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INTRODUCTION 
Microspheres have played a vital role in the 
development of controlled/sustained release drug 
delivery systems1. Microspheres have been of 
particular interest from the pharmaceutical point of 
view providing the possibility to achieve sustained and 
controlled drug release. Microspheres are matrix 
systems that contains drug throughout their structure 
and are potential candidates for oral controlled release. 
Microsphere can be defined as solid spherical particles 
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ranging from one to 1000µm in size2. A controlled 
drug delivery system can overcome some of the 
problems of conventional therapy and enhance the 
therapeutic efficacy of a given drug. To obtain 
maximum therapeutic efficacy, it becomes necessary 
to deliver the agent to the target tissue in the optimal 
amount in the right period of time there by causing 
little toxicity and minimal side effects. There are 
various approaches in delivering a therapeutic 
substance to the target site in a sustained controlled 
release fashion3. 
The goal of any drug delivery system is to provide a 
therapeutic amount of drug to the proper site in the 
body to achieve promptly and then maintain the 
desired drug concentration4. The most convenient and 
commonly employed route of drug delivery has 
historically been by oral ingestion5. Microspheres can 
be manufactured from various natural and synthetic 
materials. Glass microspheres, polymer microspheres 
and ceramic microspheres are commercially available. 
Solid and hollow microspheres vary widely in density 
and, therefore, are used for different applications. 
Hollow microspheres are typically used as additives to 
lower the density of a material. Solid microspheres 
have numerous applications depending on what 
material they are constructed of and what size they are. 
Polyethylene and polystyrene microspheres are two 
most common types of polymer microspheres6. 
Advantages of Microspheres7-12 

• They facilitate accurate delivery of small 
quantities of potent drug and reduce 
concentration of drug at site other than the 
target organ or tissue. 

• They provide protection for unstable drug 
before and after administration, prior to their 
availability at the site of action. 

• They provide the ability to manipulate the in 
vivo action of the drug, pharmacokinetic 
profile, tissue distribution and cellular 
interaction of the drug. 

• They enable controlled release of drug. 
Examples: Narcotic, Antagonist, Steroid 
hormones. 

• Superior to single unit floating dosage forms as 
such microspheres releases drug uniformly and 
there is no risk of dose dumping. 

• Avoidance of gastric irritation, because of 
sustained release effect, floatability and 
uniform release of drug through multi 
particulate system. 

• Improved receptor activation selectivity 
Extended time over critical (effective) 
concentration. 

• Less inter- and intra-subject variability. 
• Flexibility in dosage form design. 
• Improves patient compliance by decreasing 

dosing frequency. 
• Better therapeutic effect of short half-life drugs 

can be achieved. 
• Gastric retention time is increased because of 

buoyancy. 
• Drug releases in controlled manner for 

prolonged period. 
• Enhanced first-pass biotransformation. 
• Sustained drug delivery/reduced frequency of 

dosing. 
• Targeted therapy for local ailments in the upper 

GIT. 
• Site-specific drug delivery to stomach can be 

achieved. 
• Enhanced absorption of drugs which solubilize 

only in stomach. 
Carriers used in Preparation of Microsphere13, 14, 

15 
The following are the polymers used in the preparation 
of microspheres. 
Synthetic polymers 

• Non-biodegradable polymers: Poly methyl 
methacrylate (PMMA), Glycidylmethacrylate,   
Epoxy polymers. 

• Biodegradable polymers: Lactides, their 
glycolides and their copolymers, Polyalkyl 
Cyano Acrylate, Polyanhydrides. 

Natural polymers 
These are obtained from different sources like 
proteins, carbohydrates and chemically modified 
carbohydrates.  
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• Proteins: Albumin, Gelatin, and  Collagen,  
• Carbohydrates: Agarose, Carrageenan, 

Chitosan, Starch,  
• Chemically Modified Carbohydrates: Poly 

(acryl) dextran, Poly (acryl) starch. 
Types of Microspheres 
Bio adhesive Microspheres7,16,17 
These kinds of microspheres exhibit a prolonged 
residence time at the site of application and causes 
intimate contact with the absorption site and produces 
better therapeutic action. 
Magnetic Microspheres16,18 
Magnetic microspheres are supra molecular particles 
that are small enough to circulate through capillaries 
without producing embolic occlusion (<4µm) but are 
sufficiently susceptible (ferromagnetic) to be captured 
in micro vessels and dragged into the adjacent tissues 
by magnetic field of 0.5-0.8 tesla. 
Floating Microspheres9,16,19 
Gastro-retentive floating microspheres are low-density 
systems that have sufficient buoyancy to float over 
gastric contents and remain in stomach for prolonged 
period without affecting gastric emptying rate. The 
drug is released slowly at the desired rate. 
Radioactive Microspheres16,20 
Radioactive microspheres deliver high radiation dose 
to the targeted are as without damaging the normal 
surrounding tissues. They are injected to the arteries 
that lead to tumour of interest. The different kinds of 
radioactive microspheres are α emitters, β emitters and 
γ emitters. 
Polymeric Microspheres16,21 
Biodegradable polymeric microspheres are those 
which contain biodegradable polymers which prolongs 
the residence time when contact with mucous 
membrane due to its high degree of swelling property 
with aqueous medium , results gel formation. The rate 
and extent of drug release is controlled by 
concentration of polymer and the release pattern in a 
sustained manner. Synthetic polymeric micro spheres 
are those which are made up of synthetic polymers and 
are used as used as bulking agent, fillers, embolic 
particles, drug delivery vehicles etc. 
METHODS OF PREPERATION  

Single emulsion technique13,16 

The micro particulate carriers of natural polymers i.e. 
those of proteins and carbohydrates are prepared by 
single emulsion technique. The natural polymers are 
dissolved/dispersed in aqueous medium followed by 
dispersion in the non-aqueous medium e.g. oil. In the 
second step of preparation, cross-linking of dispersed 
globule is carried out. The cross linking is achieved by 
two methods i.e. either by heat or by means of 
chemical cross linking agents including 
glutaraldehyde, formaldehyde, diacid chloride etc. 
Double emulsion technique13,16,22 
This method involves the formation of the multiple 
emulsion or double emulsion of type w/o/w. It is best 
suited to water soluble drugs, peptides, proteins and 
vaccines. This method can be used with both the 
natural as well as the synthetic polymers. The aqueous 
protein solution is dispersed in a lipophilic organic 
continuous phase. This protein solution may contain 
the active constituents. The continuous phase is 
generally consisted of the polymer solution that 
eventually encapsulates of the protein contained in 
dispersed aqueous phase. The primary emulsion is then 
subjected to the homogenization or the sonication 
before addition to the aqueous solution of the poly 
vinyl alcohol (PVA). This results in formation of a 
double emulsion. Emulsion is then subjected to solvent 
removal either by solvent evaporation or by solvent 
extraction process. The solvent evaporation is carried 
out by maintaining emulsion at reduced pressure or by 
stirring the emulsion so that the organic phase 
evaporates out. The emulsion is then added to large 
quantity of water into which organic phase diffuses 
out. The solid microspheres are subsequently obtained 
by filtration and washing with n hexane, acetone or 
any organic solvent to remove traces of oil from the 
surface. 
Polymerization13,16,23 
The polymerization techniques conventionally used for 
the preparation of the microspheres, are mainly 
classified as: 
Normal polymerization 
Interfacial polymerization 
Normal polymerization24 
Normal polymerization proceeds and is carried out 
using different techniques as bulk, suspension 
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precipitation, emulsion and micellar polymerization 
processes. In bulk polymerization, a monomer or a 
mixture of monomers along with the initiator or 
catalyst is usually heated to initiate polymerization. 
Polymer so obtained may be moulded as microspheres. 
Drug loading may be done during the process of 
polymerization. Suspension polymerization also 
referred as bead or pearl polymerization. Here it is 
carried out by heating the monomer or mixture of 
monomers as droplets dispersion in a continuous 
aqueous phase. The droplets may also contain an 
initiator and other additives. Emulsion polymerization 
differs from suspension polymerization as due to the 
presence initiator in the aqueous phase, which later on 
diffuses to the surface of micelles. Bulk 
polymerization has an advantage of formation of pure 
polymers 
Interfacial polymerization 25 
It involves the reaction of various monomers at the 
interface between the two immiscible liquid phases to 
form a film of polymer that essentially envelops the 
dispersed phase. In this technique two reacting 
monomers are employed, one of which is dissolved in 
the continuous phase while the other being dispersed 
in the continuous phase. 
Phase separation/ Coacervation13,25 
Phase separation method is mainly designed for 
preparing the reservoir type of the system. This 
method is used to encapsulate water soluble drugs e.g. 
peptides, proteins and some of preparations having 
matrix type particular, when the drug is hydrophobic 
in nature e.g. steroids. In this technique the polymer is 
first dissolved in a suitable solvent and then drug is 
dispersed by making its aqueous solution, if 
hydrophobic or dissolved in polymer solution itself, If 
hydrophobic. Phase separation is then accomplished 
by changing the solution conditions by the salt 
addition, on-solvent addition, addition of the 
incompatible polymer or change in pH. 
Spray drying13, 26 
The polymer is first dissolved in a suitable volatile 
organic solvent such as dichloromethane, acetone etc. 
The drug in the solid form is then dispersed in the 
polymer solution under high speed homogenization. 
This dispersion is then atomized in a stream of hot air. 

The atomization leads to the formation of small 
droplets or the fine mist from which the solvent 
evaporates instantaneously leading the formation of 
microspheres. 
Solvent extraction1 
Solvent extraction method is used for the preparation 
of the micro particles, involves removal of the organic 
phase by extraction of the organic solvent. The method 
involves water miscible organic solvents such as 
isopropanol. Organic phase is removed by extraction 
with water. This process decreases the hardening time 
for the microspheres. The process involves direct 
addition of the drug or protein to polymer organic 
solution. The rate of solvent removal by extraction 
method depends on the temperature of water, ratio of 
emulsion 
volume to the water and the solubility profile of the 
polymer. 
Emulsion Solvent Evaporation13,27,28 
In this technique the drug is dissolved in polymer 
which was previously dissolved in chloroform and the 
resulting solution is added to aqueous phase containing 
0.2 % sodium of PVP as emulsifying agent. The above 
mixture was agitated at 500 rpm then the drug and 
polymer (eudragit) was transformed into fine droplet 
which solidified into rigid microspheres by solvent 
evaporation and then collected by filtration and 
washed with 
Demineralized water and desiccated at room 
temperature for 24 hrs. 
Emulsion solvent diffusion technique13,29 
The colon floating microspheres were prepared using 
emulsion solvent diffusion technique in order to 
improve the residence time. The drug polymer mixture 
was dissolved in a mixture of ethanol and 
dichloromethane (1:1) and then the mixture was added 
drop wise to sodium lauryl sulphate (SLS) solution. 
The solution was stirred with propeller type agitator at 
room temperature at 150 rpm for 1 hr. Thus the formed 
floating microspheres were washed and dried in a 
desiccator at room temperature. 
PHYSICOCHEMICAL EVALUATION 
Characterization 
Particle size and shape30,31 
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Light microscopy (LM) provides a control over 
coating parameters in case of double walled 
microspheres. The microspheres structures can be 
visualized before and after coating and the change can 
be measured microscopically Scanning electron 
microscopy (SEM) allows investigations of the 
microspheres surfaces and after particles are cross-
sectioned, it can also be used for the investigation of 
double walled systems. 
Attenuated total reflectance FT-IR Spectroscopy30, 

32 
FT-IR is used to determine the degradation of the 
polymeric matrix of the carrier system. The surface of 
the microspheres is investigated measuring alternated 
total reflectance (ATR). The ATRFT-IR provides 
information about the surface composition of the 
microspheres depending upon manufacturing 
procedures and conditions. 
Density determination30 
The density of the microspheres can be measured by 
using a multi volume pychnometer. Accurately 
weighed sample in a cup is placed into the multi 
volume pychnometer. Helium is introduced at a 
constant pressure in the chamber and allowed to 
expand. This expansion results in a decrease in 
pressure within the chamber. Two consecutive 
readings of reduction in pressure at different initial 
pressure are noted. From two pressure readings the 
density of the microsphere carrier is determined. 
Isoelectric point30 
The micro electrophoresis is an apparatus used to 
measure the electrophoretic mobility of microspheres 
from which the isoelectric point can be determined. 
The mean velocity at different pH values ranging from 
3-10 is calculated by measuring the time of particle 
movement over a distance of 1 mm. By using this data 
the electrical mobility of the particle can be 
determined. 
Entrapment efficiency30,33 
Microspheres containing of drug (5mg) were crushed 
and then dissolved in distilled water with the help of 
ultrasonic stirrer for 3 hr., and was filtered then 
assayed by uv-vis spectroscopy. Entrapment efficiency 
is equal to ratio of actual drug content to theoretical 

drug content. % Entrapment = Actual 
content/Theoretical content x 100 
Swelling index34 
This technique was used for Characterization of 
microspheres were performed with swelling index 
technique Different solution (100mL) were taken such 
as (distilled water, buffer solution of pH(1.2, 4.5, 7.4) 
were taken and microspheres (100mg) were placed in a 
wire basket and kept on the above solution and 
swelling was allowed at 37℃ and changes in weight 
variation between initial weight of microspheres and 
weight due to swelling was measured by taking weight 
periodically and soaking with filter paper. 
Angle of contact30 
The angle of contact is measured to determine the 
wetting property of a micro particulate carrier. It 
determines the nature of microspheres in terms of 
hydrophilicity or Hydrophobicity. The angle of contact 
is measured at the solid/air/water interface. The angle 
of contact is measured by placing a droplet in a 
circular cell mounted above objective of inverted 
microscope. Contact angle is measured at 200C within 
a minute of deposition of microspheres. 
Modified Keshary Chien Cell30,35,36 
A specialized apparatus was designed in the 
laboratory. It comprised of a Keshary Chien cell 
containing distilled water (50ml) at 370℃ as 
dissolution medium. TMDDS (Trans Membrane Drug 
Delivery System) was placed in a glass tube fitted with 
a 10# sieve at the bottom which reciprocated in the 
medium at 30 strokes per min. 
Dissolution apparatus30 
Standard USP or BP dissolution apparatus have been 
used to study in vitro release profiles using rotating 
elements, both paddle and basket. Dissolution medium 
used for the study varied from 100-500 ml and speed 
of rotation from 50-100 rpm. 
Animal models30 
Animal models are used mainly for the screening of 
the series of compounds, investigating the mechanisms 
and usefulness of permeation enhancers or evaluating 
a set of formulations In general, the procedure 
involves anesthetizing the animal followed by 
administration of the dosage form. In case of rats, the 
esophagus is ligated to prevent absorption pathways 
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other than oral mucosa. At different time intervals, the 
blood is withdrawn and analyzed.  
Stability studies30,37 
By placing the microspheres in screw capped glass 
container and stored them at following conditions: 

• Ambient humid condition 
• Room temperature (27+/-2℃) 
• Oven temperature (40+/-2℃) 
• Refrigerator (5℃ -8℃). It was carried out of a 

60 days and the drug content of the 
microsphere was analyzed. 

Applications of Microspheres in Pharmaceutical 
Industry 

• For taste and odour masking. 
• To delay the volatilization. 
• For Separation of incompatible substances. 
• For Improvement of flow properties of 

powders. 
• To Increase the stability of the drug against the 

external conditions. 
• For Safe handling of toxic substances. 
• To improve the solubility of water insoluble 

substances by incorporating dispersion of such 
material in aqueous media. 

• To reduce the dose dumping potential 
compared to large implantable devices. 

• For conversion of oils and other liquids to 
solids for ease of handling. 

Novel Applications of Microspheres13 
Monoclonal antibodies mediated microspheres 
targeting 
Monoclonal antibodies (Mabs) targeting microspheres 
are immunomicrospheres. This targeting is a method 
used to achieve selective targeting at specific sites. 
Monoclonal antibodies are extremely specific 
molecules. This extreme specificity of monoclonal 
antibodies (Mabs) can be used to target microspheres 
loaded bioactive molecules to selected sites by means 
of covalent coupling. The free amino groups, aldehyde 
groups, or hydroxyl groups on the external surface of 
the microspheres can be linked to the antibodies. 
Attachment of microspheres to Mabs by any of the 
following methods. 
1. Non-specific adsorption 

2. Specific adsorption 
3. Direct coupling 
4. Coupling with reagents. 
Targeting by using micro particulate carriers 
The concept of targeting, i.e. site specific drug 
delivery is a well-established dogma, which is gaining 
full attention. The therapeutic efficacy of the drug 
depends on its access and specific interaction with its 
candidate receptors. Placement of the particles 
indiscrete anatomical compartment leads to their 
retention either due to the physical properties of the 
environment or biophysical interaction of the particles 
with the cellular content of the target tissue. 
Microspheres in vaccine delivery 
The prerequisite of a vaccine is protection against 
micro-organism or its toxic product. An ideal vaccine 
must fulfill the requirement of efficacy, convenience in 
application and cost. The aspect of safety and 
minimization of side effect is a complex issue. 
Biodegradable delivery systems for vaccines that are 
given by i v route may overcome the shortcoming of 
the conventional vaccines. The interest in parenteral 
(subcutaneous, intramuscular, intradermal) carrier lies 
because they offer specific advantages including: 
1. Modulation of antigen release 
2. Improved antigenicity 
3. Stabilization of antigen. 
Topical porous microspheres 
These micro sponges are having capacity to entrap 
wide range of active ingredients such as emollients, 
fragrances, volatile oils etc., are used as the topical 
carries system furthermore, these porous microspheres 
with active medicaments can be incorporated into 
formulations such as creams, lotions and powders. . 
Surface modified microspheres 
Different approaches have been used to change the 
surface properties of carriers to protect them against 
phagocytic clearance and to modify their body 
distribution patterns. The adsorption of poloxamer on 
surface of the polystyrene, polyester or poly methyl 
methacrylate microspheres deviate them more 
hydrophilic and hence they decrease their MPS uptake. 
Protein microspheres can be covalently modified by 
PEG derivatives show decreased immunogenicity and 
clearance. 
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CONCLUSION 
Microspheres form an important drug delivery strategy 
for controlled release and targeting. Microspheres 
containing anti-neoplastic drugs, steroid hormones, 
vaccines, proteins and peptides, antiviral, antifungal 
and antibiotic drugs, anti-diabetic drugs and anti-
inflammatory drugs are investigated extensively for 
controlled release by various routes and for targeting. 
In recent years studies on microspheres have been 
increased as it has become a promising technology in 
the areas of drug delivery, proteomics and genomics 
and also for studying bio molecular interactions. 
   
ACKNOWLEDGEMENT 
The authors are thanks to Department of 
Pharmaceutics, Bharathi College of Pharmacy, 
Bharathi Nagara, Maddur Taluk, Mandya District, 
Karnataka, India for provide all facilities to complete 
this Review article. 
 
CONFLICT OF INTEREST 
We declare that we have no conflict of interest. 
 
BIBLIOGRAPHY 
1. Vyas S P, Khar R K. Targeted and Controlled 

Drug Delivery, Vallabh Prakashan, New Delhi 
India, 7th  Edition, 102-107. 

2. Chowdary K P R, Ravishankar K, Subrahmanyam 
S V V. Recent research on microspheres - a 
review, Journal of Global Trends in 
Pharmaceutical Sciences, 5(2), 2014, 1557-1566. 

3. Welling P G, Dobrinska M R. Dosing 
considerations and bioavailability assessment of 
controlled drug delivery systems. In Robinson JR, 
Lee VHL, editors. Controlled drug delivery: 
Fundamentals and applications, 2nd edition, New 
York. 

4. Chein Y W. Oral Drug Delivery and Delivery 
systems. In Novel drug delivery systems, Marcel 
Dekker, Inc., New York, 50, 1992, 139-177. 

5. Thanoo B C, Sunny M C, Jayakrishnan A. Oral 
Suatained release Drug delivery systems using 
polycarbonate microspheres capable of floating on 
the gastric fluid, J Pharm Pharmacol, 45, 1993, 
21-24. 

6. Kataria Sahil, Middha Akanksha, Sandhu 
Premjeet, Ajay Bilandi and Bhawana Kapoor. 
Microsphere: a review, International Journal of 
Research in Pharmacy and Chemistry, 1(4), 2011, 
1184-1197. 

7. Senthil A, Narayanaswamy V B, Galge D S, 
Bhosale R S. Mucoadhesive microspheres, IJRAP, 
2(1), 2011, 55-59. 

8. Debjit B, Chiranjib B, Margret C, B Jayakar. 
Floating Drug Delivery System: A Review, Der 
Pharmacia Lettre, 1(2), 2009, 199-218. 

9. Chawla G, Gupta P, Koradia V, Bansal A K. 
Floating Drug Delivery Systems: An approach to 
Gastro retention, Pharm. Tech, 27(2), 2003, 50-68. 

10. Garg R, Gupta G D. Progress in Controlled Gastro 
retentive Delivery Systems, Trop. J. Pharma. Res, 
7(3), 2008, 1055-1066. 

11. Hoffman A. Expandable gastro retentive dosage 
forms, Adv. Drug Deliv. Rev, 33, 1998, 185-199. 

12. Hoffman A, Stepensky D. Floating multiparticulate 
oral sustained release drug delivery system, Crit. 
Rev. Ther. Drug Carrier Syst, 16, 1999, 571-639.  

13. Nirav R Patel, Dhagash A. Patel, Praful D, 
Bharadia, Vikram Pandya, Darshan Modi. 
Microsphere as a novel drug delivery, 
International Journal of Pharmacy and Life 
sciences, 2(8), 2011, 992-997. 

14. Simon B, Eds. Microencapsulation: Methods and 
Industrial Applications, Drugs Pharmaceutical Sci. 
Marcel Dekker, Inc. N.Y, 2nd edition, 158, 2006, 1-
55. 

15. Omkar T, Alagusundaram M, Madhu S C. 
Microspheres as a novel drug delivery system, Int 
J of Chem Tech and Res, 3(1), 2009, 526-534. 

16. Prasanth V V, Moy A C, Mathew S T, Mathapan 
R. Microspheres: an overview, Int J of Pharm and 
Biomedical Sci, 2(2), 2011, 332-338. 

17. Vasir J K, Tambekar K. Bioadhesive microspheres 
as a controlled drug delivery system, Int J Pharm, 
255, 2003, 13-32. 

18. Chandrawanshi P, Patidar H. Magnetic 
microspheres: as a targeted drug delivery, J of 
Pharm Res, 2(5), 2009, 964-966. 

19. Gholap S P, Banrjee S K, Gaikwad D D, Jadhav S 
L, Thorat R M. Hollow microspheres: A Review, 



    

Naveen H P. et al. / Asian Journal of Research in Pharmaceutical Sciences and Biotechnology. 2(3), 2014, 62 - 69. 

Available online: www.uptodateresearchpublication.com         July - September                                          69 

 

Int J of Pharm Sci Review and Res, 1(1), 2010, 74-
79. 

20. Hafeli U, Atcher R W, Morris C E, Beresford B, 
Humm J L, Macklis R M. Polymeric 
radiopharmaceutical delivery systems, 
Radioactivity and Radiochemistry, 3, 1992, 11-14. 

21. Hire N N, Derle D V. Microsphere as drug carrier: 
a review, International Journal of Advanced 
Research, 2(3), 2014, 901-913.  

22. Jain D, Panda A K, Majumdar D K. Eudragit S100 
Entrapped Insulin Microspheres for Oral Delivery, 
AAPS Pharm Sci Tech, 6(1), 2005, 101-107. 

23. Chinna G B, Shyam S R, Vimal K M, Sleeva R M, 
Sai K M. Formulation and Evaluation of 
Indomethacin Microspheres using natural and 
synthetic polymers as Controlled Release Dosage 
Forms, Int J of Drug Discovery, 2(1), 2010, 8-16. 

24. Zhou W Q, Gu T Y, Su Z G, Ma G H. Synthesis of 
macro porous poly (styrene-divinyl benzene) 
microspheres by surfactant reverse micelles 
swelling method, Science Direct Polymer, 48, 
2007, 1981-1988. 

25. Sunitha S, Amareshwar P, Santhosh K M, 
Chakravarti P. Preparation and Evaluation of 
Tramadol Hydrochloride microspheres by phase 
separation co-acervation technique using various 
solvents and non-solvents, J of Global Pharm 
Tech, 3(4), 2011, 33-41.  

26. Mahajan H, Gattani S, Surana S. Spray Dried 
Mucoadhesive Microspheres of Ondansetron for 
Nasal Administration, Int J of Pharma Sci and 
Nanotech, 1(3), 2008, 267-273. 

27. Venkatesan P, Manavalan R, Valliappan K. 
Preparation and evaluation of sustained release 
oxoprofen, J of Basic and Clinical Pharmacy, 2(3), 
2011, 159-162. 

28. Lakshmana P S, Shirwaikar A, Kumar A. 
Formulation and evaluation of sustained release 
microspheres of rosin containing aceclofenac, Ars 
Phar, 50(2), 51-62, 2009. 

29. Das M K, Rao K R. Evaluation of Zidovudine 
encapsulated ethylcellulose microspheres prepared 

by Water-Oil-Water double emulsion solvent 
diffusion technique, Acta Poloniae Pharmaceutica 
and Drug Research, 63(2), 2006, 141-148.  

30. Chitra Singh, Suresh Purohit, Madhu Singh, 
Pandey B L. Design and evaluation of 
microspheres: A review, Journal of drug delivery 
research, 2(2), 2013, 18-27. 

31. Kannan K, Karar K P, Manavalan R. Formulation 
and Evaluation of Sustained Release Microspheres 
of Acetazolamide by Solvent Evaporation 
Technique, J Pharm Sci and Res, 1(1), 2009, 36-
39. 

32. Surini S, Anggriani V, Anwar E. Study of 
Mucoadhesive Microspheres Based on 
Pregelatinsed Cassava Starch Succinate as a New 
Carrier for Drug Delivery, J Med Sci, 9(6), 2009, 
249-256. 

33. Chowdary K P R, Suri B J. Permeability of 
Ethylene Vinyl Accetate Copolymer 
Microcapsules: Effect of Solvents, Indian Journal 
of pharmaceutical Sciences, 65(1), 2003, 62.  

34. Soni L M, Kumar M, Namdeo P K. Sodium 
alginate Microspheres for extending drug release: 
formulation and in vitro evaluation, International 
Journal of Drug Delivery, 2(1), 2010, 64-68. 

35. Save T. Bioadhesive tablets of Nifedipine: 
Standardization of a novel buccoadhesive erodible 
carrier, Drug Dev Ind pharm, 20(19), 1994, 3005-
3014. 

36. Dev Rajan, Gupta P V; Gandhi AS and Shah. 
Trans mucosal drug delivery systems of 
Salbutamol Sulfate, 26th Int Symp 
Bioact.Mater.650. 

37. Tamizharsi S, Rathi C J, Rathi. Formulation and 
Evaluation of Pentoxyfylline-Loaded Poly 
(Gcaprolactone) Microspheres, Indian Journal of 
pharmaceutical Sciences, 70(3), 2008, 333-337. 

 
 
 

 
Please cite this article in press as: H. P. Naveen et al. A Modern Review on Microsphere as Novel Controlled Drug 
Delivery System, Asian Journal of Research in Pharmaceutical Sciences and Biotechnology, 2(3), 2014, 62- 69. 


