
68

Vol. 21, No. 1, January - June,  2018 Baqai J. Health Sci.

ABSTRACT

The trend of formulation development of controlled release (CR) matrix drug delivery system has been
increased to many folds during the last few years. Such CR dosage forms are now considered to be more
effective than conventional immediate release dosage formulations due to avoidance of frequent dose
administration with precise drug release over an extended time period. A properly formulated matrix based
system also offers targeted delivery to a selected organ/tissue where the drug release is controlled at a
specific rate. Development of matrix-based tablets with persistent drug release has always been a challenge
to the pharmaceutical manufacturers owed to various biological, physicochemical and release limiting
factors. In this review, different types of matrix-based systems are discussed in detail. Parameters that
greatly influence the release of active pharmaceutical ingredient (API) from the matrix design and would
eventually affect the overall performance of such products are also been highlighted.
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1. INTRODUCTION

1.1. Pharmaceutical Oral Dosage Formulations

Drug delivery through oral route is considered to be
the most convenient and extensively utilized option
for the general population. Oral dosages offer many
benefits including the ease of administration, low
cost, and safety of the route resulting in   increased
patient compliance and adherence to the therapy1-3.
The oral route covers a wide range of dosage forms
for the fulfillment of consumers� need and satisfaction.
Immediate release (IR) formulations are one of the
used designs that have been commonly prescribed to
the patients. Unfortunately, these IR drugs present
certain limitations such as frequent administration of
daily doses leading to the plasma drug fluctuations4,5.
To overcome the drawbacks associated with the IR
formulations, controlled release drug delivery system
(CRDDS) has been introduced. They are basically
designed to deliver the drug at a particularly definite
rate and to maintain safe and effective drug plasma

profile for a period as long as defined by the system.
CRDDS results in substantially constant plasma profile
of the active pharmaceutical ingredient (API) rather
uncontrolled fluctuations observed with conventional
IR dosage form6,7.

2. MATRIX-BASED CRDDS

Matrix formulation design is one of the extensively
utilized techniques for controlled delivery of drugs
worldwide. The word �matrix� demonstrates the
three-dimensional network-based structure containing
the combination of active pharmaceutical ingredient
(API) and excipients/adjuvants8. In this system, API
is mixed with an appropriate amount of the
retardant(s) that may release the drug in a continuous
manner following diffusion or erosion9. Various
methods have been reported in past to obtain the
polymeric network that embedded the drug
uniformly. It is commonly done by dispersing the
finely divided drug particles with a liquid/viscous
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polymer(s) followed by cross-linking of the
polymeric chain or by dispersing the API and the
retardant at an increased temperature to obtain the
matrix delivery. Alternatively, they could also be
manufactured by dissolving the drug and the
retardant(s) in a common solvent, followed by solvent
evaporation at an elevated temperature and/or under
a vacuum10-12.

2.1. Rationale for Matrix Based CRDDS

Pharmaceutical industries are now being focusing
towards the development of matrix-based drug
formulations due to the following reasons10,13:

· Improved patient convenience and compliance
by maintaining therapeutic concentrations over
an extended time period.

· Versatile in term of the manufacturing process.
· Made to release high molecular weight

compounds.
· Drug toxicity decreases by slowing the rate of

drug absorption.
· Improve product stability by protecting the API

from hydrolysis.
· Minimize the local and systemic adverse drug

reactions (ADRs) and upgrade the efficacy of
therapy.

· Less amount of the total drug is utilized.
· Improvement of the bioavailability of some drugs.

2.2. Limitations of Matrix Tablets

Although matrix formulations have been found
successful in maintaining the therapeutic drug level
at steady state, unfortunately, these systems present
certain difficulties which are listed below14-16:
· Achievement of zero-order release is difficult

at times.

· The remaining matrix must be removed after
the drug has been released.

· The drug release rates vary with the square root
of time.

· Not all drugs can be blended with a given
polymeric matrix.

2.3. Classification of Matrix Tablets

Matrix-based designs are categorized into various
classes as shown in Fig. 1.

2.3.1. Lipid matrix system

As the title indicates, this system is based on the
lipid waxes or any other lipid-based material. The
release rate of incorporated API is found to remain
constant during overall drug release period. The
release of the medicament(s) depends on an
aqueous medium dissolving the matrix forming
agent that would leach out from the compact mass
resulting in a porous matrix of tortuous capillaries.
The API contained by the aqueous medium will
diffuse from the matrix network through water-
filled capillaries17, 18.

2.3.2. Hydrophobic or insoluble polymer matrix

As far as the hydrophobic systems are concerned the
API is enclosed in an inert retardant which is insoluble
in GI fluids. The rate of release is directly related to
the diffusion of drug molecules present in the aqueous
solution via a tubular network formed in between the
compressed polymeric particles. However, the release
from the matrix can be modified by changing the
porosity and tortuosity of the medium. It has also
been found that the pore-forming hydrophilic salts
or solutes used as formulation adjuvant have a major
impact on the release of drugs19,20.

Fig. 1. Types of matrix formulations.
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2.3.3. Hydrophilic matrices

This delivery system is also termed as a swellable
soluble matrix. This system exhibits swelling,
profound gelling, erosion and significant potential
of dissolution in an aqueous vehicle. A hydrated
matrix layer is formed by hydrophilic colloid
through a swelling mechanism that further promotes
diffusion of water towards matrix. Moreover, the
rate of drug release from layers of the hydrated
matrix is controlled by diffusion. Erosion of outer
layer is also reported for such components but the
degree of erosion is subjected to the nature of a
colloid. This type of system has been successfully
utilized for rate controlling of aqueous and non-
aqueous drugs. Water-soluble matrix formers like
soluble cellulose ether derivatives are used to obtain
such deliveries21,22.

2.3.4. Biodegradable matrices

The biodegradable network has been used by many
researchers to formulate control release dosage
forms23. These systems are composed of monomers
connected with each other by different functional
moieties but have an unbalanced association with
the main structure. Biological degradation and
erosion of these matrices lead to the respective
monomers and oligomers, metabolized or excreted
by enzymatic or non-enzymatic procedures24.

2.3.5. Mineral matrices

This system involves the retardant obtained from
the mineral origin including various sorts of
seaweeds. Alginic acid is one of the classic examples
of these matrices24.

3. POLYMERS AND THEIR PROPERTIES

General properties of polymers/retardants are
discussed as follows:

3.1. Biodegradability

Many naturally occurring and semi-synthetic
polymers have proven their biodegradation and
biocompatibility25-27. When polymer comes in contact
with water, polymeric bond degradation takes place
by hydrolysis or enzymatic cleavage that results in
small fragments of large molecular size polymer

leading to bulk erosion28.

3.2. Biocompatibility

The polymeric material must be non-toxic, non-
irritant and non-injurious for human use29,30.

4. FORMULATION COMPONENTS OF

MATRIX-BASED TABLETS

The formulation development of controlled release
(CR) dosage forms is considered to be more
complicated and challenging than the traditional IR
dosage forms. Usually, a matrix-based design is
composed of the following components:
· API
· Release controlling agents / matrix formers
· Matrix modifiers (channeling and wicking

agents)
· Solubilizers and pH modifiers
· Lubricants and flow enhancers
· Supplementary coating agents

4.1. Release Controlling Agents / Matrix Formers

Matrix formers are basically the hydrophobic
moieties with higher melting points (>37°C)
responsible to control the release profile at a
desirable time frame. A polymer alone or in
combination usually constitutes about 20�40% of
the total formulation to achieve targeted responses31.
Commonly used matrix formers include cellulose
derivatives of hydroxypropyl methylcellulose
(HPMC), methylcellulose (MC) and acrylic
polymers of eudragits and carbopols8. Others
include polyvinylpyrrolidone (PVP K30), kollidon
SR and hydrogenated vegetable oils like soybean
oil, cottonseed oil, microcrystalline wax and
carnauba wax32.

4.2. Matrix Modifiers

Channeling agents are soluble in GI fluids and are
found to form tortuous or convoluted capillaries
from which the drug is assumed to be released.
Traditionally sugars, sodium chloride, and polyols
have been used in the formulation development of
various CR products. The choice of the agent depends
on the nature of drug and desirable release
characteristics. These agents can be incorporated in
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20�30% portion of the formulation design.

4.3. Solubilizers and pH Modifiers

Solubilizers are often incorporated in the design to
promote dissolution of the drug in vivo. Polyethylene
glycols, polyols, and surfactants have been utilized
as solubility enhancers. Similarly, if the drug is prone
to ionization then the buffers or counterions may be
appropriately added to avoid the alteration in
absorption and the therapeutic responses. Sodium
carbonate33 and magnesium oxide34 have been used
to alter the pH in formulation development of
different dosage forms.

4.4. Lubricants and Flow Enhancers

Anti-adherents, lubricants, and glidants are needed
to cope up with the problems related to the
adherence, sticking and ejection. Talc and colloidal
silicon dioxide improved the flow properties and
promote easy ejection of the tablets from the die.
Both colloidal silicon dioxide and talc constitute
little of the final formulation usually 0.5�1% and
4�6%, respectively35.

4.5. Supplementary Coating Agents

Supplementary coating chemicals have been used
to increase the lag time of the drug release. Such
materials are considered to be added especially in
the manufacturing of the highly water-soluble drugs
or when the active drug is responsible to induce GIT
irritation. Under these circumstances, drug release
is required to be delayed further till the formulation
reaches towards more distal gut part3 5 .

5. FACTORS AFFECTING THE RATE OF

DRUG RELEASE FROM THE MATRIX

There are so many factors that affect drug release
from a matrix system. These factors are classified
according to their impact on the release of drug into
the following36,37:
· Release limiting factors
· Biological factors
· Physicochemical factors

5.1. Influence of Release Limiting Factors

There are certain parameters that would directly

affect the release of medicaments from the matrix.
The effect of such factors is discussed as:

5.1.1. Polymer hydration

Dissolution of a polymer includes absorption/
adsorption of water in more accessible place. It may
lead to the rapture of polymer-polymer bonding
following the simultaneous formation of water-
polymer linkage and separation of polymeric chain,
swelling and finally the dispersion of polymer
embedded drug in the dissolution medium. The rate
of polymer hydration is found to be directly related
to the drug release. The polymer methocel K hydrates
quickly as it contains methoxy groups hence justify
the application of CR matrices. It is also observed
that large size fraction of HPMC could be hydrated
more rapidly than small size fraction. The initial
time of hydration is significant as it corresponds to
the time where the protective gel coat is formed
around matrices containing HPMC polymers38-40.

5.1.2. Polymer composition

Polymeric composition and their complex nature
play a vital role in the drug release. Cellulose ether
is reported to induce many reactions. The cross-
linkages and the attached functional groups may
induce intermolecular interaction with various species
consequently making their structures insoluble and
stable. These interactions may affect the release
pattern of different drugs40.

5.1.3. Polymer viscosity or weight

Polymer viscosity is majorly used as a property of
the matrix weight.  Increase in viscosity or molecular
weight of polymeric material in the matrix would
increase the viscosity of gel layer and thus slow
down the drug dissolution41. The viscosity of the
gel-forming moiety delays or hinders the primary
hydration without any impact on the rate of release42.

5.1.4. Drug solubility

Hydrophilicity of a drug is the property of its
functional group, stereochemistry, and polymorphic
form43. Drug solubility determination in an aqueous
medium at different pH values is significant during
the pre-formulation evaluation stage. Solubility
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directly influences the rate of drug release from
the porous network of polymer44 but in systems
where the drug is poorly soluble, additional control
on dissolution rate is not required. With respect to
solubility, hydrophilic drugs follows diffusion as
a release pattern whereas insoluble drugs follow
erosion30,45-47.

5.1.5. Proportion of polymer

Polymeric fraction also affects the drug release from
the matrix design. By decreasing the amount of
HPMC with marginally soluble drugs, increase the
rate of drug release. The whole phenomenon is
dependent upon the proportion and consistency of
gel formation40,43.

5.1.6. Polymer-drug interaction

The assessment of water concentration profile can
be determined using HPMC with various molecular
weights. Cellulose�ether polymer, when analyzed
thermally, showed an interaction between polymer
and drug in a gel layer that surrounds the matrix
tablet and this partially takes part in drug release
modulation. The effect of temperature on the release
pattern of the drug from the matrix has also been
reported by the researchers in past40.

5.2. Effect of Biological Factors on Drug Release

from the Matrix Tablets

Apart from polymer properties affecting drug release,
following biological factors may also be considered:

5.2.1. Biological half-life

Biological half-life mainly presents an elimination
rate of the drug in terms of quantity. Drug�s biological
half-life and duration of action shows its considerable
role in the matrix formulation. Drugs with very short
half-life and large doses execute a restriction because
of the dose size while chemicals with elimination
half-life greater than 8 hours are also inappropriate
in a matrix-based controlled systems4 8 .

5.2.2. Absorption

Drugs with slow, irregular and erratic absorption
rates are least selective candidates for controlled
release formulations. Potent drugs that have aqueous

solubility with poor absorption or those drugs that
are absorbed through carrier-mediated transport
system are also not considered to be suitable for
CRDDS48.

5.2.3. Metabolism

Metabolism of drug molecules results in either
inactivation or conversion of an API into its active
metabolite. Many tissues are responsible for the
metabolism of drugs but the main organ is liver
having a variety of enzyme systems. It has been
extensively documented that drugs responsible to
induce or retards activation of hepatic enzymes are
known to exhibit drug-drug interactions49 and are
able to establish poor control release profiles48.

5.2.4. Protein binding

Drug-protein binding has a profound effect on the
pharmacological activity of the drug without
considering the type of pharmaceutical dosage forms.
Excessive and prolong plasma-protein binding leads
to enhanced elimination half-life and erratic
bioavailability. Hence these drug candidates are
generally not suitable for CR dosage forms as the
drug molecule already remains in the body for an
extended period of time40.

5.2.5. Safety considerations and side effects

By formulating CR system the chances of systemic
side effects are decreased, as the release rate is
controlled by polymeric matrix resulting in lesser
amount of the total drug to be consumed. The most
extensively utilized parameter for safety
consideration of a drug is its therapeutic window,
which could be obtained by dividing the value of
50% toxic dose with 50% effective dose. Generally,
chemicals having broad therapeutic window presents
safety and thus are suitable to formulate CRDDS.
However, the drugs with narrow therapeutic index
are more potent and therefore not considered fit for
CRDDS due to technological limitations40,50.

5.2.6. Disease state

CRDDS also proved to be better for the management
of disease state in various cases. One of the examples
is osteoarthritis where the use of tramadol ER has
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found to be valuable as it avoids the occurrence of
joint stiffness51,52.

5.3. Effect of Physicochemical Factors on Drug

Release from the Matrix Tablets

Some of the important physicochemical factors that
influence the release of drugs are:

5.3.1. Dose size

Pharmacological agents with a half-life of less
than 2 hours or greater than 6 hours are not suitable
in terms of manufacturing as CRDDS. These
systems require an excessively large quantity of
API to compress and cope up with the duration
of action for a prolong period47,53.

5.3.2. Ionization, pKa and aqueous solubility

Ionized drug molecules are assumed as poor
candidates for CRDDS. Although in unionized drug
formulations, the absorption is well defined but
permeation is almost negligible. The rate of
absorption is found be 3�5 times lesser in ionized
species than unionized forms of the API. The value
of pKa for acidic and basic drugs approximately falls
in the range of 3.0�7.5 and 7.0�11.0, respectively,
while unionized form possesses pKa values in the
range of 0.1�5.054,55.

5.3.3. Partition coefficient

Active moieties with highly lipophilic or hydrophilic
nature show extremities in partition coefficient hence
demonstrate either low/high flux into the tissues that
consequently affect the extent of absorption.
However, the rapid flux results in drug accumulation
within the tissues. As far as the matrix systems of
control formulations are concerned, both these
extremities are undesirable 54,56.

5.3.4. Stability

Since most oral CR systems are designed to release
their contents in the GIT, drugs that are unstable in
the environment of the intestine might be difficult
to formulate into prolonged release system56.

5.3.5. Molecular size and diffusivity

It has been reported that smaller size molecules have

shown decreased drug release than the large size
drug moieties22. Diffusion of the active agent through
the rate-controlling matrix membrane is an important
factor to consider in relation to diffusion through a
variety of biological membranes. The drug diffusivity
(D) mainly depends on the size, shape and the weight
of API. The value of D for products having a
molecular weight between 150�400 mg, via flexible
retardants is found to be in the range of 10�6 to 10�9

cm2/sec whereas for higher molecular weight (>500
mg) molecules, drug diffusivity is very small even
difficult to quantify (10�12 cm2/sec). Thus the high
molecular weight drugs are usually related to very
slow release kinetics in sustained release devices
when diffusion through polymeric membrane or
matrix is the release mechanism11,40

6. CONCLUSION

In the light of above-discussed details, it is concluded
that matrix-based technique is versatile in various
aspects of manufacturing and stand economically
for both producers as well as consumers. Besides
all these benefits, this system has also been associated
with certain limitations which are due to biological,
physicochemical and release controlling factors.
Successful matrix-based formulations could result
if the mentioned factors are carefully kept in mind
during pre-formulation and formulation stages.
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