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Abstract
Novel drug delivery systems have several advantages over conventional multi dose therapy. Much research effort in
developing novel drug delivery system has been focused on controlled release and sustained release dosage forms.
Now considerable efforts are being made to deliver the drug in such a manner so as to get optimum benefits. There
are various approaches in delivering a therapeutic substance to the target site in a sustained controlled release
fashion. One such approach is using microspheres as carriers for drugs. Microencapsulation is a process where by
small discrete solid particles or small liquid droplets are surrounded and enclosed by an intact shell.
Microencapsulation is used to modify and delayed drug release form pharmaceutical dosage forms. A well designed
controlled drug delivery system can overcome some of the problems of conventional therapy and enhance the
therapeutic efficacy of a particular drug. It is the reliable means to deliver the drug to the target site with specificity,
if modified, and to maintain the desired concentration at the site of interest without untoward effects. Microspheres
received much attention not only for prolonged release, but also for targeting of anticancer drugs to the tumour. The
intent of the paper is to highlight the potential of microencapsulation technique as a vital technique in novel drug

delivery.
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Introduction

Microencapsulation is a process by which solids,
liquids or even gases may be covered in microscopic
particles formation of very thin coatings of core
material around the substances that are to be coated.
The process had its origin in the late 1930s as a cleaner
substitute for carbon paper and carbon ribbons as
sought by the business machines industry. The ultimate
development in the 1950s of reproduction paper and
ribbons that contained dyes in tiny gelatin capsules
released on impact by a typewriter key or the pressure
of a pen or pencil was the stimulus for the development
of a host of microencapsulated materials, including
drugs M. The first research leading to the development
of  microencapsulation  procedures  for  the
Pharmaceuticals was published by Bungen burg de
Jong and Kan in 1931 and dealt with the preparation of
gelatin spheres and the use of a gelatin Coacervation
process.
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Accurately formulated controlled drug delivery system
can overcome some of the problems of conventional
dosage form and increase the therapeutic efficacy and
also improve the patient compliance of a given drug.
To obtain maximum therapeutic efficacy, it becomes
necessary to deliver the therapeutic agent to the target
tissue/cell in the optimal amount in the proper period of
time there by causing minimising the toxicity and side
effects 12,

Etiology

There are various reasons for microencapsulation. In
some cases, the core must be isolated from its
surroundings, as in isolating vitamins from the
deteriorating effects of oxygen, retarding evaporation
of a volatile core, improving the handling properties of
a sticky material, or isolating a reactive core from
chemical attack. In other cases, the objective is not to
isolate the core completely but to control the rate at
which it leaves the microcapsule, as in the controlled
release of drugs or pesticides. The problem may be as
simple as masking the taste or odour of the core, or as
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complex as increasing the selectivity of an adsorption
process.

Core material

The core material is the specific material to be coated,
can be liquid or solid in nature. The composition of the
core material can be varied as the liquid core can
include dispersed and/or dissolved material. The solid
core can be mixture of active constituents, stabilizers,
diluents, excipients and release-rate retardants or
accelerators.

Coating material

The selection of appropriate coating material decides
the physical and chemical properties of the resultant
product. - While selecting a polymer the product
requirements ie. stabilization, reduced volatility,
release characteristics, environmental 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. Generally hydrophilic polymers,
hydrophobic polymers (or) a combination of both are
used for the microencapsulation process.

Encapsulation
Layer 2 Core
Material

Encapsulation
Layer 1

Fig. 1: Microencapsulation
Mechanisms behind the drug release
There are various mechanisms of drug release that are
proposed for microencapsulation [°),
1. The coating is dissolved away from around
the core such as when a liquid flavouring oil is
used in a dry powdered beverage mix
il. A compressive force in terms of a 2 point or a
12 point force breaks open the capsule by
mechanical means
iii. The coating melts away from the core
releasing the core in an environment such as
that occurring during baking
iv. The capsule is broken open in a shear mode
such as that in a waring blender or a Z-blade
type mixer
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v. The core diffuses through the coating at a
slow rate due to the influence of an exterior
fluid such as water or by an elevated
temperature.

Liposoluble
Active compounds

Phospholipidic
' bilayers

Hydrosoluble
Active compounds

Fig. 2: Microencapsulation process
Methods of preparation
There are some conditions which are to be maintained
during preparation of microencapsulated product. They
are as follows:
» Stability of the preparation after synthesis
with a clinically acceptable shelf life.

> Release of active reagent with a good control
over a wide time scale.
» The ability to incorporate reasonably high
concentrations of the drug.
» Controlled particle size and dispersability in
aqueous vehicles for injection.
»  Susceptibility to chemical modification and
> Biocompatibility ~ with a  controllable
biodegradability.
Microencapsulation methods
1) Air suspension
2) Coacervation phase separation
3) Multiorifice-centrifugal process
4) Pan coating
5) Polymerization
6) Spray drying and congealing
7) Solvent evaporation techniques

Air suspension

Microencapsulation by air suspension technique consist
of the dispersing of solid, particulate core materials in a
supporting air stream and the spraying of coating
solution on the air suspended particles. Within the
coating chamber, particles are suspended on an upward
moving air stream. The design of the chamber and its
operating parameters effect a recirculating flow of the
particles through the coating zone of the chamber,
where a coating material, usually a polymer solution, is
applied by spraying to the moving particles. During
each cycle the coating zone, the core material receives
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an increment of coating material. The cyclic process is
repeated, perhaps several hundred times during
processing, depending on the purpose of
microencapsulation the coating thickness desired or
whether the core material particles are thoroughly
encapsulated. The supporting air stream also serves to
dry the product while it is being encapsulated. Drying
rates are directly related to the volume temperature of
the supporting air stream.
Coacervation pahse separation
Microencapsulation by coacervation phase separation
is generally attributed to the
National Cash Register (NCR) Corporation and the
patents of B.K. Green et al. The process consists of
three steps [):
a)  Formation of three immiscible phases; a liquid
manufacturing phase, a core material phase and
a coating material phase.
b)  Deposition of the liquid polymer coating on the
core material.
¢) Rigidizing the coating usually by thermal, cross
linking or desolvation techniques to form a
microcapsule.
In second step, the deposition of the liquid polymer
around the interface formed between the core material
and the liquid vehicle phase. In many cases physical or
chemical changes in the coating polymer solution can
be induced so that phase separation of the polymer will
occur. Droplets of concentrated polymer solution will
form and coalesce to yield a two phase liquid-liquid
system. In cases in which the coating material is an
immiscible polymer of insoluble liquid polymer it may
be added directly. Also monomers can be dissolved in
the liquid vehicle phase and subsequently polymerized
at interface.

100 ml de solution de .
chitosane a 0,75 % Adhesif en
dans I"acide acétique émulsion
al % (pH=5) o B
]
£
Maintien de I"agitation Ajout de soude
magnétique pendant 2 h
o
L1

Précipitation du chitosane autour des
gouttelettes d*huile.

Les microcapsules peuvent alors éire
récupérées par décantation puis
filtration.

(I

Fig. 3: Coacervation pahse separation technique
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Multiorific-centrifugal process

The Southwest Research Institute (SWRI) has
developed a mechanical process for producing
microcapsules that utilizes centrifugal forces to push a
core material particle through an enveloping
microencapsulation membrane thereby effecting
mechanical microencapsulation.

Processing variables include the rotational speed of the
cylinder, the flow rate of the core and coating
materials, the concentration and viscosity and surface
tension of the core material. The multiorifice-
centrifugal process is capable for microencapsulating
liquids and solids of varied size ranges, with diverse
coating materials. The encapsulated product can be
supplied as slurry in the hardening media or s a dry
powder.

Pan coating

The microencapsulation of relatively large particles by
pan methods 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 there process has been
extensively employed for the of controlled release
preparation. Medicaments are usually coated onto
various spherical substrates such as nonpareil sugar
seeds and the coated with protective lagers of various
polymers. 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.

Air Atomizing Nozzle
\

Fig. 4: Representation of a typical pan coating
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A
Spray-related
Parameters

Pan-/Tablet-related
Parameters

Fig. 5: List of variables affecting pan coating
process®

Polymerization

A relatively new microencapsulation method utilizes
polymerization techniques to from protective
microcapsule coatings in situ. The methods involve the
reaction of monomeric units located at the interface
existing between a core material substance and a
continuous phase in which the core material is
dispersed. The continuous or core material supporting
phase is usually a liquid or gas, and therefore the
polymerization reaction occurs at a liquid-liquid,
liquid-gas, solid-liquid, or solid-gas interface.

Spray drying and spray congealing

Spray drying and spray congealing 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, for
purpose of this discussion, is the means by which
coating solidification is accomplished. Coating
solidification in the case of spray drying is effected by
rapid evaporation of a solvent in which the coating
material is dissolved. Coating solidification in spray
congealing method however 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.
Removal of the nonsolvent or solvent from the coated
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product is then accomplished by sorptionextraction or
evaporation techniques.

Solvent evaporation

Solvent evaporation techniques are carried out in a
liquid manufacturing vehicle (O/W emulsion) which is
prepared by agitation of two immiscible liquids. The
process involves dissolving microcapsule coating
(polymer) in a volatile solvent which is immiscible
with the liquid manufacturing vehicle phase. A core
material (drug) to be microencapsulated is dissolved or
dispersed in the coating polymer solution. With
agitation, the core — coating material mixture is
dispersed in the liquid manufacturing vehicle phase to
obtain appropriate size microcapsules. Agitation of
system is continued until the solvent partitions into the
aqueous phase and is removed by evaporation.

Fig. 6: Scanning electron micrograph of cellulose
esters (CAB381-20) matrix microspheres 250-355
mm sieve fraction prepared using the emulsion
solvent evaporation method®.

Fig. 7: Cross-sectional view of a cleaved
microsphere preparation from a 300-425mm sieve
fraction after buffer dissolution (%1,

Characterization

The characterization of the microparticulate carrier is
an important phenomenon, which helps to design a
suitable carrier for the proteins, drug or antigen
delivery.  These microspheres have  different
microstructures. These microstructures determine the
release and the stability of the carrier ['> 131,
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Sieve analysis

Separation of the microspheres into various size
fractions can be determined by using a mechanical
sieve shaker (Sieving machine, Retsch, Germany). A
series of five standard stainless steel sieves (20, 30, 45,
60 and 80 mesh) are arranged in the order of
decreasing aperture size. Five grams of drug loaded
microspheres are placed on the upper-most sieve. The
sieves are shaken for a period of about 10 min, and
then the particles on the screen are weighed 4],
Morphology of microspheres

The surface morphologies of microencaosulated
product are examined by a scanning electron
microscope (XL 30 SEM Philips, Eindhoven, and The
Netherlands). The microencapsulated product is
mounted onto a copper cylinder (10 mm in diameter,
10 mm in height) by using a double-sided adhesive
tape. The specimens are coated at a current of 10 mA
for 4 min using an ion sputtering device (JFC-1100E,
Jeol, Japan) U4 15,

Particle size

Particle size determination approximately 30 mg
microparticles is redispersed in 2—3 ml distilled water,
containing 0.1% (m/m) Tween 20 for 3 min, using
ultrasound and then transferred into the small volume
recirculating unit, operating at 60 ml/s.

The microparticle size can be determined by laser
diffractometry using a Malvern Mastersizer X
(Malvern Instruments, UK) ['71,

Polymer solubility in the solvents

Solution turbidity is a strong indication of solvent
power 81 The cloud point can be used for the
determination of the solubility of the polymer in
different organic solvents ['*],

Viscosity of the polymer solutions

The absolute viscosity, kinematic viscosity, and the
intrinsic viscosity of the polymer solutions in different
solvents can be measured by a U-tube viscometer
(viscometer constant at 40 0C is 0.0038 mm2/s /s) at 25
+ 0.1°C in a thermostatic bath. The polymer solutions
are allowed to stand for 24 h prior to measurement to
ensure complete polymer dissolution [,

Bulk density

The microspheres fabricated are weighed and
transferred to a 10-ml glass graduated cylinder. The
cylinder is tapped using an autotrap (Quantach- rome,
FL, USA) until the microsphere bed volume is
stabilised. The bulk density is estimated by the ratio of
microencapsulated product weight to the final volume
of the tapped microsphere bed [16-23],

Capture efficiency

The capture efficiency of the microspheres or the
percent entrapment can be determined by allowing
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washed microspheres to lyse. The lysate is then
subjected to the determination of active constituents as
per monograph requirement 3. The percent
encapsulation efficiency is calculated using following
equation:
% Entrapment = Actual content/Theoretical content x
100.
Angle of contact
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. This thermodynamic
property is specific to solid and affected by the
presence of the adsorbed component. The angle of
contact is measured at the solid/air/water interface. The
advancing and receding angle of contact are 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 131,
In -Vitro methods
There is a need for experimental methods which allow
the release characteristics and permeability of a drug
through membrane to be determined. For this purpose,
a number of in vitro and in vivo techniques have been
reported. In vitro drug release studies have been
employed as a quality control procedure in
pharmaceutical production, in product development
etc. Sensitive and reproducible release data derived
from physico chemically and hydro dynamically
defined conditions are necessary. The influence of
technologically defined conditions and difficulty in
simulating in vivo conditions has led to development of
a number of in vitro release methods for buccal
formulations; however no standard in vitro method has
yet been developed. Different workers have used
apparatus of varying designs and under varying
conditions, depending on the shape and application of
the dosage form developed [2%-30 31, 32 and 33
Dissolution apparatus
Standard USP or BP dissolution apparatus have been
used to study in vitro release profiles using both
rotating elements, paddle % 25 26, 27, and 28] ‘Tyjgqo]ytion
medium used for the study varied from 100-500 ml and
speed of rotation from 50-100 rpm.
Application of microencapsulation
The technology has been used widely in the design of
controlled release and sustained release dosage forms.
A. To mask the bitter taste of drugs like
Paracetamol, Nitrofurantoin etc.
B. Many drugs have been microencapsulated to
reduce gastric and other G.I. tract irritations.
Sustained release Aspirin preparations have
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been reported to cause significantly less G.I.
bleeding than conventional preparations.

C. A liquid can be converted to a pseudo-solid
for easy handling and storage. eg.Eprazinone.

D. Hygroscopic properties of core materials may
be reduced by microencapsulation eg. Sodium
chloride.

E. Microencapsulation has been employed to
provide protection to the core materials
against atmospheric

ELECTRONICS
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Fig. 8: Application of microencapsulation

EXAMPLES OF SOME MICROENCAPSULATED DRUGS [2]

Drug / Core Characteristic  Purpose of encapstulation Final product

material property Jorm

Actaminophen Slightly water Taste masking Tablet
soluble solid

Aspirin Slightly water Taste masking, sustained release, reduced Tablet or
soluble solid gastric irritation, separation of capsule

incompatibles

Islet of Viable cells Sustained normalization of diabetic Injectable

Langerhans condition

Isosorbide Water soluble Sustained release Capsules

dinitrate solid

Menthol Volatile Reduction of volatility, sustained release  Lotion
solution

Progesterone Slightly water Sustained release Varied
soluble solid

Potassium Highly water Reduced gastric irritation Capsule

chloride soluble solid

Urease Water soluble Permselectivity of enzyme, substrate, and Dispersion

Vitamin A

enzyme
Nonvolatile

reaction products.
Stabilization to oxidation

Dry powder

palmitate liquid
Conclusion References
The very much popular microencapsulation technique 1. Allen LV, Popovich NG. (2005). Ansel HC,

is the most convenient way of protection and masking,
reduced dissolution rate, facilitation of handling, and
spatial targeting of the active ingredient. This drug
delivery system gives accurate delivery of small
quantities of potent drugs; reduced drug concentrations
at sites other than the target organ or tissue. In future
by combining various other approaches,
microencapsulation technique will find the vital place
in novel drug delivery system.

Acknowledgement

The authors are thankful to Dr. Somashree Roy
(Assistant Professor in Pharmaceutics, Gupta College
of Technological Sciences, Asansol, W.B. India) and
Sunirmalya Das for hisvaluable support.

Pharmaceutical Dosage Forms and Drug
Delivery Systems, Delhi, India: BI Pubication,
8:265.

N.K.Jain (2004). Controlled and Novel drug
delivery, 4 Edition , 21, 236-237.

S.P.Vyas and R.K.Khar. (2006). Targeted and
Controlled drug delivery, 7 Edition, 418.
Lachman LA, Liberman HA, Kanig JL. (1999).
The Theory and Practice of Industrial Pharmacy.
Mumbai, India: Varghese Publishng House,
3:414-415.

Remington GA. (2006). The Science and
Practice of Pharmacy. Delhi, India: BI
publication, 21st Edition, Volume I: 924.

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 3, Issue 3: March: 2012, 1555-1562
1560



Review Article

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ronald J, Versic. Flavor Encapsulation- An over
view Ronald T. Dodge Company.

O’Donnell  PB, McGinity JW. (1997).
Preparation of microspheres by  solvent
evaporation technique, Advanced Drug Delivery
Reviews, 28:25-42.

Pandey P, Turton R, Joshi N, Hammerman E,
Ergun J. (2006). AAPS Pharma Sci. Tech. 7(4).
Price, J. C., Obeidat, W.M (2006).
US20060099256.

Obeidat WM, Price JC (2003). Viscosity of
polymer solution phase and other factors
controlling the dissolution of theophylline
microspheres prepared by the emulsion solvent
evaporation method. J Microencapsul, 20: 57-65.
Wasfy M. Obeidat. (2009). Recent Patents
Review in Microencapsulation of
Pharmaceuticals Using the Emulsion Solvent
Removal Methods, Recent Patents on Drug
Delivery & Formulation, 3: 178-192.

Schugens C., Larvelle. N., Nihantn., Grandfils C.,
Jerome R. and Teyssie. P. (1994). J.Control.Rel.,
32: 161.

Alagusundaram M, Madhu Sudana chetty,
C.Umashankari. (2009). Microspheres as a Novel
drug delivery system — A review, International J
of Chem. Tech : 526- 534

Pao-Chu Wua, Yaw-Bin Huanga, Jui- Sheng
Changa, Ming-Jun Tsaib, Yi-Hung Tsaia. (2003).
D esign and evaluation of sustained release
microspheres of potassium chloride prepared by
Eudragit. European Journal of Pharmaceutical
Sciences, 19: 115-122.

Fang-Jing Wang, Chi-Hwa Wang. (2002).
Sustained release of etanidazole from spray dried
microspheres prepared by nonhalogenated
solvents. Journal of Controlled Release, 81: 263—
280.

Yi-Yan Yang, Hui-Hui Chia , Tai-Shung Chung.
(2000). Effect of preparation temperature on the
characteristics and release profiles of PLGA
microspheres containing protein fabricated by
double-emulsion solventextraction / evaporation
method. Journal of Controlled Release, 69: 81—
96.

Rao MRP, Borate SG, Thanki KC, Ranpise AA
and Parikh GN. (2009). Development and in vitro
evaluation of floating rosiglitazone maleate
microspheres, Drug development and Industrial
Pharmacy, 35(7):834-842.

R.E. Kesting. (1985). Synthetic Polymeric
Membranes, A Structural Perspective, A Wiley-
Interscience Publication, 2" Edition, Wiley.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

[Roy et al., 3(3): Mar., 2012]
ISSN: 0976-7126

A.G. Hausberger, P.P. Deluca. (1995).
Characterization of biodegra- dable
poly(D,Llactide-co-glycolide)  polymers and

micro- spheres, J. Pharm. Biomed. Anal. 13 (6):
747-760.

Venkatesh H. (1989) A buccal delivery system of
Salbutamol Sulphate, M.Pharm, Thesis
Budrinarayan N. (1991) Utilisation and
Evaluation of plant products in pharmaceutical
formulations.M.Pharm, Thesis

Tanaka W, Akito E, Yoshida K., Terada T. and
Ninomiya H. (1977) Pharmaceutical preparations
for oral cavity administration, US patent
No0.4059686.

Ishida M., Nambu N. and Nagai, T. (1983a)
Highly viscous gel ointment containing carbapol
for application to the oral mucosa. Chem..Pharm
Bull., 31:4561.

Collins A.E and Deasy P.B (1990). Bioadhesive
lozenge for the improved delivery of
cetypyridinium chloride. J.Pharm.Sci.,
79(2):116-120.

Lopez C.R., Portero A.., Vila-Jato J.C. and
Alonso M.J. (1998). Design and Evaluation of
Chitosan/Ethylcellulose mucoadhesive bilayered
devices for buccal drug delivery. J.Control Rel.,
55: 143-152.

Parodi B., Russo E., Cavigliol G., Cafaggi S. and
Binardi G. (1996). Development &
characterization of a buccoadhesive dosage from
of Oxydodone hydrochloride. Drug
Dev.Ind.Pharm, 22(5):445-450.

Chien Y.W., Corbo D.C. and Liv J.C. (1991).
Mucosal delivery of progestational Steroids from
a Controlled release device: in vitro/in vivo
relationship. Drug Dev.Ind.Pharm, 17(17):2269-
2290.

Cassidy J.P., Landcert N.M. and Quardos E.
(1993).  Controlled  buccal delivery  of
buprenorphine. J.control .Rel, 25: 21-29.

Dortune B., Ozer L. and Vyanik N. (1998).
Development and invitro evaluation of
buccoadhesive pindodlo tablet formulation. Drug
Dev.Ind.Pharm, 24(3):281-288.

Guo J.H. (1994). Bioadhesive polymer buccal
patches for buprenorphine controlled delivery:
formulation in vitro adhesive and release
properties. Drug Dev.Ind. Pharm., 20(3):315-325.
Nagai T., Machida Y., Suzuki Y. and Ikura H.
(1980). Method & preparation for administration
to the mucosa & preparation for administration to
the mucosa of the oral or nasal cavity, US patent
NO.4226848.

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 3,

1561

Issue 3: March: 2012, 1555-1562



Review Article

32. Chein Y.W. and Novir M. (1996). Mucosal

33.

adhesive device for long acting delivery of
pharmaceutical combinations in oral cavity. US
patent NO.5578315.

Fabregas J.L. and Garcia N. (1995). Invitro
studies on buccoadhesive tablet formulations of

34.

[Roy et al., 3(3): Mar., 2012]
ISSN: 0976-7126

hydrocortisone hemisuccinate. Drug Dev. Ind.
Pharm., 21(14): 1689-1696.

P.Venkatesan, C.Muralidharan, R.Manavalan and
K.Valliappan. (2009). Selection of better method
for the preparation of microspheres by applying
Analytic Hierarchy Process. J. Pharm. Sci. &
Res, 1(3): 64-78.

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 3, Issue 3: March: 2012, 1555-1562
1562



