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ABSTRACT  

Gastro retentive drug delivery system (GRDDS) is one of the most widely used technique of drug formulation for 

oral controlled delivery of drugs. These formulations help to prolong the gastric residence time, leading to 

increased contact time of drug with the gastric mucosa, therefore better bioavailability is attained and hence 

increased therapeutic activity. Various types of GRDDS systems are available based on their floating and non- 

floating behavior, different polymers were used to develop these gastro retentive systems. Individual systems had 

some deficiencies, they were tried to be eliminated by advanced formulation techniques that includes combination 

of two or more GRDDS in one design. It was observed that the latest combinational approaches lead to formulation 

of improved and effective drug delivery systems with better patient acceptability. 
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INTRODUCTION 

The main objective of all the drug delivery systems is to 

provide therapeutic amount of drug at specific site in 

the body to achieve and maintain optimum therapeutic 

concentrations in the body and exhibit desired 

pharmacological action with minimum adverse effects. 

This objective is achieved by maintaining optimum 

dosing frequency with desirable route of 

administration.[1] Route of administration plays a vital 

role in drug release and its effectiveness, instead of 

various advancements in drug delivery system, till today 

oral route is the most preferred route to due to the ease 

of administration, economical, patient compliance and 

flexibility in formulation. Among drugs, solid oral 

dosage forms represents the preferred class of 

products.[2-5]  It is well known fact that, it is important 

to take medication several times for the treatment of 

ailments, this may lead to fluctuating drug level in body, 

to prevent frequent drug administration and maintain 

therapeutic drug level in body it is essential to 

administer drug by controlled release system. Various 

oral controlled release dosage forms were developed to 

achieve maximum therapeutic effectiveness.[6,7] Oral 

controlled release drug delivery system had various 

advantages like the drug release rate was 

predetermined, predictable and controlled, still there 

were drawbacks with some drugs that showed poor 

bioavailability due to incomplete absorption or 

degradation in the gastro intestinal tract. There are 

certain drugs that are absorbed from specific sites and 

they require release at that particular site only for 

better absorption.[8] In designing of oral controlled 

release system, the most important physiological factor 

that is to be considered is gastric residence time (GRT), 

as it is responsible for the reduction in efficacy of 

therapeutic agent. GRT affects the bioavailability of 

dosage forms along with variable and short gastric 

emptying time, it is also influenced by fasting as well as 

fed states of the stomach. In order to regulate the 

location of drug release from the delivery system 

particularly for those drugs that shows an absorption 

window in the GI tract or drugs with a stability problem, 
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in a specific region of the GI tract and to prolong the 

GRT, led to the development of oral controlled-release 

dosage forms possessing gastric retention capabilities. 

These formulated dosage forms are known as Gastro-

retentive drug delivery system which has the capability 

to couple GRT with drug release for extended time 

period. [9-17] Gastro-retentive drug delivery system 

(GRDDS) can be defined as a system that retains in the 

stomach for a sufficient time interval against all the 

physiological barriers, releasing its active medicament 

in a controlled manner, and finally metabolized in the 

body. Along with systemic effect, GRDDS has been used 

locally to treat gastric and duodenal ulcers, including 

esophagitis, by eradicating the deeply buried 

Helicobacter pylori from the sub mucosal tissue of the 

stomach.  

Gastro retentive Dosage Form 

These formulations can reside in the gastric region for 

several hours and thus, prolong the gastric residence 

time of the drugs, on oral administration these dosage 

forms are retained in the stomach and releases the drug 

in a controlled and sustained manner so that the drug 

can be supplied continuously in the upper gastro 

intestinal tract. This prolonged gastric retention 

enhances bioavailability, decreases drug wastage, and 

improves solubility of drugs that are less soluble at high 

pH environment. [18,19]  

Ideal characteristics of drugs for GRDDS 

Drug molecules that have poor colonic absorption but 

have improved absorption at upper region of gastro 

intestinal tract are desirable candidates for the 

formulation of GRDDS. Identification of physical, 

chemical and biological properties of the drug should be 

determined before development of GRDDS. 

Biopharmaceutical parameters also play a vital role in 

delivery of a drug through GIT. Excipients also play an 

important role in formation of a drug delivery system, 

so, it is essential to perform the compatibility study 

between drug and excipients or between selected 

excipients. Examples of drugs that are suitable to be 

designed as GRDDS: Misoprostol, Diazepam, Captopril 

etc.[20-24]  

Advantages of Gastroretentive Drug Delivery Systems 

1. GRDDS helps to maintain a constant therapeutic 

level of drug for longer period of time, example 

Beta lactam antibiotics. 

2. These controlled release formulations of drugs 

with short half life, decreases dosing frequency, 

hence improves patient compliance. 

3. Therapeutic efficiency of drug is enhanced.[25] 

4. They reduce mucosal irritation of drugs, by 

releasing drug slowly at a controlled rate, for 

example non steroidal anti-inflammatory drugs. 

5. As the counter activity of the is reduced, higher 

drug efficiency is obtained.[26] 

6. Enhanced bioavailability is attained.[27]  

7. GRDDS is a means to achieve targeting of drugs at 

specific site.[28]  

8. This drug delivery system has wide application in 

chronotherapy.[29,30]  

Limitations of Gastroretentive Drug Delivery System 

[31,32]  

1. GRDDS is not suitable for those drugs that are 

unstable in acidic environment or those have less 

acid solubility or that can cause gastric lesions. 

2. Those drugs that undergo first pass metabolism 

are not favorable candidate. 

3. Other limitations of GRDDS are violent gas 

generation, disintegration of dosage form, dose 

dumping, alkaline microenvironment etc. 

4. Poor in vitro and in vivo correlation along with 

higher cost of formulation. 

5. Drug retrieval is difficult in case of toxicity, 

poisoning or hypersensitivity reaction. 

 Polymers Used In Gastro retentive Drug Delivery 

System [33,34] 

Alginates: Alginate is a naturally occurring 

biocompatible and biodegradable linear polysaccharide 

obtained from brown seaweed, widely used due to its 

good mucoadhesive property. It is a derived 

polysaccharide block composed of regions of sequential 

β-D-mannuronic acid monomers (M-blocks), regions of 

α-L- guluronic acid (G-blocks), and regions of 

interspersed M and G units. Mostly alginates are 

commercially available in the form of the salt, i.e. 

sodium alginate, which has a unique property of 
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transformation from sol to hydrogel with more than 

95% of water molecules held inside.[35-37] It is widely 

used in formulations due to gelation nature, Talwar and 

coworkers had developed a GRDDS of ciprofloxacin 

containing sodium alginate, xanthum gum, sodium 

bicarbonate and crosslinked polyvinyl pyrrolidone, 

found that  a hydrated gel matrix that entrapped the 

gas, enabling the tablet to float and be retained in the 

stomach or upper part of the small intestine (spatial 

control). The hydrated gel matrix created a tortuous 

diffusion path for the drug, resulting in sustained 

release of the drug, it was observed that change in the 

percentage of sodium alginate showed unexpected 

improvement in the pharmacodynamic and 

pharmacokinetic parameters.[38]  

Xanthan Gum: It is natural, biosynthetic, edible gum 

with extracellular polysaccharides, it  consists of 

glucose, mannose and glucuronic acid. Xanthan is long 

chain polysaccharides with large number of 

trisaccharide side chain, it consists of a b-(1, 4)-D-

glucose backbone. xanthan gum develops a weak 

structure in water that leads to formation of high 

viscosity at low concentration, it is highly soluble in cold 

and hot water and this behavior is related to 

polyelectrolyte nature of the xanthan molecule. 

Xanthan gum is mainly considered to be non-gelling and 

used for viscosity.[39] Mohammed Muqtader et al had 

developed a buoyant delivery systems using xanthan 

gum and guar gum for the enhancement of 

bioavailability by increasing the GRT of famotidine, that 

has higher absorption at lower pH.[40]  

Carbopol: Carbopol is very high molecular weight 

polymers of acrylic acid, widely used for their 

mucoadhesive properties. Among various formulations 

containing carbopol, one developed by Nur and Zhang 

that includes floating tablets of captopril using HPMC 

(4000 and 15,000 cps) and carbopol 934P. The buoyancy 

studies revealed that tablets remained floating for 24 

hours, it was concluded that the buoyancy of the tablet 

was regulated by swelling of the hydrocolloid particles 

on the tablet surface when it came in contact with the 

gastric fluids and the presence of internal voids in the 

center of the tablet. A prolonged release floating system 

was formulated.[41,42]  

Chitosan: chitosan is linear polysaccharide consisting 

ofdifferent amounts of β-(1→4)-linked 2-amino-2-

deoxy-β-D-glucopyranose(GlcN) and 2-acetamido-2-

deoxy-β-D-glucopyranose (GlcNAc) residues.[43] 

Normally it is insoluble in aqueous solutions above pH 7 

but in dilute acids, the protonated free amino group 

enhances aqueous solubility. Ishak RA and co-workers  

formulated GRDDS of metronidazole in chitosan-

treated alginate beads by incorporating ionotropic 

gelation method using factorially designed in which 

three viscosity- imparting polymers namely, methyl 

cellulose, carbopol 934P and carrageenan were used for 

treatment of H. pylori-infection. It was observed that 

floating alginate beads gave better result in treatment 

as compared with corresponding suspension form, 

regarding eradication of H. pylori infection.[44,45]  

Polyvinyl alcohol (PVA): It is prepared from polyvinyl 

acetate through hydrolysis, easily degradable by 

biological organisms and it is a solubilized crystalline 

structured polymer in water.[46] It is used with other 

natural polymers due to its film forming property. 

Iannuccelli and co-worker prepared a multiunit system 

consisting of calcium alginate core and calcium 

alginate/PVA membrane, both separated by an air 

compartment, in presence of water, the PVA leaches 

out and increases the membrane permeability, 

therefore it maintained the integrity of the air 

compartment. It was observed that with increase in 

molecular weight and concentration of PVA, there was  

an increase in flow properties of the system.[47,48] 

Eudragit: It is Ethacrylic acid copolymer USP, comprises 

of Ethyl acrylate, methyl methacrylate and a low 

content of methacrylic acid ester with quaternary 

ammonium groups. The ammonium groups are present 

as salts and make the polymer permeable, it has bio 

adhesive properties, the two forms widely used are 

eudragit® l 100 and eudragit® s 100. It has been found 

that different grades of eudragit can be combined to 

achieve the required GI drug targetting. El-Kamel and 

co-workers developed floating microparticulate system 

of ketoprofen, using emulsion solvent diffusion 

technique with four different ratios of Eudragit S100 

with Eudragit RL. It was observed that the encapsulation 

efficiency decreased with increase in Eudragit RL 

content.[49-51]  

Ethyl cellulose: It is water insoluble and biocompatible 

polymer that has been used in the preparation of 

coated and matrix tablets, micro and nano capsules, 
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beads and other coated solid pharmaceutical dosage 

forms, it is extensively used encapsulating 

material.[52,53] Patel et al, developed controlled 

release multiunit floating system of a highly water-

soluble drug, ranitidine HCl, the granules were prepared 

by melt granulation technique and evaluated for in vitro 

floating and drug release profile. EC, MC and HPMC 

were evaluated as release rate modifiers. It was found 

that the moderate amount of EC provides desired 

release of ranitidine hydrochloride from a floating 

system.[54]  

Approaches To Fabricate Gastro-Retentive System 

Gastro retentive drug delivery system can be broadly 

classified as floating and non-floating system. 

Floating drug delivery system 

It was first described by Davis in 1968, they are low 

density systems with sufficient buoyancy to float over 

the gastric contents and remain in the stomach for a 

prolonged period of time. As these system floats over 

the gastric contents, it slowly releases the drug with 

desired rate, which further leads to increased GRT and 

least fluctuations in plasma drug concentration.[55-58] 

In these designed dosage forms bulk density of the 

dosage form becomes less than the density of gastric 

fluid (1.004 to 1.010 g/ml) after a certain lag time, lag 

time depends on the rate of swelling of the polymer 

used in the formulation, that again depends on the type, 

viscosity grade, presence swelling enhancers, etc. These 

listed parameters are also responsible for the 

determination of period of flow along with in vitro drug 

release rate. Physiological conditions of the patients, 

like fed-state or fasting state, amount of gastric fluid, 

etc. also influences the efficiency of floating drug 

delivery system.[59] Floating drug delivery system is 

further divided as follows: 

Effervescent System  

In these floating devices the buoyancy in stomach can 

be achieved by incorporating a floating chamber-filled 

with vacuum, air or an inert gas. Gas can be introduced 

into the floating Due to volatization of organic solvents 

gas can be introduced into the floating chamber of 

GRDDS or by carbon di-oxide formation as a result of an 

effervescent reaction between organic acids and 

carbonate–bicarbonate salts. These floating devices 

contain a hollow deformable unit that converts from a 

collapsed to an expanded position and returns to its 

original collapsed position after predetermined amount 

of time to permit the continuous ejection of the 

inflatable system from the stomach.[60,61]   

Non-effervescent system 

These floating systems comprises of large quantities of 

one or more gel forming, highly swellable, cellulosic 

hydrcolloids, polysaccharides or matrix-forming 

polymers like polycarbophil, polymethacrylate, 

polyacrylates and polystyrene.[62] When administered 

orally, these floating dosage form swells, as soon as it 

comes in contact with the gastric fluids and obtains bulk 

density of less than one, due to the entrapped air it 

within the swollen matrix, the dosage form develops 

buoyancy. Therefore these swollen gel-like structures 

acts as a reservoir and allows controlled release of drug 

through the gelatinous mass. Superporous hydrogels 

are example of this type of delivery system.[63] Non-

effervescent system are further classified as follows: 

Hydrodynamically balanced system: It was first 

designed by Sheth and Tossounian in the year  1984.[64] 

These floating devises comprises of one or more gel 

forming hydrophilic polymers which on coming in 

contact with the gastric fluids swells and forms a 

colloidal gel barrier resulting in low density that helps to 

float on the stomach content. The continuous erosion 

of the surface allows water penetration to the inner 

layers, therefore maintains surface hydration and 

buoyancy of the delivery system.[65]  

Microbaloons: These are also known as hollow 

microspheres, highly uploaded with drug in their outer 

shells of polymers, prepared by emulsion-solvent 

diffusion method. The ethanol: dichloromethane 

solution of the drug along with an enteric acrylic 

polymer was poured into an agitated aqueous solution 

of poly vinyl alcohol which was thermally controlled at 

40ºC, formation of gas phase occurs in the dispersed 

polymer by the evaporation of dichloromethane formed 

and an internal cavity in the microsphere of the polymer 

with drug. These formulated hollow microspheres 

floated continuously over the surface of an acidic 

dissolution media containing surfactant for more than 

12 h.[66,67]   

Alginate beads: Formulations comprising of alginate, 

led to a new technique of floating drug delivery system, 

using ionic gelation technique to form multi-unit 
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floating spherical beads, due to its high entrapment 

rate.[68,69] Floating alginate beads of about 2.5 mm 

diameter were prepared from freeze dried calcium 

alginate, which was precipitated when sodium alginate 

solution was dropped into aqueous solution of calcium 

chloride The beads were then separated, snap-frozen in 

liquid nitrogen, and freeze-dried at -40ºC for 24 hours, 

leading to the formation of a porous system, that 

remained buoyant in the stomach and gave a prolonged 

residence time of more than 5.5 hours.[70]  

Microporous compartment: In this GRDDS, a drug 

reservoir is encapsulated within a microporous 

compartment along with pores at its top and bottom 

walls, due to the entrapped air within the floatation 

chamber the delivery system becomes buoyant and 

floats over the gastric content. Through these pores the 

gastric fluid enters, dissolves the drug and carries the 

dissolved drug in stomach and proximal part of the 

small intestine for absorption.[71]  

Non-floating drug delivery system 

These do not float in the stomach, they retain there by 

different mechanisms. Non-floating drug delivery 

system is further divided into: 

High Density Drug Delivery System 

These formulations were prepared by coating the drug 

moiety on a heavy core or by mixing with inert materials 

like barium sulfate, zinc oxide, iron powder and titanium 

oxide to increase the density of the formulation, more 

than the density of the normal gastric content. As these 

materials enhance the density up to 1.5-2.4 gm/cm3, it 

extends the GI transit time of formulation from an 

average of 5.8 to 25 hours. The major drawback 

associated with this system is its increased dose size 

required to obtain that high density level, also its 

effectiveness was not observed in human beings, 

therefore, no high density system formulation has been 

marketed.[72] 

Mucoadhesive system 

Mucoadhesive drug delivery systems are non-floating 

systems formulated to achieve gastric retention of 

drugs, these are prepared with various mucoadhesive 

polymers to get attach inside the lumen of the stomach 

wall and survive the gastrointestinal motility for a 

longer period, these are also beneficial as site specific 

drug absorption in infected area. GRT was extended by 

these systems, therefore improves bioavailability. 

Examples of some mucoadhesive excipients are 

polycarbophil, lectins, carbopol, chitosan, 

carboxymethylcellulose (CMC), pectin etc.[73] 

There are various types of mucoadhesion like: 

• Hydration-Mediated Adhesion.[74]  

• Bonding-Mediated Adhesion.[75]  

• Receptor-Mediated Adhesion.[76]  

Magnetic system 

This drug delivery system was designed to retain the 

dosage form within the stomach with the help of 

magnetic field, created by magnetically active elements 

within the dosage form. It was designed as such, that 

one external magnet was required to position on the 

abdomen over the location of the stomach to retain the 

administered drug in place, due to lack of patient 

compliance this delivery system was not encouraged 

further.[77] 

 Unfoldable system  

These non-floating drug delivery systems comprises of 

various erodible and non-erodible polymers that are 

biodegradable with different geometrical shapes and 

are packed tightly into a gelatin capsule that unfolds in 

the gastric fluids and increases in size and it remains 

lodged at sphincter avoiding its exit from the stomach. 

The size of the dosage form should be small enough to 

be swallowed but unfold itself when it comes in contact 

with gastric fluid, and after a certain period of time its 

size should become small so that it will be easily 

evacuated.[78]  

Novel combinational techniques to fabricate GRDDS 

The combination of mucho adhesion and floating or 

swelling mechanism is being adopted as another novel 

approach for improved gastro-retention attributes, 

these combinational approaches are described as 

follows: 

Floating and mucoadhesion technology-based systems 

A combination of floating and non-floating system 

which was mucoadhesive system were formulated, to 

achieve maximum gastric retention attributes of dosage 

by floating on the gastric fluid and can also bind with the 

mucosal lining.   From among various performed studies 

of dual technology of floating and mucoadhesion, one 

experimental study performed by Liu et al is described 

here.[79] They formulated hollow and mucoadhesive 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


          

 
 

 
International Journal of Pharmacy and Biological Sciences                                                       Nazia Khanam* et al 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

57 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

microspheres consisting of ethyl cellulose as the matrix, 

eudragit to regulate release rate and 

glycerylmonooleate as the mucoadhesive polymer. It 

was observed that the prepared dual technology based 

microspheres showed good floating along with 

enhanced mucoadhesion. 

Swelling and mucoadhesive technology-based systems 

Sankar R et at had developed a gastro retentive 

formulation of acyclovir by combining swelling and 

mucoadhesive technique using different concentrations 

of carbomer and polyethylene oxide. It was observed 

from the result analysis that a targeted drug release 

profile was obtained alonf with excellent mucoadhesive 

strength, that gave prolonged GR time in upper 

gastrointestinal tract with improved bioavailability and 

patient compliance.[80]   

Swelling and floating technology-based systems 

Chen et al had fabricated a swellable and floatable 

system of losartan, the excipients comprises of 

hydroxyethyl cellulose, sodium carboxymethyl cellulose 

and sodium bicarbonate. The prepared formulation was 

evaluated for various parameters to test swelling and 

floating properties, it was observed that the 

formulation showed good swelling along with floating 

properties. Release of drug was pH dependent, 

increased bioavailability along with prolonged GRT was 

observed.[81] 

Effervescence incorporated within swelling and 

floating-based system 

When an additional feature of effervescence was 

incorporated within a swelling-based floating delivery 

system, it leads to better floating lag time along with 

improved floating time, it can be obtained by 

incorporation of various effervescent substances like 

sodium bicarbonate, tartaric acid and citric acid in a 

formulation. The prepared formulation obtains 

effective density that is  less than the gastric fluid and 

results in an upward motion onto a dosage form which 

maintains the buoyancy for a prolonged period of time, 

along with the single unit systems, the bi-layers and tri-

layers design of this combination approach has also 

been considered to incorporate two different drugs 

with different release profiles.[82,83]

  

Table 1 – List of commercialized GRDDS of India.[84] 

      Drug                Technology     Product         Company 

Ferrous sulfate 
 

 Colloidal gel forming floating system 
 

Conviron® 
 

Ranbaxy, India 
 

Ofloxacin   Gas generating floating tablets 
 

Oflin OD® 
 

Ranbaxy, India 
 

CiprofloxacinHCl              Floating tablets 
 

Cifran OD® 
 

Ranbaxy, India 
 

Rifaximin 
 

          Bioadhesive tablets 
 

Xifaxan® 
 

Lupin, India 
 

Baclofen 
 

Coated multi-layer floating and swelling system 
  

Baclofen GRS® 
 

Sun Pharma, India 
 

 

CONCLUSION 

It has been observed that for oral drug delivery, gastro 

retentive drug delivery system has emerged as a boon 

for controlled delivery of drugs that exhibit absorption 

window along with their enhanced bioavailability. As it 

is known that to obtain maximum therapeutic benefit 

from certain drugs, it is essential to delay to their gastric 

residence time, various technical approaches had been 

formulated to achieve it. But no single gastro retentive 

system delivered all required features, so a combination 

of one or more floating and non-floating systems along 

with suitable excipients were selected to formulate 

such a dosage form that yields maximum therapeutic 

efficacy of drugs.  
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