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ABSTRACT

Gastroretentive Drug Delivery Systems (GRDDS) are oral controlled drug delivery systems
designed to prolong the gastric residence time (GRT) of dosage forms. These systems are
particularly beneficial for drugs that exhibit a narrow absorption window in the upper
gastrointestinal tract, are unstable at intestinal pH, or act locally in the stomach. GRDDS
enhances bioavailability, reduces dosing frequency, and improves therapeutic outcomes.
Various approaches such as floating systems, bioadhesive systems, swelling systems,
expandable systems, and high-density systems have been developed to achieve prolonged
gastric retention. This review discusses the physiology of the stomach, need for GRDDS,

formulation strategies, evaluation parameters, advantages, limitations, and future prospects.

KEYWORDS: Gastroretentive systems, floating drug delivery, gastric residence time,

bioadhesive systems, controlled release.
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1. INTRODUCTION

Oral drug delivery is the most widely accepted route of administration due to convenience
andpatientcompliance. However,conventionaldosageformsoftensufferfromshortgastric
residence time and unpredictable gastric emptying, leading to reduced bioavailability of

certain drugs [1].

GastroretentiveDrugDeliverySystems(GRDDS)aredesignedtoremaininthestomachfor
aprolongedperiod,therebyenhancingdrugabsorptionintheuppergastrointestinaltract[2]. These
systems are particularly useful for drugs absorbed primarily from the stomach or proximal

small intestine.

2. Physiology of the Stomach and Gastric Emptying
Thestomachconsistsoffundus,body,antrum,andpylorus.Gastricemptyingoccursthrough
coordinated motility patterns known as the Migrating Myoelectric Complex (MMC), which

occurs every 90—120 minutes during fasting [3].

Thestomachconsistsoffundus,body,antrum,andpylorus.Gastricemptyingoccursthrough
coordinated motility patterns known as the Migrating Myoelectric Complex (MMC), which

occurs every 90—120 minutes during fasting [3].

Factorsaffectinggastricretention include
o Densityofdosageform

o Sizeandshape

o Fedorfasting state

o Natureofgastricmotility

UnderstandingthesefactorsisessentialfordesigningeffectiveGRDDS|[4].

3. NeedforGastroretentiveDrugDeliverySystems
GRDDSissuitablefordrugsthat:

e Haveanarrowabsorptionwindow

o ArepoorlysolubleatalkalinepH

o Actlocallyinthestomach

e Undergorapidintestinalmetabolism
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Examples include:
e Merformin
e Levodopa

o Ranitidine
Thesedrugsshowimprovedbioavailabilitywhenretainedinthestomachforextended periods [5].

4. Approaches of GRDDS
4.1 Floating Drug Delivery Systems(FDDS)

Floatingsystemshaveadensitylowerthangastricfluid,enablingthemtofloatonstomach  contents

[6].

Types:
o  Effervescentsystems(gas-generatingagentssuchassodium bicarbonate)

e Non-effervescentsystems(hydrophilicpolymerslike HPMC)
Thesesystemsprolonggastricretentionandprovidesustaineddrugrelease.

4.2 Bioadhesive(Mucoadhesive)Systems
ThesesystemsadheretothegastricmucosausingpolymerssuchasCarbopolandchitosan,  thereby

prolonging residence time [7].

4.3 SwellingandExpandingSystems
Thesedosageformsswellafterabsorbinggastricfluid,increasinginsizetopreventpassage through

the pylorus [8].

4.4 High-DensitySystems
Thesesystemspossessadensitygreaterthangastriccontentsandsinktothebottomofthe ~ stomach,

thereby increasing retention [9].

4.5 Raft-FormingSystems
Raft-formingsystemscreateaviscousgelthatfloatsongastriccontentsandarecommonly used in

GERD treatment [10].
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5. FormulationConsiderations

ImportantfactorsinGRDDSformulationinclude:

Drugsolubilityand stabilityinacidicpH
Polymerselection(HPMC,sodiumalginate,polyethylene oxide)
Dosageformsize(>7.5mm preferred)

Gastricmotility conditions

Carefuloptimizationensurescontrolleddrugreleaseandprolongedretention.

6. EvaluationParameters

GRDDSareevaluatedby:

Floatinglagtime
Totalfloatingduration
Swellingindex

In-vitro dissolution studies

In-vivoimagingtechniques(X-ray,gamma scintigraphy)

Theseparametersensureeffectivenessandreproducibility[4].

9.
Advancesinpolymerscience,nanotechnology,and3Dprintingareenablingdevelopmentof smart

gastroretentive systems. Combination strategies such as floating—bioadhesive systems may

Advantages
Improvedbioavailability
Reduceddosing frequency
Enhancedtherapeuticefticacy
Betterpatient compliance

Reducedplasmalevel fluctuations

Limitations
NotsuitablefordrugsunstableinacidicpH
Notappropriatefordrugscausinggastric irritation
Variabilityduetogastricmotility
Limitedapplicabilityforhigh-dose drugs

FuturePerspectives

further improve gastric retention and therapeutic outcomes.
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CONCLUSION

Gastroretentive Drug Delivery Systems provide an effective approach to enhance the

bioavailabilityofdrugswithnarrowabsorptionwindowsintheuppergastrointestinaltract. Various

techniques including floating, mucoadhesive, swelling, and high-density systems have been

successfully developed. Despite certain limitations, GRDDS holds significant promise in

modern pharmaceutical research and development.
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