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Abstract:  
Gastro-retentive drug delivery systems (GRDDS) are innovative oral formulations designed to enhance 
the bioavailability and therapeutic efficacy of drugs with narrow absorption windows in the upper 
gastrointestinal tract. By prolonging gastric residence time, GRDDS enable sustained drug release, 
reduce dosing frequency, and improve patient compliance. Several strategies, including floating, 
bioadhesive, swelling, and high-density systems, have been developed to achieve effective gastro-
retention. This review summarizes the physiological factors influencing gastric retention, various 
formulation approaches, and key evaluation techniques. It further discusses clinical applications, recent 
technological advances, and challenges associated with GRDDS. A critical analysis of their advantages 
and limitations is presented, along with insights into future directions, highlighting the role of novel 
polymers, nanotechnology, and 3D printing in overcoming existing barriers and translating GRDDS 
into successful clinical products. 
Keywords: Gastro-retentive drug delivery systems, gastric retention, floating systems, bioadhesive 
systems, controlled release, oral bioavailability, sustained drug release, nanotechnology. 
 
 

 

1. Introduction 
 

Oral drug delivery is the most preferred and 
widely accepted route of administration owing 
to its non-invasive nature, cost-effectiveness, 
and suitability for large-scale manufacturing. 
Despite these advantages, conventional oral 
dosage forms are often limited by unpredictable 
gastric emptying, variable gastrointestinal 
transit times, and reduced bioavailability, 
especially for drugs that are absorbed primarily 
in the stomach or upper small intestine. 
Compounds with a narrow absorption window 
(e.g., riboflavin, levodopa, furosemide) or those 
unstable in the alkaline environment of the 
intestine exhibit suboptimal therapeutic efficacy 
when delivered through standard formulations. 
(Mishra, et al, 2024) 

The stomach, characterized by its acidic pH and 
variable motility patterns, presents both 
opportunities and challenges for drug delivery. 
Gastric emptying typically occurs within 2–3 
hours in the fasted state and 4–6 hours in the fed 
state, limiting the residence time of conventional 
dosage forms. Consequently, many drugs pass 
beyond their optimal absorption site before 
being fully absorbed, resulting in decreased 
systemic availability. To overcome this 
drawback, gastro-retentive drug delivery 
systems (GRDDS) have been developed to 
prolong gastric retention, enabling sustained 
release and improved absorption. (Miyazaki, S., 
et al, 1988).
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Gastro-retention offers significant benefits in the 
following contexts: 
• Drugs with local gastric action (e.g., 

antacids, antibiotics for Helicobacter 
pylori). 

• Drugs with narrow absorption windows 
(e.g., riboflavin, metformin, levodopa). 

• Drugs poorly soluble in alkaline pH (e.g., 
diazepam, ferrous salts). 

• Peptides and unstable compounds that 
degrade in the intestinal or colonic 
environment. 

• In addition to improving therapeutic 
efficacy, GRDDS reduce dosing frequency, 

enhance patient compliance, and maintain 
steady plasma drug concentrations. Several 
gastro-retentive strategies—including 
floating systems, bioadhesive systems, 
swelling/expandable systems, and high-
density systems—have been explored, each 
employing distinct mechanisms to extend 
gastric residence. With ongoing 
advancements in polymer science, 
nanotechnology, and 3D printing, GRDDS 
continue to evolve as a promising platform 
for controlled and targeted drug delivery. 
(Patel D., et al.2007).

 
Table 1: Challenges in Conventional Oral Drug Delivery vs. Role of GRDDS 

Challenges in Oral Drug Delivery How GRDDS Overcomes Them 
Rapid gastric emptying → short residence time 
of dosage form 

Prolonged gastric retention via floating, swelling, 
bioadhesion, or high-density mechanisms 

Variable absorption in different regions of GIT Maintains drug release in the stomach and upper 
intestine (site-specific absorption) 

Reduced bioavailability of drugs with narrow 
absorption window 

Improves bioavailability by retaining drug in 
absorption window for longer 

Instability of drugs in alkaline pH of intestine Protects drugs by retaining them in acidic gastric 
environment 

Frequent dosing required for short half-life drugs Sustained and controlled release reduces dosing 
frequency 

Fluctuation in plasma drug levels Provides more consistent and predictable plasma 
concentration 
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2. Physiological Considerations for GRDDS 
• The performance of gastro-retentive drug 

delivery systems (GRDDS) is strongly 
influenced by the complex physiological 
environment of the stomach. 

Several factors determine the gastric residence 
time of a dosage form and, consequently, its 
effectiveness in sustaining drug release. 
(Andrew, A. 2022) 
• Gastric Motility and Emptying: Gastric 

motility is regulated by the migrating 
myoelectric complex (MMC), which 
consists of cyclic phases of contraction and 
relaxation. In the fasted state, gastric 
emptying occurs more rapidly, whereas in 
the fed state, the process is slower, providing 
a longer retention window for GRDDS. 

• Gastric pH: The pH of the stomach ranges 
from 1.5–2.5 in the fasted state and rises to 
3–6 in the fed state. This variation 
significantly influences drug solubility, 
stability, and the performance of pH-
sensitive polymers used in gastro-retentive 
formulations. 

• Gastric Volume and Fluid Content: The 
gastric fluid volume is typically 25–50 mL 

in the fasted state but increases substantially 
after food intake. The presence of fluid 
facilitates the swelling of expandable 
systems and enhances buoyancy of floating 
dosage forms. 

• Size and Shape of Dosage Form: The 
geometry of the dosage form affects 
retention; larger formulations (>10 mm) and 
specific shapes such as tetrahedrons and 
rings are more resistant to gastric emptying 
compared to smaller or irregular shapes. 

• Density of Dosage Form: The relative 
density of a dosage form is crucial for its 
mechanism of retention. Formulations with 
density less than 1.0 g/cm³ exhibit floating 
behavior, whereas those with density greater 
than 2.5 g/cm³ sink to the bottom of the 
stomach, both strategies aiding prolonged 
retention. 

• Patient-Related Factors: Individual 
characteristics such as age, gender, body 
posture, and pathological conditions (e.g., 
gastroparesis, Crohn’s disease, or peptic 
ulcer disease) can significantly affect gastric 
motility and, hence, the performance of 
GRDDS.

 
Table 2: Physiological Factors Affecting Gastro-Retention and GRDDS Performance 

Factor Description Effect on GRDDS Performance 

Gastric Motility (MMC cycle) Alternating contraction and 
relaxation in fasted and fed states 

Strong MMC in fasted state → 
rapid emptying; Fed state → 
delayed emptying, improves 
GRDDS retention 

Gastric pH 1.5–2.5 (fasted), 3–6 (fed) 
Influences drug 
solubility/stability; acidic pH 
favors weakly basic drugs 

Gastric Volume & Fluid Content 25–50 mL (fasted), increases post-
prandially 

Adequate fluid aids 
swelling/floatation; insufficient 
fluid may reduce effectiveness 

Food Effect 
High-fat and high-calorie meals 
delay emptying; liquids accelerate 
emptying 

Fed state prolongs retention; 
fasting reduces retention 

Dosage Form Size & Shape 
Small (<2 mm) pass quickly; 
Large (>10 mm) retained longer; 
Shape influences retention 

Ring/tetrahedron shapes show 
better retention than 
cylindrical/spherical 

Dosage Form Density <1.0 g/cm³ → floating; >2.5 g/cm³ 
→ sinking 

Determines gastric residence 
mechanism (floating or sinking 
systems) 
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Patient-Related Factors Age, gender, disease state (e.g., 
diabetes, gastroparesis) 

Can accelerate or delay gastric 
emptying; influences GRDDS 
performance 

Factor Description Effect on GRDDS Performance 

Gastric Motility (MMC cycle) Alternating contraction and 
relaxation in fasted and fed states 

Strong MMC in fasted state → 
rapid emptying; Fed state → 
delayed emptying, improves 
GRDDS retention 

 
Approaches in GRDDS 
Several formulation strategies have been 
developed to achieve gastric retention, each 
employing distinct mechanisms to overcome 
rapid gastric emptying. The major approaches 
are as follows: 
3.1 Floating Systems 
Floating drug delivery systems (FDDS) are 
among the most widely investigated GRDDS. 
Their mechanism relies on reducing the dosage 
form’s density to less than that of gastric fluid 
(approximately 1.004 g/cm³), enabling it to 

remain buoyant on the gastric contents for 
prolonged periods. This buoyancy delays gastric 
emptying and ensures extended drug release. 
(Fouladi, F., & Mortazavi, S. A. 2012) 
• Effervescent Systems: These contain gas-

generating agents such as sodium 
bicarbonate, citric acid, or tartaric acid, 
which react with gastric acid to release 
carbon dioxide. The generated gas gets 
trapped within the polymer matrix, 
imparting buoyancy.

 

 
 

Non-effervescent Systems: These employ 
swellable polymers such as hydroxypropyl 
methylcellulose (HPMC), chitosan, alginate, or 
carbopol. Upon hydration, the polymers form a 
gel barrier and decrease system density, 
allowing the dosage form to float. 
3.2 Bioadhesive/Mucoadhesive Systems 
These systems rely on adhesion to the gastric 
mucosa to prolong residence time. By forming 
strong hydrogen bonds or electrostatic 

interactions with mucin, the dosage form 
remains attached to the stomach wall even 
during peristalsis. Commonly used 
mucoadhesive polymers include carbopol, 
chitosan, polycarbophil, and sodium alginate. 
Bioadhesion not only ensures gastric retention 
but also provides localized drug delivery at the 
gastric mucosal surface. (Brody, T. 2016). 
3.3 Swelling/Expandable Systems 
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Expandable systems are designed to swell upon 
contact with gastric fluid, increasing in size 
beyond the pyloric sphincter opening (~12–15 
mm). This prevents premature transit into the 
small intestine. Swelling is typically achieved 
using superporous hydrogels, cross-linked 
polyacrylates, or natural polysaccharides. These 
materials rapidly absorb gastric fluid and expand 
in volume while maintaining mechanical 
integrity. Once drug release is complete, the 
system gradually degrades or disintegrates to 
allow safe passage. (Shaikh, S. C., et al, 2018) 
3.4 High-Density Systems 
Unlike floating systems, high-density dosage 
forms are designed with a density greater than 
2.5 g/cm³. Such formulations sink to the bottom 
of the stomach and resist peristaltic waves that 
normally expel gastric contents. Excipients like 
barium sulfate, zinc oxide, and titanium dioxide 
are often used to increase density. This approach 
ensures prolonged gastric residence, especially 
in the fed state when gastric emptying is slower. 
(Chatterjee, B., et al, 2017) 
4. Advantages of GRDDS 
Gastro-retentive drug delivery systems 
(GRDDS) offer significant clinical and 
pharmaceutical benefits compared to 
conventional oral dosage forms. Their ability to 
prolong gastric residence and release drugs in a 
controlled manner makes them especially 
valuable for drugs with narrow absorption 
windows or localized gastric activity. (Garg, T., 
et al, 2014). 
4.1 Enhanced Bioavailability 
Several drugs, including riboflavin, furosemide, 
and levodopa, exhibit limited absorption in the 
upper small intestine. Conventional dosage 
forms often pass through the absorption window 
too quickly, leading to suboptimal systemic 
exposure. GRDDS overcome this limitation by 
retaining the drug in the stomach, thereby 
allowing maximum absorption and improved 
bioavailability. (Andrew, A., 2022). 
4.2 Sustained and Controlled Release 
By extending gastric residence time, GRDDS 
enable sustained and predictable drug release. 
This minimizes sharp fluctuations in plasma 
drug concentrations, reduces the risk of dose-

dependent adverse effects, and provides a more 
consistent therapeutic effect. Such controlled 
release profiles are particularly beneficial for 
drugs with a narrow therapeutic index. (Raza M., 
et al,2022). 
4.3 Reduced Dosing Frequency and 
Improved Patient Compliance 
The prolonged release characteristics of 
GRDDS allow for less frequent dosing, 
decreasing pill burden. This enhances patient 
adherence, especially in chronic therapies such 
as hypertension, diabetes, and Parkinson’s 
disease, where long-term compliance is essential 
for successful treatment outcomes. 
4.4 Targeted Local Action in the Stomach 
GRDDS are highly advantageous for drugs 
intended to act locally in the stomach. Examples 
include antacids, anti-ulcer agents (ranitidine, 
famotidine), and antibiotics for Helicobacter 
pylori eradication (e.g., amoxicillin, 
clarithromycin, metronidazole). Localized 
retention improves drug efficacy, reduces 
required doses, and minimizes systemic side 
effects. 
4.5 Protection of Labile Drugs 
Certain drugs are unstable or degrade rapidly in 
the alkaline environment of the intestine and 
colon. By retaining the drug within the acidic 
gastric milieu, GRDDS can protect acid-soluble 
and pH-sensitive drugs, thereby preserving 
stability and therapeutic activity. 
4.6 Economic and Industrial Advantages 
Compared to parenteral sustained-release 
formulations, oral GRDDS are more cost-
effective, less invasive, and easier to administer. 
They are compatible with standard 
manufacturing processes, making them suitable 
for large-scale production and enhancing their 
commercial feasibility. 
5. Limitations of GRDDS 
Despite their numerous advantages, gastro-
retentive drug delivery systems (GRDDS) face 
several physiological, formulation, and patient-
related challenges that can limit their 
effectiveness and clinical applicability. (Jain, S., 
& Srinivasan, B. 2023) 
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5.1 Variable Gastric Residence Time 
Gastric motility and emptying patterns vary 
significantly among individuals and are 
influenced by factors such as food intake, body 
posture, age, and pathological conditions. This 
variability can lead to unpredictable drug release 
and absorption, reducing the consistency of 
therapeutic outcomes. 
5.2 Unsuitability for Certain Drugs 
• Drugs unstable in acidic pH (e.g., 

erythromycin, omeprazole) may degrade in 
the stomach and are unsuitable for GRDDS. 

• Drugs that cause gastric irritation (e.g., 
aspirin, non-steroidal anti-inflammatory 
drugs) may exacerbate side effects due to 
prolonged gastric retention. 

5.3 Dose Limitation 
High-dose drugs may be difficult to formulate as 
a single gastro-retentive unit without increasing 
size and risking patient discomfort. Multi-unit 
systems may be required, which can complicate 
formulation and reduce convenience. 
5.4 Formulation Challenges 
Developing dosage forms that reliably float, 
swell, or adhere under varying gastric conditions 
is technically demanding. Achieving 
reproducibility and scaling up these 
formulations for industrial production presents 
additional challenges. 
5.5 Patient-Related Limitations 
• GRDDS are not recommended for patients 

with gastrointestinal obstruction, 
gastroparesis, or motility disorders. 

• Elderly patients or those with delayed gastric 
emptying may experience unpredictable 
gastric retention and drug absorption. 

5.6 Ethical and Clinical Considerations 
Certain GRDDS technologies, such as 
expandable or swelling systems, may cause 
discomfort, bloating, or even obstruction if not 
properly optimized. Careful design and clinical 
evaluation are necessary to ensure patient safety. 
6. Evaluation Parameters of GRDDS 
The evaluation of GRDDS is critical to ensure 
safety, efficacy, and performance.(Kumar V., et 
al. 2024). Studies are typically divided into in 
vitro, in vivo, and in silico methods: 
 

6.1 In Vitro Evaluation 
• Floating Behavior 
o Floating Lag Time (FLT): Time taken for 

dosage form to rise to the surface. 
o Total Floating Time (TFT): Duration of 

buoyancy in simulated gastric fluid. 
• Swelling Index / Water Uptake 
o Measures the extent of polymer hydration 

and expansion. 
• Mucoadhesion Strength 
o Determined by texture analyzer or 

detachment force studies against gastric 
mucosa. 

• Drug Release Studies 
o Carried out in simulated gastric fluid (SGF, 

pH 1.2) to assess dissolution and sustained 
release kinetics. 

6.2 In Vivo Evaluation 
• Radiographic Studies (X-ray/γ-

scintigraphy): Dosage forms labeled with 
radio-opaque markers or radionuclides are 
tracked for gastric retention. 

• Endoscopic Studies: Direct visualization of 
dosage form behavior inside stomach. 

• Pharmacokinetic Studies: Plasma 
concentration-time profile used to assess 
bioavailability improvement. 

6.3 In Silico / Computational Studies 
• Physiologically Based Pharmacokinetic 

(PBPK) Modeling: Predicts absorption and 
release profiles based on gastric physiology. 

• Simulation of gastric motility: Helps 
optimize design before in vivo testing. 

6.4 General Quality Control Parameters 
Like all oral dosage forms, GRDDS must also be 
evaluated for: 
• Hardness, friability, thickness, and weight 

variation (for tablets). 
• Content uniformity and drug assay. 
7. Recent Advances in GRDDS 
Continuous innovations in material science, 
nanotechnology, and fabrication techniques 
have advanced the scope of GRDDS beyond 
conventional floating or bioadhesive systems. 
(Pushpamalar, J., et al,2021) 
7.1 Nanoparticle-Loaded GRDDS 
Nanoparticles incorporated within gastro-
retentive matrices improve drug solubility, 
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stability, and absorption. For example, 
nanoemulsion-based floating tablets of poorly 
water-soluble drugs (like curcumin) have shown 
enhanced bioavailability. 
7.2 3D Printing of GRDDS 
Additive manufacturing (3D printing) enables 
precise control over dosage form geometry, 
porosity, and drug release profiles. It allows 
personalization of GRDDS tailored to patient-
specific needs and drug pharmacokinetics. 
7.3 Smart Polymers and Stimuli-Responsive 
Systems 
Polymers sensitive to pH, temperature, or 
enzymatic activity can achieve “on-demand” 
drug release. Example: pH-sensitive hydrogels 
that swell in acidic gastric pH but shrink in 
neutral intestinal pH, ensuring site-specific 
action. 
7.4 Combination Systems 
Hybrid GRDDS combine multiple mechanisms, 
e.g., floating-bioadhesive systems or swelling-
floatable systems, to maximize retention 
efficiency. These multifunctional systems 
overcome limitations of single-mechanism 
formulations. 
7.5 Multi-Unit GRDDS (MUGRDDS) 
Instead of a single large unit, multiple smaller 
gastro-retentive particles (microspheres, beads, 
minitablets) distribute uniformly in the stomach, 
reducing risk of dose-dumping and providing 
more consistent drug release. 
7.6 Novel Carriers and Natural Polymers 
Biodegradable and natural polymers (chitosan, 
alginate, xanthan gum) are gaining attention for 
their safety, biocompatibility, and sustainable 
production in GRDDS formulations. 
8. Applications of GRDDS 
GRDDS are applied across a wide spectrum of 
therapeutic classes: 
8.1 Eradication of Helicobacter pylori 
• Localized delivery of antibiotics such as 

amoxicillin, clarithromycin, and 
metronidazole provides high local 
concentrations in the gastric mucosa, 
improving eradication rates.( Patel K., et al, 
2022). 

 
 

8.2 Antihypertensive Therapy 
• Drugs like propranolol, verapamil, and 

nifedipine show narrow absorption windows 
and benefit from controlled release GRDDS, 
ensuring steady plasma levels and improved 
cardiovascular outcomes. 

8.3 Antidiabetic Therapy 
• Metformin, the first-line drug for type 2 

diabetes, shows site-specific absorption in 
the upper small intestine. Floating tablets of 
metformin improve absorption and glycemic 
control. 

8.4 Antiulcer and Acid-Suppressing Agents 
• Ranitidine, famotidine, and misoprostol 

benefit from gastric targeting for enhanced 
therapeutic activity in treating gastric ulcers. 

8.5 CNS Drugs 
• Levodopa (for Parkinson’s disease) and 

gabapentin demonstrate enhanced 
absorption and prolonged action when 
formulated as GRDDS. 

8.6 Nutraceuticals and Vitamins 
• Drugs and nutrients like riboflavin, iron 

salts, and calcium supplements show 
improved uptake when delivered using 
gastro-retentive dosage forms. 

9. Future Prospects of GRDDS 
The field of GRDDS is evolving rapidly, and 
future research directions include: 
9.1 Integration with Personalized Medicine 
With advances in pharmacogenomics and 3D 
printing, GRDDS can be customized to match 
patient-specific needs, drug metabolism 
patterns, and disease progression. (Lodh H., et 
al, 2020). 
9.2 Development of Intelligent GRDDS 
Emerging research focuses on smart, stimuli-
responsive GRDDS that respond to 
physiological triggers (e.g., pH changes, 
enzymes, gastric motility) for precise drug 
release. 
9.3 Biopolymer and Green Technology 
Approaches 
The move toward eco-friendly, sustainable 
polymers (e.g., plant-based gums, marine 
polysaccharides) will reduce toxicity and 
improve biocompatibility of GRDDS. 
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9.4 Combination with Nanotechnology 
The merging of nanocarriers with gastro-
retentive platforms may revolutionize the 
delivery of poorly soluble, unstable, or peptide 
drugs by protecting them in the stomach and 
enhancing absorption. 
9.5 Clinical Translation and Regulatory 
Acceptance 
Despite many experimental successes, only a 
few GRDDS have reached the market. Future 
focus should be on clinical trials, scale-up 
feasibility, and regulatory guidelines to translate 
laboratory concepts into viable therapies. 
9.6 Expansion into New Drug Classes 
GRDDS hold potential for biologics, vaccines, 
and gene therapy vectors, provided stability 
challenges in the stomach can be addressed 
using protective and mucoadhesive carriers. 
10. Inference 
Gastro-retentive drug delivery systems 
(GRDDS) represent one of the most promising 
innovations in oral controlled drug delivery, 
particularly for drugs with narrow absorption 
windows, poor solubility in alkaline pH, or those 
requiring localized gastric action. The diversity 
of approaches—floating, swelling, bioadhesive, 
and high-density systems—demonstrates the 
adaptability of GRDDS to various therapeutic 
needs. From the compiled evidence, it is clear 
that GRDDS significantly enhance 
bioavailability, therapeutic efficacy, and patient 
compliance compared to conventional dosage 
forms. However, physiological variability, 
formulation complexity, and limitations in 
scalability remain critical barriers to clinical 
translation. Recent advances such as 3D 
printing, stimuli-responsive polymers, and 
nanotechnology are bridging these gaps and 
expanding the applicability of GRDDS. The 
future of this field lies in personalized medicine, 
eco-friendly biomaterials, and regulatory 
acceptance, which together will determine the 
real-world success of gastro-retentive platforms. 
In summary, GRDDS are not just a theoretical 
innovation but a clinically relevant strategy with 
the potential to transform oral drug delivery if 
ongoing challenges are systematically addressed 

through interdisciplinary research and 
translational studies. 
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