
Laddha et al.                                                                  European Journal of Biomedical and Pharmaceutical Sciences 

  

Mishra2 

 

www.ejbps.com        │        Vol 11, Issue 4, 2024.         │          ISO 9001:2015 Certified Journal        │ 

 

451 

 

 

 

THE GASTRORETENTIVE TABLETS: FORMULATION, EVALUATION, AND 

THERAPEUTIC APPLICATIONS 
 
 

Chirag Sunil Laddha*, Dr Aijaz Sheikh
1
 and Dr K.R. Biyani

2 

 
1
Department of Pharmaceutics, Anuradha College of Pharmacy, Chikhali Dist-Buldhan, (MS), India 443201. 

2
Campus Director, Anuradha College of Pharmacy, Chikhali Dist-Buldhan, (MS), India 443201. 

 

 

 

 

 

 
Article Received on 19/02/2024                                Article Revised on 18/03/2024                              Article Accepted on 07/04/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BACKGROUND 

Gastroretentive drug delivery systems are dosage forms 

designed to prolong the gastric residence time of drugs, 

thereby enhancing their absorption and bioavailability. 

These systems are particularly useful for drugs that 

exhibit low solubility in the gastrointestinal tract or have 

a narrow absorption window in the upper part of the 

small intestine. Gastroretentive dosage forms can be 

tailored to remain in the stomach for an extended period, 

allowing for controlled release of the drug and improved 

therapeutic outcomes.
[1,2]

 

 

MAIN TEXT 

Need for gastroretentive dosage forms 

Gastroretentive dosage forms address several challenges 

encountered in conventional drug delivery systems. 

These challenges include rapid gastric emptying, 

variability in gastrointestinal transit times among 

individuals, and poor solubility of drugs in the intestinal 

fluids. By prolonging gastric residence time, 

gastroretentive formulations can improve drug 

absorption, reduce dosing frequency, and enhance patient 

compliance. They are particularly beneficial for drugs 

with a narrow absorption window in the upper 

gastrointestinal tract or those susceptible to degradation 

in the acidic environment of the stomach.
[3,4]

 

Advantages over conventional drug delivery systems 

Gastroretentive drug delivery systems offer several 

advantages over conventional formulations, including: 

- Prolonged gastric residence time, leading to 

sustained release and improved bioavailability of 

drugs. 

- Enhanced drug absorption due to prolonged contact 

with the gastric mucosa and increased absorption 

surface area. 

- Reduced variability in drug plasma levels and 

improved therapeutic efficacy, especially for drugs 

with a narrow therapeutic index. 

- Reduced dosing frequency and improved patient 

compliance, resulting in better treatment 

outcomes.
[5,6]

 

 

Floating Systems (Buoyancy-Based) 

Floating systems are designed to remain buoyant on the 

gastric fluid, thus prolonging their gastric residence time. 

These systems typically contain low-density materials or 

incorporate gas-generating agents that generate gas upon 

contact with gastric fluids, thereby reducing the overall 

density of the dosage form and enabling it to float. The 

floating dosage form remains in the stomach for an 

extended period, allowing for controlled drug release and 

enhanced absorption.
[7,8]
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Swelling and Expanding Systems 

Swelling and expanding systems utilize hydrophilic 

polymers or swellable materials that undergo rapid 

hydration and swelling upon contact with gastric fluids. 

As the dosage form swells, its size increases, leading to 

mechanical obstruction of the gastric outlet and 

prolonging gastric retention. This mechanism is 

particularly effective in controlling the release of drugs 

with high solubility in gastric fluids or those susceptible 

to rapid absorption.
[9,10]

 

 

Bioadhesive Systems 

Bioadhesive systems utilize bioadhesive polymers that 

adhere to the gastric mucosa upon contact, thereby 

prolonging gastric retention. These polymers can form 

strong bonds with the mucus layer lining the stomach, 

preventing the dosage form from being swept away by 

gastric peristalsis. Bioadhesive systems offer the 

advantage of targeted drug delivery to specific regions of 

the gastrointestinal tract, enhancing drug absorption and 

bioavailability.
[11,12]

 

 

High-Density Systems 
High-density systems are designed to sink in the gastric 

fluid and remain in the stomach for an extended period. 

These systems typically incorporate heavy materials or 

dense fillers that increase the overall density of the 

dosage form, preventing it from floating and promoting 

gastric retention. High-density systems offer a simple 

and effective approach to prolonging gastric residence 

time and controlling drug release.
[13,14]

 

 

Polymer Selection and Characterization 

Polymer selection is a critical aspect of designing 

gastroretentive drug delivery systems. Various polymers 

with specific properties are used to achieve desired drug 

release kinetics, floating behavior, and mucoadhesive 

properties. The selection process involves evaluating 

factors such as polymer solubility, swelling capacity, 

mechanical strength, and biocompatibility. Polymer 

characterization techniques, including Fourier-transform 

infrared spectroscopy (FTIR), differential scanning 

calorimetry (DSC), and scanning electron microscopy 

(SEM), are employed to assess the physicochemical 

properties and interactions between polymers and 

drugs,
[15][16]

 

 

Incorporation of Gas-Generating Agents 
Gas-generating agents are commonly used in floating 

drug delivery systems to produce carbon dioxide or other 

gases upon contact with gastric fluids. These gases create 

voids or bubbles within the dosage form, reducing its 

overall density and enabling it to float on the gastric 

contents. Common gas-generating agents include 

effervescent salts (e.g., sodium bicarbonate, citric acid), 

which react in the presence of water to release carbon 

dioxide. The incorporation of gas-generating agents 

enhances the buoyancy of the dosage form and prolongs 

gastric retention.
[17,18]

 

 

Use of Mucoadhesive Polymers 

Mucoadhesive polymers are employed to enhance the 

adhesion of drug delivery systems to the gastric mucosa, 

thereby prolonging gastric retention and improving drug 

absorption. These polymers interact with the mucus layer 

lining the stomach through non-covalent interactions 

such as hydrogen bonding, electrostatic forces, or 

hydrophobic interactions. Common mucoadhesive 

polymers include chitosan, sodium 

carboxymethylcellulose (NaCMC), and poly(acrylic 

acid) (PAA). Mucoadhesive dosage forms exhibit 

prolonged residence time in the stomach, allowing for 

controlled drug release and enhanced bioavailability.
[19,20]

 

 

Manufacturing Techniques (e.g., Direct Compression, 

Hot-Melt Extrusion) 

Various manufacturing techniques are employed to 

prepare gastroretentive drug delivery systems, each 

offering unique advantages in terms of formulation 

flexibility, scalability, and cost-effectiveness. Direct 

compression is a commonly used method for preparing 

solid dosage forms, wherein drug and excipients are 

compressed into tablets or capsules. Hot-melt extrusion 

involves melting a mixture of drug and excipients and 

extruding the molten mass through a die to form solid or 

semisolid dosage forms. Other techniques such as 

solvent casting, spray drying, and compression-coating 

are also utilized depending on the specific formulation 

requirements.
[21,22]

 

 

Gastroretentive Tablets for Localized Drug Delivery 

(e.g., Gastric Ulcer Treatment) 

Gastroretentive tablets can be specifically designed to 

release drugs locally in the stomach for the treatment of 

conditions such as gastric ulcers. By prolonging the 

residence time of the dosage form in the stomach, the 

drug can exert its therapeutic effect directly at the site of 

action, leading to improved efficacy and reduced 

systemic side effects.
[23,24] 

 

Controlled Release Formulations for Sustained Drug 

Release 

Gastroretentive tablets can be formulated to provide 

sustained release of drugs over an extended period, 

maintaining therapeutic drug levels in the bloodstream. 

Controlled release formulations offer advantages such as 

reduced dosing frequency, improved patient compliance, 

and minimized fluctuations in drug plasma 

concentrations, leading to enhanced therapeutic 

outcomes.
[25,26]

 

 

Targeted Delivery to Specific Regions of the 

Gastrointestinal Tract 

Gastroretentive tablets can be engineered to target 

specific regions of the gastrointestinal tract, such as the 

stomach or upper small intestine. This targeted delivery 

allows for localized drug action, minimizing systemic 

exposure and potential side effects. By optimizing 

formulation parameters, such as buoyancy or 
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mucoadhesion, gastroretentive tablets can achieve 

precise delivery to the desired anatomical site.
[27,28]

 

 

Improved Bioavailability and Therapeutic Outcomes 

for Poorly Soluble Drugs 

Gastroretentive tablets can enhance the bioavailability 

and therapeutic efficacy of poorly soluble drugs by 

prolonging their residence time in the gastrointestinal 

tract. By maintaining higher drug concentrations at the 

absorption site, gastroretentive formulations overcome 

limitations associated with low solubility and variability 

in gastrointestinal transit times, resulting in improved 

drug absorption and therapeutic outcomes.
[29,30] 

 

Clinical Trials Assessing Efficacy and Safety 
Clinical trials play a crucial role in evaluating the 

efficacy and safety of gastroretentive drug products. 

These trials involve testing the formulated dosage forms 

in human subjects to assess parameters such as 

pharmacokinetics, pharmacodynamics, bioavailability, 

and adverse effects. Clinical trials provide valuable data 

on the performance of gastroretentive formulations in 

real-world settings, guiding decision-making regarding 

drug development, dosage optimization, and regulatory 

approval.
[31,32]

 

 

Challenges in Scaling Up Production for 

Commercialization 

Scaling up production of gastroretentive drug products 

from laboratory-scale to commercial-scale poses several 

challenges. These challenges may include optimization 

of manufacturing processes, ensuring batch-to-batch 

consistency, meeting regulatory requirements for Good 

Manufacturing Practice (GMP), and addressing cost 

considerations. Additionally, factors such as formulation 

complexity, equipment scalability, and stability testing 

need to be carefully evaluated to ensure successful 

commercialization.
[33,34]

 

 

Regulatory Requirements for Gastroretentive Drug 

Products 

Regulatory approval of gastroretentive drug products 

requires compliance with stringent requirements set forth 

by regulatory authorities such as the US Food and Drug 

Administration (FDA) and the European Medicines 

Agency (EMA). These requirements encompass aspects 

related to product quality, safety, efficacy, and 

manufacturing processes. Key considerations include 

demonstrating product stability, bioequivalence, and 

adherence to relevant guidelines such as Current Good 

Manufacturing Practice (cGMP) and International 

Conference on Harmonisation (ICH) guidelines.
[35,36]

 

 

Market Trends and Future Prospects 

Continuous advancements in formulation technologies 

and increasing demand for targeted drug delivery 

systems are driving market trends for gastroretentive 

drug products. Future prospects include the development 

of novel delivery systems incorporating stimuli-

responsive materials, nanotechnology-based approaches, 

and personalized medicine strategies. Additionally, 

expanding applications in areas such as oncology, 

gastroenterology, and neurology are expected to further 

drive market growth and innovation.
[37,38]

 

 

CLINICAL PERSPECTIVES AND REGULATORY 

CONSIDERATIONS 

Clinical trials assessing efficacy and safety- Clinical 

trials play a crucial role in evaluating the efficacy and 

safety of gastroretentive drug products. These trials 

involve rigorous testing in human subjects to assess 

parameters such as pharmacokinetics, 

pharmacodynamics, dosage optimization, and adverse 

effects. The results of these trials provide valuable 

insights into the clinical performance of gastroretentive 

formulations and guide regulatory decision-making.
[39]

 

 

Challenges in scaling up production for 

commercialization  
Scaling up production from laboratory-scale to 

commercial-scale poses several challenges for 

gastroretentive drug products. Factors such as 

formulation complexity, manufacturing process 

scalability, cost-effectiveness, and regulatory compliance 

must be carefully considered. Addressing these 

challenges requires close collaboration between 

formulation scientists, engineers, and manufacturing 

experts to ensure consistent product quality and supply 

chain reliability.
[40]

 

 

Regulatory requirements for gastroretentive drug 

products  
Regulatory agencies such as the FDA and EMA have 

specific guidelines and requirements for the 

development, approval, and commercialization of 

gastroretentive drug products. These requirements 

encompass aspects such as formulation characterization, 

preclinical safety assessment, clinical trial design, 

labeling, and post-marketing surveillance. Compliance 

with regulatory standards is essential to ensure the safety, 

efficacy, and quality of gastroretentive formulations for 

patient use.
[40]

 

 

Market trends and future prospects 

The gastroretentive drug delivery market is witnessing 

rapid growth driven by factors such as increasing 

prevalence of gastrointestinal disorders, advancements in 

formulation technology, and rising demand for targeted 

drug delivery systems. Market trends include the 

development of novel gastroretentive platforms, 

expansion of indications beyond gastrointestinal 

disorders, and adoption of advanced manufacturing 

techniques. Future prospects may involve the integration 

of innovative drug delivery systems such as stimuli-

responsive platforms, personalized medicine approaches, 

and smart dosage forms for real-time monitoring and 

control.
[41]
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CASE STUDIES AND RECENT ADVANCES 

Notable examples of commercially available 

gastroretentive tablets 

 Several gastroretentive tablets have been successfully 

commercialized for various therapeutic indications. 

These include formulations such as Protonix 

(pantoprazole) for the treatment of gastroesophageal 

reflux disease (GERD), Glumetza (metformin) for the 

management of type 2 diabetes, and Ditropan XL 

(oxybutynin) for overactive bladder. These products 

demonstrate the feasibility and clinical utility of 

gastroretentive drug delivery systems in improving 

patient outcomes.
[42]

 

 

Recent research developments and innovations in 

formulation technology 
Recent advances in gastroretentive drug delivery 

technology have focused on enhancing formulation 

versatility, improving drug release kinetics, and 

optimizing patient adherence. Innovations include the 

development of novel polymers for mucoadhesion, 

stimuli-responsive systems for site-specific drug release, 

and nanotechnology-based approaches for targeted 

delivery. These advancements hold promise for 

addressing unmet clinical needs and expanding the 

therapeutic applications of gastroretentive 

formulations.
[43]

 

 

Emerging trends in gastroretentive drug delivery 
Emerging trends in gastroretentive drug delivery 

encompass diverse areas such as personalized medicine, 

nanomedicine, and digital health. Stimuli-responsive 

systems that enable on-demand drug release in response 

to physiological cues, such as pH or temperature 

changes, are gaining traction for targeted therapy. 

Nanotechnology-based approaches, including 

nanoparticle formulations and drug conjugates, offer 

opportunities for enhanced drug delivery efficiency and 

reduced systemic toxicity. Additionally, digital health 

technologies such as smart pills and wearable devices are 

being integrated with gastroretentive formulations to 

enable real-time monitoring of treatment adherence and 

therapeutic response.
[44]

 

 

CLINICAL PERSPECTIVES AND REGULATORY 

CONSIDERATIONS 

Clinical trials assessing efficacy and safety 
Clinical trials play a crucial role in evaluating the 

efficacy and safety of gastroretentive drug delivery 

systems. These trials assess parameters such as drug 

release profile, pharmacokinetics, bioavailability, and 

therapeutic outcomes in human subjects. They provide 

valuable data to support regulatory submissions and 

ensure the safety and efficacy of gastroretentive products 

before they reach the market. 

 

Challenges in scaling up production for 

commercialization 
Scaling up production of gastroretentive drug delivery 

systems presents various challenges, including 

optimization of manufacturing processes, ensuring batch-

to-batch consistency, and meeting regulatory 

requirements. Factors such as equipment selection, 

formulation complexity, and cost-effectiveness need to 

be carefully considered to ensure successful 

commercialization.
[47,48]

 

 

Regulatory requirements for gastroretentive drug 

products 
Regulatory agencies such as the FDA and EMA provide 

guidelines and requirements for the development, 

registration, and marketing authorization of 

gastroretentive drug products. These requirements cover 

aspects such as quality, safety, efficacy, 

pharmacokinetics, and pharmacodynamics. Compliance 

with regulatory standards is essential to ensure the 

approval and commercialization of gastroretentive 

formulations.
[49,50]

 

 

Market trends and future prospects 
The gastroretentive drug delivery market is witnessing 

significant growth, driven by factors such as increasing 

prevalence of gastrointestinal disorders, advancements in 

drug delivery technologies, and rising demand for 

targeted and controlled-release formulations. Emerging 

trends include the development of stimuli-responsive 

systems, nanotechnology-based approaches, and 

personalized medicine strategies, which hold promise for 

improving therapeutic outcomes and patient 

compliance.
[51,52]

 

 

CONCLUSION 

In conclusion, gastroretentive drug delivery systems 

represent a promising avenue for improving the 

bioavailability and therapeutic efficacy of various drugs, 

especially those with poor water solubility or narrow 

absorption windows. Through strategies such as floating 

systems, swelling and expanding systems, bioadhesive 

systems, and high-density systems, these formulations 

address challenges encountered in conventional drug 

delivery, offering prolonged gastric residence time, 

enhanced drug absorption, and improved patient 

compliance. 

 

Polymer selection, incorporation of gas-generating 

agents, and manufacturing techniques play vital roles in 

formulating effective gastroretentive dosage forms. By 

leveraging these formulation strategies and techniques, 

gastroretentive tablets can provide controlled release, 

targeted delivery, and sustained drug release, leading to 

better treatment outcomes and patient adherence. 

 

Continued research and development in this field hold 

significant promise for addressing unmet clinical needs 

and advancing pharmaceutical technology. Future 

innovations may involve stimuli-responsive systems, 

nanotechnology-based approaches, and personalized 

medicine strategies, further enhancing the therapeutic 

potential of gastroretentive drug delivery systems. 
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Overall, the comprehensive review of gastroretentive 

drug delivery systems presented in this article 

underscores their importance in pharmaceutical 

development and clinical practice, paving the way for 

improved drug delivery and patient care. 

 

ABBREVATION 

1. GRDDS - Gastroretentive Drug Delivery Systems 

2. GERD - Gastroesophageal Reflux Disease 

3. FDA - U.S. Food and Drug Administration 

4. EMA - European Medicines Agency 

5. cGMP - Current Good Manufacturing Practice 

6. ICH - International Conference on Harmonisation 

7. FTIR - Fourier-transform Infrared Spectroscopy 

8. DSC - Differential Scanning Calorimetry 

9. SEM - Scanning Electron Microscopy 

10. NaCMC - Sodium Carboxymethylcellulose 

11. PAA - Poly(acrylic acid) 
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