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Abstract: Sustained-release or extended-release tablet formulations are designed to release the active 

pharmaceutical ingredient at a slower rate and over an extended period compared to conventional 

immediate-release dosage forms. This controlled drug delivery approach offers several advantages 

including improved patient compliance, maintenance of therapeutic drug levels, reduced side effects, and 

protection of drug molecules from degradation. [1,2] Various formulation approaches have been explored 

for achieving sustained drug release from tablet matrices. This review discusses key formulation aspects 

like rate-controlling polymers, factors influencing drug release, manufacturing techniques, and recent 

advances aided by quality-by-design principles and mathematical modeling for optimizing sustained-

release profiles. Regulatory considerations for evaluation and approval are also highlighted. 
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I. INTRODUCTION 

Sustained or controlled drug delivery systems are designed to release the active ingredient at a predetermined rate in 

order to maintain therapeutic drug levels over an extended period.[3] Compared to conventional dosage forms that 

release the drug immediately, these formulations offer numerous advantages such as increased bioavailability, reduced 

side effects, improved patient compliance, and protection of drugs prone to degradation.[4,5] Various approaches can 

be utilized to modulate the drug release rates including diffusion, dissolution, ion-exchange, pH-dependent release, 

osmotic delivery, etc.[6,7] Among different sustained-release platforms, matrix tablet formulations have been widely 

explored due to their cost-effectiveness and ease of manufacturing.[8] 

 

Mechanisms of Sustained Drug Release: 

The release of drugs from sustained-release matrix tablets is typically governed by a combination of processes 

including drug dissolution, diffusion through the polymer matrix, swelling, erosion, and ion-exchange.[9,10] The 

overall release behavior is described by mathematical models such as the Higuchi equation, Korsmeyer-Peppas model, 

Hixson-Crowell cube root law, etc.[11,12] As shown in Figure 1, the drug release from hydrophilic swell able matrices 

primarily involves diffusion through the swollen gel layer, while for insoluble matrices, the release is predominantly 

erosion-controlled.[13]...(discuss other mechanisms like osmotic, ion-exchange etc.) 

 
Fig. Mechanism of Action of Sustained Release Formulation 
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Rate-Controlling Polymers: 

A wide range of polymers have been investigated as release rate modifiers in sustained

be broadly classified as hydrophilic, hydrophobic, pH

hydroxypropyl methylcellulose (HPMC), sodium

by swelling and forming a gel layer.[15,16] Hydrophobic polymers such as ethyl cellulose, acrylics, and acrylate

methacrylate copolymers modulate release by controlling water penetration

chitosan, xanthan gum etc. are frequently employed due to their biocompatibility and mucoadhesive properties.[19,20] 

Ion-exchange resins and pH-dependent polymers allow for modulating drug release based on the exte

environment.[21,22] Polymer characteristics like molecular weight, viscosity, concentration, and polymer

interactions play a crucial role.[23,24] 

 

Formulation Variables: 

Various formulation factors influence the performance of sustained

size, drug-polymer ratio, ionic strength, compression force, etc.[25,26] For instance, high drug solubility leads to faster 

initial burst release, while larger particle sizes result in slower dissolution rates.[27] Increasing polymer concentration 

generally extends drug release duration due to formation of more tortuous diffusion pathways.[28] High compression 

forces can lead to decreased porosity and slower drug release.[29,30]  

 

Manufacturing Techniques:  

The choice of manufacturing process impacts the characteristics of the final sustained

techniques include wet granulation, dry granulation, direct compress

granulation is widely used but risks degradation of moisture

are suitable for moisture and heat-sensitive actives. [34] Hot

polymer matrices. [35] Multi-particulate systems like pellets can be compressed into tablets or filled into capsules. [36].
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s have been investigated as release rate modifiers in sustained-release formulations. They can 

be broadly classified as hydrophilic, hydrophobic, pH-dependent, and chemically inert.[14] Hydrophilic polymers like 

hydroxypropyl methylcellulose (HPMC), sodium carboxymethylcellulose, polyethylene oxide etc. control drug release 

by swelling and forming a gel layer.[15,16] Hydrophobic polymers such as ethyl cellulose, acrylics, and acrylate

methacrylate copolymers modulate release by controlling water penetration.[17,18] Natural polymers like alginates, 

chitosan, xanthan gum etc. are frequently employed due to their biocompatibility and mucoadhesive properties.[19,20] 

dependent polymers allow for modulating drug release based on the exte

environment.[21,22] Polymer characteristics like molecular weight, viscosity, concentration, and polymer

Various formulation factors influence the performance of sustained-release tablets including drug solubility, particle 

polymer ratio, ionic strength, compression force, etc.[25,26] For instance, high drug solubility leads to faster 

release, while larger particle sizes result in slower dissolution rates.[27] Increasing polymer concentration 

generally extends drug release duration due to formation of more tortuous diffusion pathways.[28] High compression 

orosity and slower drug release.[29,30]   

The choice of manufacturing process impacts the characteristics of the final sustained-release product. Commonly used 

techniques include wet granulation, dry granulation, direct compression, hot-melt extrusion, and . [31

granulation is widely used but risks degradation of moisture-sensitive drugs. Dry granulation and direct compression 

sensitive actives. [34] Hot-melt extrusion enables molecular dispersion of drugs in 

particulate systems like pellets can be compressed into tablets or filled into capsules. [36].

 

 

Fig. Dry Granulation 

Fig. Wet Granulation. 

Fig. Direct Compression. 
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release formulations. They can 

dependent, and chemically inert.[14] Hydrophilic polymers like 

carboxymethylcellulose, polyethylene oxide etc. control drug release 

by swelling and forming a gel layer.[15,16] Hydrophobic polymers such as ethyl cellulose, acrylics, and acrylate-

.[17,18] Natural polymers like alginates, 

chitosan, xanthan gum etc. are frequently employed due to their biocompatibility and mucoadhesive properties.[19,20] 

dependent polymers allow for modulating drug release based on the external 

environment.[21,22] Polymer characteristics like molecular weight, viscosity, concentration, and polymer-drug 

release tablets including drug solubility, particle 

polymer ratio, ionic strength, compression force, etc.[25,26] For instance, high drug solubility leads to faster 

release, while larger particle sizes result in slower dissolution rates.[27] Increasing polymer concentration 

generally extends drug release duration due to formation of more tortuous diffusion pathways.[28] High compression 

release product. Commonly used 

melt extrusion, and . [31-33] Wet 

sensitive drugs. Dry granulation and direct compression 

dispersion of drugs in 

particulate systems like pellets can be compressed into tablets or filled into capsules. [36]. 
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Advanced Formulation Strategies: 

Recent formulation strategies for tailoring drug release include osmotic pump tablets like OROS® technology, 

sigmoidal or pulsatile release formulations, nanotechnology approaches like nanocrystals and nanoparticles.[37-39] 

Application of quality-by-design principles and design of experiments methodology enables robust product 

development.[40] Computational modeling tools like PBPK and IVIVC are increasingly utilized for optimizing release 

profiles.[41,42] 3D printing and hot-melt extrusion show promise for manufacturing customized dosage forms.[43,44]   

 

Evaluation and Regulatory Considerations: 

In vitro dissolution testing in compendia media is a crucial tool for evaluating sustained-release formulations.[45] The 

USP provides standardized apparatus and methods for modified release products.[46] Animal and human studies are 

conducted to assess in vivo drug release and establish IVIVC models.[47] Regulatory guidelines from the US FDA, 

EMA and other agencies outline the approval requirements for sustained-release dosage forms including bioequivalence 

criteria and CMC specifications to ensure quality.[48-51] 

 

II. CONCLUSION 

This review summarizes key formulation aspects pertaining to the development of matrix-based sustained-release tablet 

dosage forms. Judicious selection of release-modifying excipients, careful optimization of formulation variables, and 

appropriate manufacturing processes are crucial for achieving the desired release kinetics. Mathematical modeling 

approaches combined with quality-by-design principles allow for a systematic understanding of the critical factors 

involved. As the needs for customized drug delivery continue to grow, future research is expected to focus on 

developing advanced formulation technologies integrated with emerging manufacturing platforms.   
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