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ABSTRACT

Over the past three decades, controlled drug delivery systems have become more developed and play a key role in pharmaceuticals formulations. There 
are many shortcomings in Traditional or Conventional drug delivery systems like for maintaining desired therapeutic drug plasma concentration 
there is a need for frequent dosing for particular drugs having shorter half-lives. Furthermore, because of frequent dosing requirement, there is poor 
patient compliance which causes fluctuation in plasma concentration of the drug. The limitations of conventional drug delivery can be overcome by 
the development of novel drug delivery systems, of which the controlled drug delivery can maintain constant drug plasma concentration by slowly 
releasing the drug over an extended period. Developing controlled drug delivery systems can also improve the systemic bioavailability of the drug, 
thus enhancing the therapeutic efficacy of the drug and better patient compliance. There are many different approaches for such controlled delivery 
systems such as liposomes, niosomes, ethosomes, phytosomes, microemulsion, and microspheres. Among all the approaches microspheres are more 
convenient as the drug is slowly released from the polymeric matrix and the polymers used are mostly biodegradable and possess no side effects. 
Therefore, microspheres can be used in various medicinal departments such as oncology, gynecology, radiology, pulmonary, cardiology, diabetes, and 
vaccine therapy. This review article focuses on recent different types of microspheres along with their methods of preparation. The microspheres 
formulated can be later evaluated and characterized by different procedures.

Keywords: Controlled drug delivery system, Improved systemic bioavailability, The constant drug plasma level.

INTRODUCTION

Over 90% of the existing therapeutics is administered through the 
most preferable and convenient route, that is, the oral route of drug 
administration. Whenever a New Chemical Entity is discovered the 
first challenge that stands to the pharmaceutical companies is how to 
formulate the dosage form so that it can be effectively administered 
by oral route in the first place. However, the conventional oral drug 
delivery systems have a limitation of poor therapeutic efficacy due 
to frequent dosing of drug to achieve constant plasma concentration 
and poor patient compliance. Such pharmacokinetic limitations 
can be overcome by improving the dosage form to release the drug 
slowly in a controlled manner over an extended period of time. One 
such approach is microspheres also known as microparticles [1]. 
Microspheres are characterized as spherical microparticulate and 
free-flowing powders consisting of biodegradable polymers mostly. 
They ideally have a particle size ranging from 1 μm to 1000 μm. 
Microspheres can be loaded with drug and use for targeted drug 
delivering. As the drug is loaded in polymeric microspheres, it shows 
therapeutic action on targeted tissue only. Microspheres are designed 
to enhance the therapeutic effectiveness of the drug and achieve 
better bioavailability thereby minimizing the toxicity and minimal 
side effects [2].

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

Reservoir types
In this system, the drug is entrapped as a core inside a water-insoluble 
polymer, which controls the rate of drug release. The commonly used 
polymers in such devices are ethylcellulose or polyvinyl acetate. This 
type is also known as microcapsules.

Matrix types
In this type, the drug is homogeneously distributed in a 
polymeric matrix, which controls the drug release rate. The 
commonly used polymers for matrix types are sodium alginate or 
hydroxypropyl methylcellulose (HPMC). This type is also known as 
micromatrices [3].

There are two mechanisms of drug release from the microspheres 
1.	 Dissolution: Here, the drug dissolution rate is controlled by the 

polymer decreasing its wettability or by itself getting dissolve in GI 
fluid at a slower rate.

2.	 Diffusion: Here, the drug diffuses from a region of higher 
concentration to the lower concentration of drug [6].

ADVANTAGES

Better patience compliance
As microspheres provide a slow release of drug for an extended period 
of time, there is a reduction in dosing frequency due to which it is 
better for patient compliance mainly pediatrics, geriatrics, psychology 
patients, etc.

Enhance bioavailability
Microspheres are micron in size, that is, less size give more surface area 
to increase the solubility of poorly soluble drugs and hence increasing 
the systemic bioavailability of the drugs.

Constant drug plasma concentration
Microspheres show a controlled release of drug for a prolonged time; 
as a result, there is no the fluctuation of drug concentration in systemic 
circulation and a constant C max is achieved.

Reduction in adverse effects
Biodegradable polymeric microspheres are biocompatible with body 
environment; they do not require to be removed surgically. As the drug 
is controlled released, the systemic toxicity is also reduced. 

Enhance stability
Liquid drugs can be converted into solid microspheres to increase 
the stability of the drug and also for maintaining its clinical shelf 
life.

Parenteral formulation
Microspheres are spherical in shape a high dose of the drug can be given 
as microsphere parental depot.

© 2021 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/) DOI: http://dx.doi.org/10.22159/ajpcr.2021v14i4.40634. Journal homepage: https://innovareacademics.in/journals/index.php/ajpcr
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Targeted drug delivery
Microspheres are used to target disease sites specifically tumor tissues, 
while the concentration remains low at remaining normal tissues [4,5].

DISADVANTAGES

Production cost
The cost of manufacturing of controlled drug dosage form is higher than 
the cost of manufacturing of conventional dosage forms.

Reproducibility
Microspheres are hard to reproduce as specialization and technologies 
are required for manufacturing microspheres.

Potential toxicity
As microspheres are loaded with a high concentration of drugs, there 
are chances of dose dumping leading to potential toxicity.

Polymeric toxicity
Polymeric additives such as plasticizers, stabilizers, and antioxidants 
are also used depending on the formulation design these polymers can 
undergo hydrolysis, oxidation, or react to biological agents causing toxicity.

Swallowing
The microsphere intended for oral administration should be swallowed 
and not chewed or crushed because they are designed for prolonging 
the release of drugs.

Maintaining conditions 
The processing conditions of microspheres such as pH, temperature, 
agitation, solvent evaporation, and heating can influence the stability of 
the drug to be encapsulated [4,5].

TYPES OF MICROSPHERES

Bioadhesive microspheres
Microspheres loaded with drug adhering to the mucosal layer present 
in buccal, ocular, rectal, nasal, etc., using the adhering property of the 
water-soluble polymers are known as bioadhesion. These kinds of 
microspheres show properties such as close exposure to the absorption 
area. It also shows extended residence time at the targeted area and 
hence, produces a better therapeutic efficacy, for example, ophthalmic 
administration of Acyclovir, nasal administration of insulin, and buccal 
administration of nifedipine through bioadhesive microspheres [7,8].

Magnetic microspheres
This type of microsphere has an important property to use as a 
conveyance system, that is, it restricts the drug to the disease site. 
The main focus of these kinds of microspheres is on replacement of 
high quantity of freely disseminating drug with a less quantity of the 
magnetically targeted drug. Magnetic microspheres are of size <4 μm, 
due to which it adequately circulates the blood capillaries without any 
vascular occlusion and are targeted to disease site through an external 
magnetic field of 0.5–0.8 tesla, for example, Removal of neuroblastoma 
cells from bone marrow with monoclonal antibodies conjugated to 
magnetic microspheres [9,10].

Magnetic microspheres are of two types:

Therapeutic magnetic microsphere
The main focus of this kind of microsphere is targeting liver tumors by 
transporting a chemotherapeutic agent to the disease site. These types 
of microspheres are mainly loaded with proteins or peptide drugs for 
targeting. 

Diagnostic magnetic microsphere
These types of microspheres mainly focused on liver metastases 
imaging. It can also be used for composing nano-sized particles like 
supramagnetic iron oxides which are used to differentiate bowel loops 
from other abdominal structures.

Floating microspheres
The floating microspheres have a bulk density which is less when 
compared to gastric fluid because of which, without influencing gastric 
emptying rate it remains floating in the stomach. In this release of the 
drug takes place gradually at the desired rate, this type of microspheres 
found to be buoyant on gastric content and increases gastric residence 
time leading to a constant level of drug plasma concentration. Because 
of this kind of microspheres rate of dosing frequency also reduces and it 
also produces an extended therapeutic effect, for example, Ketoprofen 
floating microspheres and Felodipine floating microspheres [11,12].

There are two types of floating microspheres:
1.	 Effervescent microspheres
2.	 Non-effervescent microspheres.

Radioactive microspheres
The size range of radioembolization therapy microspheres is 10–30 nm 
which is greater than the diameter of the capillaries and is tapped in 
the first capillary bed. These microspheres are injected in the arteries 
leading to the targeted tumor tissues. 

So in all these situations radioactive microspheres without harming 
remaining tissues focus on a particular site and transport high radiation 
dose. The various types of radioactive microspheres are α emitters, β 
emitters, and γ emitters [13].

Polymeric microspheres
The various types of polymeric microspheres can be classified as 
follows.

Biodegradable polymeric microspheres
Starch which is a natural polymer is used in microsphere formulation; 
it is biodegradable, biocompatible, and bioadhesive in nature. These 
kinds of biodegradable polymers show extended residence time when 
coming in exposure with mucous membrane because of its potency 
of swelling property due to contact with an aqueous medium, finally 
resulting in gel formation. The rate and amount of drug which is 
released from the microsphere totally depend on and is controlled 
by the concentration of polymer and the release pattern. This release 
pattern takes place in a sustained manner. The main disadvantage of 
biodegradable microspheres is that its drug loading efficiency and drug 
release. However, they give a broad range of application in microsphere-
based treatment, for example, Polylactic acid microspheres loaded with 
5-fluorouracil.

Synthetic polymeric microsphere
These types of microspheres are widely employed in clinical utilization, 
additionally also are useful as a bulking agent, fillers, embolic 
particles, drug delivery medium, etc., and are demonstrated to be safe, 
biocompatible but the main drawback of these type of microspheres, 
are they shift away from the injection site and causes possible risk, 
embolism, and further organ damage, for example, Phenobarbitone 
microspheres using polymer Eudragit RL [14].

Porous microspheres
Porous microspheres either have external surface pores or internal 
pores in the core where the active pharmaceutical ingredient can be 
dispersed or dissolved as shown in Fig.  1. The pores are formed by 
porogens which leach out completely later in process, for example, of 
porogen used is effervescent salts such as ammonium bicarbonate, 
hydrocarbon waxes, inorganic salts such as sodium chloride, 
carbohydrates, ice, linear polymers, gelatin, and sugar. The outer 
framework is fabricated with materials such as calcium carbonate 
(CaCO3), mesoporous silica, hydroxyapatite, and biodegradable porous 
starch foam, for example, delivery of proteins and peptides [15,16].

Glass microspheres
Hollow glass microspheres are finely dispersed free-flowing novel form 
of glass material consisting of a 10 μm to 100 μm diameter with a hollow 
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central cavity surrounded by a 1 μm thick silica shell, for example, hollow 
glass microspheres are potential nanocarriers for oligonucleotides and 
proteins in tissue engineering. However, drug delivery applications 
require either an organic copolymer or incorporation of materials (such 
as metal ions) within the glass matrix [17,18].

INGREDIENTS OF MICROSPHERES

Polymers
In microsphere formulation, most commonly biodegradable and 
non-biodegradable variety of polymers are used by researchers. The 
polymers which are used in microspheres preparation are classifies 
into different types as Natural and Synthetic. Before choosing the 
polymer for the microsphere formulation, we need to consider a few 
parameters such as nontoxicity, biocompatibility, biodegradability, 
and easy availability of polymers. It should be biocompatible, 
biodegradable, non-toxic, and easily available. These polymers which 
pass all parameters for their selection have many advantages like 
they increase the residence time of the drug in the body because of 
which we get better bioavailability of drug compared to conventional 
drug delivery system. Examples of natural polymers include Albumin, 
Collagen, and Gelatin which are proteins while Agarose, Carrageenan, 
Chitosan, and Starch are carbohydrates whereas Poly (acryl) Dextran, 
Poly Starch, and DEAE Cellulose are chemically modified carbohydrates 
and Sodium Alginate, cellulose ether, xanthan gum, Scheroglucan, 
Gum Arabica, Tamarind seed polysaccharide, Beeswax, carnauba wax, 
Chitin, and Corn protein (Zien) form the other class. Examples of 
synthetic polymers fall under three category where Lactides, Glycolides 
and their copolymers, polyanhydrides, poly alkyl cyanoacrylates 
are biodegradable in nature while Glycidyl methacrylate, Acrolein, 
Epoxy polymers, and polymethyl methacrylate are non-biodegradable 
and finally, polysebacic anhydrides, Poly Esters/Poly Lactides, 
poly orthoesters, polycarbonates, polylactic glycolic acid (PLGA), 
polycaprolactones, polyphosphazenes, ethylcellulose, Eudragit L100, 
Eudragit S100, HPMC, Eudragit RS100, and Eudragit RL100 form the 
other class [19-24].

Surfactant
In microsphere formation surfactant play an important role during 
emulsification and extrusion process. Surfactants play an important 
role by lowering the interfacial tension between hydrophilic and 
hydrophobic molecules, because of which stable emulsion is formed. 
Use of surfactant leads to the formation of discrete microspheres 
by preventing the emulsion droplets from coalescing. Hydrophilic–
lipophilic balance (HLB) indicator is used for selection of proper 
emulsifier. Hydrophilic surfactants have HLB value in the range of 
8–18 and are used for oil in water emulsion while emulsifiers with 
HLB value in the range of 3.5–6 are known as lipophilic surfactants. 
The particle size of microspheres is decreased by increasing the 

concentration of surfactant because of which smaller size and size 
distribution of microspheres were formed. Examples are Sodium 
Laureth Sulfate, Sodium dodecyl sulfate as anionic surfactants and 
Polysorbate 80, Tween 40, Tween 20, Span 85, Span 80, Span 20, 
Poloxamer188, Brij58, Poly Glycerol Polyricinoleate, and Sorbitan as 
non-ionic surfactants [25-31].

Oil
Particle size, size distribution, and uniformity of microspheres are 
affected by the ratio of viscosity of the oil phase to the viscosity of 
the water phase, for example, It is reported that the particle size of 
microspheres are more which were prepared using olive oil compared 
to microspheres which were prepared using liquid paraffin as the 
viscosity of olive oil is higher compared to liquid paraffin oil. There are 
various types of oils which are used in the fabrication of microspheres 
during emulsification/gelation method. Examples are liquid paraffin, 
soya bean oil, olive oil, sunflower oil, castor oil, groundnut oil, rapeseed 
oil, and rapeseed methyl esters [32].

Crosslinkers
Most commonly used crosslinkers for microspheres preparation are 
Ca2+, Sr2+, and Ba2+ ions. However, Sr2+ and Ba2+ ions are mildly toxic 
and Ca2+ ions are non-toxic because of which Ca2+ ions are widely used 
crosslinkers for preparation of microspheres. At low concentration of 
Ca2+ ions agglomeration of microspheres takes place. By increasing 
Ca2+ ions concentration entrapment efficiency of microsphere slightly 
increases. However, after optimum concentration of cross-linker if 
more crosslinker is added the entrapment efficiency decreases due to 
overloading of crosslinker. Examples are glutaraldehyde, sulfuric acid, 
and calcium carbonate [33-36].

Solvent
Solvents mostly used when microspheres are prepared using a solvent 
evaporation method. Examples are Chloroform, Dichloromethane 
(DCM), Ethanol, Acetonitrile, Polyvinyl alcohol (PVA), Methylene 
chloride, and Methanol [37-39].

METHODS OF PREPARATION

Spray drying
In this technique coating polymer is first to dissolve/dispersed in an 
organic solvent such as acetone and DCM the drug then incorporated 
into polymeric solution along with high-speed homogenization [40]. 
The resultant mixture then atomized in a stream of hot air. Atomization 
leads to the formation of fine mist or droplets from which organic 
solvent evaporates immediately which leads to the formation of 
microspheres in a size range of 10 um–100 um [41].

Solvent evaporation
This method involves the use of organic phase as manufacturing vehicle; 
this process consists of two phases. First is the aqueous phase in which 
the drug is incorporated along with the stabilizing agent or without 
stabilizing agent. Moreover, the other phase is organic phase consists of 
polymer solution in an organic volatile solvent such as acetone and DCM 
then aqueous and the organic phase should be mixed with high-speed 
homogenization which leads to the formation of w/o emulsion then this 
emulsion is added in the large aqueous phase to form w/o/w emulsion 
if necessary. The resultant mixture heated along with continuous 
stirring which leads to evaporation of the organic phase which leads to 
shrinking the coating polymer across the core material and leads to the 
formation of microspheres [40].

Single emulsion technique
In this method, microsphere is prepared by emulsification technique; 
coating polymer is dissolved in an organic volatile solvent which leads 
to the formation of a polymeric solution. The resultant polymeric 
solution added into an aqueous phase containing emulsifying agent 
leads to the formation of o/w emulsion. This emulsion is then stirred 
for a few hours under constant environmental condition, then filtered, 
and dried into desiccator [42].

Fig. 1: Porous microspheres as observed under the scanning 
electron microscope. Adapted from the Koch Institute Public 
Galleries (https://ki-galleries.mit.edu/2015/tzeng). Adapted 
by permission from The Koch Institute of Integrative Cancer 
Research at Massachusetts Institute of Technology (Research 

Institute at Cambridge, United States of America)
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Double emulsion technique
This technique involves the preparation of double emulsion either 
w/o/w or o/w/o type. The Aqueous solution contains the drug which 
is dispersed in the organic phase. The organic phase containing coating 
polymer encapsulates the drug present in the dispersed aqueous phase 
and leads to the formation of primary emulsion. Then, this primary 
emulsion undergoes homogenizing or sonicating before adding into an 
aqueous solution of PVA to form a secondary emulsion, and then prepared 
microspheres filtered and dried in desiccator [43].

Phase separation coacervation technique
This method is generally used for fabrication of reservoir type of 
microspheres. Mostly this method used to encapsulate the hydrophilic 
drugs; in this method, coating polymer is dissolved in an organic 
volatile solvent and then an aqueous solution of the drug is added to 
allow the polymer to coat drug, then phase separation will be initiated 
by changing the ambient conditions such as changing temperature, 
changing pH, and the addition of salt [44].

Spray congealing
In this technique, the drug is dissolved/dispersed in polymeric solution, 
that is, lipophilic polymer like wax. The hot molten solution then 
sprayed to form fine droplets into a vessel that already kept in carbon 
dioxide ice bath [45].

Solvent extraction
This method involves the removal of the organic phase by extraction of 
the organic solvent through using hydrophilic organic solvents like iso-
propyl-alcohol. Organic phase then extracted using water, this process 
leads to a decrease in the hardening time of microspheres [46].

Quassi emulsion solvent diffusion
Using this technique microsponge could be prepared. It involves two 
phases one is internal and the other is external. The external phase 
consists of PVA and distilled water and internal phase consist of 
polymer, drug, and ethanol. Internal phase is heated up to 60°C and 
then added to the external phase main. It is then maintained at room 
temperature. Resultant emulsion is then homogenized up to 2 h and 
fabricated into microsponges then filtered, washed, and dried in a 
vacuum oven for 24 h [47].

Cross-linking agent method
In this method, cross-linking agent is used for fabrication of the 
microspheres. The first specific concentrated polymeric solution has 
been made in an aqueous medium then added in continuous phase 
containing oil and specific concentration of surfactant to form w/o 
emulsion, followed by drop by drop incorporation of an aqueous 
solution of cross-linker coupled with continuous agitation and then 
permitting for the stiffening of the surface of microspheres. Resultant 
microspheres then washed and dried [48].

Hot melt microencapsulation
In this technique, coating polymer is melted and then homogenized 
with the drug, the resultant mixture is then suspended in a lipophilic 
solvent such as silicon oil along with continuous agitation/stirring 
and heating the solution at 5°C up to the melting point of the polymer 
after the emulsion get stabilized, it is cooled to solidify the polymeric 
microspheres [49].

Ionic gelation method
In this method, suspension of hydrophilic polymer along with drug is 
complexed with multivalent cation, that is, calcium chloride resulting 
in the formation of highly viscous gel spheres as shown in Fig.  2. An 
iridescent suspension is obtained. This suspension is centrifuged to get 
the uniform size of microspheres. Microspheres are then washed and 
dried at room temperature for 24 h [50,51].

Hydroxyl appetite (HAP) microspheres in sphere morphology
Microspheres were fabricated by o/w emulsion followed by evaporation 
of the organic solvent. The first organic phase (drug-containing 5% w/w 

of EVA and a suitable amount of HAP) is dispersed in the aqueous phase 
of surfactant to form o/w type emulsion. The organic phase is dispersed 
in tiny droplets surrounded by surfactant moieties which prevent the 
droplets to recombine and helping them to stay discrete droplet, while 
thrilling the DCM started evaporating slowly leave behind the droplets 
of microspheres [52-54].

EVALUATION TECHNIQUES

Characteristics
It is an important phenomenon to characterize these microparticulate 
carriers, which helps design a sustainable and suitable carrier for 
proteins, drug, or antigen delivery. Every microsphere has different 
microstructures. These microstructures are determining the release 
and stability of the carrier.

Particle size and shape
The most common ways to picture microspheres are conventional 
light microscopy (LM) Confocal fluorescence microscopy and scanning 
electron microscopy (SEM). These techniques can be used to determine 
the shape and outer structure of microspheres. Conventional LM: 
Conventional LM provides control over coating parameters in the case 
of double-walled microspheres. The microsphere’s structures can be 
visualized before and after coating and the change can be measured 
microscopically. SEM provides higher resolution in contrast to LM. 
SEM: SEM allows investigations of the surfaces of the microspheres 
and after particles are cross-sectioned, it can also be used for the 
investigation of double-walled systems [59]. Confocal fluorescence 
microscopy: Confocal fluorescence microscopy is used to characterize 
the structure of multiple walled microspheres. Laser light scattering 
and multi-size coulter counter other than instrumental methods, which 
can be used for the characterization of size, shape, and morphology of 
the microspheres [55].

Angle of contact
The angle of contact determines the wetting property of microspheres 
in terms of hydrophobicity and hydrophilicity. This thermodynamic 
property is specified to a solid substance and affected by the presence 
of an absorbed component. The angle of contact is measured at solid/
air/water interface. The increasing and decreasing angle of contact 
are measured by placing a droplet in a circular cell mounted above the 
objective of an inverted microscope. The contact angle is measured at 
200°C within a minute of deposition of microspheres [57].

Fig. 2: Schematic illustration of the ionic gelation method. 
Adapted from reference [30]. Copyright permission 

obtained under creative commons (CC BY) license. (http://
creativecommons.org/licenses/by/4.0/)
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Attenuated total reflectance Fourier transform infrared (FT-IR) 
spectroscopy
FT-IR determines the degradation of the polymeric matrix of the 
carrier system and the surface of the microspheres is determined by 
calculating the alternated total reflectance (ATR). A beam of infrared 
light is passed through the ATR crystal in such a way that it reflects 
many times through the sample to provide IR spectra mainly of surface 
material. Together ATR-FTIR provides information about the surface 
composition of the sample microspheres [57].

Density determination
The multi-volume pycnometer is used to determine the density of 
microspheres. In a cup accurately weighed sample of microspheres is 
placed and then the cup is placed in the multi-volume pycnometer in a 
cup is placed into the multi-volume pycnometer. At constant pressure, 
helium gas is introduced in the chamber and allowed to expand. 
Expansion of the helium gas decreases the pressure within the chamber 
and two consecutive readings of reduction in pressure at different initial 
pressure are noted. From these two pressure readings, the volume and 
the density of the sample microsphere are determined [57].

Electron spectroscopy for chemical analysis (ESCA)
ESCA determines the surface chemistry of the microspheres. ESCA also 
determines the atomic composition of the surface of microsphere and 
surficial degradation of the biodegradable microspheres by creating 
spectra by the help of electron spectroscopy. It is also called also called 
X-ray photoelectron spectroscopy [57].

Surface carboxylic acid residue
Radioactive glycine is used to measure surface carboxylic acid residue. 
Radioactive glycine conjugates are synthesized by the chemical 
reaction between c14 – glycine ethyl ester hydrochloride and the 
sample microspheres. The glycine residue formed is linked using 
the water-soluble condensing 1- ethyl-3 (3-dimethyl aminopropyl) 
carbodiimide (EDAC). Radioactivity of the conjugate is then measured 
using a liquid scintillation counter technique. Thus, the carboxylic 
acid residue can be compared against the standard and inference 
drawn accordingly. Free carboxylic acid residue can be used to 
measure hydrophobic or hydrophilic or any other derivatized type of 
the microspheres [57].

Isoelectric point
To determine isoelectric point an apparatus known as micro 
electrophoresis is used that measures the electrophoretic mobility of 
microspheres. Mean velocity at each pH values ranging from 3 to 10 is 
calculated by measuring the time of particle movement over a distance 
of 1 mm. Electrical mobility of the particle can be determined using 
this data. The electrophoretic mobility can be related to these three 
parameters such as surface contained charge, ionizable behavior or ion 
absorption nature of the microspheres [57].

Surface amino acid residue
The radioactive c14-acetic acid conjugate is used in the determination 
of surface associated amino acid residue. The amino acid residue is 
determined indirectly by first determining carboxylic acid residue 
through liquid scintillation counter. EDAC is used to condense the 
amino group and the c14 - acetic acid carboxylic acid residue. The 
indirect estimation method is done to determine the free amino or 
the free carboxylic acid residues, by measuring the radioactivity of the 
c14 glycine ethyl ester hydrochloride having acetic acid or the glycine 
conjugates [57].

Capture efficiency
Capture efficiency of the microspheres is determined by allowing 
washed microspheres to the lysate. The lysate is then tested as specified 
in the particular monograph for the calculation of the active constituents 
present in the formulation. The percent encapsulation efficiency 
is calculated using the following equation: % Entrapment=Actual 
content/Theoretical content×100 [57].

In vivo methods
In vivo methods are methods for studying the permeability on intact 
mucosa. These techniques exploit the biological response of the 
organism locally or systemically. Some of the earliest and simplest 
studies of mucosal layer permeability were determined by the 
systemic pharmacological effects produced by drugs after ingestion or 
absorption into the oral mucosa. However, now the most widely used 
methods are using animal models, buccal absorption tests, and corneal 
perfusion chambers for studying drug permeability [4].

Animal models
A series of compounds are screened using animal models to investigate 
the mechanisms and usefulness of permeation enhancers or evaluating 
a set of formulations. Several animal models such as the dog, rats, 
rabbits, cat, hamster, pigs, and sheep have been known. The procedure 
involves anaesthetizing the animal followed by the administration of 
dosage form for which the study has to be done. The esophagus of rats 
is ligated to prevent absorption pathways other than an oral mucosal 
layer. The absorption rate is determined by withdrawing blood at 
different time intervals and analyzing [4].

Buccal absorption test
It is known for its simplicity and reliability for measuring the extent 
of drug loss in the oral cavity through single and multi-component 
mixtures of drugs. Through this test method, the structure, contact 
time, PH, and initial drug concentration of the solution is determined 
when the drug is held in the oral cavity [61].

Corneal perfusion chambers
In the development and assessment of ophthalmic drugs, corneal 
perfusion chamber method is termed very useful. This study aims to 
design and test a modified perfusion chamber which is suitable for topical 
application of drugs that are isolated to corneoscleral preparations, 
and which allows continuous monitoring of endothelial cell function. 
In this method, a perfusion chamber is designed out of polycarbonate 
and stainless-steel to clamp corneas in a horizontal plane which makes 
it suitable for topical drug delivery. The endothelial cell function was 
assessed by ultrasonic pachymetry and specular microscopy during 
this perfusion. Epithelial barrier function was assessed by the amount 
of penetration of fluorescein. Leakage was examined by measuring 
the penetration of a large protein. By conventional histology tissue 
architecture after perfusion was examined [56].

In vitro methods
Beaker method
In this method, the dosage form is made to adhere at the bottom of the 
beaker containing the medium and stirred uniformly using an overhead 
stirrer. The quantity of the media employed ranges from 50 to 500 
ml and the stirrer speed form 60 to 300 rpm. A sample is withdrawn 
in time intervals and the amount of drug dissolved in the medium is 
determined [60].

Interface diffusion system
Interface diffusion system method was developed by Dearden 
& Tomlinson. It comprises four compartments. Compartment A 
represents the oral cavity which contains an appropriate concentration 
of drug in a buffer. Compartment B representing the buccal membrane, 
containing 1-octanol, and compartment C is representing body fluids, 
which contains 0.2 M HCl. The compartment D representing protein 
binding which also contains 1-octanol. Before use, the aqueous 
phase and 1-octanol were saturated with each other. Samples were 
withdrawn and returned to compartment A with a syringe. Hence, the 
drug dissolved in different cavities of the human body is determined by 
analyzing samples from all four compartments [4].

Modified keshary chien cell
A specialized apparatus was designed in the laboratory. It consisted of a 
Keshary Chien cell which contains distilled water (50 ml) at 370°C as the 
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dissolution medium. Mostly all Trans Membrane Drug Delivery Systems are 
kept in a glass tube attached with a 10# sieve placed at the bottom which is 
then reciprocated in the dissolution fluid at a rate of 30 strokes/min thus, 
determining the rate of dissolution of the drug delivery system [60].

Dissolution apparatus
Standard USP or BP dissolution apparatus is used to study in vitro drug 
release profiles using both the rotating elements which are paddle 41, 
42, 43 and basket 44, 45. Dissolution medium which is used for the 
study varies from 100 to 500 ml and the speed of rotation varies from 
50 to 100 rpm [60].

Other methods
Few other methods involve plexiglass sample blocks placed in flasks 
46, agar gel method 47, etc., have also been reported. Although several 
methods have been reported, the ideal method would be one where 
sink condition is maintained and dissolution time in vitro simulates 
dissolution time in vivo [4].

APPLICATIONS OF MICROSPHERES IN PHARMACEUTICAL 
INDUSTRY

Oral drug delivery
The oral route is an easy and convenient route for administration of 
the drug with higher patient compliance. There are large numbers of 
pharmaceutical products administered through the oral route. The 
principal behind oral absorption totally depends on the solubility and 
permeability of the drug. Microsphere drug delivery offers a sustained 
and controlled manner drug release for a longer period of time leads to 
reduce dosing frequency and improve patient compliance [62].

Ocular drug delivery
Microspheres are a good carrier for the ocular drug delivery. Using 
microspheres drug delivery bioavailability of the drug has been improved 
as compared to the aqueous ocular preparations. Due to their sustained 
or controlled release mechanism microspheres are used for the long-
lasting release of drug which leads to reduce the dosing frequency [63].

Intranasal drug delivery
This route is mainly preferred for the delivery of proteins and the 
peptides. Conventional formulations are easily get drained off from 
nasal mucosa. Bioadhesive microspheres provide better bioavailability 
by exerting its sustained/controlled mechanism [64].

Gene therapy
In this technique, microspheres are fabricated with viral vectors in gene-
drug delivery. This technique offers ease of preparation, site targeting, 

and large scale production and shows low immunogenic response as 
compared to the direct viral vector drug delivery [65].

Buccal drug delivery
Mucoadhesive microspheres serve as a reservoir for the drug; it 
releases the drug from the applied site for a longer period of time. 
Mucoadhesive polymers reside on the mucosa of the buccal cavity and 
act as a reservoir; it also improves the bioavailability of the drug by 
avoiding first-pass metabolism in the body [62].

Transdermal and topical drug delivery
Polymers having good film-forming ability used for delivery of drug 
through the skin, for example, Chitosan, Alginate, and PLGA loaded 
microspheres are used as Transdermal Drug Delivery. It also used for 
delivering the drug for topical application, for example, Asiaticoside 
loaded microspheres for wound healing showing an acceleration in re-
epithelization as well as promoting the angiogenesis [66].

Gastrointestinal drug delivery
Microspheres are used for delivery of the potent drug to the specific site 
(Gastrointestinal tract [GIT]). 

Eudragit, ethylcellulose, carbopol, and alginate microspheres are used 
for delivery of the drug at a specific site in the GIT. It prevents the first 
pass hepatic metabolism of the drug and increases the bioavailability 
of the drug [67].

Intra-tumoral and local drug delivery
Anticancer drugs should be delivered at the tumor site inappropriate 
concentration, for example, paclitaxel loaded microspheres. Film-
forming polymers are used to sustain the release at local site, that is, 
oral cavity [68].

Colonic drug delivery
Microspheres are used for delivering the drug at a specific site in 
intestine, that is, colon. Insulin loaded into chitosan microspheres 
targeted to release its drug at colon [69].

Vaginal drug delivery
Microspheres drug delivery used for treating vaginal infections such 
as mycotic infection of the genital tract. Chitosan, Gelatin, and PLGA 
polymers are used for fabricating the microspheres to treat vaginal 
infections [70].

Radioactive application
Radioactive isotopes of elements have been utilized for medical use from 
decades [71-83] radioactive isotopes loaded microspheres are used 

Fig. 3: Microspheres application in bone tissue engineering. Adapted from reference [56]. Copyright permission obtained under Springer 
Copyright license through Springer Copyright Clearance center
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to treat several diseases such as liver and spleen tumor, for example, 
Yttrium 90 loaded microspheres are used to treat carcinoma [84].

Vaccine drug delivery
Microsphere drug delivery has been showing efficient in vaccine 
delivery; Thiolated Eudragit Microspheres would be a better candidate 
for oral vaccine delivery. It also evokes the systemic and mucosal 
immunity [57].

Targeting using microparticulate drug carriers
Targeting refers to the response elicited by the drug is dependent on 
the access and molecular interaction with the receptor. Pellets method 
is generally used to target a particular organ or receptor. Pellets can 
be prepared by Extrusion/Spheronization Technology, for example, 
Chitosan and Microcrystalline Cellulose [57].

Application in dentistry
Microspheres are used in the dental preparations to treat various 
infections related to oral cavity such as Gingivitis and bleeding gums. 
Microspheres are also used in craniofacial tissue regeneration [85,87-89].

Application in bone tissue engineering
Microspheres can be used as a stable carrier system for delivering 
MSC (Bone marrow-derived mesenchymal stem cell) which helps in 
earlier bone regeneration as well as rapid bone formation in tissue 
engineering  [86,90]. This process is represented diagrammatically as 
shown in Fig. 3.

CONCLUSIONS

Microspheres are a type of novel drug delivery system where the 
drug is enclosed in spherical shaped structures which are made up 
of different polymers forming a matrix system. The drug liberates 
out of the microspheres by slow release through the matrix system. 
Various types of microspheres are available depending on the types of 
polymers employed and each having their own unique features. There 
are also many methods of preparation available for the synthesis of 
microspheres. Microspheres are very versatile and are being used in 
various applications ranging from diagnostics to drug delivery and 
medical applications.
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