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ABSTRACT 
Recently, extended release pharmaceutical products became a very useful tool in medical practice, 
offering a wide range of actual and perceived advantages to the patients. Extended release is also 
providing promising way to decrease the side effect of drug by preventing the fluctuation of the 
therapeutic concentration of the drug in the body. Oral extended release drug delivery medication will 
continue to account for the largest share of drug delivery systems. The extended release product will 
optimize therapeutic effect and safety of a drug at the same time improving the patient convenience 
and compliance. This article contains the basic information regarding extended-release formulation 
and also the different types of the same. 
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INTRODUCTION 
The oral route is the most popular route 
used for administration of drugs, which is 
due in part to the ease of administration 
and to the fact that gastrointestinal 
physiology offers more flexibility in 
dosage form design than most other 
routes1. The terms Sustained release, 
prolonged release, modified release, 
extended release or depot formulations 
are used to identify drug delivery systems 
that are designed to achieve or extend 
therapeutic effect by continuously 
releasing medication over an extended 
period of time after administration of a 
single dose2. 
There are several reasons for 
attractiveness of these dosage forms: 
provides increased bioavailability of drug 
product, reduction in the frequency of 
administration to prolong duration of 
effective blood levels, reduces the 
fluctuation of peak trough concentration 
and side effects and possibly improves 
the specific distribution of the drug. If one 
were to develop an ideal drug delivery 
system, two pre-requisites would be 
required: Firstly single dose for the 
duration of treatment whether for days or 

weeks as with infection, diabetes or 
hypertension. Second it should deliver 
the active entity directly to the site of 
action minimizing the side effects. 
There are certain considerations for the 
preparation of extended release 
formulations: If the active compound has 
a long half-life, it is sustained on its own, 
If the pharmacological activity of the 
active is not directly related to its blood 
levels, If the absorption of the drug 
involves an active transport and If the 
active compound has very short half-life 
then it would require a large amount of 
drug to maintain a prolonged effective 
dose. The above factors need serious 
review prior to design2. 
The advantages of administering a single 
dose of a drug that is released over an 
extended period of time, instead of 
numerous doses, have been obvious to 
the Pharmaceutical industry for some 
time. The desire to maintain a near-
constant or uniform blood level of a drug 
often translates into better patient 
compliance, as well as enhanced clinical 
efficacy of the drug for its intended use3. 
Because of increased complication and 
expense involved in marketing of new 
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drug entities, has focused greater 
attention on development of sustained or 
controlled release drug delivery systems4. 
Matrix system is widely used for the 
purpose of sustained release. It is the 
release system which prolongs and 
controls the release of the drug that is 
dissolved or dispersed. In fact, a matrix is 
defined as a well-mixed composite of one 
or more drugs with gelling agent i.e. 
hydrophilic polymers5.  
The goal of an extended release dosage 
form is to maintain therapeutic drug level 
in plasma for extended period of time. 
 
Drawbacks of Conventional Dosage 
Forms6 
1. Poor patient compliance, 
increased chances of missing the dose of 
a drug with short half life for   which 
frequent administration is necessary. 
2. The unavoidable fluctuations 
of drug concentration may lead to under 
medication or over medication. 
3. A typical peak-valley plasma 
concentration time profile is obtained 
which makes attainment of steady-state 
condition difficult. 
4. The fluctuations in drug 
levels may lead to precipitation of 
adverse effects especially of a drug with 
small Therapeutic Index (TI) whenever 
over medication occur. 
 
Advantages of Extended Release 
Delivery System7-8 
Extended release products have many 
advantages. 
1. The extended release 
formulations reduce dosing frequency of 
drugs. 
2. The extended release 
formulations may maintain therapeutic 
concentrations.  
3. Reduce the toxicity by slowing 
drug absorption. 
4. The use of these formulations 
avoids the high blood concentration. 
5. Extended release 
formulations have the potential to 
improve the patient compliance and 
convenience. 

6. Minimize the local and systemic 
side effects. 
7. Increase the stability by protecting 
the drug from hydrolysis or other 
degradative changes in gastrointestinal 
tract. 
8. Improvement in treatment 
efficacy. 
9. Minimize drug accumulation with 
chronic dosing. 
10. Improve the bioavailability of 
some drugs. 
11. Usage of less total drug. 
12. Improve the ability to provide 
special effects. 
For example, Morning relief of arthritis 
through bed time dosing. 
 
Disadvantages of Extended Release 
Delivery System7-8 
1. Extended release formulation 
contains a higher drug load and thus any 
loss of integrity of the release 
characteristics of the dosage form. 
2. The larger size of extended 
release products may cause difficulties in 
ingestion or transit through gut. 
3. The release rates are affected by 
various factors such as food and the rate 
of transit through the gut. 
4. Some differences in the 
release rate from one dose to another 
dose but these have been minimized by 
modern formulations. 
5. High cost of preparation. 
6. Sometimes the target tissue 
will be exposed to constant amount of 
drug over extended period results in drug 
tolerance. 
 
Rationale of Extended Drug Delivery9 
The main objective to formulate an API in 
an extended drug delivery system is 
related to its pharmacokinetics 
parameters. An appropriate formulation 
can make the absorption, distribution, 
metabolism and elimination (ADME) 
profile of a drug much more favorable. 
This change of the ADME can have a 
profound impact on many aspects of the 
clinical use of the drug from patient 
compliance and convenience to its very 
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efficacy, tolerance and safety 
parameters. 

 
Fig. 1: Plasma Concentrations Verses 

Time 
 

Fig.1 indicates characteristic 
representation of plasma concentrations 
of a conventional immediate release 
dosage form (IR), a sustain release 
dosage form (SR) and a idealized zero 
order controlled release (ZOCR) dosage 
form (in combination with a start-up 
dose). 
 
Factors Affecting Extended Release 
Formulation9-10                                                               

I.  Physicochemical Properties of Drug  
a) Aqueous Solubility 
Generally drugs are weak acids or weak 
bases, since the unchanged form of a 
drug preferentially permeates across lipid 
membranes, drugs aqueous solubility will 
be decreased by conversion to an 
unchanged form. Drugs with low water 
solubility will be difficult to incorporate 
into extended release mechanism. The 
lower limit on solubility for such product 
has been reported 0.1 gm/ml. Drugs with 
extreme water solubility are equally 
difficult to incorporate in extended release 
system because it is difficult to control 
release of drug from dosage form. pH 
dependent solubility, particularly in the 
physiological pH range, would be another 
problem because of the varied pH of 
gastro intestinal tract, which ultimately 
gives variation in dissolution profile. e.g.: 
Aspirin, which is less soluble in stomach, 
but more soluble in intestine. 
 
b) Partition coefficient 
Partition coefficient is generally defined 
as the fraction of drug in an oil phase to 
that of an adjacent aqueous phase. As 

biological membrane is lipophilic in nature 
through which the drug has to pass 
though, so partition co-efficient of drug 
influence the bioavailability of drug very 
much. Drug having lower partition co-
efficient values less than the optimum 
activity are undesirable for oral ER drug 
delivery system, as it will have very less 
lipid solubility and the drug will be 
localized at the first aqueous phase it 
come in contact e.g. Barbituric acid. Drug 
having higher partition co-efficient value 
greater than the optimum activity are 
undesirable for oral ER drug delivery 
system because more lipid soluble drug 
will not partition out of the lipid membrane 
once it gets in the membrane. The value 
of partition co-efficient at which optimum 
activity is observed is approximately 
1000:1 in 1-octanol/water system. 
 
c) Drug pKa and Ionization at 
Physiological pH 
As we know only unionized drugs are well 
absorbed and permeation of ionized drug 
is negligible, since its rate of absorption 
of ionized drug is 3 to 4 times less than 
that of the unionized drug. pKa range for 
acidic drug where ionization is pH 
sensitive is around 3.0 to 7.5 and pKa 
range for basic drug whose ionization is 
pH sensitive is around 7.0 to 11.0 are 
ideal for optimum positive absorption. 
Drug shall be non-ionized at the site to an 
extent 0.1 – 5.0%. Drugs existing largely 
in ionized form are poor candidates for 
oral ER drug delivery system. e.g.:- 
Hexamethonium. 
 
d) Drug stability 
Drugs when administered orally can 
undergo both acid/base hydrolysis and 
enzymatic degradation. The degradation 
will proceed at the reduced rate for drugs 
in the solid state. For the drugs that are 
unstable in stomach, formulation systems 
that prolong delivery to the entire GI tract 
are beneficial. Compounds that are 
unstable in the small intestine may 
demonstrate decreased bioavailability 
when administered in extended release 
dosage form. This is happening due to 
the fact that a greater quantity of drug is 
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delivered in small intestine and is being 
subjected to more degradation. 
 
 
 
e) Molecular size and diffusivity 
With large molecular size are poor 
candidate for oral extended release (ER) 
where it is 1st time drug delivery system 
because the ability of the drug to diffuse 
polymeric membrane is a function of its 
diffusivity (or diffusion co-efficient). 
Diffusivity depends on size shape of the 
cavities of the membrane. The diffusion 
co-efficient of intermediate molecular 
weight drug is 100 to 400 Daltons; 
through flexible polymer range is 10-6 to 
10-9 cm2/sec. For drugs having molecular 
weight > 500 Daltons, the diffusion co-
efficient in many polymers are very less 
i.e. less than 10-12 cm2/sec. The 
examples of drugs which are difficult to 
control release rate of medicament from 
dosage form are proteins and peptides. 
 
f) Protein binding 
The Pharmacological response of drug 
depends on unbound drug concentration 
rather than total concentration and almost 
all drugs bind to some extent to plasma 
and or tissue proteins. Protein binding 
plays a significant role in its therapeutic 
effect regardless the type of dosage form 
as extensive binding to plasma increase 
biological half life and thus sometimes ER 
drug delivery system is not required for 
this type of drug. 
 
II. Biological Properties of Drug 
a) Absorption 
The absorption behavior of a drug can 
affect its suitability as an extended 
release product. The aim of formulating 
an extended release product is to place a 
control on the delivery system. It is 
essential that the rate of release is much 
slower than the rate of absorption. If we 
assume the transit time of most drugs 
and devices in the absorptive areas of GI 
tract is about 8-12 hours, the maximum 
half-life for absorption should be 
approximately 3-4 hours. Otherwise the 
device will pass out of absorptive regions 

before drug release is complete. 
Therefore the compounds with lower 
absorption rate constants are poor 
candidates for extended release systems. 
Some possible reasons for a low extent 
of absorption are poor water solubility, 
small partition co-efficient, acid 
hydrolysis, and metabolism or its site of 
absorption. 
 
b) Distribution 
The distribution of drugs in tissues can be 
important factor in the overall drug 
elimination kinetics. Since it not only 
lowers the concentration of circulating 
drug but it also can be rate limiting in its 
equilibrium with blood and extra vascular 
tissue, consequently apparent volume of 
distribution assumes different values 
depending on time course of drug 
disposition. Drugs with high apparent 
volume of distribution, which influence the 
rate of elimination of the drug, are poor 
candidate for oral ER drug delivery 
system e.g. Chloroquine. For design of 
extended release products, one must 
have information on disposition of the 
drug. 
 
c) Metabolism 
Drug, which extensively metabolized is 
not suitable for ER drug delivery system. 
A drug capable of inducing metabolism, 
inhibiting metabolism, metabolized at the 
site of absorption or first-pass effect is 
poor candidate for ER delivery, since it 
could be difficult to maintain constant 
blood level e.g. Levodopa, Nitroglycerine. 
Drugs that are metabolized before 
absorption, either in lumen or the tissues 
of the intestine, can show decreased 
bioavailability from the extended 
releasing systems. Most intestinal walls 
are saturated with enzymes. As drug is 
released at a slow rate to these regions, 
lesser drug is available in the enzyme 
system. Hence the systems should be 
devised so that the drug remains in that 
environment to allow more complete 
conversion of the drug to its metabolite. 
 
d) Biological half-life 
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The main target of an oral extended 
release product is to maintain therapeutic 
blood levels over an extended period. To 
implement this, drug must enter in the 
circulation approximately with the same 
rate at which it is eliminated. The 
elimination rate is quantitatively described 
by half-life (t1/2). Therapeutic compounds 
with short half-lives are excellent 
candidates for extended release 
preparations because this can reduce 
dosing frequency. A drug having 
biological half-life between 2 to 8 hours is 
best suited for oral ER drug delivery 
system. As if biological half-life < 2hours 
the system will require unacceptably 
large rate and large dose and biological 
half-life > 8hours formulation of such drug 
into oral ER drug delivery system is 
unnecessary. 
 
e) Margin of safety 
Larger the value of therapeutic index, 
safer is the drug. Drugs with less 
therapeutic index are usually poor 
candidates for formulation of oral ER drug 
delivery system due to technological 
limitation of control over release rates. 
 
f) Plasma Concentration 
Response Relationship 
Generally pharmacological response of 
drug depends on plasma drug 
concentration rather than dose. But 
pharmacological activity of some drugs is 
independent of plasma concentrations, 
which are poor candidate for oral ER drug 
delivery system e.g. Reserpine. 
 
g) Concentration Dependency on 
Transfer of Drug 
Transfer of drug from one compartment 
to other if follows zero kinetic process 
then such drugs are poor candidate for 
oral ER delivery system, it should be first 
order kinetics. 
 
Dissolution Profile 
This test is to check the amount of drug 
available, which can be estimated based 
on the amount of drug dissolved in the 
dissolution medium. The drug 
concentration in plasma can be 

exemplified via dissolution rate, extent 
and time. The method involves placing 
the tablet in a hemispherical cylinder 
vessel filled with the dissolution medium 
and a mechanical stirrer attached with a 
rotator to move the stirrer at variable 
speeds, which can be set at a fixed 
speed. The samples are withdrawn at 
specific time intervals and the drug 
content is calculated. The amount of the 
drug available in the body is estimated by 
in-vitro in-vivo correlation.  Several 
reviews have been published reporting 
the research that has gone into the 
development of extended release tablets. 
This review is aimed at understanding 
novelty and feasibility of design approach 
in the development of extended release 
formulation by matrix technology9. 
 
Approaches to Achieve Extended 
Release Drug Delivery 
The purpose of designing ER dosage 
form is to develop a reliable formulation 
that has all the advantages of immediate 
release dosage form and yet devoid of 
the dose dumping. Various techniques 
have been used in the formulation of ER 
products. 
In general, extended formulations can be 
divided into different categories based on 
the mechanism of drug release9,10,11. 
1) Dissolution Controlled Release 
2) Diffusion Controlled Release 
3) Ion Exchange Resins Controlled 
Release 
4) Swelling Controlled Release. 
  
Dissolution Controlled Release 
This type of controlled release involves 
two processes, the detachment of drug 
molecules from the surface of their solid 
structure to the adjacent liquid interface, 
followed by their diffusion from the 
interface into the bulk liquid medium. The 
rate of dissolution and the amount 
dissolved per unit of time from this 
system can be calculated using Noyes-
Whitney equation which relates the rate 
of dissolution of solids to the properties of 
the solid and the dissolution medium, and 
the relation is given by: 
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dW/dt is the rate of dissolution;  
A is the surface area of the solidification; 
C is the concentration of the solid in the 
bulk dissolution medium;  
Cs is the concentration of solid in the 
diffusion layer surrounding the solid;  
D is the diffusion coefficient and  
L is the diffusion layer thickness. 
Colo et al. investigated the effect of 
polyethylene oxide in the release profile 
of Metformin Hydrochloride. They found 
that a combination of acrylic acid polymer 
(mainly Eudragit) with PEO could sustain 
the release of Metformin Hydrochloride 
when administered orally. In these 
systems there is a water insoluble 
polymer, which controls the flow of water 
and subsequently the dissolved drug from 
the dosage form. Both diffusion and 
dissolution processes are involved12. 
 
Diffusion Controlled Release 
In this type of controlled release system, 
the active ingredient diffuses through the 
polymeric material. These are mainly 
classified as reservoir and matrix 
systems. 
 
Reservoir system 
Cellulose derivatives are commonly used 
in the reservoir systems. It consists of a 
core (the reservoir) and coating 
membrane (the diffusion barrier). The 
active ingredient diffuses from the 
reservoir through the coating membrane. 
For a reservoir system where the drug 
depot is surrounded by a polymeric 
hydrogel membrane, Fick's first law of 
diffusion can be used to describe drug 
release through the membrane13. 
 
Matrix system 
In this review article greater emphasis is 
given for matrix controlled release for 
design of extended release tablets. A 
matrix system consists of active and 
inactive ingredients that are 
homogeneously dispersed and mixed in 
the dosage form. It is by far the most 
commonly used oral extended release 
technology and the popularity of the 

matrix systems can be attributed to 
several factors. The release from matrix 
type formulations is governed by Fick’s 
first law of diffusion. 
 
Ion Exchange Resins Controlled 
Release 
Ion exchange resins are cross-linked 
water-insoluble polymers carrying 
ionizable functional groups. The resins 
have been used in various 
pharmaceutical applications, primarily for 
taste masking and controlled release 
systems. In tablet formulations, ion 
exchange resins have been used as 
disintegrant, because of their swelling 
ability. It forms irreversible complex with 
ionizable drugs upon prolonged exposure 
of the drug to the resin. A resin bound-
drug is removed when appropriate ions 
are in contact with ion-exchanged groups. 
The area and length of diffusion pathway, 
and the amount of cross-linked polymer 
in the resin moiety governs the rate of 
drug release.  
Sriwongjanya and Bodmeier investigated 
the effect of ion exchange resins as 
release modifiers in matrix formulations 
containing oppositely charged drugs and 
they concluded that addition of ion 
exchange resins to HPMC-matrices 
significantly modified the release of 
oppositely charged drug molecules, 
because a complex formed between the 
drug and resin retarded drug release14. 
 
Swelling Controlled Release 
Swelling controlled systems are based 
upon swelling of ER polymer. Due to the 
viscoelastic properties of the polymers, 
which are enhanced by the presence of 
cross-linked network, anomalous 
penetrant transport can be observed. 
This behavior is bound by pure Fickian 
diffusion and case II transport. Therefore, 
transport can be reduced to three driving 
forces. The penetrant concentration 
gradient, polymer concentration gradient 
and osmotic force behavior are observed 
as a result of polymer network. 
Appropriate polymer can counterbalance 
normal Fickian diffusion by hindering the 
release of embedded drug, leading to an 
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extended period of drug delivery, and 
possibly zero-order release15. 
Drug release from swellable matrix 
tablets can be affected by glassy-rubbery 
transition of polymer (as a result of water 
penetration into the matrix where 
interaction among water, polymer and 
drug or fillers is considered as the 
Primary factor for release control) and the 
various formulation variables, such as 
polymer grade and type, drug to polymer 
ratios, drug solubility, drug and polymer 
particle sizes, compaction pressure and 
presence of additives or excipients in the 
final formulation. 
Lotfipour et al. investigated the effect of 
various polymers, fillers, and their 
concentration on the release rate of 
Atenolol form polymeric matrix. They 
concluded that, the drug to polymer ratio 
mainly controls the mechanism and 
release rate profile of Atenolol from 
hydrophobic and hydrophilic matrices. 
The results also showed that an increase 
in the concentration of fillers resulted in 
an increase in the release rate of the drug 
from matrices while hydrophilicity or 
hydrophobicity of the fillers had no 
significant effect on the release Profile16.  
Regarding the mechanism of release, the 
results showed that in most cases the 
drug release was controlled by both 
diffusion and erosion depending on the 
polymer type and concentration. On the 
other hand, incorporation of water soluble 
fillers like polyethylene glycol, lactose and 
surfactant into gel forming matrices can 
improve phenomenon of insufficient drug 
release, because these excipients can 
enhance the penetration of the solvent or 
water into the inner part of matrices, 
resulting in drug release from the 
matrices17,18. 
 
Advantages of Matrix System 
Unlike reservoir and osmotic systems, 
products based on matrix design can be 
manufactured using conventional 
processes and equipments. Secondly, 
development cost and time associated 
with the matrix system generally are 
viewed as variables, and no additional 
capital investment is required. Lastly, a 

matrix system is capable of 
accommodating both low and high drug 
loading and active ingredients with a wide 
range of physical and chemical 
properties. 
 
Limitations of Matrix System 
As with any technology, matrix systems 
come with certain limitations. First, matrix 
systems lack flexibility in adjusting to 
constantly changing dosage levels as 
required by clinical study outcome. When 
new dosage strength is deemed 
necessary, more often than not a new 
formulation and thus additional resources 
are expected. Furthermore, for some 
products that require unique release 
profiles (dual release or delayed plus 
extended release), more complex matrix 
based technologies such as layered 
tablets are required. 
 
Types of Matrix System 
The matrix system can be divided into 
two categories depending on the types of 
retarding agents or polymeric materials. 
1) Hydrophobic matrix system 
2) Hydrophilic matrix system 
3) Fat-wax matrix system 
 
Hydrophobic Matrix System 
This is the only system where the use of 
polymer is not essential to provide 
controlled drug release, although 
insoluble polymers have been used. As 
the term suggests, the primary rate-
controlling components of hydrophobic 
matrix are water insoluble in nature. 
These ingredients include waxes19,20,21, 
glycerides22, fatty acids, and polymeric 
materials such as ethyl cellulose, methyl 
cellulose23,24 and acrylate copolymer25,26. 
To modulate drug release, it may be 
necessary to incorporate soluble 
ingredients such as lactose into 
formulation. The presence of insoluble 
ingredient in the formulations helps to 
maintain the physical dimension of 
hydrophobic matrix during drug release. 
As such, diffusion of active ingredient 
from the system is the release 
mechanism27, and the corresponding 
release characteristic can be described 
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by Higuchi equation known as square 
root of time release kinetic28. 
The square root of time release profile is 
expected with a porous monolith, where 
the release from such system is 
proportional to the drug loading. In 
addition, hydrophobic matrix systems 
generally are not suitable for insoluble 
drug because the concentration gradient 
is too low to render adequate drug 
release. As such, depending on actual 
ingredient properties or formulation 
design, incomplete drug release within 
the gastrointestinal transit time is a 
potential risk and need to be delineated 
during the development. With the growing 
needs for optimization of therapy, matrix 
systems providing programmable rates of 
delivery have become more important. 
Constant rate delivery always has been 
one of the primary targets of controlled 
release system especially for drug with 
narrow therapeutic index28. 
 
Hydrophilic matrix system 
The primary rate limiting ingredients of 
hydrophilic matrix are polymers that 
would swell when in contact with aqueous 
solution and form a gel layer on the 
surface of the system. When the release 
medium (i.e. water) is thermodynamically 
compatible with a polymer, the solvent 
penetrates into the free spaces between 
macromolecular chains. The polymer 
may undergo a relaxation process, due to 
the stress of the penetrated solvent, so 
that the polymer chains become more 
flexible and the matrix swells. This allows 
the encapsulated drug to diffuse more 
rapidly out of the matrix. On the other 
hand, it would take more time for drug to 
diffuse out of the matrix since matrix 
swelling lengthens the diffusion path. It 
has been widely known that swelling and 
diffusion are not the only factors that 
determine the rate of drug release29.  
For dissolvable polymer matrix, polymer 
dissolution is another important 
mechanism that can modulate the drug 
delivery rate. While either swelling or 
dissolution can be the predominant factor 
for a specific type of polymers, in most 
cases drug release kinetics is a result of 

a combination of these two 
mechanisms31. The presence of water 
decreases the glassy-rubbery 
temperature (for HPMC from 184°C to 
below 37°C), giving rise to transformation 
of glassy polymer to rubbery phase (gel 
layer). The enhanced motility of the 
polymeric chain favors the transport of 
dissolved drug. Polymer relaxation 
phenomena determine the swelling or 
volume increase of the matrix. Depending 
on the polymer characteristics, the 
polymer amount in the rubbery phase, at 
the surface of the matrix, could reach the 
disentanglement concentration; the gel 
layer varies in thickness and the matrix 
dissolves or erodes. The concentration at 
which polymeric chains can be 
considered disentangled was 
demonstrated to correspond to an abrupt 
change in the rheological properties of 
the gel31. It showed a relationship 
between rheological behavior of HPMC 
gels and their erosion rate, confirming 
that the polymer-polymer and polymer-
water interactions are responsible for the 
gel network structure and its sensitivity to 
erosion. In turn, they affect drug release 
rate in the case of poorly soluble drugs. 
The main polymers used in hydrophilic 
matrices are Hydroxy propyl methyl 
cellulose (HPMC) and Hydroxy propyl 
cellulose (HPC), Xanthan gum, Carbopol 
940 and Alginates. Hydrogel polymers 
were much investigated in literature on 
the basis of drug release and release 
mechanism from hydrophilic matrix 
tablets as well as pellets. 
Hydroxypropyl methyl cellulose (HPMC) 
and hydroxy propyl cellulose (HPC) 
polymers achieve considerable attention 
due to their unique properties, and they 
can display good compression 
characteristics, including when directly 
compressed. They are nontoxic and can 
accommodate high level of drug loading, 
and also having adequate swelling 
properties that allows rapid formation of 
an external gel layer, which retards or 
plays a major role in controlling drug 
release. Furthermore, HPMC polymers 
are well known as pH-independent 
materials, this advantage enables them to 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES         ISSN: 22775005 

 
Vol. 1 (2) Apr – Jun 2012                          www.ijpcsonline.com                                           836 
 
 

withstand fluctuations of pH induced by 
intra and inter-subject variations of both 
gastric pH and gastrointestinal transit 
time. HPMC polymer is available in the 
viscosity range of 100 – 100000 cps, and 
used in extended release formulation. 
They have been used alone or in 
combination in formulation of matrix 
tablets, therefore the hydrophilic gel 
forming matrix tablets are extensively 
used for oral extended release dosage 
forms due to their simplicity, cost 
effectiveness and reduction of the risk of 
systemic toxicity which happens as a 
result of dose dumping.  
Sung et al, Huang et al and Soliman et al 
investigated the release of Diclofenac 
sodium from a mixture of HPMC, 
Carbopol 940 and lactose as water 
soluble fillers. The results showed that 
the combination of hydrogels retarded the 
drug better than single polymer32,33,34. 
The principal advantage of HPMC matrix 
formulations is, the drug release rates are 
generally independent of processing 
variables such as compaction pressure, 
particle size, increasing of initial 
granulation liquid and incorporation of 
lubricants35,36. 
The relationship between particle size, 
tensile strength and the viscosity grade of 
HPMC was complicated. At smaller 
particle size, an increase in the viscosity 
grade of HPMC resulted in a reduction in 
the tensile strength of its compacts. 
However, at the large particle size, the 
tensile strength of HPMC compacts 
decreased with an increase in viscosity 
grade. For HPMC K100M, there was an 
increase in tensile strength37.  
The combination of HPMC and HPC at 
different ratios was investigated. 
Increasing the HPMC-HPC ratio 
increased both the particle size of 
granules and the tablet hardness38. The 
drug release of HPMC matrix tablets was 
slightly influenced by type and 
concentration of diluents, but the viscosity 
grade of the polymer did not affect the 
release mechanism reported an increase 
in crushing strength of tablets made of 
Macrogol 6000 and HPMC, due to an 
increase in compression force during 

tableting stage and the dissolution of 
formulated tablets was significantly 
affected by increasing HPMC 
concentration39,40.  
Huang et al. developed once daily 
Propranolol extended release tablets 
using HPMC polymer as a retarding 
agent. The mechanism of the drug 
release from HPMC matrix tablet followed 
non-Fickian diffusion, while the in vivo 
absorption and in vitro dissolution 
showed a linear relationship41. Other 
polymers used in hydrophilic matrix 
preparations include polyethylene 
oxide42,43, hydroxypropyl cellulose44 and 
hydroxyethyl cellulose. 
Xanthan gum is a high molecular weight 
extra cellular polysaccharide, produced 
by fermentation with the gram-negative 
bacterium Xanthamonas campesteris. 
The molecule consists of a backbone 
identical to that of cellulose, with side 
chains attached to alternate glucose 
residues. It is a hydrophilic polymer, 
which until recently had been limited for 
use in thickening, suspending and 
emulsifying water based systems45,46,47,48. 
It is available in the viscosity range of 
1200- 1400 cps. It appears to be gaining 
appreciation for fabrication of 
matrices49,50 as it not only retards drug 
release, but also provides time-
independent release kinetics with added 
advantages of biocompatibility and 
inertness. Release of soluble drugs 
mainly occurs through diffusion whereas 
sparingly soluble or insoluble drugs were 
released via erosion. It can be used in 
either acidic or alkaline systems. Xanthan 
gum has been evaluated as a hydrophilic 
matrix for extended release formulations 
using different drugs like Theophylline, 
Cephalexin, Prednisolone and 
Indomethacin. 
Carbopol is a derivative of polyacrylic 
acid. It is a synthetic, high molecular 
weight, cross linked polymer. It hydrates, 
absorbs water and swells. In addition, it’s 
hydrophilic and highly cross linked nature 
makes it a potential candidate to be used 
in extended release drug delivery 
systems51-54. In the case of tablets 
formulated with Carbopol polymer, the 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES         ISSN: 22775005 

 
Vol. 1 (2) Apr – Jun 2012                          www.ijpcsonline.com                                           837 
 
 

drug is entrapped in the glassy- rubbery 
core in the dry state. It forms a gelatinous 
layer upon hydration. However, this 
gelatinous layer is significantly different 
structurally from the traditional matrix 
tablets. The hydrogel is not an entangled 
chain of polymer, but discrete microgel 
made up of many polymer particles in 
which the drug is dispersed. The cross 
linked network enables the entrapment of 
drug in the hydrogel domain. Since these 
hydrogels are not water soluble, they do 
not dissolve and erodes in the non linear 
manner. Rather, when the hydrogel is 
fully hydrated, osmotic pressure will work 
to break the structure, essentially by 
sloughing off discrete pieces of the 
hydrogel. This hydrogel remains intact, 
and the drug continues to diffuse through 
the gel layer at a uniform rate51. It is well 
recognized that key formulation variables 
are matrix dimension and shape, polymer 
level and molecular weight, as well as 
drug loading and solubility. Other factors 
such as tablet hardness, type of inactive 
ingredients and processing normally play 
secondary role. The choice of 
manufacturing process such as direct 
blending or granulation typically does not 
affect product performance significantly, 
though there may be some exceptions.  
Alginic acid and its derivatives have been 
successfully used by the pharmaceutical 
industry for over 40 years. Alginic acid is 
a high molecular weight linear 
polysaccharide composed of 1,4 linked –
D-mannuronic acid and -L-guluronic acid 
extracted from kelp. Their unique 
properties make them effective in a 
variety of applications including tablet 
disintegration, controlled release, 
encapsulation, films and coatings. Alginic 
acid monovalent salts readily hydrate in 
cold or hot water. It is also employed as a 
film former and is stable in pH range 4 -
10. Alginate salts can be used alone or in 
combination with other gel forming 
polymers such as HPMC, Xanthan gum 
or propylene glycol to control drug 
release from a hydrophilic matrix tablet. 
In gastric fluid, the hydrated sodium 
alginate is converted into a porous, 
insoluble alginic acid skin that 

suppresses release in the stomach. Once 
passed into the higher pH of the intestinal 
tract, the alginic acid skin is converted to 
a soluble viscous layer that in 
combination with the gel-forming polymer 
controls release by an erosion 
mechanism. This pH dependent behavior 
of alginate can be exploited to customize 
release profiles. To achieve optimum 
profiles, alginate alone is typically used 
between 20 - 50%. In combination with 
the other polymers mentioned above, 
alginates can be used at concentrations 
below 20% depending on the desired 
release rate55. 
 
Fat-Wax Matrix Tablet 
The drug can be incorporated into fat wax 
granulations by spray congealing in air, 
blend congealing in an aqueous media 
with or without the aid of surfactant and 
spray-drying techniques. In the bulk 
congealing method, a suspension of drug 
and melted fat-wax is allowed to solidify 
and is then comminuted for sustained-
release granulations. The mixture of 
active ingredients, waxy materials and 
fillers also can be converted into granules 
by compacting with roller compactor, 
heating in a suitable mixture such as 
fluidized-bed and steam jacketed blender 
or granulating with a solution of waxy 
material or other binders. The drug 
embedded into a melt of fats and waxes 
is released by leaching and/ or hydrolysis 
as well as dissolution of fats under the 
influence of enzymes and pH change in 
the gastrointestinal tract. The addition of 
surfactants to the formulation can also 
influence both the drug release rate and 
the proportion of total drug that can be 
incorporated into a matrix10. 
 
Drug Release From Matrix Systems 
Drug in the outside layer exposed to the 
bathing solution is dissolved first and then 
diffuses out of the matrix. This process 
continues with the interface between the 
bathing solution and the solid drug 
moving toward the interior. It follows that 
for this system to be diffusion controlled, 
the rate of dissolution of drug particles 
within the matrix must be much faster 
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than the diffusion rate of dissolved drug 
leaving the matrix. Derivation of the 
mathematical model to describe this 
system involves the following 
assumptions: 
a)  A pseudo-steady state is maintained 
during drug release, 
b)  The diameter of the drug particles is 
less than the average distance of drug 
diffusion through the matrix, 
c)  The bathing solution provides sink 
conditions at all times.  
The release behavior for the system can 
be mathematically described by the 
following equation, 
 

 
 
dM is change in the amount of drug 
released per unit area 
dh is change in the thickness of the zone 
of matrix that has been depleted of drug 
Co is total amount of drug in a unit 
volume of matrix  
Cs is saturated concentration of the drug 
within the matrix. 
Additionally, according to diffusion theory, 
 

 
dM is change in the amount of drug 
released per unit area 
Dm is Diffusion coefficient in the matrix  
h is Thickness of the drug-depleted 
matrix 
Cs is saturated concentration of the drug 
within the matrix 
dt is change in time 
By combining equation 2 and 3 and 
integrating 
 

 
 
Co is total amount of drug in a unit 
volume of matrix 
Cs is saturated concentration of the drug 
within the matrix. 
When the amount of drug is in excess of 
the saturation concentration, then 
 

 
 
Above Equations 4 and 5 indicate the 
amount of drug release to the square-root 
of time. Therefore, if a system is 
predominantly diffusion controlled, then it 
is expected that a plot of the drug release 
versus square root of time will result in a 
straight line. Drug release from a porous 
monolithic matrix involves the 
simultaneous penetration of surrounding 
liquid, dissolution of drug and leaching 
out of the drug through tortuous interstitial 
channels and pores. The volume and 
length of the openings must be 
accounted for in the drug release from a 
porous or granular matrix, 

 
 
p is porosity of the matrix 
t is tortuosity 
Ds is diffusion coefficient in the release 
medium 
Ca is solubility of the drug in the release 
medium 
T is diffusional path length. 
For pseudo steady state, the equation 
can be written as, 

 
 
The total porosity of the matrix can be 
calculated with the following equation, 

 
 
p is porosity 
ρ is drug density 
pa is porosity due to air pockets in the 
matrix 
ρex is density of the water soluble 
excipients 
Cex is concentration of water soluble 
excipients 
For the purpose of data treatment, 
Equation 8 can be reduced to, 
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Where k is a constant, so that the amount 
of drug released versus the square root 
of time will be linear. If the release of drug 
from matrix is diffusion-controlled. In this 
case, the release of drug from a 

homogeneous matrix system can be 
controlled by varying the following 
parameters like; initial concentration of 
drug in the matrix, porosity, tortuosity, 
polymer system forming the matrix and 
solubility of the drug55. 

 
Table 1: Extended Release Tablets Marketed With Matrix Technology 

Brand Name 
(Generic Name) 

Company 
 

Therapeutic Category 
or Use 

Plendil ER tablets 
(Felodipine ER tablets) 

AstraZeneca 
 Antihypertensive 

Kapanol SR tablets (Morphine 
Sulphate SR tablets) GlaxoSmithKline Chronic pain 

Slow –K 
(Potassium Chloride ER tablets) Alliance Pharma Electrolyte Replenisher 

Agon SR tablets 
(Felodipine SR tablets) 

Sanofi Aventis 
 Antihypertensive 

 
Evaluation Parameters for Extended 
Release Tablets 
To design a tablet and later monitor its 
quality, quantitative evaluation and 
assessment are done on the basis of its 
physical, chemical, and 
pharmacokinetic properties. The tablets 
made are evaluated for the routine 
checks for the tablets such as Average 
weight, Thickness, Hardness, weight 
variation etc. The main parameter 
required to be monitored while 
formulating an extended release tablets 
is in vitro release of the drug and that is 
in turn demonstrated by dissolution 
profile57,58,59. 
 
CONCLUSION 
A number of drugs are now marketed in 
a variety of different extended release 
products. However, only those, which 
result in a significant reduction in dose 
frequency or reduction in dose related 
toxicity, are likely to improve 
therapeutic outcomes. Presence of 
food, gastrointestinal motility and 
concomitant administered or present 
material will influence the therapeutic 
response. The market for extended 
release drug delivery has come a long 
way and will continue to grow. There 
are varied technologies for 
manufacturing extended release tablets 
with significant advantages and some 
limitations. 
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