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Abstract—Diabetes mellitus is a chronic metabolic disorder 

requiring consistent pharmacotherapy. Many antidiabetic 

agents, including metformin, glipizide, and glimepiride, 

exhibit limited oral bioavailability due to narrow absorption 

windows and rapid gastrointestinal transit. Gastroretentive 

drug delivery systems (GRDDS) prolong gastric residence 

time, enabling controlled release and enhanced absorption of 

these agents. Recent advances in GRDDS include floating, 

mucoadhesive, swellable/expandable systems, and 

nanotechnology-based carriers. This review summarizes 

contemporary strategies for enhancing the oral 

bioavailability of antidiabetic drugs, highlighting polymer 

selection, design innovations, challenges, and future 

perspectives in personalized and stimuli-responsive 

GRDDS. 

Index Terms—Gastroretentive drug delivery, Antidiabetic 

agents, Metformin, Floating systems, Mucoadhesive, Oral 

bioavailability, Controlled release. 

I. INTRODUCTION 

Oral drug delivery is preferred for chronic 

diseases like diabetes mellitus due to ease of 

administration and patient compliance. However, 

several antidiabetic drugs are absorbed primarily in the 

stomach or upper small intestine and exhibit poor 

solubility or short half-lives. Conventional oral dosage 

forms often result in fluctuating plasma levels and 

suboptimal therapeutic efficacy. Gastroretentive drug 

delivery systems (GRDDS) are designed to prolong 

gastric residence, ensuring sustained drug release in 

the stomach or proximal intestine. By maintaining 

therapeutic concentrations over extended periods, 

GRDDS can reduce dosing frequency and improve 

glycemic control. 

II. RATIONALE FOR GRDDS IN ANTIDIABETIC 

THERAPY 

• Absorption window limitation: Many drugs, 

such as metformin, are primarily absorbed in the 

upper gastrointestinal tract. 

• Short half-life: Frequent dosing is required to 

maintain plasma levels. 

• Variable gastric emptying: Physiological 

factors, food intake, and disease state affect drug 

residence and absorption. 

Advantages of GRDDS: 

• Prolonged gastric retention 

• Controlled drug release 

• Improved oral bioavailability 

• Reduced dosing frequency 

• Enhanced patient compliance 

III. FORMULATION STRATEGIES & 

MATERIALS 

Polymers and Excipients 

• Important choice of polymers: viscosity, 

molecular weight, pH response. 

• Gas formers: sodium bicarbonate, citric acid, etc., 

used for floating systems. 

• Mucoadhesive polymers: chitosan, thiolated 

polymers, polyacrylates. 

Controlled Release Techniques 

• Combining GRDDS with controlled-release 

technologies can optimize both retention and drug 

release. 

• Layered systems, matrix systems, multi-

particulate systems. 

Microparticulate Systems 

• Microparticles (microspheres, microcapsules) to 

deliver antidiabetics like metformin. 

• Advantages: uniform distribution, avoid dose 

dumping, possible reduced GI irritation. 

Novel Fabrication Techniques 

• Use of 3D printing / additive manufacturing for 

custom geometry. 

• Nanoparticles embedded in GRDDS for dual 

control (retention + release). 

IV. RECENT ADVANCES (2023–2025) 

• Osmotically Controlled Expandable Systems: 

Long gastric retention for metformin (up to 24 h). 

• Dual-Drug Nanocarriers: Co-delivery of 

metformin and glipizide for combination therapy 

with controlled release. 

• Floating-Mucoadhesive Hybrids: Combine 

buoyancy and adhesion to maximize gastric 

retention. 
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• Stimuli-Responsive GRDDS: Systems that 

adapt to gastric pH or motility for on-demand 

release. 

• 3D-Printed Personalized GRDDS: Tailored 

geometry and dose for patient-specific therapy. 

V. CHALLENGES IN GRDDS DEVELOPMENT 

• Inter- and intra-individual variability in gastric 

motility 

• Altered gastric emptying in diabetic patients 

• Risk of obstruction or discomfort from 

expandable systems 

• Scale-up and manufacturing challenges 

• Regulatory concerns and in vivo variability 

• Patient acceptability of larger or complex dosage 

forms 

VI. FUTURE PERSPECTIVES 

• Personalized GRDDS: Tailored to patient-

specific gastric physiology 

• Integration with Controlled Release 

Technologies: Multi-layer tablets, osmotic 

pumps 

• Stimuli-Responsive Polymers: Smart systems 

releasing drugs in response to pH or gastric 

motility 

• Combination Therapy: GRDDS for dual or 

multiple antidiabetic agents 

• Improved In Vitro/In Vivo Correlation: 

Predictable performance for regulatory approval 

VII. CONCLUSION 

GRDDS provide a promising platform for 

enhancing the oral bioavailability of antidiabetic 

agents. Recent innovations in floating, mucoadhesive, 

swellable, and nanotechnology-based systems have 

demonstrated enhanced gastric retention, controlled 

release, and improved therapeutic outcomes. Future 

research focusing on personalized, stimuli-responsive, 

and combination GRDDS could further revolutionize 

oral antidiabetic therapy. 

REFERENCES 

1. Kumar Sah B, Lakshmi C, Patil S. Formulation and 

evaluation of folding film in a capsule for 

gastroretentive drug delivery system of Losartan 

Potassium. Int J Pharma Chem Res. 6(1). 

2. Isla S, Bhowmik S, Pathan M. Formulation and 

Evaluation of Metformin Hydrochloride 

Sublingual Film. Bangladesh Pharm J. 

2025;28(2):152–159. 

3. Mali KD. Floating film drug delivery systems: a 

comprehensive review. Int J Pharm Res Appl. 

2024;15(2). 

4. Patil S. Applications of polymers in gastric drug 

delivery. In: Applications of Polymers in Drug 

Delivery. 2021:77–104. 

5. Paccione N. Application of 3D printing on the 

design and development of pharmaceutical oral 

dosage forms. J Control Release. 2024;373:463–

480. 

6. Patra CN. Pharmaceutical significance of Eudragit: 

a review. Future J Pharm Sci. 2017;3(1):33–45. 

7. Arshad MS. A review of emerging technologies 

enabling improved solid oral dosage form 

manufacturing and processing. Adv Drug Deliv 

Rev. 2021;178:113840. 

8. Sen O. Recent advances in alginate-based 

gastroretentive technologies for drug delivery 

applications. Med Novel Technol Devices. 

2023;18:100236. 

9. Datta D. Classes/types of polymers used in oral 

delivery (natural, semisynthetic, synthetic), their 

chemical structure and general functionalities. In: 

Polymers for Oral Drug Delivery Technologies. 

2025:263–333. 

10. Essa EA. Development and evaluation of 

glibenclamide floating tablet with optimum 

release. J Drug Deliv Sci Technol. 2015;27:28–

36. 

11. Ali J. Formulation and development of 

hydrodynamically balanced system for 

metformin: in vitro and in vivo evaluation. Eur J 

Pharm Biopharm. 2007;67(1):196–201. 

12. Huh HW. Novel self-floating tablet for enhanced 

oral bioavailability of metformin based on 

cellulose. J Pharm Sci. 2021;592:120113. 

13. Sabah S. Preparation and evaluation of 

gastroretentive floating unfolding film of 

baclofen. Pharmacia. 2025;72:1–12. 

doi:10.3897/pharmacia.147835. 

14. Bhopaye AG. Development and in-vitro 

characterization of novel gastroretentive floating 

film. Asian J Pharm Educ Res. 2024;13(3). 

15. Hou Z. Design and evaluation of gastro-

swelling/gastro-floating sustained-release tablets 

of brivaracetam for epilepsy therapy. Int J Pharm. 

2023;644:123301. 

16. Shah KA. Rizatriptan-loaded oral fast dissolving 

films: design and characterizations. International 

Journal of Pharmaceuticals. 2022 Dec 1. 

17. Sivaneswari S. Novel expandable gastro-retentive 

system by unfolding mechanism of levetiracetam 

using simple lattice design: formulation 

optimization and in vitro evaluation. Bull Fac 

Pharm Cairo Univ. 2017;55(1):63–72. 



© April 2025 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002 

IJIRT 189030 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8257 

18. Pawar VK. Gastroretentive dosage forms: a review 

with special emphasis on floating drug delivery 

systems. Drug Deliv. 2011 Feb;18(2):97–110. 

19. Klausner EA. Expandable gastroretentive dosage 

forms. J Control Release. 2003 Jun 24;90(2):143–

62. 

20. Gökbulu E. Floating drug delivery system of 

itraconazole: formulation, in vitro and in vivo 

studies. J Drug Deliv Sci Technol. 2019 

Feb;49:491–501. 

21. Patil S. Applications of polymers in gastric drug 

delivery. In: Applications of Polymers in Drug 

Delivery. 2021. p. 77–104. 

22. Sen O. Recent advances in alginate-based 

gastroretentive technologies for drug delivery 

applications. Med Nov Technol Devices. 2023 

Jun;18:100236. 


