunity to
microorganisms and their toxic components.
This same need for efficacy, protection, and
cost-effectiveness in application and charge
should be met by an ideal vaccination. It is

difficult to protect yourself and prevent
negative consequences. Application mode is
closely related to the element of safety and the
volume of antibody response manufacturing.
The shortcomings of these same biodegradable
intravenous vaccine delivery technology may
be used to address traditional vaccinations.
[42]

ii) Nasal drug delivery:  Microspheres,
liposomes, and gels are examples of polymer-
based drug delivery methods that have been
shown to have effective microspheres. As soon
as they come into contact with the nasal
mucosa, their bioadhesive capabilities and
ability to spread quickly are increased. The
length of a drug's nasal route of administration
and its bioavailability. For instance, starch,
dextran, and albumin Gelatin and chitosan.

iii) Buccal drug delivery: Chitosan and sodium
alginate are two examples of polymers that are
effective for buccal administration because
they have mucosal /bioadhesive qualities and
can improve absorption. [43,44]

iv) Targeting Drug Delivery: The concept of
targeting i.e. site-specific drug is a well-
established dogma, which is gaining full
attention. The therapeutic efficacy of drug
relies on its access and specific interaction
with its receptor. [45]

v) Medical Applications:

» Release of proteins, peptides and hormones
over the extended period of time.

» Passive targeting of leaky tumor vessels, active
targeting of tumor cells, antigens, by intra-
arterial/ intravenous application.

» Magnetic microspheres can be used for stem
cell extraction and bone marrow purging.

» Used for various diagnostic tests for infectious
disease like bacterial, viral and fungal. [46]

I1.  CONCLUSION

Novel drug delivery systems achieved a
great interest in recent years in the field of modern
pharmaceutical ~ formulations. Mucoadhesive
microspheres have been proved as a promising tool
in delivery of drugs to a particular site in controlled
or sustained manner, as they deliver the drug to a
particular site for longer duration, the absorption of
drug increased and hence, the bioavailability of the
drug get increased. Therefore, it can be said that in
future also mucoadhesive microspheres will play
an important role in the development of new
pharmaceuticals employing more  advanced
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techniques and materials. The microspheres are a
very good option for the drug delivery system
compare to other types of drug delivery systems
because microspheres are having the good
advantages of better patient compliance and
specificity of targeting. Microsphere drug delivery
system is an effective and safe drug delivery and
these deliveries utilize in different areas such as
specific targeting of a drug, floating and vaccine
delivery, etc. Preparation methods and prepare
microspheres evaluation are broadly present with
effective availability. Compared to various other
forms of drug delivery systems, microspheres have
been found to be a better option for medication
delivery. Various types of preparation methods are
study. Itcontains microsphere in vaccine delivery,
nasal delivery, oral delivery and other applications
of microsphere.
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