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ABSTRACT

With the recent advance of biotechnology and polymer chemustry, the use of microparticle systems will

continue to grow for a variety of applications. The objective of this article 1s to provide an overview of the

microencapsulation techniques that have been reported in developing oral sustained release (SR) dosage forms of

diclofenac sodium, a widely used non-steroidal anti-inflammatory drug (NSAID) globally.

LLINTRODUCTION

The concept of microencapsulation has mtrigued
the pharmaceutical industry for many years, because it
offers the possibility of providing a number of important
new oral and parenteral dosage forms. Microcapsules
in oral dosage forms can conceptually taste-mask bitter
pharmaceuticals, provide extended release in vivo,
provide enteric release, improve the stability of
incompatible drug mixtures, provide resistance to
oxidation, reduce volatility and distribute a drug in many
small carrier particles so that effects of the drug on the
sensitive walls of the stomach are minimized.
Microencapsulated parenteral formulations can provide
prolonged delivery of drugs with short half-lives in vivo
and perhaps even achieve targeted drug delivery. For
these reasons, microencapsulation has received much
attention by pharmaceutical scientists and yielded a
number of commercial pharmaceutical formulations
(Thies,1983).

Non-steroidal anti-inflammatory drugs
(NSAIDs) are widely used for the treatment of pain
and mflammation, particularly for different types of
arthritis. Among the most popular NSAIDs worth
mentioning 18 diclofenac sodum (DFS), which 1s
approved in more than 120 countries across the globe
since 1ts mtroduction, 28 years ago, and 1s ranked 30th
among the top 200 drugs with respect to new
prescriptions(Bhandar1,2008). It exhibits antrheumatic,
analgesic, antiosteoarthritis and antipyretic activities. It
has a short half-life in plasma (1-2 hours). The daily
dose varies between 75 and 200 mg/person, given mn 3
or 4 divided portions depending on the route of
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admmistration. The most common adverse effects of
the drug are gastritis, peptic ulceration and depression
of renal functions. Because of the short biological hali-
life and associated adverse effects, 1t 1S considered an
ideal model drug for sustained drug
delivery(Pimwipha,2007). The here-presented article
provides an overview of various techniques of
microencapsulation utilized for the oral sustamed release
of DEFS.
An Overview of Microencapsulation
Microencapsulation 1s a technique by which
solid, liquid or gaseous active mmgredients are packaged
within a second material for the purpose of shielding the
active mgredient fromthe surrounding environment. Thus
the active mgredient is designated as the core material
whereas the surrounding material forms the shell. This
technique has been employed m a diverse range of fields
from chemucals and pharmaceuticals to cosmetics and
printing. For this reason, widespread interest has
developed in microencapsulation technology
(Dubey,2009). At least eight industry segments routinely
utilize microencapsulation to deliver improved
performance of a variety of actives and benefit

molecules. Table 1 provides some examples:
Tablel. Eight Market Areas for

Microencapsulated Products

Personal Care
Household Care
Food Industry
Pharmaceuticals
Industrial Sector (Catalysts etc)

Paper Industry

Textile Industry
Agrochemicals
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The term microcapsule i1s used to describe
particles with diameters between 1 and 1000 pum.
Particles smaller than 1 pm are called nanoparticles;
particles greater than 1000 um can be called
microgranules or macrocapsules. Many terms have been
used to describe the contents of a microcapsule: active
agent, actives, core material, fill, mmternal phase (IP),
nucleus and payload. Many terms have also been used
to describe the material from which the capsule is
formed: carrier, coating, membrane, shell, or
wall(Thies, 1983).

Although virtually any coating material,
conceptually, 1s a candidate microcapsule shell material,
most commercial microcapsules produced to date utilize a
relatively small number of different shell materials. Table 2
lists representative examples of these materials along
with typical applications. Microcapsule shell material
selection for a specific application is determined by a
number of factors including cost, availability, processing
ease and mherent barrier properties. Shell materials for
pharmaceutical, food and personal care products are
limited to materials that are approved by regulatory
agencies responsible for such products(Thies, 1983).

Table 2. Representative examples of Shell
materials used in Microencapsulation

Shell materi

Regulatory status ~ Chemical class Encapsulation process  Applications
(um arahic Edible Folysaccharide Spray drying Food flavors
Gelatin Fiible Protein Spray drying Vitamins
Gelatin-gumarabic’ Nonedible Protein-polysaccharide  Complex coacervation  Carbonless paper
complex
Ethyleellulose Edible (ellulase either Wurster procass or Oral pharmscentieals
polymer-polymer
incompatibility
Polyurea or polyamide Nonodiblo Cross-linked polymer ~ Intorfacial Agrochemicals and
polymerization i sify  carbonless paper
polymerization
Aminoplasts Nonedible {'ross-linked polymer Carbonless paper,
fraprances, and
adhasives
Maltodextrins Fdible Low molecular weight  Spray drying and Food flavors
carhohydrate desolvation
Hydrogenaled vegetable oils Edible Glyeerides Fluidized bed Assorted food ingredionts

YTrealed with glutaraldehyde
5Por intended application, ie, carbonless paper.

Microcapsules can be classified mto three basic
categories as monocored, polycored and matrix types
as shown i Fig. 1. Monocored microcapsules have a
single hollow chamber within the capsule. The polycore
microcapsules have a number of different sized chambers
within the shell.

The matrix type microparticle has the active
mgredients mtegrated within the matrix of the shell
material. However, the morphology of the internal
structure of a microparticle depends largely on the
selected shell materials and the microencapsulation

methods that are employed.
Journal of Chemical and Pharmaceutical Sciences.

03

["'-'lirrur:upﬁsl.llﬂ

Mononuclear Matrmx

Polvnuclear

Fig.1. Morphology of Microcapsules

In addition to these three basic morphologies,
microcapsules can also be mononuclear with multiple
shells, or they may form clusters of microcapsules.
Schematic diagrams of these types of microcapsules
are shown m Figures 2 and 3.Morphological control is
mmportant and much effort has been given to controlling
mternal structures, which largely depend on the protocol
and the microencapsulation methods employed.

The most significant feature of microcapsules 1s
their microscopic size that allows for a huge surtface
arca, for example, the total surface area of 1um of
hollow microcapsules having a diameter o£ 0.1 umhas
been reported to be about 60 m*. The total surface area
1S mversely proportional to the diameter. This large
surface area 1s available for sites of adsorption and
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Fig.2. Single microcapsule system
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