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ABSTRACT

In recent years, gastroretentive drug delivery system (GRDDS) has gained researcher’s interest in the field of oral drug delivery. Various GRDDS 
approaches can be utilized to retain the dosage forms in the stomach and to release the drug slowly for an extended period of time. GRDDS can be 
used to prolong the residence time of delivery system in the stomach. This results in targeting of drug release at a specific site for the systemic or local 
effects. GRDDS can be used to overcome challenges associated with conventional oral dosage forms and to release the drug at a specific absorption 
site to improve bioavailability of particular drug substance. The challenges include fast gastric emptying of the dosage form which results in the poor 
bioavailability of the drug. Prolongation of the retention of drugs in stomach those having low solubility at high intestinal pH improves the solubility 
of drugs. GRDDS has proved to be effective in systemic actions as well as in local actions to treat gastric or duodenal ulcers. Local activity in the upper 
part of the small intestine can be obtained by improving the residence time of delivery system in the stomach. The system is useful for drugs which 
are unstable in the intestine or having a low solubility/permeability in the small intestine. Various GRDDS approaches include high density (sinking) 
systems, low-density (floating systems), mucoadhesive, expandable, unfoldable, superporous hydrogel systems, and magnetic systems.

Keywords: Gastroretentive drug delivery system, Gastric residence time, Migrating motor complex, Oral controlled release, Floating drug delivery, 
Gastrointestinal tract.

INTRODUCTION

Oral route is the most appropriate and preferred route for systemic or 
local delivery of any drug. Oral controlled release delivery systems are 
gaining researcher’s interest to obtain improved therapeutic merits, 
such as simple dosing, patient compliance, and dose safety. Drugs that 
are absorbed easily through GI tract having short half-lives are rapidly 
eliminated from systemic circulation. Thus, to achieve therapeutic 
activity, frequent administration of those drugs is becoming essential. 
The fast gastric emptying of other simple oral dosage forms results 
in bioavailability problems of many drug molecules. To overcome 
this drawback, the preparation of oral sustained/controlled release 
formulations is done, which helps to enable an effective concentration 
of the drugs in the systemic circulation by slowly releasing the drug into 
the gastrointestinal tract (GIT) for an extended period of time. When 
given through the oral route, this drug delivery can be maintained in the 
stomach and release drug in a controlled/sustained manner. Thus, the 
drug is supplied without interruption to the specific site of absorption 
in the GIT. Prolongation of the retention of drugs in stomach those 
having low solubility at high intestinal pH and improves the solubility of 
drugs [1]. Various drugs such as captopril, metronidazole, and ranitidine 
HCL are liable to degradation in colonic area [2]. Gastroretentive drug 
delivery system (GRDDS) has proven to be effective in systemic actions 
as well as in local actions to treat gastric or duodenal ulcers [3-5].
GRDDS have two main problems which are the short gastric retention 
time (GRT) of GRDDS in the stomach and unpredictable short gastric 
emptying time of the delivery system (gastric emptying time [GET]), 
which may lead to insufficient drug release from the dosage form in the 
absorption area which results in low efficacy of administered drug. To 
develop a site-specific oral controlled release drug delivery system, it 
is beneficial to improve a GRT of drug formulation. Prolonged gastric 
retention improves bioavailability, increases the duration of drug release, 
and increases the solubility of drugs those having a little solubility at 
high pH environment of the intestine or degrade in alkaline pH [6,7]. 
Local activity in the upper part of small the intestine can be obtained 
by improving the residence time of delivery system in the stomach. 
GRDDS can be utilized to prolong the residence time of delivery system 

in the stomach. This results in targeting of drug release at a specific site 
for the systemic or local effects. Since the last few decades, different 
types of GRDDS approaches have been designed and developed. These 
approaches include: High density or sinking systems which can be 
retained in the basal part of the stomach [8] low density or floating 
systems that continue to float on gastric fluid [9,10]. Mucoadhesive 
system causes adhesion to the mucosa of the stomach [11], unfoldable, 
extendible, or swellable systems that restrict the emptying of delivery 
system out from the pyloric sphincter of the stomach [12], superporous 
hydrogel systems [13], magnetic systems [14], etc.

Stomach physiology
Knowing the stomach physiology and associated gastric emptying 
process plays the major role in the success of GRDDS. The stomach is 
present in the upper left part of abdominal cavity immediately after 
diaphragm [12]. The human stomach consists of three anatomical parts 
which are fundus, body, and antrum or pylorus, as shown in Fig. 1 [15]. 
The remaining volume of the stomach is only 25–30 ml after food has 
been emptied from the stomach. The antrum is a main site for the 
mixing process in the stomach, while the undigested material is stored 
at the region formed by fundus and the body. Antrum is the bottommost 
part of the stomach which acts as a gastric emptying pump by ejecting 
the stomach contents [16]. The stomach and duodenum are separated 
by the pylorus, which has an important role in residence time of the 
ingested substances in the stomach. The fasting or fed state influences 
the motility pattern of individual [17,18]. The gastric motility pattern 
has different cycles of activity. Each cycle is continued for four phases 
and the time span of each cycle is 90–120 min, as shown in Table 1 [19]. 
The motility pattern of the stomach is usually called as migrating motor 
complex (MMC) [20]. The phases of MMC are given in Table 1.

VARIOUS FACTORS AFFECTING GASTRIC RESIDENCE PERIOD OF 
DELIVERY SYSTEMS

The stomach anatomy and physiology parameters should be 
considered while formulating the gastroretentive dosage form. The 
size of particles must be within the range of 1–2 mm to pass through 
the pyloric sphincter into the small intestine [22]. The important 
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factors that affect the residence time of the delivery systems in the 
stomach are food intake and its nature, frequency of intake [23,24], 
density, size and shape of dosage forms [25,26], patient gender, age, 
sex, body mass index, and disease status of the individual person 
(i.e., Diabetes and Chrohn’s disease) [15,27,28] and drugs that have 
effects on gastrointestinal transit time such as anticholinergic drugs 
such as atropine or prokinetic agents such as metoclopramide and 
cisapride [29].

Density of dosage forms
Density of dosage form also influence the gastric emptying rate of the 
dosage form. Density also plays a key role in determining the location of 
the delivery system in the stomach. Dosage forms with low density than 
gastric contents can float on the surface, whereas high-density systems 
go down to the bottom of the stomach. Low-density system or floating 
systems should maintain bulk density less than 1 g/cm3, so as to remain 
buoyant on the gastric contents [15]. 

Shape and size of the dosage form
Shape and size of the dosage form are important factors in designing 
indigestible single unit dosage forms. The mean GRT of a non-floating 
dosage form is varying according to their size. In most cases, bigger the 
dosage form the better will be the gastric residence period. The larger 
size dosage form cannot be passed rapidly through the pyloric sphincter 
into the intestine. Dosage forms which having the diameter greater than 
7.5 mm shows better GRT as compared to that of 9.9 mm [30]. Likewise, 
as compared to other shapes, ring shaped, and tetrahedron shaped 
devices show better GRT [6].

Food intake and its nature
Factors such as food intake, viscosity and amount of food, caloric value, 
and recurrence of feeding have an intense effect on gastric retention 
of dosage forms. The existence and non-existence of food in the GI 
tract also influence the gastric retention of dosage forms. In general, 
the existence of food material in the GI tract increases the GRT of the 
dosage form and therefore drug absorption improved by allowing its 
residence at the specific absorption site for the longer period of time. 

The increase in stomach acid and caloric value slows the GET [15], 
which can increase the gastric retention of delivery system [24].

Effect of sexual category, position, and age
Normally, females show a slower rate of gastric emptying as compared 
to males [3]. The effect of position does not have any notable difference 
in the mean GRT for individuals in standing, ambulatory or lying 
position. In case of aging peoples, gastric emptying is slowed down.

POSSIBLE DRUG CANDIDATES FOR GRDDS [31 ̵ 46]

1.	 Drugs those have local activity in the stomach (e.g., ranitidine, 
amoxicillin, levofloxacin, and metronidazole)

2.	 Drugs with narrow GI absorption window (e.g., riboflavin, cilostazole, 
pregabalin, and metformin)

3.	 Drugs that are unstable or degrade in intestinal or colonic 
environment (e.g., verapamil and captopril)

4.	 Drugs those have little solubility at high pH of the intestine (e.g., 
ofloxacin and cinnarizine).

DRUGS THOSE ARE UNSUITABLE FOR GRDDS [21]

1.	 Drugs with low acidic solubility (e.g., phenytoin)
2.	 Drugs those are unstable or degrade in the acidic environment of 

the stomach (e.g., erythromycin)
3.	 Drugs those are used for targeted release in the colon (e.g., 

corticosteroids).

VARIOUS APPROACHES TO ACCOMPLISH GASTRIC RETENTION OF 
DOSAGE FORMS

High density or sinking systems or non-floating systems
In this approach, the density of formulation must be superior to 
the density of normal gastric content (1.004 g/cm3) [47]. These 
formulations (Fig.  2) are developed by coating drug on a heavy core 
or mixed with inert substances such as iron powder, barium sulfate, 
zinc oxide, and titanium oxide [48]. Materials increase density up to 
1.5–2.4 g/cm3. A density of almost 2.5 g/cm3 found to be necessary for 
significant prolongation of GRT [49]. This system has its disadvantage 
that the size of dosage form is increased to achieve the high density.

Low-density systems or floating systems
The FDDS is an important dosage form which helps in obtaining 
sufficient bioavailability by prolongation of GRT [50]. The floating 
system was first introduced by Davis in 1968. Fig. 2 depicted the concept 
of the floating system. This delivery system is suitable for drugs with 
an absorption window in the stomach or upper small intestine [51,52]. 
It is also helpful for the drugs that have action locally in the proximal 
portion of GIT such as antibiotics used for eradication of Helicobacter 
pylori in the treatment of peptic ulcer [53]. These have a bulk density 
less than gastric fluids and therefore remain afloat on the stomach 
contents without influencing the gastric emptying rate for an extended 
period of time and the drug is released slowly at a desired rate from the 
system. After the release of active drug, the delivery system is emptied 
from the stomach [54]. The key necessities for floating drug delivery 
systems are:
•	 It should release the API slowly to act as a reservoir
•	 It should keep specific gravity lower than gastric contents (1.004–

1.01 g/cm3)
•	 It must form a cohesive gel barrier.

The low density is obtained from the entrapment of air (e.g., hollow 
chamber) [55] or due to merging low-density materials [56] (fatty 
materials or oils [57] or foam powder) [58,59]. Recently, a single 
unit floating system was formulated by utilizing polypropylene foam 
powder, matrix forming polymers, drugs, and fillers [59]. Single unit 
dosage forms may cause problems such as sticking together or being 
blocked in the GIT which may cause GI irritation. Multiple unit floating 
systems may be an attractive alternative as they lower the chances 
of dose dumping [60]. Many multiple unit floating systems such as 

Table 1: Different phases of migrating motor complex [14,21,19]

Phase Statement Time span (min)

Phase 1 Also called basal phase. This stage 
does not have any contractions

30–60

Phase 2 Also called pre burst phase. This 
stage has irregular contractions

20–40

Phase 3 The good food material migrates 
distally due to regular contraction at 
maximum frequency

10–20

Phase 4 Transition period between phases 
3 and 1

0–5

Fig. 1: Stomach of human
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air compartment multiple unit system [61], hollow microspheres 
(microballoons) formulated using the emulsion solvent diffusion 
method [52], microparticles based on low-density foam powder [59,62] 
beads prepared by emulsion gelatin method [57,63] can be distributed 
widely throughout the GIT, providing the opportunity of obtaining a 
long lasting, and more reliable release of active medicament. Depends 
on the mechanism of buoyancy, two clearly different techniques which 
are effervescent and non-effervescent drug delivery systems have been 
used in the formulation of FDDS.

Effervescent or gas generating systems
In this system, buoyancy can be resulted from generation of gas bubbles. 
These floating systems use the matrices developed using swellable 
polymers such as polysaccharides (e.g., chitosan), effervescent agents 
such as sodium bicarbonate, sodium citrate, or tartaric acid. In these 
systems, the dosage form floats on the gastric fluid in stomach due 
to liberation of CO2. Other approaches and materials are a mixture of 
sodium alginate and sodium bicarbonate [65], multiple unit floating 
dosage forms that produce carbon dioxide gas in the stomach after 
ingestion, floating mini capsule having a core of sodium bicarbonate, 
lactose, and polyvinyl pyrrolidone coated with hydroxy propyl methyl 
cellulose (HPMC), and floating system based on ion exchange resin 
technology, etc. [6]. Bilayer or multilayer system has been designed [66]. 
Gas generating agents are incorporated in any of these layers after the 
drug and excipients are formulated independently.

Non-effervescent systems
These floating systems are generally prepared by gel forming or 
swellable cellulose type hydrocolloids, polysaccharides, or matrix 
forming polymers such as polyacrylate, polycarbonate, polystyrene, 
and polymethacrylate [15,67]. In one approach, mixing of medicament 
with a gel forming hydrocolloid which in contact with gastric fluid 
after oral administration maintain a relative integrity of shape and 
a bulk density lower than that of gastric content. The air trapped by 
the swollen polymer grant floatability to these dosage forms [67]. The 
excipients utilized very commonly are HPMC, polyacrylates, polyvinyl 
acetate, carbopol, agar, sodium alginate, calcium chloride, polyethylene 
oxide, and polycarbonates [6]. This system can be again classified into 
following sub types:

Hydrodynamically balanced systems (HBS)
These systems were first designed by Sheath and Tossounian in 1984. 
HBS are consisting of drug with gel forming hydrocolloids that remain 
buoyant on the gastric content. One or additional gel forming polymers 
are used to prepare these single unit dosage forms. In general, used 
excipients are HPMC, hydroxy propyl cellulose, sodium carboxymethyl 

cellulose, polycarbophil, polyacrylate, polystyrene, agar carrageenans, 
or alginic acid. The polymer mixed with drug and generally is given in 
HBS capsule. The capsule shell breakdown in contact with water and 
swells which lead to the formation of gelatinous barrier, which gives 
floatability in dosage form in gastric content for a longer period of time. 
The erosion of the exterior layer permits penetration of water into 
the internal layers maintaining the surface hydration and floatability 
to the drug delivery system. Various approaches have been tried and 
examined to improve efficiencies of the floating HBS [68].

Microballoons/hollow microspheres
Microballoons/ hollow microspheres are loaded with APIs in their outer 
polymer shelf were formulated using simple solvent evaporation or 
solvent diffusion/ evaporation methods [69] to improve the residence 
time of the delivery system in the stomach. Some common polymers 
used to prepare these systems are cellulose acetate, polycarbonate, 
calcium alginate, eudragit S, low methoxylated pectin, agar, etc. The 
quality of polymers, the plasticizer polymer proportion, and solvent 
used for preparation have a significant effect on the floating and drug 
release from the delivery system. The microballoon remains buoyant 
without interruption on the surface of an acidic dissolution medium 
more than 12 h. Hollow microspheres are ranked among the most 
promising floating system because they have combined the advantages 
of a multiple unit system and good buoyance. 

Alginate beads
Recently, multiple unit floating systems were prepared that is based 
on cross linked beads [63]. The system was prepared using calcium 
ion and low methoxylated pectin (anionic polysaccharide) or calcium 
ions+ low methoxylated pectin and sodium alginate. Sodium alginate 
solution is dropped into an aqueous solution of CaCl2 which leads to 
the precipitation of calcium alginate. These beads are then separated 
and desiccated using air convection and freeze drying, results in the 
formulation of porous system which can remain floating for more than 
12 h. These beads increase the GRT more than 5.5 h [6,50]. Recently, 
floating alginate beads prepared using a gas generating agent such as 
calcium carbonate ( CaCO3 ) and sodium bicarbonate (NaHCo3) [70].

Bioadhesive or mucoadhesive drug delivery systems 
These systems were first introduced by Park and Robinson in 
1984  [71]. Mucoadhesive DDS are utilized as delivery devices 
within humans to increase drug absorption at a specific site. In this 
approach, mucoadhesive polymers are used [72,73] which hold on to 
the epithelial surface in the stomach. Therefore, they can prolong the 
gastric retention. The delivery system (Fig. 3) can hold onto the mucosal 
surface by various mechanisms. These mechanisms include [74]:

Fig. 2: Low-density and high-density systems [64]
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1.	 The wetting theory – is based on the ability of mucoadhesive 
polymers to spread and form contact with the mucous layers

2.	 The diffusion theory – is based on the interpenetration of mucin 
strands into the porous configuration of the polymer substrate

3.	 The absorption theory – states that the bioadhesion is the result of 
Vander Waals forces and hydrogen bonding

4.	 The electronic theory – is based on attractive electrostatic forces 
between the glycoprotein mucin network and the bioadhesive 
materials.

Materials that exhibit bioadhesive property are chitosan, HPMC, acrylic 
acid, cholestyramine, sodium alginate, sucralfate, dextrin, tragacanth, 
polyethylene glycol, polylactic acid, etc. Despite some of these polymers 
are effectively produce bioadhesion, it is hard to maintain this 
bioadhesion due to rapid turnover of mucus in the GIT [30].

Expandable, unfoldable, and swellable systems
An expandable system (Fig. 4) can achieve a longer GRT by increasing its 
shape or volume. These systems were first designed for veterinary use 
and then explore for the human use [6]. A dosage form can be retained 
in the stomach still after gastric transit when it is larger in size than the 
diameter of the pyloric sphincter. In general, these systems composed 
of hydrophilic polymers, when polymer comes in contact with gastric 
fluid it absorbs water and becomes swollen [12,75]. The swelling and 
drug release is occur due to the process of diffusion. However, care 
should be taken that the dosage form must be small enough to swallow 
and should not cause gastric blockage alone or by accumulation. Thus, 

their configurations should be considered while developing expandable 
systems to prolong GRT.

1.	 A small design for oral use
2.	 An expanded gastroretentive form
3.	 A small form that allows clearance subsequent to drug release from 

the device.

Unfoldable systems are prepared from biodegradable polymers which 
are folded and encapsulated inside a carrier which degrade in the 
stomach [12]. Unfoldable systems are available in the different geometric 
forms such as a tetrahedron, ring, or planner membrane (4-limbed cross 
or 4-label disc form) of biodegradable polymer compressed within 
a capsule which extends in the stomach. Swellable systems are also 
retained in the stomach because of their mechanical properties. The 
swelling is generally caused due to osmotic absorption of water. The 
expandable systems have some disbenefits such as the storage of easily 
hydrolyzable polymers is problematic [76], biodegradable polymers are 
most difficult to industrialize and not cost effective. Permanent retention 
of rigid, large single-unit expandable drug delivery dosage forms may 
cause brief obstacle, intestinal sticking, and gastric diseases [12].

Superporous hydrogel system
In this approach, the GRT is improved by superporous hydrogel of 
average pore size greater than 100 μm. They swell to an equilibrium 
size from minute due to water uptake by capillary wetting through 
numerous interconnected open pores [16]. They swell to large size up to 

Fig. 3: Mucoadhesive drug delivery system [64]

Fig. 4: (a and b) Swellable and expandable system [64]

a b
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100 or more [77]. These systems utilize the highly swellable polymers 
such as croscarmellose sodium and sodium alginate [68]. These 
formulations have high mechanical strength and elastic properties.

Raft forming systems
These systems (Fig.  5) are developed using gel forming polymers and 
effervescent excipients so as to obtain sustained drug delivery. These 
systems are effective in achieving localized effect as they form a blockade 
between esophagus and stomach. Therefore, system can be utilized for 
the treatment of peptic ulcer and gastroesophageal reflux disease. After 
contact with stomach fluid these systems become swelled and forms a 
viscous cohesive gel which results in the formation of a continuous layer 
called as raft [14,78]. The antacid raft forming system is also developed 
recently in which sodium alginate is used as gel forming polymer, sodium 
bicarbonate, and acid neutralizer as gas generating agents. The raft 
floats on the gastric fluid due to generation of CO2 that reduce the bulk 
density of the system. The raft can remain floating on the gastric fluid 
for a few hours and release the drug in a sustained manner. Such rafts 
are especially useful for the delivery of antacid drugs [79]. These systems 
can be disrupted by MMC as they have weak mechanical strength [78,80].

Magnetic system
In this approach, external magnet is used to improve GRT of the 
dosage form which consists of a small internal magnet along with 
the excipients and API (Fig.  6). The external magnet is placed on the 
abdomen over the position of the stomach that controls the position 
of internal dosage form [14] or improves the GRT of dosage form [81]. 
The external magnet must be placed with a degree of accuracy that may 
reduce patient compliance [74].

Some often used drugs in the development of GRDDS and some 
gastroretentive products available in the market are shown in 
Tables 2 and 3

MERITS OF GRDDS

•	 The bioavailability and therapeutic effects can be improved for those 
drugs which get metabolized in the alkaline environment of the intestine

•	 Lessen the frequency of dosing and thus improves patient compliance
•	 They have a benefit over their conventional system as they can use to 

overcome gastric emptying time (GET). These systems are likely to 
remain floating on the gastric fluid without influencing the intrinsic 
rate of emptying as their bulk density is lower than that of the gastric 
fluids

•	 GRDDS can prolong and sustain the drug release from the dosage 
form which facilitates local delivery in the stomach and small 
intestine. Thus, these systems are useful to treat diseases related 
to the stomach or small intestine

•	 The controlled, slow delivery of the active drug from the 
gastroretentive delivery systems provides adequate local action at the 
diseased site thus minimizes or eliminates the systemic disclosure of 
drugs. This site specific drug delivery minimizes undesirable effects 
of drugs

•	 GRDDS can reduce the fluctuations of drug concentrations and 
effects. This helps to avoid concentration dependent adverse effects 
that are associated with peak concentrations. This aspect is of a 
special importance for drugs with a narrow therapeutic index

•	 GRDDS can diminish the counter activity of the body, leading to higher 
drug effect

•	 Reduction in fluctuation in drug concentration ensures increased 
selectivity in receptor activation

•	 The continuous release of drug for an extended period from the 
GRDDS allows extension of the time over the critical concentration 
and hence intensifies the pharmacological effects and improves 
chemical outcomes.

CHALLENGES INVOLVED IN GRDDS

The GRDDS are stomach specific and required to retain in the stomach 
only. Therefore, the retention of the dosage form in the stomach or in 
the upper part of the small intestine for a long period of time until all 
drug from the system is released at predetermined rate is the biggest 
challenge in formulating GRDDS. The gastric emptying process is 
highly variable and depends on various factors. However, the main 
factor is dosage form and fasted or fed state of the stomach. The 
gastric emptying time is also influenced by the factors such as food, 
caloric content, gender, and age. The process of gastric emptying is also 
prolonged by high fat and high calories containing food. The GRT is 
varying and related to the patients age, gender, size and shape of dosage 
forms, individuals disease state, and body mass index. The GRT is also 
affected by the pylorus. Another fact is the animals (dog or rabbit) that 
have different size of the pylorus and its peristaltic movement than that 
of human beings. Indigestible polymers and fatty acid salts also alter 
the motility pattern of the stomach under fed conditions and assist in 
decreasing gastric emptying rate. Therefore, it is necessary to conclude 
the results carefully.

Fig. 6: Magnetic system [64]

Fig. 5: Raft forming system [64]

Table 2: Drugs available in gastroretentive dosage forms

Drugs Dosage form

Acetyl salicylic acid, Ciprofloxacin, 
Fluorouracil, Prednisolone, Theophylline 
[47], Acetaminophen [82], Ampicillin [48], 
Atenolol [51], Captopril [83], Cinnarizine 
[48], isosorbide dinitrate [84],Verapamil 
HCL [85], Acyclovir [86], Amoxicillin 
trihydrate [87], Losartan [88]

Floating tablets

Diazepam, Misoprostol, Propranolol, 
Pepstatin, L-dopa, and benserazide [47] 
Furosemide [89] 

Floating capsule

Aspirin, Ibuprofen [47] Griseofulvin [90], 
Famotidine [91,92]

Floating microspheres 

Diclofenac sodium, Prednisolone [47] 
Indomethacin [93]

Floating granules
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CONCLUSION

Based on the literature reviewed, it may be concluded that GRDDS 
can provide numerous advantages for drugs with low bioavailability 
as these delivery systems restrict the absorption of the drug in the 
upper GIT and they can be delivered efficiently thereby improving their 
absorption and intensifying absolute bioavailability. The in vivo studies 
are important to create the optional dosage form for a specific drug 
because of complexity of pharmacokinetics and pharmacodynamics 
parameters. Gastroretentive drug delivery has great significance 
to increase the therapeutic efficacy of drugs those having a narrow 
absorption window, high solubility at acidic pH (in Stomach), and low 
solubility or instability at alkaline pH (intestine). But understanding 
the anatomy and physiology of the stomach, the effect of formulation 
and process variables on the quality of dosage form is necessary 
for successful GRDDS design. Even though numerous GRDDS have 
been reported in the literature such as low or high density, bio or 
mucoadhesive, and magnetic systems, but their effectiveness or clinical 
significance is necessary to be studied. To understand, the influence of 
formulation and process variables of the dosage form performance QbD 
approach can be used.

AUTHOR CONTRIBUTIONS

Conceptualization, Prasad S. Dubal and Mandar J. Bhandwalkar; 
Methodology, Prasad S. Dubal, Supriya N. Mandrupkar; Formal Analysis, 
Prasad S. Dubal, Mandar J.Bhandwalkar; Data Curation, Prasad S. 
Dubal, Akash K. Tupe; Resources, Prasad S. Dubal; Writing-Original 
Draft Preparation, Prasad S. Dubal, Akash K. Tupe; Writing-Review & 
Editing, Prasad S. Dubal, Mandar J. Bhandwalkar; Supervision, Mandar 
J. Bhandwalkar. 

FUNDING

The authors received no specific funding for this work.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1.	 Misra A, Singh B. Gastroretentive drug delivery systems. In: In Vitro 
in Vivo Tools Drug Delivery Research for Optimum Clinical Outcomes. 
United Kingdom: Taylor & Francis Group; 2018. p. 173-208.

2.	 Kesarla RS, Vora PA, Sridhar BK, Patel G, Omri A. Formulation and 
evaluation of floating tablet of H2-receptor antagonist. Drug Dev Ind 
Pharm 2015;41:1499-511.

3.	 Prinderre P, Sauzet C, Fuxen C. Advances in gastro retentive drug-
delivery systems. Expert Opin Drug Deliv 2011;8:1189-203.

4.	 Aoki H, Iwao Y, Mizoguchi M, Noguchi S, Itai S. Clarithromycin 
highly-loaded gastro-floating fine granules prepared by high-shear melt 

granulation can enhance the efficacy of Helicobacter pylori eradication. 
Eur J Pharm Biopharm 2015;92:22-7.

5.	 Kim JY, Bae HJ, Choi J, Lim JR, Kim SW, Lee SH, et al. Efficacy of 
gastro-retentive forms of ecabet sodium in the treatment of gastric ulcer 
in rats. Arch Pharm Res 2014;37:1053-62.

6.	 Garg R, Gupta G. Progress in controlled gastroretentive delivery 
systems. Trop J Pharm Res 2008;7:1055-66.

7.	 Matharu RS, Sanghavi NM. Novel drug delivery system for captopril. 
Drug Dev Ind Pharm 1992;18:1567-74.

8.	 Rouge N, Allémann E, Gex-Fabry M, Balant L, Cole ET, Buri P, et al. 
Comparative pharmacokinetic study of a floating multiple-unit capsule, 
a high-density multiple-unit capsule and an immediate-release tablet 
containing 25 mg atenolol. Pharm Acta Helv 1998;73:81-7.

9.	 Sharma S, Pawar A. Low density multiparticulate system for pulsatile 
release of meloxicam. Int J Pharm 2006;313:150-8.

10.	 Goole J, Vanderbist F, Amighi K. Development and evaluation of new 
multiple-unit levodopa sustained-release floating dosage forms. Int J 
Pharm 2007;334:35-41.

11.	 Santus G, Lazzarini C, Bottoni G, Sandefer EP, Page RC, Doll WJ, et al. 
An in vitro-in vivo investigation of oral bioadhesive controlled release 
furosemide formulations. Eur J Pharm Biopharm 1997;44:39-52.

12.	 Klausner EA, Lavy E, Friedman M, Hoffman A. Expandable 
gastroretentive dosage forms. J Control Release 2003;90:143-62.

13.	 Park K. Enzyme-digestible swelling hydrogels as platforms for long-
term oral drug delivery: Synthesis and characterization. Biomaterials 
1988;9:435-41.

14.	 Prajapati VD, Jani GK, Khutliwala TA, Zala BS. Raft forming system-
an upcoming approach of gastroretentive drug delivery system. J 
Control Release 2013;168:151-65.

15.	 Arora S, Ali J, Ahuja A, Khar RK, Baboota S. Floating drug delivery 
systems: A review. AAPS PharmSciTech 2005;6:372-90.

16.	 Pawar VK, Kansal S, Garg G, Awasthi R, Singodia D, Kulkarni GT. 
Gastroretentive dosage forms: A review with special emphasis on 
floating drug delivery systems. Drug Deliv 2011;18:97-110.

17.	 Streubel A, Siepmann J, Bodmeier R. Drug delivery to the upper 
small intestine window using gastroretentive technologies. Curr Opin 
Pharmacol 2006;6:501-8.

18.	 Laulicht B, Tripathi A, Schlageter V, Kucera P, Mathiowitz E. 
Understanding gastric forces calculated from high-resolution pill 
tracking. Proc Natl Acad Sci U S A 2010;107:8201-6.

19.	 Talukder R, Fassihi R. Gastroretentive delivery systems: A mini review. 
Drug Dev Ind Pharm 2004;30:1019-28.

20.	 Minami H, Mccallum RW. The physiology and pathophysiology of 
gastric emptying in humans. Gastroenterology 1984;86:1592-610.

21.	 Mandal UK, Chatterjee B, Senjoti FG. Gastro-retentive drug delivery 
systems and their in vivo success: A recent update. Asian J Pharm Sci 
2016;11:575-84.

22.	 Wilson C, Washington N, Washington C, Physiological Pharmaceutics: 
Barriers to Drug Absorption. United States: CRC Press; 2000.

23.	 O’Reilly S, Wilson CG, Hardy JG. The influence of food on the gastric 
emptying of multiparticulate dosage forms. Int J Pharm 1987;34:213-6.

24.	 Khosla R, Feely LC, Davis SS. Gastrointestinal transit of non-
disintegrating tablets in fed subjects. Int J Pharm 1989;53:107-17.

25.	 Khosla R, Davis SS. The effect of tablet size on the gastric emptying of 

Table 3: Marketed gastroretentive products [3,16,31,47,94]

Brand name API Delivery system Manufactured by

Cytotec® Misoprostol Bilayer floating capsule Pfizer, UK
Baclofen GRS® Baclofen Coated multilayer and swelling system Sun Pharma, India
Conviron® Ferrous sulfate Colloidal gel forming floating system Ranbaxy India
ZanocinOD® Ofloxacin Effervescent floating system Ranbaxy India
RiometOD® Metformin HCL Effervescent floating system Ranbaxy India
CifranOD® Ciprofloxacin Effervescent floating system Ranbaxy India
Topalkan® Aluminum magnesium Raft forming system Pirrie fabre Medicament, France
Almagate FlatCoat® Aluminum magnesium antacid Raft forming system Pirrie fabre Medicament, France
Accordion pill® Carbidopa-Levodopa Expandable system (unfolding) Intec Pharma, Israel
Madopar HBS® Levodopa and Benserzide Floating controlled release capsule Roche, UK
Prolopa HBS® Levodopa and benserazide HCL Floating controlled release capsule Roche, UK
Valrelease® Diazepam Floating controlled release capsule Roche, UK
Inon Ace tablets® Simethicon Foam based Floating systems Sato Pharma, Japan
Coreg CR® Carvedilol Gastroretention with osmotic system GlaxoSmithKline, UK
Prazopress XL® Prazocin HCL Effervescent and swelling system Sun Pharma, Japan
Cipro XR® Ciprofloxacine HCL and betaine Erodible matrix based system Bayer, USA



44

Asian J Pharm Clin Res, Vol 13, Issue 12, 2020, 38-45
	 Bhandwalkar et al.

non-disintegrating tablets. Int J Pharm 1990;62:R9.
26.	 Timmermans J, Moës AJ. Factors controlling the buoyancy and 

gastric retention capabilities of floating matrix capsules: New data for 
reconsidering the controversy. J Pharm Sci 1994;83:18-24.

27.	 Bennett CE, Hardy JG, Wilson CG. The influence of posture on the 
gastric emptying of antacids. Int J Pharm 1984;21:341-7.

28.	 Coupe AJ, Davis SS, Evans DF, Wilding IR. Nocturnal scintigraphic 
imaging to investigate the gastrointestinal transit of dosage forms. J 
Control Release 1992;20:155-62.

29.	 Nimmo J, Heading RC, Tothil P, Prescott LF. Pharmacological 
modification of gastric emptying: Effects of propantheline and 
metoclopromide on paracetamol absorption. Br Med J 1973;1:587-9.

30.	 Umamaheshwari RB, Ramteke S, Jain NK. Anti-Helicobacter 
pylori effect of mucoadhesive nanoparticles bearing amoxicilin in 
experimental gerbils model. AAPS PharmSciTech 2004;5:60-8.

31.	 Lopes CM, Bettencourt C, Rossi A, Buttini F, Barata P. Overview on 
gastroretentive drug delivery systems for improving drug bioavailability. 
Int J Pharm 2016;510:144-58.

32.	 El-Zahaby SA, Kassem AA, El-Kamel AH. Design and evaluation of 
gastroretentive levofloxacin floating mini-tablets-in-capsule system for 
eradication of Helicobacter pylori. Saudi Pharm J 2014;22:570-9.

33.	 Cvijic S, Ibric S, Parojcic J, Djuris J. An in vitro-in silico approach 
for the formulation and characterization of ranitidine gastroretentive 
delivery systems. J Drug Deliv Sci Technol 2018;45:1-10.

34.	 Diós P, Nagy S, Pál S, Pernecker T, Kocsis B, Budán F, et al. 
Preformulation studies and optimization of sodium alginate based 
floating drug delivery system for eradication of Helicobacter pylori. 
Eur J Pharm Biopharm 2015;96:196-206.

35.	 Fu J, Yin H, Yu X, Xie C, Jiang H, Jin Y, et al. Combination of 3D 
printing technologies and compressed tablets for preparation of 
riboflavin floating tablet-in-device (TiD) systems. Int J Pharm 
2018;549:370-9.

36.	 Kagan L, Lapidot N, Afargan M, Kirmayer D, Moor E, Mardor Y, 
et al. Gastroretentive accordion pill: Enhancement of riboflavin 
bioavailability in humans. J Control Release 2006;113:208-15.

37.	 Sarkar D, Nandi G, Changder A, Hudati P, Sarkar S, Ghosh LK. 
Sustained release gastroretentive tablet of metformin hydrochloride 
based on poly (acrylic acid)-grafted-gellan. Int J Biol Macromol 
2017;96:137-48.

38.	 Thapa P, Jeong SH. Effects of formulation and process variables on 
gastroretentive floating tablets with a high-dose soluble drug and 
experimental design approach. Pharmaceutics 2018;10:9-12.

39.	 Oh TO, Kim JY, Ha JM, Chi SC, Rhee YS, Park CW, et al. Preparation 
of highly porous gastroretentive metformin tablets using a sublimation 
method. Eur J Pharm Biopharm 2013;83:460-7.

40.	 He W, Li Y, Zhang R, Wu Z, Yin L. Gastro-floating bilayer tablets for the 
sustained release of metformin and immediate release of pioglitazone: 
Preparation and in vitro/in vivo evaluation. Int J Pharm 2014;476:223-31.

41.	 Hwang KM, Cho CH, Tung NT, Kim JY, Rhee YS, Park ES. Release 
kinetics of highly porous floating tablets containing cilostazol. Eur J 
Pharm Biopharm 2017;115:39-51.

42.	 Qin C, Wu M, Xu S, Wang X, Shi W, Dong Y, et al. Design and 
optimization of gastro-floating sustained-release tablet of pregabalin: 
In vitro and in vivo evaluation. Int J Pharm 2018;545:37-44.

43.	 Sawicki W. Pharmacokinetics of verapamil and norverapamil from 
controlled release floating pellets in humans. Eur J Pharm Biopharm 
2002;53:29-35.

44.	 Jiménez-Martínez I, Quirino-Barreda T, Villafuerte-Robles L. 
Sustained delivery of captopril from floating matrix tablets. Int J Pharm 
2008;362:37-43.

45.	 Chavanpatil MD, Jain P, Chaudhari S, Shear R, Vavia PR. Novel 
sustained release, swellable and bioadhesive gastroretentive drug 
delivery system for ofloxacin. Int J Pharm 2006;316:86-92.

46.	 Sethi S, Mangla B, Kamboj S, Rana V. A QbD approach for the 
fabrication of immediate and prolong buoyant cinnarizine tablet using 
polyacrylamide-g-corn fibre gum. Int J Biol Macromol 2018;117:350-61.

47.	 Kotreka UK, Adeyeye MC. Gastroretentive floating drug-delivery systems: 
A critical review. Crit Rev Ther Drug Carrier Syst 2011;28:47-99.

48.	 Singh BN, Kim KH. Floating drug delivery systems: An approach to 
oral controlled drug delivery via gastric retention. J Control Release 
2000;63:235-59.

49.	 Clarke GM, Newton JM, Short MB. Comparative gastrointestinal 
transit of pellet systems of varying density. Int J Pharm 1995;114:1-11.

50.	 Whitehead L, Fell JT, Collett JH, Sharma HL, Smith AM. Floating 
dosage forms: An in vivo study demonstrating prolonged gastric 
retention. J Control Release 1998;55:3-12.

51.	 Rouge N, Buri P, Doelker E. Drug absorption sites in the gastrointestinal 

tract and dosage forms for site-specific delivery. Int J Pharm 
1996;136:117-39.

52.	 Sato Y, Kawashima Y, Takeuchi H, Yamamoto H. Physicochemical 
properties to determine the buoyancy of hollow microspheres 
(microballoons) prepared by the emulsion solvent diffusion method. 
Eur J Pharm Biopharm 2003;55:297-304.

53.	 Cooreman MP, Krausgrill P, Hengels KJ. Local gastric and serum 
amoxicillin concentrations after different oral application forms. 
Antimicrob Agents Chemother 1993;37:1506-9.

54.	 Gajjar S, Mayavanshi AV. Floating drug delivery to increase gastric 
retension. J Pharm Educ Res 2008;1:55-61.

55.	 Krögel I, Bodmeier R. Development of a multifunctional matrix drug 
delivery system surrounded by an impermeable cylinder. J Control 
Release 1999;61:43-50.

56.	 Gröning R, Cloer C, Georgarakis M, Müller RS. Compressed collagen 
sponges as gastroretentive dosage forms: In vitro and in vivo studies. 
Eur J Pharm Sci 2007;30:1-6.

57.	 Sriamornsak P, Thirawong N, Puttipipatkhachorn S. Emulsion gel beads 
of calcium pectinate capable of floating on the gastric fluid: Effect of 
some additives, hardening agent or coating on release behavior of 
metronidazole. Eur J Pharm Sci 2005;24:363-73.

58.	 Streubel A, Siepmann J, Bodmeier R. Floating microparticles based on 
low density foam powder. Int J Pharm 2002;241:279-92.

59.	 Streubel A, Siepmann J, Bodmeier R. Floating matrix tablets based 
on low density foam powder: Effects of formulation and processing 
parameters on drug release. Eur J Pharm Sci 2003;18:37-45.

60.	 Bechgaard H, Nielsen GH. Controlled-release multiple-units and single-
unit doses a literature review. Drug Dev Ind Pharm 1978;4:53-67.

61.	 Iannuccelli V, Coppi G, Sansone R, Ferolla G. Air compartment 
multiple-unit system for prolonged gastric residence. Part II. In vivo 
evaluation. Int J Pharm 1998;174:55-62.

62.	 Jain SK, Awasthi AM, Jain NK, Agrawal GP. Calcium silicate 
based microspheres of repaglinide for gastroretentive floating drug 
delivery: Preparation and in vitro characterization. J Control Release 
2005;107:300-9.

63.	 Talukder R, Fassihi R. Gastroretentive delivery systems: Hollow beads. 
Drug Dev Ind Pharm 2004;30:405-12.

64.	 Tripathi J, Thapa P, Maharjan R, Jeong SH. Current state and future 
perspectives on gastroretentive drug delivery systems. Pharmaceutics 
2019;11:1-22.

65.	 Stockwell AF, Davis SS, Walker SE. In vitro evaluation of alginate gel 
systems as sustained release drug delivery systems. J Control Release 
1986;3:167-75.

66.	 Ingani HM, Timmermans J, Moës AJ. Conception and in vivo 
investigation of peroral sustained release floating dosage forms with 
enhanced gastrointestinal transit. Int J Pharm 1987;35:157-64.

67.	 Acharya S, Patra S, Pani NR. Optimization of HPMC and carbopol 
concentrations in non-effervescent floating tablet through factorial 
design. Carbohydr Polym 2014;102:360-8.

68.	 Bardonnet PL, Faivre V, Pugh WJ, Piffaretti JC, Falson F. Gastroretentive 
dosage forms: Overview and special case of Helicobacter pylori. J 
Control Release 2006;111:1-18.

69.	 Kawashima Y, Niwa T, Takeuchi H, Hino T, Itoh Y. Hollow microspheres 
for use as a floating controlled drug delivery system in the stomach. J 
Pharm Sci 1992;81:135-40.

70.	 Choi BY, Park HJ, Hwang SJ, Park JB. Preparation of alginate beads for 
floating drug delivery system: Effects of CO2 gas-forming agents. Int J 
Pharm 2002;239:81-91.

71.	 Park K, Robinson JR. Bioadhesive polymers as platforms for oral-
controlled drug delivery: Method to study bioadhesion. Int J Pharm 
1984;19:107-27.

72.	 Lehr CM, Bouwstra JA, Tukker JJ, Junginger HE. Intestinal transit of 
bioadhesive microspheres in an in situ loop in the rat-a comparative 
study with copolymers and blends based on poly(acrylic acid). J 
Control Release 1990;13:51-62.

73.	 Harris D, Fell JT, Sharma HL, Taylor DC. GI transit of potential 
bioadhesive formulations in man: A scintigraphic study. J Control 
Release 1990;12:45-53.

74.	 Huang Y, Leobandung W, Foss A, Peppas NA. Molecular aspects of 
muco-and bioadhesion: Tethered structures and site-specific surfaces. J 
Control Release 2000;65:63-71.

75.	 Arnold J, Hunkeler D. Gastro retention using polymer cocoons. Artif 
Cells Nanomedicine Biotechnol 2015;43:26-32.

76.	 Torrado S, Prada P, De La Torre PM, Torrado S. Chitosan-poly(acrylic) 
acid polyionic complex: In vivo study to demonstrate prolonged gastric 
retention. Biomaterials 2004;25:917-23.

77.	 Chen J, Park K. Synthesis and characterization of superporous hydrogel 



45

Asian J Pharm Clin Res, Vol 13, Issue 12, 2020, 38-45
	 Bhandwalkar et al.

composites. J Control Release 2000;65:73-82.
78.	 Abouelatta SM, Aboelwafa AA, El-Gazayerly ON. Gastroretentive 

raft liquid delivery system as a new approach to release extension for 
carrier-mediated drug. Drug Deliv 2018;25:1161-74.

79.	 Hampson FC, Jolliffe IG, Bakhtyari A, Taylor G, Sykes J, 
Johnstone  LM, et al. Alginate-antacid combinations: Raft formation 
and gastric retention studies. Drug Dev Ind Pharm 2010;36:614-23.

80.	 Abou Youssef NA, Kassem AA, El-Massik MA, Boraie NA. 
Development of gastroretentive metronidazole floating raft system for 
targeting Helicobacter pylori. Int J Pharm 2015;486:297-305.

81.	 Gröning R, Berntgen M, Georgarakis M. Acyclovir serum concentrations 
following peroral administration of magnetic depot tablets and the 
influence of extracorporal magnets to control gastrointestinal transit. 
Eur J Pharm Biopharm 1998;46:285-91.

82.	 Phuapradit W, Bolton S. The influence of tablet density on the human 
oral absorption of sustained release acetaminophen matrix tablets. Drug 
Dev Ind Pharma 1991;17:1097-107.

83.	 Nur AO, Zhang JS. Captopril floating and/or bioadhesive tablets: 
Design and release kinetics. Drug Dev Ind Pharm 2000;26:965-9.

84.	 Ichikawa M, Watanabe S, Miyake Y. A new multiple-unit oral floating 
dosage system. I: Preparation and in vitro evaluation of floating and 
sustained-release characteristics. J Pharm Sci 1991;80:1062-66.

85.	 Gangadharappa HV, Rahamath-Ulla M, Pramod-Kumar TM, Shakeel F. 
Floating drug delivery system of verapamil hydrochloride using karaya 
gum and HPMC. Clin Res Regul Aff 2010;27:13-20.

86.	 Garg R, Gupta G. Preparation and evaluation of gastroretentive floating 
tablets of acyclovir. Curr Drug Deliv 2009;6:437-43.

87.	 Hilton AK, Deasy PB. In vitro and in vivo evaluation of an oral 

sustained-release floating dosage form of amoxycillin trihydrate. Int J 
Pharm 1992;86:79-88.

88.	 Chen RN, Ho HO, Yu CY, Sheu MT. Development of swelling/
floating gastroretentive drug delivery system based on a combination 
of hydroxyethyl cellulose and sodium carboxymethyl cellulose for 
losartan and its clinical relevance in healthy volunteers with CYP2C9 
polymorphism. Eur J Pharm Sci 2010;39:82-9.

89.	 Menon A, Ritschel WA, Sakr A. Development and evaluation of 
a monolithic floating dosage form for furosemide. J Pharm Sci 
1994;83:239-45.

90.	 Thanoo BC, Sunny MC, Jayakrishnan A. Oral sustained-release drug 
delivery systems using polycarbonate microspheres capable of floating 
on the gastric fluid. J Pharm Pharmacol 1993;45:21-4.

91.	 Jain AK, Jain CP, Tanwar YS, Naruka PS. Formulation, characterization 
and in vitro evaluation of floating microspheres of famotidine as a 
gastro retentive dosage form. Asian J Pharm 2009;3:222-6.

92.	 Ramachandran S, Shaheedha S, Thirumurugan G, Dhanaraju M. 
Floating controlled drug delivery system of famotidine loaded hollow 
microspheres (microballoons) in the stomach. Curr Drug Deliv 
2010;7:93-7.

93.	 Miyazaki S, Yamaguchi H, Yokouchi C, Takada M, Hou WM. 
Sustained-release and intragastric-floating granules of indomethacin 
using chitosan in rabbits. Chem Pharm Bull 1988;36:4033-8.

94.	 Pawar VK, Kansal S, Asthana S, Chourasia MK. Industrial perspective 
of gastroretentive drug delivery systems: Physicochemical, 
biopharmaceutical, technological and regulatory consideration. Expert 
Opin Drug Deliv 2012;9:551-65.


