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ABSTRACT: 
Very few drugs are coming out of research and development and already existing drugs are suffering 
the problem of resistance due to their irrational use specifically in case of drugs like antibiotics. Hence, 
change in the operation is a suitable and optimized way to make the some drug more effective by slight 
alteration in the drug delivery. By the sustained release method therapeutically effective concentration 
can be achieved in the systemic circulation over an extended period of time, thus achieving better 
compliance of patients and 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. Wide varieties of 
polymers are available for retarding the release rate of drugs hence sustains the action of drugs. This 
article contains the basic information regarding sustained-release formulation, its advantages, different 
types, and factors involved in oral sustained-release dosage form design. 
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1. INTRODUCTION: 
In the past decade great interest got generated on replacing conventional administration of drugs by 

novel drug delivery system(NDDS), which would release effective quantities from the protected 

supply at a control rate for a prolong period of time1. Matrix system is the release system which 

prolongs and controls the release of the drug, which 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 polymers. 

Introduction of matrix tablet as sustained release (SR) has given a new breakthrough for novel drug 

delivery system in the field of Pharmaceutical technology. It excludes complex production procedures 

such as coating and pelletization during manufacturing and drug release rate from the dosage form is 

controlled mainly by the type and proportion of polymer used in the reparations. Hydrophilic polymer 

matrix is widely used for formulating an SR dosage form2.  

Sustained release dosage forms continue to draw attention in the search for improved patient 

compliance and decreased incidences of adverse drug reactions. Ideally, a sustained release dosage 

form will provide a therapeutic concentration of the drug in the blood that is maintained throughout the 

dosing interval with a reduction in a peak concentration ratio3,4. Numerous SR oral dosage forms such 

as membrane controlled system, matrices with water soluble/insoluble polymers or waxes and osmotic 

systems have been developed, intense research has recently focused on the designation of SR systems 

for poorly water soluble drugs2,5.   
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Various drug delivery techniques have been developed to sustain the release of drugs, including triple-

layered tablets (Geomatrix® technology) and osmotic pumps with laser drilled holes (OROS® 

technology). These technologies are intricate and relatively expensive to manufacture. Thus, there 

remains an interest in developing novel formulations that allow for sustained release of drugs using 

readily available, inexpensive excipients2.The product so formulated desired as sustain release, delayed 

release, prolong action, deport, retarded release, time released medication6,7. 

 

1.1 Disadvantages of conventional dosage forms2,6,10  

1. Poor patient compliance, increased chances of missing the dose of a drug with short half-life 

for which frequent administration is necessary. 

2. A typical peak-valley plasma concentration time profile is obtained which makes attainment of 

steady-state condition difficult. 

3. The unavoidable fluctuations of drug concentration may lead to under medication or over 

medication. 

4. The fluctuations in drug levels may lead to precipitation of adverse effects especially of a drug 

with small Therapeutic Index whenever over medication occur. 

 

1.2 Advantages of sustain release formulation2,6 

1. Reduction in frequency of intakes. 

2. Uniform release of drug over time. 

3. Better patient compliance. 

4. Reduce side effects. 

 

1.3 Consideration for formulation of sustain release technology6,10   

1. If the drug has long half life (over 6 year), it is sustained on its own. 

2. If the drug has short half life, it would require a large amount of drug to maintain a prolonged 

effective dose. 

3. If the absorption of active compound involves an active transport, the development of time 

released formulation is problematic. 
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2. SUSTAINED RELEASE DRUG DELIVERY SYSTEM : 
SR constitutes any dosage form that provides medication over an extended time or denotes that the 

system is able to provide some actual therapeutic control whether this is of a temporal nature, spatial 

nature or both. SR system generally do not attain zero order type release and usually try to mimic zero 

order release by providing drug in a slow first order. Repeat action tablet are an alternative method of 

sustained release in which multiple doses of drug are an alternative method of sustained release, in 

which, multiple doses are contained within a dosage form and each dose is released at a periodic 

interval. Delayed release system, in contrast, may not be sustaining, since often the function of these 

dosage forms is to maintain the drug in the dosage for some time before release, for example. Enteric 

coated tablet. The ideal way of providing an exact amount of drug at the site of action for a precise 

time period is usually approximated by most systems. This approximation is achieved by creating a 

constant concentration in the body or an organ over an extended time; in other words, the amount of 

drug entering the system is equivalent to the amount of drug removed from the system2,8. 

 Most of the orally administered drugs, targeting is not a primary concern and it is usually intended for 

drugs to penetrate to the general circulation and perfuse to other body tissues. For this reason, most 

systems employed are of the sustained release variety. It is assumed that increasing concentration at the 

absorption site will increase circulating blood levels, which in turn, promotes greater concentration of 

drug at the site of action. If toxicity is not an issue, therapeutic levels can thus be extended. In essence, 

drug delivery by these systems usually depends on release from some type of dosage form, permeation 

through biological milieu and absorption through an epithelial membrane to the blood. There are a 

variety of both physicochemical and biological factors that come into play in the design of such 

system1,9. 

 
2.1 Oral controlled release systems : 

The controlled release systems for oral use are mostly solids and based on dissolution, diffusion or a 

combination of both mechanisms in the control of release rate of drug. Depending upon the manner of 

drug release, these systems are classified as follows: 

1. Continuous release systems. 

2. Delayed transit and continuous release systems. 

3. Delayed release systems. 
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2.1.1 Continuous release systems : 

Continuous release systems release the drug for a prolonged period of time along the entire length of 

gastrointestinal tract with normal transit of the dosage form. The various systems under this category 

are as follow: 

I. Dissolution controlled release systems 

II. Diffusion controlled release systems 

III. Dissolution and diffusion controlled release systems 

IV. Osmotic pressure controlled systems 

V. Ion exchange resin- drug complexes 

VI. pH-independent formulation6   

2.1.1.1 Dissolution-controlled release systems : 

The drug present in such system may be the one: 

i. Having high aqueous solubility and dissolution rate 

ii. With inherently slow dissolution rate e.g. Griseofulvin and Digoxin 

iii. That produces slow dissolving forms, when it comes in contact with GI fluids 

Dissolution-controlled release can be obtained by slowing the dissolution rate of a drug in the GI 

medium, incorporating the drug in an insoluble polymer and coating drug particles or granules with 

polymeric materials of varying thickness. The rate limiting step for dissolution of a drug is the 

diffusion across the aqueous boundary layer. The solubility of the drug provides the source of energy 

for drug release, which is countered by the stagnant-fluid diffusional boundary layer. The rate of 

dissolution (dm/dt) can be approximated by following equation: 
dm
dt =  

ADS
h  

Where, 

A = Surface area of the dissolving particle or tablet 

D = Diffusivity of the drug  

S = Aqueous solubility of the drug 

h = Thickness of the boundary layer 

The two types of dissolution-controlled release are: 

A. Matrix (or monolith) dissolution controlled systems 

B. reservoir dissolution controlled systems2 
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2.1.1.2 Diffusion controlled release systems : 

In this type of systems, the diffusion of dissolved drug through a polymeric barrier is a rate limiting 

step. The drug release rate is never zero-order, since the diffusional path length increases with time as 

the insoluble matrix is gradually depleted of drug. Diffusion of a drug molecule through a polymeric 

membrane forms the basis of these controlled drug delivery systems. Similar to the dissolution-

controlled systems, the diffusion-controlled devices are manufactured either by encapsulating the drug 

particle in a polymeric membrane or by dispersing the drug in a polymeric matrix. Unlike the 

dissolution-controlled systems, the drug is made available as a result of partitioning through the 

polymer. In the case of a reservoir type diffusion controlled device, the rate of drug released (dm/dt) 

can be calculated using the following equation: 

dm
dt = ADK 

∆C
L  

Where, 

A = Area 

D = Diffusion coefficient 

K = Partition coefficient of the drug between the drug core and the membrane 

L = Diffusion path length and 

C = Concentration difference across the membrane 

In order to achieve a constant release rate, all of the terms on the right side of equation must be held 

constant. It is very common for diffusion controlled devices to exhibit a non-zero-order release rate 

due to an increase in diffusional resistance and a decrease in effective diffusion area as the release 

proceeds. Another configuration of diffusion-controlled systems includes matrix devices, which are 

very common because of ease of fabrication. Diffusion control involves dispersion of drug in either a 

water-insoluble or a hydrophilic polymer. The release rate is dependent on the rate of drug diffusion 

through the matrix but not on the rate of solid dissolution. 

The two types of diffusion-controlled release are: 

A. matrix diffusion controlled systems 

B. Reservoir devices2,9,10 
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2.1.1.3 Dissolution and diffusion controlled release systems : 

In such systems, the drug core is encased in a partially soluble membrane. Pores are thus created due to 

dissolution of parts of the membrane which permit entry of aqueous medium into the core and hence 

drug dissolution and allow diffusion of dissolved drug out of the system9. 

 

2.1.1.4 Osmotic pressure controlled systems :                

 A semipermeable membrane is placed around the tablet, particle or drug solution that allows transport 

of water into tablet with eventual pumping of drug solution out of the tablet through the small delivery 

aperture in tablet core. Two type of osmotic pressure controlled systems are: 

a. Type 1 contains an osmotic core with drug 

b. Type 2 contains the drug in flexible bag with osmotic core surrounding 

By optimizing formulation and processing factor, it is possible to develop osmotic system to deliver 

the drug of diverse nature at preprogrammed rate11. 

 

2.1.1.5 Ion exchange resin-drug complexes : 

It is based on formulation of drug resin complex formed when ionic solution is kept in contact with 

ionic resins. The drug from this complex gets exchanged in gastrointestinal tract and released with 

excess of Na+ and Cl- present in gastrointestinal tract. This system generally utilize resin compound of 

insoluble cross linked polymer. They contain salt forming function group in repeating position on a 

polymer chain12.  

 

2.1.1.6 pH-independent formulation : 

Most of the drug are either weak acid or weak base, the release from sustain release formulation is pH 

dependent. However, buffer such as salt of citric acid, amino acid, tartaric acid can be added to the 

formulation, to help to maintain to constant pH their by retarding pH independent drug release. A 

buffer sustain release formulation is prepared by mixing a basic or acidic drug one or more buffering 

agent, granulating with appropriate excipients and coating with gastrointestinal fluid permeable film 

forming polymer. When gastrointestinal fluid permeates through the membrane, the buffering agent 

adjusts the fluid inside to suitable constant pH there by rendering a constant rate of drug release13. 
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2.1.2 Delayed transit and continuous release systems : 

These systems are designed to prolong their residence in the GI tract along with their release. Often the 

dosage form is fabricated to detain in the stomach and hence the drug present therein should be stable 

to gastric pH. Systems included in this category are mucoadhesive systems and size based systems2,6. 

2.1.3 Delayed release systems : 

The design of such systems involves release of drug only at specific site in the GIT. The drugs 

contained in such a system are those that are : 

a. Known to cause gastric distress 

b. Destroyed in the stomach or by intestinal enzymes 

c. Meant to extent local effect at a specific GI site 

d. Absorbed from a specific intestinal site 

The two types of delayed release systems are : 

A. Intestinal release systems 

B. Colonic release systems2 

3. FACTORS INFLUENCING ORAL SUSTAINED-RELEASE DOSAGE FORM 

DESIGN : 
Mainly two factors involved in oral sustained-release dosage form design : 

A. Physicochemical factor 

B. Biological factor 

 

3.1 Physicochemical factor 

 

3.1.1 Dose size: 

For orally administered systems, there is an upper limit to the bulk size of the dose to be administered. 

In general, a single dose of 0.5- 1.0g is considered maximal for a conventional dosage form. This also 

holds for sustained release dosage form. Compounds that require large dosing size can sometimes be 

given in multiple amounts or formulated into liquid systems. Another consideration is the margin of 

safety involved in administration of large amount of a drug with a narrow therapeutic range2. 

 



Asija Rajesh et al. IJRPS 2012,2(4),1-13 

IJRPS 2(4) OCTOBER-DECEMBER 2012 Page 9 
 

3.1.2 Partition Coefficient: 

When a drug is administered to the GI tract, it must cross a variety of biological membranes to produce 

a therapeutic effect in another area of the body. It is common to consider that these membranes are 

lipidic; therefore the partition coefficient of oil-soluble drugs becomes important in determining the 

effectiveness of membrane barrier penetration. Compounds which are lipophilic in nature having high 

partition coefficient are poorly aqueous soluble and it retain in the lipophilic tissue for the longer time. 

In case of compounds with very low partition coefficient, it is very difficult for them to penetrate the 

membrane, resulting in poor bioavailability. Furthermore, partitioning effects apply equally to 

diffusion through polymer membranes. The choice of diffusion-limiting membranes must largely 

depend on the partitioning characteristics of the drug6,14. 

 

3.1.3 Stability: 

Orally administered drugs can be subject to both acid-base hydrolysis and enzymatic degradation. 

Degradation will proceed at a reduced rate for drugs in solid state; therefore, this is the preferred 

composition of delivery for problem cases. For the dosage form that are unstable in stomach, systems 

that prolong delivery over entire course of transit in the GI tract are beneficial; this is also true for 

systems that delay release until the dosage form reaches the small intestine. Compounds that are 

unstable in small intestine may demonstrate decreased bioavailability when administered from a 

sustaining dosage form. This is because more drugs is delivered in the small intestine and, hence, is 

subject to degradation. Propentheline and probanthine are representative example of such drug2,15. 

 

3.1.4 Ionization, pka and aqueous solubility: 

Most drugs are weak acids or bases. Since the unchanged form of a drug preferentially permeates 

across lipid membranes, it is important to note the relationship between the pka of the compound and 

the absorptive environment. Presenting the drug in an unchanged form is advantageous for drug 

permeation. Unfortunately, the situation is made more complex by the fact that the drug’s aqueous 

solubility will generally be decreased by conversion to unchanged form. Delivery systems that are 

dependent on diffusion or dissolution will likewise be dependent on the solubility of the drug in 

aqueous media. These dosage forms must function in an environment of changing pH, the stomach 

being acidic and the small intestine more neutral, the effect of pH on the release process must be 

defined. Compounds with very low solubility (<0.01 mg/ml) are inherently sustained, since their 

release over the time course of a dosage form in the GI tract will be limited by dissolution of the drug. 
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So it is obvious that the solubility of the compound will be poor choices for slightly soluble drugs, 

since the driving force for diffusion, which is the drug’s concentration in solution, will be low2,6. 

 

3.2 Biological factor 

3.2.1 Absorption: 

Since the purpose of forming a SR product is to place control on the delivery system, it is necessary 

that the rate of release is much slower than the rate of absorption. If we assume that the transit time of 

most drugs in the absorptive areas of the 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 the potential 

absorptive regions before drug release is complete. Thus corresponds to a minimum apparent 

absorption rate constant of 0.17-0.23 h-1 to give 80-95% over this time period. Hence, it assumes that 

the absorption of the drug should occur at a relatively uniform rate over the entire length of small 

intestine. For many compounds this is not true. If a drug is absorbed by active transport or transport is 

limited to a specific region of intestine, SR preparation may be disadvantageous to absorption. One 

method to provide sustaining mechanisms of delivery for compounds try to maintain them within the 

stomach. This allows slow release of the drug, which then travels to the absorptive site. These methods 

have been developed as a consequence of the observation that co-administration results in sustaining 

effect. One such attempt is to formulate low density pellet or capsule. Another approach is that of 

bioadhesive materials2,16. 

 

3.2.2 Metabolism: 

Drugs those are significantly metabolized before absorption, either in the lumen or the tissue of the 

intestine, can show decreased bioavailability from slower-releasing dosage form. Even a drug that is 

poorly water soluble can be formulated in SR dosage form. For the same, the solubility of the drug 

should be increased by the suitable system and later on that is formulated in the SR dosage form. But 

during this the crystallization of the drug, that is taking place as the drug is entering in the systemic 

circulation, should be prevented and one should be cautious for the prevention of the same2,6. 

 

3.2.3 Biological half life: 

The usual goal of an oral SR product is to maintain therapeutic blood levels over an extended period of 

time. To achieve this, drug must enter the circulation at approximately the same rate at which it is 
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eliminated. The elimination rate is quantitatively described by the half-life (t1/2). Each drug has its 

own characteristic elimination rate, which is the sum of all elimination processes, including 

metabolism, urinary excretion and all over processes that permanently remove drug from the blood 

stream. Therapeutic compounds with short half-life are generally are excellent candidate for SR 

formulation, as this can reduce dosing frequency. In general, drugs with half-lives shorter than 2 hours 

such as furosemide or levodopa are poor candidates for SR preparation. Compounds with long half-

lives, more than 8 hours are also generally not used in sustaining form, since their effect is already 

sustained. Digoxin and phenytoin are the examples2,6,17. 

 

4. CONCLUSION : 
The advantages of sustain released dosage form is that they can often be taken less frequently than 

conventional formulation of same drug, helpful in increasing the efficiency of drug and they keep 

steadier levels of drug in the blood stream. All this sustain release formulation comes with reasonable 

cost. Difference between sustained and controlled release is that controlled release is perfectly zero 

order release that is drug release with time irrespective of concentration. On the other hand, sustained 

release implies slow release of drug over a time period. Sustain released formulation may or may not 

be controlled release. 
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