
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY1

Vol. 30, No. 10, pp. 1019–1028, 2004

Gastroretentive Delivery Systems: A Mini Review

R. Talukder and R. Fassihi*

Temple University School of Pharmacy, Philadelphia, Pennsylvania, USA

ABSTRACT

Various attempts have been made to develop gastroretentive delivery systems. For

example, floating, swelling, mucoadhesive, and high-density systems have been

developed to increase gastric retention time of the dosage forms. It is known that

differences in gastric physiology, such as, gastric pH, and motility exhibit both intra-

as well as inter-subject variability demonstrating significant impact on gastric

retention time and drug delivery behavior. Nevertheless, some floating devices have

shown promising results. In this paper, the gastric physiology and the reported

intragastric delivery systems have briefly been presented.

Key Words: Intragastric; Proximal GI; Drug delivery; Floating devices;

Bioadhesive; Mucoadhesive; High-density system.

INTRODUCTION

Under certain circumstances prolonging the gas-

tric retention of a delivery system is desirable for

achieving greater therapeutic benefit of the drug

substance. For example, drugs that are absorbed in

the proximal part of the gastrointestinal tract,[1] and

drugs that are less soluble in or are degraded by the

alkaline pH may benefit from prolonged gastric

retention.[2,3] In addition, for local and sustained drug

delivery to the stomach and proximal small intestine to

treat certain conditions, prolonged gastric retention of

the therapeutic moiety may offer numerous advantages

including improved bioavailability and therapeutic

efficacy, and possible reduction of dose size.[4 – 6] It

has been suggested that prolonged local availability of

antibacterial agents may augment their effectiveness

in treating H. Pylori related peptic ulcers.[7] Moreover,

it has been reported that the bactericidal effects of

clarithromycin, garcinol, and reveratrol are time and

concentration dependent.[8] Menon et al.[9] have com-

pared the absolute bioavilabilty of furosemide in

dogs from commercial products and a floating dosage

form. Higher bioavailability from floating dosage form

*Correspondence: R. Fassihi, Temple University School of Pharmacy, 3307 N. Broad St., Philadelphia, PA 19140, USA; Fax: (215)

707-3678; E-mail: reza.fassihi@temple.edu.

1019

DOI: 10.1081/DDC-200040239 0363-9045 (Print); 1520-5762 (Online)

Copyright D 2004 by Marcel Dekker, Inc. www.dekker.com

https://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=SPI&publication=DDC&title=Gastroretentive+Delivery+Systems%3A+A+Mini+Review&volumeNum=30&offerIDValue=18&startPage=1019&isn=0363-9045&chapterNum=&publicationDate=&endPage=1028&contentID=10.1081%2FDDC-200040239&issueNum=10&pdfStampDate=11%2F04%2F2004+04%3A58%3A53&colorPagesNum=0&publisherName=dekker&orderBeanReset=true&author=R.+Talukder%2C+R.+Fassihi&mac=eiH8D6SfF4iqlsCXsmzcwA--


than the non-floating commercial products of furose-

mide has been attributed to the fact that the upper

gastrointestinal tract is the primary site of absorption

for the drug.

Gastroretentive delivery systems (GRDS), howev-

er, are not suitable for drugs that may cause gastric

lesions, e.g., non-steroidal anti-inflammatory agents.

Also, the drug substances that are unstable in the

strong acidic environment of the stomach are not

the suitable candidates to be incorporated in such sys-

tems. In addition, these systems do not offer significant

advantages over the conventional dosage forms for

drugs, which are absorbed throughout the gastrointes-

tinal tract.

However, it is recognized that there are many

physiological constraints which may limit development

of such delivery system. Following is a brief descrip-

tion of the physiological considerations pertaining to

designing GRDS.

PHYSIOLOGICAL CONSIDERATIONS

The intrinsic properties of the drug molecule and

the target environment for delivery are the major

determining factors in bioavailability of the drug.

Factors such as pH, enzymes, nature and volume of

secretions, residence time, and effective absorbing

surface area of the site of delivery play an important

role in drug liberation and absorption. In stomach there

are several types of cells that secrete up to 2–3 liters

of gastric juice daily. For example, goblet cells secrete

mucus, parietal cells secrete hydrochlororic acid, and

chief cells secrete pepsinogen. The contraction forces

of the stomach churn the chyme and mix it thoroughly

with the gastric juice. The average length of the

stomach is about 0.2 meter, and the apparent absorbing

surface area is about 0.1 m2 (Table 1). A brief survey

of relevant physiological features that pose challenge to

the development of an effective gastroretentive deliv-

ery system is presented below.

Gastric pH

The gastric pH is not constant rather it is in-

fluenced by various factors like diet, disease, presence

of gases, fatty acids, and other fermentation prod-

ucts.[10] In addition, the gastric pH exhibits intra-as

well as inter-subject variation. This variation in pH

may significantly influence the performance of orally

administered drugs. Radiotelemetry, a noninvasive de-

vice, has successfully been used to measure the gastro-

intestinal pH in human. It has been reported that the

mean value of gastric pH in fasted healthy subjects is

1.1±0.15.[11 – 13] On the contrary, the mean gastric pH

in fed state in healthy males has been reported to be

3.6±0.4,[14] and the pH returns to basal level in about

2 to 4 hours. However, in fasted state, basal gastric

secretion in women is slightly lower than that of in

men.[15,16]

Gastric pH may be influenced by age, pathological

conditions and drugs. About 20% of the elderly people

exhibit either diminished (hypochlorohydria) or no

gastric acid secretion (achlorohydia) leading to basal

pH value over 5.0.[17] Pathological conditions such as

pernicious anemia and AIDS may significantly reduce

gastric acid secretion leading to elevated gastric

pH.[18,19] In addition, drugs like H2 receptor antagonists

and proton pump inhibitors significantly reduce gastric

acid secretion.

The pH in the proximal duodenum may rise as

high as 4 pH units from the stomach.[20] This increase

in pH is caused by the bicarbonate secreted by the

pancreas and the duodenal mucosa that neutralize the

acidic chyme peristalsed from the stomach. The mean

pH value in fasted duodenum has been reported to be

5.8±0.3 in healthy subjects[21] while the fasted small

intestine has been observed to have a mean pH of

Table 1. Salient features of upper gastrointestinal tract.

Section

Length

(m)

Transit time

(h) pH

Microbial

counta
Absorbing surface

area (m2)

Absorption

pathwaysb

Stomach 0.2 Variable 1–4 <103 0.1 P,C,A

Small intestine 6–10 3±1 5–7.5 103 –1010 120–200 P,C,A,F.I,E,CM

aNumer of microorganisms per gram of gastrointestinal contents.
bP, Passive diffusion; C, Convective or aqueous channel transport; A, Active transport; F, Facilitated transport; I, ion-pair transport;

E, entero-or pinocytocis; CM, Caveolin mediated transport.

Adapted from Refs. [11,12,14,17,18,22,23] and [33].
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6.0±0.14.[13] Passing from jejunum through the mid

small intestine and ileum, pH rises from about 6.6 to

�7.5.[22]

Gastric pH is an important consideration in se-

lecting a drug substance, excipients, and drug carrier(s)

for designing intragastric delivery systems

Gastrointestinal Motility
and Transit Time

Based on fasted and fed states of the stomach, two

distinct patterns of gastrointestinal motility and secre-

tions have been identified. In the fasting state, the

stomach usually contains saliva, mucus, and cellular

debris. The fasted state is associated with some cyclic

contractile events commonly known as migrating

myoelectric complex (MMC). Liquid components

easily pass through the partially constricted sphincter.

On the contrary, the large undigested materials are

retained by an ‘‘antral-sieveing’’ process and are

retropulsed into the main body of stomach and remain

in the fed state. In the fed state, gastric contractions

move the contents towards the antrum and the pyloric

sphincter. Usually a series of interdigestive events

take place in the stomach. However, feeding disrupts

this cycle causing a period of irregular contractile

pattern.[23] The MMC, which governs the gastrointes-

tinal motility pattern has been described as an alter-

nating cycles of activity and quiescence. Apparently

there are four consecutive phases of activity in the

MMC.[24 – 28]

Phase I: It is a quiescent period lasting from 30 to

60 minutes with no contractions.

Phase II: It consists of intermittent contractions

that gradually increase in intensity as the phase

progresses, and it lasts about 20 to 40 minutes.

Gastric discharge of fluid and very small

particles begins later in this phase.

Phase III: This is a short period of intense distal

and proximal gastric contractions (4–5 contrac-

tions per minute) lasting about 10 to 20

minutes; these contractions, also known as

‘‘house-keeper wave,’’ sweep gastric contents

down the small intestine.

Phase IV: This is a short transitory period of about

0 to 5 minutes, and the contractions dissipate

between the last part of phase III and quiescence

of phase I. A simplified schematic representation

of the motility pattern, frequency of contraction

forces during each phase, and average time

period for each period is shown in Fig. 1.

The different phases originating in the foregut

continue to the terminal ileum cycle in about 2 hours.

Therefore, when one phase III reaches the terminal

ileum, another begins in the stomach and duodenum.[29]

As mentioned before, feeding disrupts this cycle

resulting in a period of irregular contractile activity,

which may last for many hours (i.e., 3 to 4 hours). Thus

frequent feeding may prolong gastric retention time.

One of the important factors that influence the

gastric emptying is the caloric content of the meals.

Usually fats tend to form an oily layer on the other

gastric contents, as such, fatty substances are emptied

later than the others.[30] Also, increased acidity and

osmolality slow down gastric emptying. Stress appears

to cause an increase in gastric emptying rate, while

depression slows it down. In general, women and

elderly have a slower gastric emptying rate than men

and young people respectively.[31,32] In addition,

exercise, and body posture may influence the gastric

emptying.[33] However, Mojaverian et al.[34] have

observed no significant effect of posture (standing vs.

flat on back) on gastric residence time (GRT).

It has been reported that drugs taken before meals

usually exit from the stomach within an hour; but when

taken after meals, the GRT especially for non-dis-

integrating tablets may be as high as 10 hours. Never-

theless, it has been suggested that small size tablets of

less than 7 mm in diameter may exit from the fed

stomach regardless of its emptying pattern.[35] However,

the two most important parameters that influence the

gastric emptying of sustained release dosage forms are

the size of the delivery system, and the state of the

Figure 1. Schematic representation of interdigestive motility

pattern. (Adapted from Ref. [25].)
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stomach, i.e., whether the drug is administered in fed or

fasted state.[36] In the fasted state, the gastric emptying

of large single unit dosage forms is erratic and it is

dependent on the time of arrival in the stomach in

relation to activity of MMC.[37]

As far as the size is concerned, it has been

reported that differences in gastric emptying of various

sizes tablets up to 11 mm in diameter, under fed con-

ditions, are insignificant. However, the much discussed

2mm cutoff size for gastric emptying of indigestible

solids during the digestive phase in canines may not be

applicable to human.[38] In addition, the relationship

between the tablet size and its gastric emptying appear

to vary significantly among the subjects.[39] Also, the

non-disintegrating systems of a size in excess of the

mean diameter of the pylorus (in man, 12.8±7 mm)

appear to be retained in the stomach for as long as the

digestive phase is maintained.[40]

Multiple-unit systems containing 1-mm pellets have

been found to pass through the constricted pylorus with

a gradual emptying.[41] When the pellets are adminis-

tered with a light meal, an initial short lag phase

followed by a linear emptying pattern is observed.[36] On

the other hands, when encapsulated pellets are taken

with a heavy meal, prolonged gastric emptying of pellets

is observed.[42] However, in most cases, tablets are

emptied before all the pellets are emptied. This

phenomenon has been explained by two theories. Upon

dispersion in the stomach, the pellets may be lodged

within the folds of stomach wall prolonging their gastric

emptying time. Secondly, gastric contractions during the

digestive mode may empty large particles fortuitously as

compared to the smaller ones.[32] Under certain circum-

stances, especially in fasted state, multiparticulate

systems may empty from the stomach as a bolus.[41]

Therefore, the state of the stomach, i.e., fed or

fasted state in relation to drug administration, is the

primary consideration for modulating gastric residence

time. Along with that, the original size and where

applicable expanded size after administration of the

dosage form play a significant role in its GRT.

APPROACHES TO PROLONG
GASTRIC RESIDENCE TIME (GRT)

OF DRUG DELIVERY SYSTEM

Various devices such as mucoadhesive, swelling,

high-density, and floating systems have been developed

to increase GRT of a dosage form. Physiological

features of the upper gastrointestinal tract pose a

considerable challenge to develop such systems.

Nevertheless, in vivo studies of certain systems have

shown promising results.

Mucoadhesive Systems

The mucoadhesive systems are intended to extend

the GRT by adhering them to the gastric mucous

membrane. Bioadhesion on soft tissues of certain

natural or synthetic polymers has been exploited to

control as well as to prolong the gastric retention of the

delivery systems.[43,44] The adhesion of the polymers

with the mucous membrane may be mediated by

hydration, bonding, or receptor mediated.[45] In hydra-

tion mediated adhesion, the hydrophilic polymers

become sticky and mucoadhesive upon hydration.

Bonding mediated adhesion may involve mechanical

or chemical bonding. Chemical bonds may involve

covalent or ionic bonds or Van der Waals forces

between the polymer molecules and the mucous mem-

brane. Receptor mediated adhesion takes place between

certain polymers and specific receptors expressed on

gastric cells. The polymers could be anionic or cationic

or neutral. Table 2 is a brief description of the classi-

fication of these polymers.

Smart and Kellaway[46] reported prolonged gastric

retention of dosage forms coated with Carbomer in

mice. In vivo data of granules containing microcrys-

talline chitosan and furosemide showed higher AUC

than that of the conventional dosage form.[47] Also, the

granules exhibited slow release characteristic with a

marked lag time. It appeared that due to its muco-

adhesive properties, chitosan retained the drug in the

Table 2. Classification of bioadhesive polymers.

Anionic Cationic Neutral

Carboxymethylcellulose Polylysine Polyethylene glycol

Chondroitin sulfate Polybrene Polyevinyl pyrrolidone

Poly acrylic acid Dextran

Pectin

Carageenan

Chitosan

Alginic acid
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gastric mucosa for longer period of time. Although the

in vivo data exhibited promising results for intragastric

delivery, further characterization and evaluation of the

system were necessary. Freeze-dried non-covalent

polyionic complexes with porous structure based on

polyacrylic acid and chitosan intended for delivering

antibiotics to stomach have been developed by de la

Torre.[48] The systems released about 70% of their

contents in 2 hours.

Preda and Leucuta[49] developed a sustained

release delivery system based on bioadhesive polymers:

polyacrylic acid in gelatin microsphere. In vivo expe-

riments with rat have shown significant retardation of

gastric emptying of the beads due to adhesive char-

acteristic of the gelatin/polyacrylic.

The exploitation of bioadhesive property of cer-

tain polymers on soft tissues in designing GRDS is

unique. However, the inherent risk of this dosage form

is the esophageal adherence resulting in drug-induced

injuries.[50]

Swelling Systems

Swelling systems are also referred to as plug type

systems. The presence of polymers in the systems

promotes their swelling to a size that prevents their

passage through pyloric sphincter resulting in pro-

longed GRT. However, a balance between the rate and

extent of swelling and the rate of erosion of the

polymer is crucial to achieve optimum benefits and to

avoid unwanted side effects.

Agyilirah[51] developed a polymeric coating sys-

tem that formed an outer membrane on the conven-

tional tablets. In the dissolution media the membrane

detached from the core and swelled to form a balloon

that kept the unit floating. The size of the units

increased by three to six folds. Thus, the floating

ability as well as the increased dimension offered the

system gastoretentive property.

High-Density Systems

High-density systems are intended to lodge in the

rugae of the stomach withstanding the peristaltic

movements. Systems with a density of 1.3 g/ml or

higher are expected to be retained in the lower part of

the stomach.[52]

The formulation of heavy pellets is based on the

assumption that the pellets might be positioned in the

lower part of the antrum because of their higher

density. Devreux et al[53] reported that the pellets with

density of at least 1.5 g/ml have significantly higher

gastric residence time both in fasted and fed state.

Clarke et al.[54] reported that the critical density to

prolong gastric residence of pellets ranges between

2.4 to 2.8 g/ml. However, in vivo data do not confirm

the effectiveness of this system,[55] as the primary de-

termining factor of gastric emptying is the state of

stomach when it is administered.

Floating Systems

The floating system is intended to float in and over

the gastric contents resulting in prolonged GRT. Float-

ing systems can be of effervescent or noneffervescent

in nature. In the former ones gas generating excipients,

e.g., bicarbonate salts and acidic ingredients are used

that can form CO2 in the presence of gastric acid. Also,

volatile organic solvents have been introduced into the

floating chamber to generate gas at physiological

temperature. The trapped nascent gas inside the system

keeps it floated. In noneffervescent systems, high level

(about 75%) of highly swellable and gel forming

excipients are used.

Sugito et al.[56] reported that the tablets with rela-

tive density of 0.86 g/ml exhibited longer gastric reten-

tion than tablets with relative density of 1.33 g/ml in

non-fasting state. Various patents have been granted on

different floating systems including capsules such

as hydrodynamically balanced systems (HBS), tablets,

and multiple-layered tablets.[57 – 59] In HBS, hydro-

colloids are used to form a swelling-hydrated boundary

layer in which air is trapped that offers the system its

floating properties.

Systems with floatation chambers filled with gaseous

materials,[60] or with inflatable chambers containing

liquids that generate gas at body temperature[61] have

been reported to remain afloated over gastric contents.

Stockwell et al.[62] devised a system of alginate matrix

capsule containing sodium bicarbonate that released

carbon dioxide, which remained entrapped in the gel

network. Ichikawa et al.[63] prepared a multiple-unit

floating pill, which consisted of a core seed surrounded by

two different layers. The primary layer contained sodium

bicarbonate and tartaric acid, which generated carbon

dioxide in aqueous media. The outer layer composed of a

swellable membrane that trapped the gas resulting in

floatation of the system. The system started floating

within 10 minutes of immersion into the test media and

remained floated over a period of 5 hours.

Matrix tablets containing hydroxypropyl methyl-

cellulose, drugs, and gas generating agents have shown

duration of floating over 8 hours with a floating lag

time of half-hour.[64] Radiological studies suggested no

adherence of the tablet to the gastric mucosa, and mean

gastric residence time over 4 hours.

Gastroretentive Delivery Systems (GRDS): A Mini Review 1023



Oth et al.[65] developed a bilayer floating capsule

using misoprostol as the model drug. The authors re-

ported that the gastric residence times of more than

15 hours were achieved in fed state. Yang and Fassihi[66]

developed a three-layered tablet. One of the outer

layers contained gas-generating substance. The pro-

duced gas was trapped in a hydrated gel matrix. In

vitro evaluation exhibited zero order release with

maintaining buoyancy over 16 hours.

Kawashima et al.[67] developed hollow polymeric

microspheres loaded with drug in their outer shells by

emulsion-solvent diffusion methods. The system was

reported to remain afloated over the surface of dis-

solution media for more than 12 hours. El-Gibaly[68]

developed floating hollow microcapsules of chitosan

by ionic interaction with a negatively charged

surfactant. The system remained buoyant for over

12 hours in simulated gastric fluids and exhibited

sustained drug release. Floating microparticles based

on low density foam powder were developed by

Streubel et al.[69]

Porous microparticles consisting of polypropylene

foam powder, a drug, and polymers were prepared with

an O/W solvent evaporation method. About 100%

encapsulation efficiency was reported. However, the

type of polymer used, the degree of drug load, and the

nature of the drug significantly influenced the release

kinetics of the microparticles.[70] ‘‘Microbaloons,’’ a

hollow microsphere system for floating drug delivery

system was developed by Sato et al.[71] It was prepared

by the emulsion solvent diffusion method using enteric

polymers and organic solvents. Employment of enteric

polymers gave the system prolonged drug release

characteristic. When administered with food, the in

vivo studies exhibited prolonged gastric retention of

the system.

Atyabi et al.[72] prepared coated ion-exchange resin

beads as gastroretentive delivery systems. The resin

had been charged with bicarbonate before it was coated

with a semipermeable polymeric membrane of Eudra-

git-RS. In the presence of hydrochloric acid, bicarbon-

ate was liberated, which formed carbon dioxide. The

later was trapped inside the membrane resulting in

floatation of the resin particle. Freeze dried oral dosage

forms containing finely divided ion-exchange resins

were developed by Burton et al.[73] The authors

reported prolonged gastric residence and uniform

distribution of the particles within the stomach.

Freeze dried sodium alginate beads had shown

prolonged gastric residence times of more than 5.5

hours and the beads remained high up in stomach

throughout the test period.[74] In 1 hour about 70% of

the loaded drug, amoxicillin, was released from the

beads, but incorporation of amylose moderately re-

tarded the release rate.[75]

Cholestyramine, an anion exchange resin, exhi-

bited mucoadhesive property to gastric mucosa.[76]

Umamaheshwari et al.[77] took a combined approach of

floating and bioadhesive techniques to develop a

prolonged gastroretentive delivery system. They used

ion-exchange resin particles loaded with bicarbonate

and acetohydroxamic acid; the particles were then

coated with cellulose acetate butyrate by emulsion sol-

vent evaporation method. The system exhibited floating

ability due to the carbon dioxide generation when

the microgranules were exposed to gastric fluid. The

mucoadhesiveness of the microparticles was studied by

employing fluorescent probe.

Floating dosage forms have been proposed with the

expectation that they will remain buoyant on the gastric

contents due to their lower bulk density than that of the

gastric contents at any time. In the fasting state, the

stomach usually contains saliva, mucus, and cellular

debris. Thus, it is expected that the floating systems

will remain on top of the gastric contents at any time

point. Nevertheless, the state of the stomach, i.e., fed or

fasted state in relation to drug administration, plays a

major role in the success of these systems. Due to

unpredictable gastric emptying associated with migrat-

ing myoelectric complex (MMC) motility pattern,

multiparticulate systems are more advantageous than

the single unit systems, as the later ones experience

‘‘all or none’’ emptying pattern from the stomach.

Miscellaneous Systems

Groning and Heun[78] have proposed incorporation

of triethanolamine myristate into the delivery system as

a passage delaying agent. That was based on the fact

that some of the fatty acids might reduce the gastric

emptying rate via stimulation of fat receptors. Howev-

er, the intersubject variability was very high with that

delivery system.

Large single-unit dosage form that is above the size

of the noncontracted pyloric sphincter opening was

proposed by Cargill et al.[79,80] In vivo studies with

that dosage form in beagle dogs showed positive results.

In vivo evaluation of large dosage forms (greater than or

equal to 2.5�2.5 cm) having rigid shell exhibited

prolonged gastric retention.[81] Nevertheless, practical

value of those devices was minimal due to the risk of

gastric obstruction or permanent retention of the system.

Klausner et al.[82] developed highly rigid, unfold-

ing polymeric membranes with extended dimensions

intended for use in controlled release intragastric

delivery of drugs. Membrane thickness significantly
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influenced the release kinetics. In vivo evaluations

were performed in dogs using x-ray to locate the

delivery systems in the gastrointestinal tract. However,

there are possibilities of the polymeric films to get

stuck in the esophagus causing extreme discomfort to

the patient or drug related injuries. In addition,

repeated administration of such rigid systems may

result in gastric obstruction.

CONCLUSIONS

To derive maximum therapeutic benefits from

certain drug substances, it is desirable to prolong their

gastric residence time. In addition, the delivery system

should exhibit a burst followed by a sustained release of

the active agent. Various techniques and approaches

have been employed to develop GRDS. Development of

such systems requires a thorough understanding of gas-

trointestinal physiology, and physicochemical properties

of the drug substances. Floating, and bioadhesive sys-

tems appear to be the promising GRDS. Still the

primary determining factor of gastric emptying is the

presence of food. Nevertheless, there are opportunity

and potential for development of effective gastroreten-

tive delivery systems with the aim of improving bio-

availability of the drugs that exhibit absorption window

in the proximal and/or mid gastrointestinal tract.
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