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 Gastro-retentive drug delivery systems (GRDDS) have emerged as a 

promising strategy to prolong gastric residence time, thereby enhancing 

the bioavailability of drugs with narrow absorption windows in the 

upper gastrointestinal tract. Among the various GRDDS approaches, 

swellable effervescent systems present a novel mechanism that 

combines polymer swelling with carbon dioxide generation to improve 

buoyancy and gastric retention. This paper presents a comprehensive 

overview of the design, mechanism, materials, and performance 

evaluation of swellable effervescent GRDDS, with a focus on their 

formulation development, advantages, limitations, and future 

applications in controlled drug delivery. 
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I. INTRODUCTION 

The development of drug delivery systems has seen a steady progression toward 

enhancing the bioavailability of poorly soluble drugs, particularly those with a narrow 

absorption window or those that are susceptible to degradation in the gastrointestinal 

(GI) tract. Conventional oral drug delivery methods, while convenient and widely 

accepted, often face challenges related to limited gastric residence time, which 

significantly impacts the therapeutic efficacy of drugs. For many drugs that are 

primarily absorbed in the stomach or upper small intestine, premature gastric 

emptying or passage through the GI tract before full absorption can result in 

suboptimal therapeutic effects, necessitating the need for specialized systems that can 

prolong drug retention within the stomach. 

One of the innovative approaches that has garnered significant attention in this 

context is the development of Gastro-Retentive Drug Delivery Systems (GRDDS). 

These systems are designed to remain in the stomach for an extended period, allowing 

for sustained and controlled release of the drug at the absorption site. This enhances 

the bioavailability of drugs with specific absorption windows, as well as those that are 

unstable in the lower gastrointestinal (GI) tract or are subject to rapid elimination. 

Among the various GRDDS, swellable effervescent systems have emerged as a 

promising strategy due to their unique mechanism of action, which combines polymer 

swelling with effervescent gas generation to achieve buoyancy and gastric retention. 

Swellable effervescent GRDDS are designed to increase their size upon contact with 

gastric fluids, effectively preventing their passage through the pyloric sphincter and 

thus prolonging their residence in the stomach. The systems generally consist of a 

matrix composed of hydrophilic polymers, which upon contact with water, absorb 

liquid and swell, causing an increase in the size of the dosage form. Simultaneously, 

effervescent agents such as sodium bicarbonate, potassium bicarbonate, or citric acid 

react with the acidic environment of the stomach to release carbon dioxide gas. This 

gas, which is trapped within the swollen matrix, reduces the density of the dosage 

form and ensures its buoyancy. The combined effect of swelling and effervescence 

enables the system to float on the gastric fluids, thereby preventing premature gastric 

emptying and allowing for prolonged drug release. 

The key advantage of swellable effervescent GRDDS lies in their ability to provide a 

sustained release profile, which is particularly beneficial for drugs that require 

continuous or prolonged administration to maintain therapeutic levels in the 

bloodstream. Such drugs include those used in the treatment of chronic conditions like 

diabetes, Parkinson’s disease, and peptic ulcers, as well as those with a narrow 

therapeutic index or poor solubility. By prolonging the gastric residence time, these 

systems not only enhance the bioavailability of the drug but also improve patient 

compliance by reducing dosing frequency. This is particularly important for drugs that 
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need to be administered multiple times a day. 

A significant aspect of the design of swellable effervescent GRDDS is the selection of 

materials that can effectively swell in the acidic gastric environment while also 

generating sufficient gas to maintain buoyancy. Commonly used polymers include 

hydroxypropyl methylcellulose (HPMC), polyethylene oxide (PEO), and 

carbopol, which are known for their ability to absorb water and swell upon hydration. 

These polymers form a gel-like matrix that controls the release of the drug, ensuring 

that it remains in the stomach for an extended period. The effervescent agents used in 

these systems typically include sodium bicarbonate, citric acid, or tartaric acid, 

which react with gastric acid to generate carbon dioxide. The generated gas is trapped 

within the swollen polymeric matrix, reducing the system's density and allowing it to 

float in the stomach. This dual mechanism of swelling and effervescence creates a 

stable floating dosage form that is retained in the stomach for a prolonged period. 

The formulation of swellable effervescent GRDDS is a delicate process that requires 

balancing various factors, including the degree of swelling, gas generation, drug 

release rate, and gastric retention time. The selection of effervescent agents must be 

carefully controlled to ensure that the gas generation is neither too rapid nor too slow. 

A rapid release of gas may result in the premature expulsion of the dosage form from 

the stomach, while slow gas generation may compromise buoyancy and retention. The 

matrix’s swelling capacity must also be optimized to achieve the desired size increase 

without compromising the structural integrity of the dosage form. Additionally, the 

formulation must account for the potential impact of physiological variables such as 

gastric pH, the presence of food, and gastric motility, all of which can influence the 

performance of the system. 

Swellable effervescent GRDDS are particularly beneficial for drugs with narrow 

absorption windows, such as levodopa, gabapentin, metformin, and ciprofloxacin. 

These drugs are primarily absorbed in the stomach or upper small intestine, and their 

absorption is significantly influenced by the time they spend in these regions. By 

prolonging gastric retention, swellable effervescent GRDDS can enhance the 

absorption of such drugs, leading to improved therapeutic outcomes. Moreover, for 

drugs that are degraded by the harsh environment of the lower GI tract, such as certain 

peptides and proteins, these systems can provide a protective mechanism by limiting 

the exposure of the drug to alkaline pH or enzymes, further enhancing the stability 

and bioavailability of the drug. 

Despite their many advantages, swellable effervescent GRDDS do have certain 

limitations that must be addressed in their development. One of the primary 

challenges is the variability in gastric pH and motility, which can influence the 

swelling behavior of the polymeric matrix and the efficiency of gas generation. In 

some cases, the presence of food in the stomach can interfere with buoyancy, 

reducing the effectiveness of the system. Additionally, while the effervescent 
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mechanism ensures that the system remains buoyant, excessive gas generation may 

lead to bloating or discomfort in certain individuals. To overcome these challenges, 

researchers are exploring advanced materials, such as superporous hydrogels and 

biodegradable polymers, which may offer improved performance and reduced side 

effects. 

The future of swellable effervescent GRDDS lies in the integration of advanced 

technologies such as nanotechnology and stimuli-responsive polymers, which can 

further enhance the precision and control of drug release. Innovations such as 3D 

printing of drug delivery systems and the development of personalized medicine 

approaches hold great potential for optimizing the performance of GRDDS. 

Furthermore, the incorporation of bioadhesive polymers and bioresponsive 

elements could lead to systems that are more adaptable to the physiological 

conditions of individual patients, ensuring greater efficacy and safety. 

In swellable effervescent GRDDS offer a promising solution to many of the 

challenges associated with conventional oral drug delivery systems. By combining 

polymer swelling with gas generation, these systems provide sustained drug release 

and improved gastric retention, particularly for drugs with narrow absorption 

windows or those unstable in the lower GI tract. The careful formulation of these 

systems, along with the development of advanced materials and technologies, will 

continue to drive the progress of GRDDS toward more efficient, patient-friendly drug 

delivery systems that enhance the therapeutic outcomes for a wide range of drugs. 

II. MECHANISM OF ACTION 

Ingestion and Entry into the Stomach: 

 The dosage form is administered orally and reaches the stomach where the pH 

is typically between 1 and 3. 

Initiation of Swelling: 

 Hydrophilic polymers (e.g., HPMC, PEO, carbopol) present in the formulation 

begin absorbing gastric fluids. 

 This absorption leads to hydration and significant swelling of the polymer 

matrix. 

Expansion of Dosage Form: 

 The swollen matrix increases in size, often to a diameter larger than the 

pyloric sphincter (approximately 1.2 cm), preventing premature passage into 

the small intestine. 
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Effervescence and Gas Generation: 

 Simultaneously, effervescent agents (such as sodium bicarbonate and 

citric/tartaric acid) react with gastric acid (HCl) to produce carbon dioxide 

(CO₂) gas. 

Entrapment of CO₂ Gas: 

 The generated CO₂ is trapped within the gelled and swollen polymeric matrix, 

reducing the overall density of the dosage form to below that of gastric fluid 

(<1 g/cm³). 

III. DRUG CANDIDATES FOR SWELLABLE EFFERVESCENT GRDDS 

Levodopa 

 Indication: Parkinson’s disease 

 Reason for Suitability: Levodopa is primarily absorbed in the upper part of 

the small intestine. A sustained-release formulation can prolong the drug's 

residence time in the stomach, improving its absorption and minimizing 

fluctuations in plasma levels. 

Gabapentin 

 Indication: Neuropathic pain, seizures 

 Reason for Suitability: Gabapentin has a narrow absorption window in the 

gastrointestinal tract, making it an ideal candidate for GRDDS. Extended 

gastric retention enhances bioavailability. 

Metformin 

 Indication: Type 2 diabetes 

 Reason for Suitability: Metformin is absorbed primarily in the upper small 

intestine. A GRDDS can help enhance the drug's absorption and reduce side 

effects, such as gastrointestinal distress, by providing a controlled release. 

Ciprofloxacin 

 Indication: Bacterial infections 

 Reason for Suitability: Ciprofloxacin has optimal absorption in the upper GI 

tract. A floating GRDDS can help prolong its residence time, ensuring better 

absorption and improved therapeutic efficacy. 
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IV. CONCLUSION 

Swellable effervescent GRDDS represent a robust and versatile platform for 

enhancing the gastric residence time of oral drug delivery systems. By leveraging the 

synergistic effects of polymer swelling and gas generation, these systems address key 

challenges in oral pharmacotherapy, particularly for drugs with narrow absorption 

windows. While formulation complexities and physiological variability present 

ongoing challenges, advances in materials science and fabrication technologies 

continue to drive the evolution of this field. With further research and clinical 

validation, swellable effervescent GRDDS are poised to become a cornerstone in the 

design of next-generation controlled release therapeutics. 
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