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Abstract 

 
Microparticles offer various significant advantages as drug delivery systems, including: (i) an effective 
protection of the encapsulated active agent against (e.g. enzymatic) degradation, (ii) the possibility to 
accurately control the release rate of the incorporated drug over periods of hours to months, (iii) an easy 
administration (compared to alternative parenteral controlled release dosage forms, such as macro-sized 
implants), and (iv) Desired, pre-programmed drug release profiles can be provided which match the 
therapeutic needs of the patient. This article gives an overview on the general aspects and recent advances in 
drug-loaded microparticles to improve the efficiency of various medical treatments. An appropriately 
designed controlled release drug delivery system can be a foot ahead towards solving problems concerning to 
the targeting of drug to a specific organ or tissue, and controlling the rate of drug delivery to the target site. 
The development of oral controlled release systems has been a challenge to formulation scientist due to their 
inability to restrain and localize the system at targeted areas of gastrointestinal tract. Microparticulate drug 
delivery systems are an interesting and promising option when developing an oral controlled release system. 
The objective of this paper is to take a closer look at microparticles as drug delivery devices for increasing 
efficiency of drug delivery, improving the release profile and drug targeting. In order to appreciate the 
application possibilities of microcapsules in drug delivery, some fundamental aspects are briefly reviewed. 
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INTRODUCTION 

 
Controlled drug delivery technology 

represents one of the frontier areas of science, 
which involves multidisciplinary scientific 
approach, contributing to human health care. 
These delivery systems offer numerous 
advantages compared to conventional dosage 
forms, which include improved efficacy, 
reduced toxicity, and improved patient 
compliance and convenience. Such systems 
often use macromolecules as carriers for the 
drugs. By doing so, the treatments that would 
not otherwise be possible are now in 
conventional use. This field of pharmaceutical 
technology has grown and diversified rapidly 
in recent years. Understanding the derivation 
of the methods of controlled release and the 
range of new polymers can be a barrier to 
involvement of the non-specialist. Of the 
different dosage forms reported, nanoparticles 

and microparticles attained much importance, 
due to a tendency to accumulate in inflamed 
areas of the body. Nano and microparticles for 
their attractive properties occupy unique 
position in drug delivery technology. Some of 
the current trends in this area will be discussed 
(1-3). 

The terminology used to describe micro-
particulate formulations can sometimes be 
inconsistent and confusing to readers 
unfamiliar with the field. Basically, the term 
“microparticle” refers to a particle with a 
diameter of 1-1000 µm, irrespective of the 
precise interior or exterior structure. Within 
the broad category of microparticles, 
“microspheres” specifically refers to spherical 
microparticles and the subcategory of “micro-
capsules” applies to microparticles which have 
a core surrounded by a material which is 
distinctly different from that of the core. The core 
may be solid, liquid, or even gas (4-6). 
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Fig. 1. Different structures of microcapsules and microsphere (1). 
 
Despite the specific and logical subcate-

gories, many researchers use the terms 
interchangeably, which often leads to the 
confusion of the reader. It is usually assumed 
that a formulation described as a microsphere 
is comprised of a fairly homogeneous mixture 
of polymer and active agent, whereas 
microcapsules have at least one discrete 
domain of active agent and sometimes more. 
Some variations on microparticle structures 
are given in Fig. 1. As the domains and 
subdomains of active agent within micro-
capsules become progressively smaller, the 
microcapsules become microparticles (7-9). 

The term “microcapsule” is defined, as a 
spherical particle with the size varying 
between 50 nm to 2 mm containing a core 
substance. Microspheres are in strict sense, 
spherically empty particles. However, the 
terms microcapsules and microspheres are 
often used synonymously. In addition, some 
related terms are used as well. For example, 
“microbeads” and “beads” are used alter-
natively. Sphere and spherical particles are 
also employed for a large size and rigid 
morphology. Due to attractive properties and 
wider applications of microcapsules and 
microspheres, a survey of the applications in 
controlled drug release formulations is 
appropriate (1,6,7). 

Although the word capsule implies a core 
and shell structure, the term microcapsules 
admits not only membrane enclosed particles 
or droplets but also dispersion in solid matrix 
lacking a distinctive external wall phase as 
well as intermediate types. The size range (2 to 
2000 µm approximately) distinguishes them 

from the smaller nanoparticles or nano-
capsules.  

The scanning electron microscopy (SEM) 
has revealed the structural features of 
microcapsules as to be varying and complex. 
The walled prototype may be mononuclear as 
shown in Fig. 2a, or may have multiple core 
structure. Also double or multiple concentric 
coating may be present. Aggregated 
microcapsules greatly vary in size and shape 
(Fig. 2b), and may also posses additional 
external wall. The perfect microcapsules are 
obtainable by using the liquid cores or forming 
the microcapsules as a liquid dispersed phase 
prior to the solidification. Although micro-
structure of both membrane and interior can be 
detected by SEM of surfaces or sections (Fig. 
2c), their physical quality, involving porosity, 
tortuousity and crystallinity, is difficult to be 
characterized quantitatively in microcapsules. 
However, some progress has been made, and 
efforts are continuing to calculate permeability 
and porosity from release data, dimensions, 
densities, and core/wall ratios. The effect of 
size and shape distribution has only been 
studied recently (8-10). 

Microcapsules are finally dispersed in 
various dosage forms, such as hard gelatin 
capsules, which may be enteric coated, soft 
gelatin capsules, or suspensions in liquids, all 
of which allow dispersion of individual 
microcapsules on release.  

Microcapsules continue to be of much 
interest in controlled release because of 
relative ease in design and formulation and 
partly on the advantages of microparticulate 
delivery systems. The latter include sustained 
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(a)                    (b) 

 

(c) 
Fig. 2. a) Mononuclear microcapsules, b) Aggregated microcapsules, c) Surface of microcapsule (11). 

 
 

release from each individual microcapsule and 
offer greater uniformity and reproducibility. 
Additional advantage over monolithic systems 
containing multiple doses is the greater safety 
factor in case of a burst or defective individual 
in subdivided dosage forms. Finally, it has 
been argued that multiple particle systems are 
distributed over a great length of gastro-
intestinal tract, which should result in, (a) 
lowered local concentrations and hence 
reduced toxicity or irritancy, and (b) reduced 
variability in transit time and absorption rate 
(12-14). 
 
Composition of microcapsules  
Coating materials  

A wide variety of coating materials are 
available for microencapsulation. Some patent 
innovative coating polymers have also been 
developed for some special applications 
particularly among the bioadhesives and 
mucoadhesives. However, many traditional 
coating materials are satisfactory for the use in 

the gastrointestinal tract. They include inert 
polymers and pH sensitive ones as carboxylate 
and amino derivatives, which swell or dissolve 
according to the degree of cross-linking (15-
19).  

The selection of appropriate coating 
material from a long list of candidate materials 
needs consideration of the following general 
criteria by the research pharmacist:  
1. What are the specific dosage forms or 
product requirements, such as stabilization, 
reduced volatility, release characteristics, and 
environmental conditions?  
2. What coating material will satisfy the 
product objective and requirements?  
3. What microencapsulation method is best 
suited to accomplish the coated product 
objectives? 

The selection of appropriate coating 
material decides the physical and chemical 
properties of the resultant microcapsules/ 
microspheres. While selecting a polymer the 
product requirements i.e. stabilization, reduced 
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volatility, release characteristics, environmen-
tal conditions, etc. should be taken into 
consideration. The polymer should be capable 
of forming a film that is cohesive with the core 
material. It should be chemically compatible, 
non-reactive with the core material and 
provide the desired coating properties such as 
strength, flexibility, impermeability, optical 
properties and stability (1,5,20-22). 

Generally hydrophilic polymers, hydro-
phobic polymers or a combination of both are 
used for the microencapsulation process. A 
number of coating materials have been used 
successfully; examples of these include 
gelatin, polyvinyl alcohol, ethyl cellulose, 
cellulose acetate phthalate and styrene maleic 
anhydride. The film thickness can be varied 
considerably depending on the surface area of 
the material to be coated and other physical 
characteristics of the system. The micro-
capsules may consist of a single particle or 
clusters of particles. After isolation from the 
liquid manufacturing vehicle and drying, the 
material appears as a free flowing powder. The 
powder is suitable for formulation as 
compressed tablets, hard gelatin capsules, 
suspensions, and other dosage forms (23-26). 
 
Core materials  

The core material is the material over which 
coating has to be applied to serve the specific 
purpose. Core material may be in form of 
solids or droplets of liquids and dispersions. 
The composition of core material can vary and 
thus furnish definite flexibility and allow 
effectual design and development of the 
desired microcapsule properties. A substance 
may be microencapsulated for a number of 
reasons. Examples may include protection of 
reactive material from their environment, safe 
and convenient handling of the materials 
which are otherwise toxic or noxious, taste 
masking, means for controlled or modified 
release properties means of handling liquids as 
solids, preparation of free flow powders and in 
modification of physical properties of the drug 
(5,27-32). 

 
Technologies used for the preparation of 
microcapsules 

The method of preparation and the 
techniques employed for microencapsulation 

microencap- considerably (Fig. 3). The various 

 
 
Fig. 3. The microencapsulation process (41). 
 
overlap considerably (Fig. 3). The various 
microencapsulation processes can be divided 
into chemical, physiochemical, and electro-
static and mechanical processes. Chemical 
processes include the interfacial and in situ 
polymerization methods. Physiochemical pro-
cesses include coacervation-phase separation, 
complex emulsion, meltable dispersion and 
powder bed methods. Mechanical processes 
include the air-suspension method, pan 
coating, and spray drying, spray congealing, 
micro-orifice system and rotary fluidization 
bed granulator method. Also the sphero-
nization is some times included under the 
mechanical process of microencapsulation. 
Sustained release polymers microcapsules 
containing drug with various solubility 
characteristics were prepared with colloidal 
polymer dispersion in a completely aqueous 
environment as an alternative to the conv-
entional microencapsulation technique (5,33-
40).  

The microencapsulation by coacervation-
phase separation generally consists of three 
steps carried out under continuous agitation: 
(a) formation of three immiscible chemical 
phases, (b) deposition of coating, and (c) 
rigidization of the coating. The coacervation-
phase separation has been classified into two 
categories, simple coacervation and complex 
coacervation. The former implies addition of a 
strongly hydrophilic substance to a solution of 
colloid. This added substance causes two 
phases to be formed. The complex coacer-
vation is principally a pH dependant process. 
The acidic or basic nature of the system is 
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manipulated to produce microcapsules. Above 
a certain critical pH value, the system 
depending upon its acidic or basic nature may 
produce microcapsules. Below that pH value 
they will not be formed. Usually complex 
coacervation deals with the system containing 
more than one colloid (42-44). 

In interfacial polymerization, a monomer is 
made to be polymerized at the interface of two 
immiscible substances. If the internal phase is 
a liquid, it is possible to disperse or solublize 
the monomer in this phase and emulsify the 
mixture in the external phase until the desired 
particle size is reached. At this point a cross-
linking agent may be added to the external 
phase. Since there is usually some migration of 
the monomer from the internal to external 
phase, and since it is preferred that the cross-
linking agent does not transfer to the internal 
phase, the bulk of any polymerization will take 
place at the interface (45-47).  

The electrostatic methods of microencap-
sulation involve trigging together the wall 
material and the material to be encapsulated 
when both are aerosolized. The wall material 
must be liquid during encapsulation stage and 
must be capable of surrounding the core 
material. The aerosols produced must be 
oppositely charged. Three chambers are used 
for the process, two for atomization of the wall 
and core material and the third for mixing. 
Oppositely charged ions are generated and 
deposited on the liquid drops while they are 
atomized (1,6,21,48).  

Mechanical methods used for microencap-
sulation utilize the special equipments for their 
own. The microcapsules produced result from 
mechanical procedures rather than from a 
well-defined physical or chemical phenom-
enon. The most commonly employed mechani-
cal methods for the preparation of micro-
capsules and microspheres are (1,5,48,49):  
(a) Multiorifice-centrifugal process, developed 
by the Southwest Research Institute as a 
mechanical process for producing micro-
capsules that utilizes centrifugal forces to hurl 
a core material particle trough an enveloping 
microencapsulation membrane thereby affec-
ting mechanical microencapsulation. The 
multiorifice-centrifugal process is capable for 
microencapsulating liquids and solids of 

varied size ranges, with diverse coating 
materials. 
(b) Air suspension coating (wurster) consist of 
the dispersing of solid, particulate core 
materials in a supporting air stream and the 
spray coating on the air suspended particles.  
(c) Spray drying and Spray congealing, both 
methods have been used for many years as 
microencapsulation techniques. Because of 
certain similarities of the two processes, they 
are discussed together. Spray drying and spray 
congealing processes are similar in that both 
involve dispersing the core material in a 
liquefied coating substance and spraying or 
introducing the core coating mixture into some 
environmental condition, whereby relatively 
rapid solidification of the coating is affected. 
The principal difference between the two 
methods is coating solidification. Coating 
solidification in the case of spray drying is 
affected by rapid evaporation of a solvent in 
which the coating material is dissolved 
whereas in spray congealing it is accomplished 
by thermally congealing a molten coating 
material or by solidifying a dissolved coating 
by introducing the coating core material 
mixture into a nonsolvent. 
(d) Pan coating, for the microencapsulation of 
relatively large particles, has become wide 
spread in the pharmaceutical industry. With 
respect to microencapsulation, solid particles 
greater than 600 microns in size are generally 
considered essential for effective coating and 
the process has been extensively employed for 
the preparation of controlled release beads. In 
practice, the coating is applied as a solution or 
as an atomized spray to the desired solid core 
material in the coating pan. Usually, to remove 
the coating solvent, warm air is passed over 
the coated materials as the coatings are being 
applied in the coating pans. 
 
Mechanism and kinetics of drug release  

Major mechanisms of drug release from 
microcapsules include diffusion, dissolution, 
osmosis and erosion.  
 
Diffusion  

Diffusion is the most commonly involved 
mechanism wherein the dissolution fluid 
penetrates the shell, dissolves the core and leak 



M.N. Singh et al. / RPS 2010; 5(2): 65-77 

 

 70

out through the interstitial channels or pores. 
Thus, the overall release depends on, (a) the 
rate at which dissolution fluid penetrates the 
wall of microcapsules, (b) the rate at which 
drug dissolves in the dissolution fluid, and (c) 
the rate at which the dissolved drug leak out 
and disperse from the surface (3,4,16). The 
kinetics of such drug release obeys Higuchi’s 
equation as below (4,5,8,50,51):  
Q = [D/J (2A – ε C

S
) C

S 
t]

½ 
 

Where, Q is the amount of drug released per 
unit area of exposed surface in time t; D is the 
diffusion coefficient of the solute in the 
solution; A is the total amount of drug per unit 
volume; C

S 
is the solubility of drug in perme-

ating dissolution fluid; ε is the porosity of the 
wall of microcapsule; J is the tortuosity of the 
capillary system in the wall. The above 
equation can be simplified to Q = vt where, v 
is the apparent release rate.  
 
Dissolution 

Dissolution rate of polymer coat determines 
the release rate of drug from the microcapsule 
when the coat is soluble in the dissolution 
fluid. Thickness of coat and its solubility in the 
dissolution fluid influence the release rate 
(5,6,52). 
 
Osmosis 

The polymer coat of microcapsule acts as 
semi permeable membrane and allows the 
creation of an osmotic pressure difference 
between the inside and the outside of the 
microcapsule and drives drug solution out of 
the microcapsule through small pores in the 
coat (7,53).  
 
Erosion 

Erosion of coat due to pH and/or enzymatic 
hydrolysis causes drug release with certain 
coat materials like glyceryl monostearate, 
bee’s wax and stearyl alcohol (13,54).  

Attempts to model drug release from 
microcapsules have become complicated due 
to great diversity in physical forms of 
microcapsules with regard to size, shape and 
arrangement of the core and coat materials 
(1,4,6,55). The physiochemical properties of 
core materials such as solubility, diffusibility 

and partition coefficient, and of coating 
materials such as variable thickness, porosity, 
and inertness also makes modeling of drug 
release difficult. However, based on various 
studies concerning the release characteristics, 
the following generalizations can be made:  
1. Drug release rate from microcapsules 
conforming to reservoir type is of zero order.  
2. Microcapsules of monolithic type and 
containing dissolved drug have release rates 
that are t

1/2 
dependant for the first half of the 

total drug release and thereafter decline 
exponentially.  
3. However, if a monolithic microcapsule 
containing large excess of dissolved drug, the 
release rate is essentially t

1/2 
dependant 

throughout almost the entire drug release.  
In monolithic capsules the path traveled by 

drug is not constant; the drug at the center 
travels a large distance than the drug at the 
surface. Therefore, the release rate generally 
decreases with time. 
 
Applications of microcapsules and micro-
spheres  

Some of the applications of microencap-
sulation can be described in detail as given 
below:  
1. Prolonged release dosage forms. The 
microencapsulated drug can be administered, 
as microencapsulation is perhaps most useful 
for the preparation of tablets, capsules or 
parenteral dosage forms (3).  
2. Microencapsulation can be used to prepare 
enteric-coated dosage forms, so that the 
medicament will be selectively absorbed in the 
intestine rather than the stomach (56).  
3. It can be used to mask the taste of bitter 
drugs (6,57).  
4. From the mechanical point of view, 
microencapsulation has been used to aid in the 
addition of oily medicines to tableted dosage 
forms. This has been used to overcome 
problems inherent in producing tablets from 
otherwise tacky granulations and in direct 
compression to tablets (58,59).  
5. It has been used to protect drugs from 
environmental hazards such as humidity, light, 
oxygen or heat. Microencapsulation does not 
yet provide a perfect barrier for materials, 
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which degrade in the presence of oxygen, 
moisture or heat, however a great degree of 
protection against these elements can be 
provided (60,61).  
6. The separations of incompatible substances, 
for example, pharmaceutical eutectics have 
been achieved by encapsulation. This is a case 
where direct contact of materials brings about 
liquid formation. The stability enhancement of 
incompatible aspirin-chlorpheniramine male-
ate mixture was accomplished by micro-
encapsulating both of them before mixing (6).  
7. Microencapsulation can be used to decrease 
the volatility. An encapsulated volatile subs-
tance can be stored for longer times without 
substantial evaporation (6).  
8. Microencapsulation has also been used to 
decrease potential danger of handling of toxic 
or noxious substances. The toxicity occurred 
due to handling of fumigants, herbicides, 
insecticides and pesticides have been 
advantageously decreased after microencap-
sulation (61).  
9. The hygroscopic properties of many core 
materials may be reduced by microencap-
sulation (62).  
10. Many drugs have been microencapsulated 
to reduce gastric irritation (62).  
11. Microencapsulation method has also been 
proposed to prepare intrauterine contraceptive 
device (12,63).  
12. In the fabrication of multilayered tablet 
formulations for controlled release of medi-
cament contained in medial layers of tableted 
particles (1,7,10,63). 
 
Recent advances in microencapsulation 

Several methods and techniques are 
potentially useful for the preparation of 
polymeric microparticles in the broad field of 
microencapsulation. The preparation method 
determines the type and the size of 
microparticle and influence the ability of the 
interaction among the components used in 
microparticle formulations. The term micro-
particle designates systems larger than one 
micrometer in diameter and is used usually to 
describe both microcapsules and microspheres. 
Microparticles-containing drugs are employed 
for various purposes including -but not 
restricted to- controlled drug delivery, masking 

the taste and odor of drugs, protection of the 
drugs from degradation, and protection of the 
body from the toxic effects of the drugs. 
Polymeric carriers being essentially multi-
disciplinary are commonly utilized in micro-
particle fabrication and they can be of an 
erodible or a non-erodible type (63). 

Recently, numbers of publications and 
patents have been published. Hughes (64) 
provided a method of sustained delivery of an 
active drug to a posterior part of an eye of a 
mammal to treat or prevent a disease or 
condition affecting mammals. The method is 
comprised of administering an effective 
amount of an ester prodrug of the active drug 
such as tazarotene (prodrug of tazarotenic 
acid) subconjunctivally or periocularly since a 
systemic administration requires high systemic 
concentration of the prodrug. The ester 
prodrug is contained in biodegradable poly-
meric microparticle system prepared using the 
o/w emulsion solvent evaporation methods. 
Lee et al. (65,66) prepared a composition in 
the form of thin film or strip composed of 
microspheres containing antibiotic such as 
minocycline HCl. It was made using a 
biodegradable polymer, prepared by a 
modified o/w emulsification technique follow-
ed by solvent evaporation. Water-soluble 
polysaccharide polymers such as pectin was 
used for making thin film or strip containing 
microspheres intended for local sustained 
release administration into the periodontal 
pocket. The thin film or strip is coated by 
spray-coating with cation salt aqueous solution 
of calcium or barium chlorides. In one 
embodiment, Traynor et al. used the o/w 
emulsion to produce sol-gel microcapsules 
(containing sunscreens) that are highly 
positively charged using non-ionizing cationic 
additives which can include cationic polymers 
(67).  

An injectable slow-release partial opioid 
agonist or opioid antagonist in a poly (D, L-
lactide) microspheres with a small amount of 
residual ethyl acetate was provided by Tice et 
al. (68) and Markland et al. (69), where an o/w 
emulsion is first prepared from an organic 
phase made of ethyl acetate and an aqueous 
phase comprised an aqueous ethyl acetate 
containing solution of polyvinyl alcohol. 
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Microspheres are recovered by extraction with 
water. Wen and Anderson (70) prepared single 
wall biodegradable microspheres by extracting 
an o/w emulsion containing steroidal and non-
steroidal anti-inflammatory agents. Otherwise, 
double wall microspheres were prepared. 
Microspheres containing the active ingredient 
were then immobilized on a substrate surface 
in a polymeric matrix that is an implantable 
medical article or an in situ formed matrix. 
Solidification method of the hydrophilic 
capsule materials such as gelatin can be 
through rapidly lowering the temperature and 
subsequent dehydration. While such method 
achieved some significant commercial success, 
difficulties have some-times been encountered 
in rapidly inducing solidification of the 
microencapsulating material.  

The use of various gel forming proteins 
(collagen and gelatin) and polysaccharides 
(agar, calcium alginate, and carrageenan) 
introduced a milder, biocompatable immo-
bilization or isolation system. Obeidat and 
Price (71) employed a one step method for the 
preparation of microspheres having enteric and 
controlled release characteristics in one 
embodiment and swelling and controlled 
properties in an other using the nonaqueous 
solvent evaporation method. Microspheres 
were especially useful for delivery of 
moderately non-polar active ingredients but 
can be formulated to deliver very soluble polar 
compounds.  

Delgado (72) developed a method for 
preparing enteric polymeric microparticles 
containing a proteinaceous antigen in a single 
or double emulsification process in which the 
enteric polymer acts as a stabilizer for the 
microparticles which are formed in the 
process. 

Single o/w or double w/o/w emulsion 
solvent evaporation method was utilized by 
Yamamoto et al. (73-75) to prepare micro-
spheres with improved dispersibility by 
dispersing a w/o type emulsion in an outer 
aqueous phase that contains an osmotic 
pressure regulating agent (73) or to prepare 
sustained release microsphere containing a 
LHRH derivative or its salt in a large amount 
without containing gelatin by using a lactic 
acid-glycolic acid polymer or salts. When the 

low molecular weight of lactic acid-glycolic 
acid polymer fraction (8,000 to about 15,000) 
is contained in a large amount, LHRH 
derivative readily interacts with these 
polymers of high reactivity (74), or otherwise 
to produce a sustained-release composition 
which comprises emulsifying an aqueous 
solution containing LHRH derivative and an 
acid or a base with a solution of a 
biodegradable polymer (75).  

Rickey et al. (76) provided a novel method 
for the preparation of biodegradable and 
biocompatible microparticles containing a 
biologically active agent such as risperidone, 
or testosterone dissolved in a blend of at least 
two substantially non-toxic solvents, free of 
halogenated hydrocarbons such as benzyl 
alcohol and ethyl acetate. The blend was 
dispersed in an aqueous solution to form 
droplets. The resulting emulsion was then 
added to an aqueous extraction medium. One 
of the solvents in the solvent blend would be 
extracted in the quench step (aqueous solution) 
more quickly than the other solvent. Owing to 
the high boiling point of the left solvent 
(benzyl alcohol) which is not easily removed 
by evaporation in air or other conventional 
evaporative means, some of the more rapidly 
extracted solvent can be added to the quench 
extraction medium prior to addition of the 
emulsion. Thus, when the emulsion is added to 
the quench liquid, extraction of the more 
rapidly extracted solvent is retarded and more 
of the second, more slowly extracted solvent is 
removed. A method for encapsulating 
vitamins, food supplements, oil soluble 
substances at high loading (70 wt%) by the 
solvent o/w emulsion extraction technique is 
provided by Kvitnitsky et al. (78,79). Since 
evaporating the solvent from the dispersion is 
not applicable for delicate and sensitive 
compounds and it is not effective, because 
diffusion of solvent through a hard polymer 
wall is very slow, water at 10-30 times higher 
than the whole quantity of the organic solvent 
is added to the emulsion for extracting the 
solvent.  

Dawson and Koppenhagen (80) employed a 
relatively high nonionic emulsifier concen-
tration (5-15 wt%) in an emulsion-extraction 
method particularly applicable to those active 
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agents that are susceptible to thermal 
degradation at temperatures above room 
temperature (i.e. 20 °C) such as enzymes, 
hormones and antigens. Eyles et al. (81) used 
the w/o/w and o/w/o emulsions to produce 
biodegradable microparticles that stimulate 
production of cytokines in a host cell, and 
contain single-stranded ribonucleic acid 
material, a stabilizing agent and a biologically 
active macromolecule where the outer surface 
of the microparticle is free from adsorbed 
molecules. Polysaccharides such as starch 
have been used as a matrix for encapsulation 
many active ingredients including proteins.  

Wen and Anderson (82) prepared double 
wall microspheres using two biodegradable 
polymers by the o/w emulsification solvent 
extraction process. Futo et al. (83) used a 
relatively large molecular weight (11,000 to 
about 27,000) lactic acid polymer or its salt to 
produce microspheres with prolonged release 
over a long period of time with a suppressed 
initial excessive release of a watersoluble 
LHRH derivative via single or double 
emulsion.  

Ducrey et al. (84) incorporated LHRH in 
the form of a water insoluble peptide salt (The 
LHRH agonist triptorelin pamoate) to provides 
slow release microparticles made of a 
copolymer of the PLGA type (at least 75 % of 
lactic acid) by the emulsion method. 

A method of encapsulating DNA retaining 
its ability to induce expression of its coding 
sequence in a microparticle for oral admin-
istration prepared using the w/o/w emulsion 
and using biodegradable polymers under 
reduced shear is produced by Jones et al. (86-
90). In addition, Little et al. (91) provided a 
high throughput method of preparing multiple 
(at least 10) different microparticle formu-
lations (containing plasmid DNA) in parallel 
based on the double emulsion/solvent 
evaporation technique. The encapsulation of 
hormones such as calcitonin for the sustained 
release delivery has been achieved by Woo et 
al. (92). Biodegradable microspheres prepared 
using o/w emulsion technique and incorpor-
ating release-modifying agents and pH-
stabilizing agents that resist changes in pH 
upon the addition of small amounts of acid or 
alkali such as basic amino acids, such as L-

arginine were prepared (93). According to the 
disclosure of the invention, sustained release is 
affected by the unique interplay of the 
components of the novel microsphere delivery 
system. 

Reslow et al. (94) utilized starch to 
encapsulate vaccines using emulsification 
method. In process, an immunologically active 
substance (vaccine) is suspended in an 
aqueous starch solution with an amylopectin 
content exceeding 85% by weight before being 
mixed with an aqueous solution of a polymer 
having the ability of forming a two phase 
aqueous system. The starch droplets cont-
aining the vaccine are allowed to gel as the 
starch has capacity to gel naturally.  

Encapsulation of nucleotides and growth 
hormone using simple or double emul-
sification methods was achieved by Johnson et 
al. (95) respectively. Similar to synthetic 
polymers, such as poly (lactic acid) or 
polyorthoesters, proteins have also been used 
to form microparticles or microspheres for 
drug delivery. Most are cross-linked in 
solution using glutaraldehyde, or hardened at 
elevated temperatures (96). Unfortunately, 
there are problems with significant loss of 
biological activity of incorporated materials 
and lack of controlled size and in vivo 
degradation rates.  

Suslick et al. (97) produced surface 
modified microparticles that possess a novel 
protein shell, and a surface coating. The 
protein shell might consist of cross-linked 
albumin or other proteins with functional 
moieties for cross-linking, while the surface 
coating comprises polyethylene glycol, a 
second protein or an antibody. Microparticles 
are prepared via emulsification followed by 
protein agglomeration and cross-linking (98). 
The surface coating may be covalently-bonded 
to the cross-linked protein shell or it may be 
electrostatically adsorbed to the cross-linked 
protein shell. The surface of the microparticles 
can be altered to vary the in vivo pharma-
cokinetics and biodistribution. 
 

CONCLUSION 
 

Microfabricated system offers potential 
advantages over conventional drug delivery 
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systems. Microspheres and microcapsules are 
established as unique carrier systems for many 
pharmaceuticals and can be tailored to adhere 
to targeted tissue systems. Hence, micro-
capsules and microspheres can be used not 
only for controlled release but also for targeted 
delivery of drugs to a specific site in the body. 
Although significant advances have been made 
in the field of microencapsulation, there are 
still many challenges ahead in this field. Of 
particular importance are the development of 
cheaper biopolymers for the microencap-
sulation technology and the development of 
universally acceptable evaluation methods 
especially for bioadhesive microspheres. 
Therefore, the development of safe and 
efficient particular systems will require, in the 
future, in-depth investigations of both the 
biological and technological aspects of these 
systems. 
 

REFERENCES 
 
1. Birnbaum DT, Brannon-Peppas L. Microparticle 

drug delivery systems. In: Brown DM, editor. Drug 
delivery systems in cancer therapy. Totowa: 
Humana Press Inc; 2003. P. 117-136. 

2. BAL T. Design and development of the sustained 
release mucoadhesives microspheres of montelucast 
using jackfruit latex. M.Pharm [Thesis]. Dibrugarh 
Assam: Dibrugarh University; 2005.  

3. Benita S, Donbrow M. Effect of polyisobutylene on 
ethylcellulose-walled microcapsules: wall structure 
and thickness of salicylamide and theophylline 
microcapsules. J Pharm Sci. 1982;71:205-210. 

4. Berkland C, Kipper MJ, Narasimhan B, Kim KY, 
Pack DW. Microsphere size, precipitation kinetics 
and drug distribution control drug release from 
biodegradable polyanhydride microspheres. J 
Control Rel. 2004;94:129-141. 

5. Brazel SC, Peppas NA. Modeling of drug release 
from swellable polymers. Eur J Pharm Biopharm. 
2000;49:47-48. 

6. Chaumeil JC, Chemtob C, Ndongo M. Tablets of 
metronidazole microcapsules: release character-
ization. Int J Pharm Sci. 1986;29:83-92. 

7. Chien YW. Novel drug delivery systems: 
fundamentals, developmental concepts, and bio-
medical assessments. New York: Marcel Dekker; 
1982.  

8. Conick JR, Walker WR, Geynes WR. Sustained 
release of mycoherbicides from granular formul-
ations. 10th International symposium on controlled 
release bioactive materials. San Francisco; 1983. p. 
283.  

9. Costa P, Lobo JMS. Modeling and comparison of di- 
      ssolution profiles. Eur J Pharm Sci. 2001;13:123-133. 

10. Davis SS, Hardy JG, Taylor MJ, Whalley DR, 
Wilson CG. A comparative study of the 
gastrointestinal transit of a pallet and tablet 
formulation. Int J Pharm. 1984;21:167-177.  

11. Sachan NK, Singh B, Rao KR. Controlled drug 
delivery Through microencapsulation. Malaysian J 
Pharm Sci. 2006;4:65-81. 

12. Deasy PB. Microencapsulation and related drug 
processes. New York: Marcel Dekker; 1984.  

13. Donbrow M. Recent advances in microcapsule 
delivery systems. In: Breimer DD, editor. Topics in 
pharmaceutical sciences. Amsterdam: Elsevier 
Science; 1987. p. 33-45. 

14. Fravel DR, Marois JJ, Lumsden RD, Conick WJ. 
Encapsulation of potential biocontrol agents in an 
alginate-clay matrix. Phytopathology. 1985;75:774-
777.  

15. Gutcho MH. Microcapsules and other capsules. 
Chemical technology review No. 135. New Jersey: 
Noys Data Corporation; 1979.  

16. Haznedar S, Dortue B. Preparation and in vitro 
evaluation of eudragit microspheres containing 
acetazolamide. Int J Pharm. 2004;269:131-140.  

17. Higuchi T. Mechanism of sustained action 
medication, theoretical analysis of rate of release of 
solid drugs dispersed in solid matrices. J Pharm Sci. 
1963;52:1145-1149.  

18. Hsieh D. Controlled release systems: past, present 
and future. In: Hsieh D, editor. Controlled release 
systems: fabrication technology. Vol. 1. Florida: 
CRC Press; 1988. p. 1-17. 

19. Kyo M, Hyon SH, Ikada Y. Effects of preparation 
conditions of cisplatin-loaded microspheres on the in 
vitro release. J Control Rel. 1995;35:73-82. 

20. Ike O, Shimizu Y, Wada R, Hyon SH, Ikada Y. 
Controlled cisplatin delivery system using poly(d,l-
lactic acid). Biomaterials. 1992;13:230-234. 

21. Itoi K, Tabata CY, Ike O, Shimizu Y, Kuwabara M, 
Kyo M, at al. In vivo suppressive effects of 
copoly(glycolic/l-lactic acid) microspheres contain-
ing CDDP on murine tumor cells. J Control Rel. 
1996;42:175-184. 

22. Spenlehauer G, Vert M, Benoit JP, Chabot F, 
Veillard M. Biodegradable cisplatin microspheres 
prepared by the solvent evaporation method: 
morphology and release characteristics. J Control 
Rel. 1988;7:217-229. 

23. Spenlehauer G, Veillard M, Benoit JP. Formation 
and characterization of cisplatin loaded poly 
(d,dlactide) microspheres for chemoemboli-zation. J 
Pharm Sci. 1986;75:750-755. 

24. Ciftci K, Hincal AA, Kas HS, Ercan TM, Sungur A, 
Guven O, et al. Solid tumor chemotherapy and in 
vivo distribution of fluorouracil following admin-
istration in poly(l-lactic acid) microspheres. Pharm 
Dev Technol. 1997;2:151-160. 

25. Akbuga J, Bergisadi N. 5-fluorouracil-loaded chitosan 
microspheres:preparation and release characteristics. 
J Microencapsulation. 1996;13:161-168. 

26. Sharifi R, Ratanawong C, Jung A, Wu Z, Browneller 
R, Lee M. Therapeutic effects of leuproelin micro-
spheres in prostate cancer. Adv Drug Deliv Rev.  



Microencapsulation: a promising technique for controlled… 

 75

1997;28:121-138. 
27. Schally AV, Comaru-Schally AM. Rational use of 

agonists and antagonists of luteinizing hormone 
releasing hormone (lh-rh) in the treatment of 
hormone sensitive neoplasms and gynaecologic 
conditions. Adv Drug Deliv Rev. 1997;28:157-169. 

28. Okada H, Yamamoto M, Heya T, Inoue Y, Kamei S, 
Ogawa Y, et al. Drug delivery using biodegradable 
microspheres. J Control Rel. 1994;28:121-129. 

29. Csernus VJ, Szende B, Schally AV. Release of 
peptides from sustained delivery systems 
(microcapsules and microparticles) in vivo. Int J 
Peptide Protein Res. 1990;35:557-565. 

30. Zhao Z, Wang J, Mao HQ, Leong KW. Poly-
phosphoesters in drug and gene delivery. Adv Drug 
Deliv Rev. 2003;55:483-499. 

31. Cicek H, Tuncel A, Tuncel M, Piskin E. 
Degradation and drug release characteristics of 
monosize polyethylcyanoacrylate microspheres. J 
Biomater Sci Polym Ed. 1995;6:845-856. 

32. Mi FL, Lin YM, Wu YB, Shyu SS, Tsai YH. 
Chitin/PLGA blend microspheres as a biodegradable 
drug-delivery system: phase-separation, degradation 
and release behavior. Biomaterials. 2002;23:3257-
3267. 

33. Zhang Y, Chu CC. In vitro release behavior of 
insulin from biodegradable hybrid hydrogel 
networks of polysaccharide and synthetic biodeg-
radable polyester. Biomaterials. 2002;16:305-325. 

34. Abraham GA, Gallardo A, San Roman J, Fernandez-
Mayoralas A, Zurita M, Vaquero J. Polymeric 
matrices based on graft copolymers of PCL onto 
acrylic backbones for releasing antitumoral drugs. J 
Biomed Mater Res. 2003;64:638-647. 

35. Calandrelli L, De Rosa G, Errico ME, La Rotonda 
MI, Laurienzo P, Malinconico M, et al. Novel graft 
PLLA-based copolymers: potential of their appli-
cation to particle technology. J Biomed Mater Res. 
2002;62:244-253. 

36. Liu J, Xiao Y, Allen C. Polymer-drug compatibility: 
a guide to the development of delivery systems for 
the anticancer agent, ellipticine. J Pharm Sci. 
2004;93:132-143. 

37. Chen BH, Lee DJ. Slow release of drug through 
deformed coating film: effects of morphology and 
drug diffusivity in the coating film. J Pharm Sci. 
2001;90:1478-1496. 

38. Tunon A, Grasjo J, Alderborn G. Effect of intra-
granular porosity on compression behaviour of and 
drug release from reservoir pellets. Eur J Pharm Sci. 
2003;19:333-344. 

39. Fulzele SV, Satturwar PM, Kasliwal RH, Dorle AK. 
Preparation and evaluation of microcapsules using 
polymerized rosin as a novel wall forming material. 
J Microencapsulation. 2004;21:83-89. 

40. Jain RA. The manufacturing techniques of various 
drug loaded biodegradable poly(lactide-coglycolide) 
(PLGA) devices. Biomaterials. 2000;21:2475-2490. 

41. Berkland C, King M, Cox A, Kim K, Pack DW. 
Precise control of PLG microsphere size provides 
enhanced control of drug release rate. J Control Rel. 
2002;82:137-147. 

42. Felder CB, Blanco-Prieto MJ, Heizmann J, Merkle 
HP, Gander B. Ultrasonic atomization and 
subsequent polymer desolvation for peptide and 
protein microencapsulation into biodegradable 
polyesters. J Microencapsulation. 2003,20:553-567. 

43. Kiyoyama S, Shiomori K, Kawano Y, Hatate Y. 
Preparation of microcapsules and control of their 
morphology. J Microencapsulation. 2003;20:497-
508. 

44. Sinha VR, Trehan A. Biodegradable microspheres 
for protein delivery. J Control Rel. 2003;90:261-280. 

45. Sinha VR, Goyal V, Bhinge JR, Mittal BR, Trehan 
A. Diagnostic microspheres: an overview. Crit Rev 
Ther Drug Carrier Syst. 2003;20:431-460. 

46. Wang J, Chua KM, Wang CH. Stabilization and 
encapsulation of human immunoglobulin G into 
biodegradable microspheres. J Colloid Interface Sci. 
2004;271:92-101. 

47. Kissel T, Li Y, Unger F. ABA-triblock copolymers 
from biodegradable polyester A- blocks and 
hydrophilic poly(ethylene oxide) B-blocks as a 
candidate for in situ forming hydrogel delivery 
systems for proteins. Adv Drug Deliv Rev. 
2002;54:99-134. 

48. Tabata Y, Gutta S, Langer R. Controlled delivery 
systems for proteins using polyanhydride micro-
spheres. Pharm Res. 1993;10:487-496. 

49. Kipper M J, Shen E, Determan A, Narasimhan B. 
Design of an injectable system based on bioerodible 
polyanhydride microspheres for sustained drug 
delivery. Biomaterials. 2002;23:4405-4412. 

50. Lin YH, Vasavada RC. Studies on micro-
encapsulation of 5-fluorouracil with poly(ortho 
ester) polymers. J Microencapsul. 2000;17:1-11. 

51. Deng JS, Li L, Tian Y, Ginsburg E, Widman M, 
Myers A. In vitro characterization of polyorthoester 
microparticles containing bupivacaine. Pharm Dev 
Technol. 2003;8:31-38. 

52. Wang C, Ge Q, Ting D, Nguyen D, Shen HR, Chen 
J, et al. Molecularly engineered poly(ortho ester) 
microspheres for enhanced delivery of DNA 
vaccines. Nat Mater. 2004;3:190-196. 

53. Veronese FM, Marsilio F, Lora S, Caliceti P, Passi 
P, Orsolini P. Polyphosphazene membranes and 
microspheres in periodontal diseases and implant 
surgery. Biomaterials. 1999;20:91-98. 

54. Lakshmi S, Katti D S, Laurencin C T. Biodegradable 
polyphosphazenes for drug delivery applications. Adv 
Drug Deliv Rev. 2003;55:467-482. 

55. Kas HS. Chitosan: properties, preparations and 
application to microparticulate systems. J Micro-
encapsulation. 1997;14:689-711. 

56. Felt O, Buri P, Gurny R. Chitosan: a unique 
polysaccharide for drug delivery. Drug Dev Ind 
Pharm. 1998;24:979-993. 

57. Fukushima S, Kishimoto S, Takeuchi Y, Fukushima 
M. Preparation and evaluation of o/w type emulsions 
containing antitumor prostaglandin. Adv Drug Deliv 
Rev. 2000;45:65-75. 

58. Hombreiro PM, Zinutti C, Lamprecht A, Ubrich N, 
Astier A, Hoffman M, et al. The preparation and 
evaluation of poly(epsilon-caprolactone) micro-



M.N. Singh et al. / RPS 2010; 5(2): 65-77 

 

 76

particles containing both a lipophilic and a 
hydrophilic drug. J Control Rel. 2000;65:429-438. 

59. Passerini N, Craig DQ. Characterization of 
ciclosporin A loaded poly (D,L lactide-coglycolide) 
microspheres using modulated temperature differ-
ential scanning calorimetry. J Pharm Pharmacol. 
2002;54:913-919. 

60. Arshady R. Preparation of biodegradable micro-
spheres and microcapsules: polylactides and related 
polyesters. J Control Rel. 1991;17:1-22. 

61. Carrasquillo KG, Stanley AM, Aponte-Carro JC, De 
Jesus P, Costantino HR, Bosques CJ. Non-aqueous 
encapsulation of excipient-stabilized spray-freeze 
dried BSA into poly(lactide-co-glycolide) micro-
spheres results in release of native protein. J Control 
Rel. 2001;76:199-208. 

62. Jiang W, Schwendeman SP. Stabilization of a model 
formalinized protein antigen encapsulated in 
poly(lactide-co-glycolide)-based microspheres. J 
Pharm Sci. 2001;90:1558-1569. 

63. Hemant KSY, Singh MN, Shivakumar HG. 
Chitosan/ Sodium tripolyphosphate cross linked 
microspheres for the treatment of gastric ulcer. Der 
Pharmacia Lettre. 2010;2:106-113. 

64. Hughes PM, Olejnik C, inventors; Delivery of a 
drug via subconjuctival or periocular delivery of a 
prodrug in a polymeric microparticle. 
AU2004260645(A1), 2005. 

65. Lee JY, Seo MH, Choi IJ, Kim JH, Pai CM, 
inventors; Locally administrable, biodegradable and 
sustained-release pharmaceutical composition for 
periodontitis and process for preparation thereof. 
US6193994, 2001. 

66. Yang YY, Chia HH, Chung TS. Effect of 
preparation temperature on the characteristics and 
release profiles of PLGA microspheres containing 
protein fabricated by double-emulsion solvent 
extraction/evaporation method. J Control Rel. 
2000;69:81-96. 

67. Traynor DH, Traynor HG, Markowitz SM, Compton 
DL, inventors; Highly charged microcapsules. 
US20080317795, 2008. 

68. Tice TR, Markland P, Staas JK, Ferrell TM, 
inventors; Injectable buprenorphine microparticle 
composition and their use. EP1555023, 2005. 

69. Markland P, Staas JK, Ferrell TM, inventors; 
Injectable buprenorphine microparticle compositions 
and their use in reducing consumption of heroin and 
alcohol. EP1212061, 2005. 

70. Wen J, Anderson AB, inventors; Microparticle 
containing matrices for drug delivery. 
US20070275027, 2007. 

71. Price JC, Obeidat WM, inventors; Microspheres and 
related processes and pharmaceutical compositions. 
US20060099256, 2006. 

72. Delgado A, inventor; Microparticulate composition. 
WO00012065, 2000. 

73. Futo T, Yamamoto K, Arai J, inventors; Novel 
microsphere and method of production thereof. 
US20050064039, 2005. 

74. Yamamoto K, Yamada A, Hata Y, inventors; 
Sustained release composition and process for  

producing the same. US20040241229, 2004. 
75. Yamamoto K, Saito K, Hoshino T, inventors; 

Process for producing sustained release composition. 
EP1532985, 2005. 

76. Rickey ME, Ramstack M, Lewis D, inventors; 
Preparation of biodegradable, biocompatible micro-
particles containing a biologically active agent. 
US20016290983, 2001. 

77. Herbert PF, Hazrati AM, inventors; Preparation of 
biodegradable microparticles containing a biolo-
gically active agent. US5654008, 1997. 

78. Babtsov V, Shapiro Y, Kvitnitsky E, inventors; 
Method of microencapsulation. US20056932984, 
2005. 

79. Kvitnitsky E, Shapiro Y, Privalov O, Oleinik I, 
Polisher I, inventors; Method of microencapsulation. 
US20060051425, 2006. 

80. Dawson GF, Koppenhagen F, inventors; Production 
of microparticles. US20030180368, 2003. 

81. Eyles J, Westwood A, Elvin SJ, Healey GD, 
inventors; Pharmaceutical composition: a micro-
particle composition comprising a biodegradable 
polymer, an immunogenic single-stranded 
ribonucleic acid (Ss-RNA) material, a biologically 
active macromolecule and a stabilising agent . 
US20080138431, 2008. 

82. Wen J, Anderson AB, inventors; Microparticle 
containing matrices for drug delivery. 
US20070275027, 2007. 

83. Futo T, Saito K, Hoshino T, Hori M, inventors; 
Sustained-release composition and method for 
producing the same. WO2008075762, 2008. 

84. Ducrey B, Garrouste P, Curdy C, Bardet M, Porchet 
H, Lundstrom E, et al, inventors; Slow release 
pharmaceutical composition made for micro-
particles. WO2008149320, 2008. 

85. Farrar GH, Tinsley BAM, Jones DH, inventors; 
Encapsulation of bioactive agents. US20016309569, 
2001. 

86. Jones DH, Farrar GH, Clegg JCS, inventors; Highly 
charged microcapsules. US20016270795, 2001. 

87. Farrar GH, Tinsley BAM, Jones DH, inventors; 
Encapsulation of bioactive agents. US20036565777, 
2003. 

88. Jones DH, Farrar GH, Clegg JCS, inventors; Method 
of making microencapsulated DNA for vaccination 
and gene therapy. US20046743444, 2004. 

89. Jones DH, Farrar GH, Clegg JCS, inventors; 
Microencapsulated DNA for vaccination and gene 
delivery. US20050037085, 2005. 

90. Little SR, Anderson DG, Langer RS, inventors; 
High throughput fabrication of microparticles. 
WO2007078765, 2007. 

91. Woo BH, Dagar SH, Yang KY, inventors; Sustained 
release microspheres and methods of making and 
using same. US20080131513, 2008. 

92. Zale SE, Burke PA, Bernstein H, Brickner A, 
inventors; Composition for sustained release of non-
aggregated erythropoietin. US5674 534, 1997. 

93. Hemant KSY, Shivakumar HG. A comparative 
study of N-trimethyl chitosan chloride and chitosan 



Microencapsulation: a promising technique for controlled… 

 77

micro-particles as novel carriers for the delivery of 
hyperten- 
sive drug. J Pharm Res. 2010;3:809-813. 

94. Reslow M, Bjorn S, Drustrup J, Gustafsson NO, 
Jonsson M, Laakso T, inventors; A controlled-
release, parenterally administrable microparticle 
preparation. EP1328258, 2008. 

95. Johnson OL, Ganmukhi MM, Bernstein H, Auer H, 
Khan AM, inventors; Composition for sustained 
release of human growth hormone. EP0831787, 
2001. 

96. Vishakante GD, Vishal G, Khan MS, Singh MN. 
Development and evaluation of modified locust bean 
microparticles for controlled drug delivery. Latin 
Amer J Pharm. In Press. (Accepted on 18 august 
2010).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
97. Suslick KS, Toublan FJ, Boppart SA, Marks DL, 

inventors; Surface modified protein microparticles. 
US20077217410, 2007. 

98. Bansode SS, Banarjee SK, Gaikwad DD, Jadhav SL, 
Thorat RM. Microencapsulation: a review. Int J 
Pharm Sci Rev Res. 2010;1:38-43. 

 
 


