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ABSTRACT  

Gastro retentive drug delivery system have been a significant approach 

over the past few years to prolong gastric residence time, thereby 

targeting site-specific drug release in the upper gastrointestinal tract for 

local or systemic effect. Conventional oral dosage forms having low 

bioavailability problems due to their rapid gastric transition from 

stomach, in case of drugs which are less soluble at alkaline pH of 

intestine. Further drugs which produce their local action in stomach, 

get rapidly emptied do not get enough residence time in stomach. 

Hence, the frequency of dose administration in such cases is increased. 

To avoid these problems, various efforts have been made to prolong  

the retention time of drug in stomach. Floating system has been considered as imperative 

categories of drug delivery system which has gastric retentive behaviour. FDDS is low-

density systems that have sufficient buoyancy to float over the gastric contents and remain 

buoyant in the stomach for a prolonged period of time without affecting the gastric emptying 

rate. The review article explain the various floating drug delivery system that are formulated 

in order to enhance the drug bioavailability, reduce drug wastage & provide controlled drug 

delivery & better patient compliant. Several approaches & techniques were developed in 

recent years for FDDS are discussed. 

KEYWORDS: Floating Drug delivery system, Gastro retentive. 

 

INTRODUCTION 

Oral drug delivery is the most desirable and preferred route of administration for their 

systemic effects to provide high level of patient compliance in taking oral dosage forms is 
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due to the ease of administration, flexibility in formulation & handling of these forms.
[1]

 To 

modify the gastric retention time is one of the main challenge in the development of oral 

controlled drug delivery system (OCDDS). Gastric emptying of the dosage forms is the most 

prominent process & ability to prolong & control the gastric emptying time is valuable asset 

for dosage forms, which reside in the stomach for a long period of time than conventional 

dosage forms.
[2]

 Formulation of floating drug delivery was useful approach to avoid this 

variability like; unpredictable gastric emptying and degradation of the drug due to highly 

reactive nature of GI content, with increased gastric retention time of the drug delivery 

system.
[3,4] 

  

Designing controlled released systems several difficulties are faced for better absorption and 

enhanced bioavailability. One of such difficulties is the inability to confine the dosage form 

in the desired area of the gastrointestinal tract. The relatively brief gastric emptying time 

(GET) in humans which normally averages 2-3 hr through the major absorption zone, i.e., 

stomach and upper part of the intestine can result in incomplete drug release from the drug 

delivery system which leads to reduced efficacy of the administered dose. Sustained releases 

are dosage forms that provide medication over an extended period of time.
[5] 

 

Several approaches are formed to enhance the gastric residence time of gastro retentive 

dosage forms (GRDF) and majority of the work is carried out by introducing low- density 

polymeric substances which can float in the gastric juice. Studies have shown that these 

floating units which remain buoyant on gastric juice cannot be easily expelled out from the 

stomach when compared with the non-floating units which stay in antrum region and are 

easily moved by the peristaltic waves. Hence lots of research of floating drug delivery system 

is carried out with organic substances as a matrix to load a drug with different low- density.
[6]

 

Gastric emptying is a complex process and makes uncertain in vivo performance of drug 

delivery system. To avoid this variability with increased gastric resident time of drug delivery 

system the formulation of floating drug delivery systems is a useful approach.
[7]

  

 

Advantages of Floating drug delivery system 

1. The gastroretentive systems are advantageous for drugs absorbed through the stomach.  

2. Irritation on the stomach wall caused by acidic substances like aspirin can be avoided by 

using floating drug delivery system.  

3. Administration of floating dosage forms will result in dissolution of the drug in the gastric 

fluid. They dissolve in the gastric fluid and would be available for absorption in the small 
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intestine after emptying of the stomach contents. It is therefore expected that a drug will 

be fully absorbed from floating dosage forms if it remains in the solution form even at the 

alkaline pH of the intestine.  

4. The gastroretentive systems are advantageous for drugs meant for local action in the 

stomach.  

5. When there is a vigorous intestinal movement and a short transit time as might occur in 

certain type of diarrhoea, poor absorption is expected. Under such circumstances it may 

be advantageous to keep the drug in floating condition in stomach to get a relatively 

better response.  

 

Disadvantages of floating drug delivery system 

1. Floating system is not feasible for those drugs that have solubility or stability problem in 

G.I. tract.  

2. These systems require a high level of fluid in the stomach for drug delivery to float and 

work efficiently.  

3. The drugs that are significantly absorbed through out gastrointestinal tract, which undergo 

significant first pass metabolism, are only desirable candidate.  

4. Some drugs present in the floating system causes irritation to gastric mucosa.  

 

Applications of floating drug delivery systems  

1. Site-Specific Drug Delivery: These systems are particularly advantageous for drugs that 

are specifically absorbed from stomach or the proximal part of the small intestine.  

2. Absorption Enhancement: Drugs that have poor bioavailability because of site specific 

absorption from the upper part of the gastrointestinal tract are potential candidates to be 

formulated as floating drug delivery systems, thereby maximizing their absorption.  

3. Sustained Drug Delivery: These systems have a bulk density of <1 as a result of which 

they can float on the gastric contents. These systems are relatively large in size and passing 

from the pyloric opening is prohibited.
[8]

 

 

Basic gastrointestinal tract physiology 

Stomach is a J- shaped enlargement of the GI tract.
[9]

 It is a saclike organ located between the 

oesophagus & the small intestine.
[10]

 It was filled with food that comes from the oesophagus. 

The cell lining of the stomach secrete 3 important substances: Mucus, HCL, Pepsinogen 

(precursor of pepsin).
[11] 
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1. Mucus: - Protects gastric cells from injury. 

2. HCL: - Provide acidic medium to kill pathogens as well as to promote the protein 

breakdown by the pepsin.  

3. Pepsin: - Protein –digesting enzyme.
[12]

 

 

The stomach has 4 main areas. 

1. Cardia 2. Fundus 3. Body 4. Pylorus. 

 The rounded portion superior to & to the left of the cardia is the fundus. 

 Inferior to the fundus is the large central portion of the stomach called the body. 

 The region of the stomach that connects to the duodenum is the pylorus (Pyle = gate, 

ouros = guard). 

 

Functions of the stomach 

Stomach mixes saliva, food & gastric juice to form chime. It serves as a reservoir for holding 

food before release into small intestine. Its secrets gastric juice, which contain HCL, Pepsin, 

Intrinsic factor & Gastric lipase. Intrinsic factor aids absorption of vit. B12, Gastric lipase aids 

digestion of triglycerides. It also secret gastrin into blood.
[13]

  

 

 

Figure 1: Anatomy & Physiology of stomach
[14] 
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Hormones & Hormone like products that act in digestion
[15]

 

Hormone Source 
Stimulus for 

secretion 
Action 

Gastrin Stomach 

Food in stomach 

(chemical 

stimulus) 

Stimulates release of 

gastric juice. 

Stimulate mobility of 

small intestine. 

Histamine Stomach Food in stomach 
Activates parietal 

cells to secrete HCL. 

Somatostatin Stomach
 

Food in stomach 

Inhibits secretion of 

gastric juice & 

pancreatic juice. 

Inhibits emptying of 

stomach & 

gallbladder. 

 

Gastric Emptying: It was occurs during fasting as well as fed states. The two modes state of 

continuous motility consisting in GI tract are; Inter-digestive motility pattern & Digestive 

motility pattern.
[16-19] 

 

In the fasted states, it is characterized by an interdigestive series of electrical events, which 

cycle both through stomach and intestine every 2 to 3 hours. This is called the interdigestive 

myloelectric cycle or migrating myloelectric cycle (MMC) [figure2], which is further divided 

into following four phases. 

 

Phase I (basal phase) lasts from 40 to 60 minutes with rare contractions. It is characterized 

by lack of any secretary, electrical activity and contractile motions. 

  

Phase II (preburst phase) lasts for 20 to 40 minutes with intermittent action potential and 

contractions. Bile enters the duodenum during this phase, while the gastric mucous discharge 

occurs during the later part of phase I and throughout the phase III. 

  

Phase III (burst phase) lasts for 10 to 20 minutes. It includes intense and regular 

contractions for short period. It is due to this wave that all the undigested material is swept 

out of the stomach down to the small intestine. It is also known as the “housekeeper wave”. 

  

Phase IV (transition period) lasts for 0 to 5 minutes and occurs between phase III and phase 

I.  
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After the ingestion of a mixed meal, the pattern of contractions changes from fasted to that of 

fed state. This is also known as digestive motility pattern and comprises continuous 

contractions as in phase II of fasted state. These contractions result in reducing the size of 

food particles (to less than 1 mm), which are propelled toward the pylorus in a suspension 

form. During the fed state onset of MMC is delayed resulting in slowdown of gastric 

emptying rate.
[20] 

 

 

Figure 2: Motility patterns of the GIT in the fasted state.
[21]

 

 

Mechanism of floating system 

Floating drug delivery systems (FDDS) have prolonged the gastric emptying rate for a long 

period of time and remain buoyant in the stomach due to low density as compared to gastric 

fluid. Drug released slowly at the desired rate from the system while the system is floating on 

the gastric content (image). The residual system is emptied from the stomach, after release of 

drug. This results in an increased GRT and a better control of the fluctuation in plasma drug 

concentration. However, a minimum level of floating force (F) is also required to keep the 

dosage form reliably buoyant on the surface of meal beyond a minimal gastric content needed 

to allow the proper achievement of the buoyancy retention principle. A novel apparatus for 

determination of resultant weight has been reported in the literature, to measure the floating 

force kinetics. The apparatus operates by measuring continuously the force equivalent to F 

(as a function of time) that is required to submerged object. If F is on the higher positive side 

the object floats better (image). To prevent the drawbacks of unforeseeable intra gastric 

buoyancy Capability variations this apparatus helps in optimizing FDDS with respect to 

stability & durability of floating forces produced.
[22] 

  

F = F buoyancy - F gravity = (Df – Ds) g* v 

Where,  

F= total vertical force, Df = fluid density, Ds = object density, 
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 v = volume and g = acceleration due to gravity 

 

 

Figure 3: Mechanism of floating systems, GF= Gastric fluid.
[23]

 

 

Factors affecting gastric retention 

Physicochemical factors 

Density: In gastric region location of the particular gastro retentive dosage form is depends 

on the density. Low density tends to float on the gastric fluid while high density systems sink 

to the bottom of the stomach. 

 

Size of dosage form: Dosage forms having greater diameter than the diameter of pyloric 

sphincter escape from gastric emptying & remain within gastric region. 

 

Shape of dosage form: round or ring shaped dosage form reported to have better floating, 

90% to 100% retention at 24 hrs compared with other shapes.
[24-25] 

 

Biological factors 

Age: Neonates & children have low gastric retention time while geriatric patient show a 

longer gastric retention time, in compare to a normal adults. 

 

Gender: Gastric retention time in male (3-4 hrs) is lesser than the female (4-6 hrs). 

 

Fed or unfed state: Gastric motility under fasting condition is higher which depicts lesser 

GRT. 

 

Nature of meal: Feeding of indigestible polymers or high amount of fatty acids generally 

decreases the GRT by altering gastric motility. 

 

Disease condition: during the various gastric diseases like Crohn’s disease etc, altering the 

GRT. 
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Idiosyncratic factor 

Concomitant drug administration: Gastric retention time affect when administration of 

certain drugs (metoclopramide, cisapride) or depressants (atropine), which enhance gastric 

motility and hence absorption of stomach specific absorbing drugs.
[26] 

 

APPROACHES TO GASTRIC RETENTION 

A number of approaches have been used to increase gastric retention time (GRT) of a dosage 

form in stomach by employing a variety of concepts. These include. 

 

 

Fig.4: Illustration of types of gastroretentive drug delivery systems.
[27] 

 

a) Floating Systems
[28-29]

 

Floating Drug Delivery Systems (FDDS) have a bulk density lower than gastric fluids and 

thus remain buoyant in stomach for a prolonged period of time, without affecting the gastric 

emptying rate. While the system floats on gastric contents, the drug is released slowly at a 

desired rate from the system. After the release of drug, the residual system is emptied from 

the stomach. This results in an increase in gastric retention time and a better control of 

fluctuations in plasma drug concentrations. Floating systems can be classified into two 

distinct categories, non-effervescent and effervescent systems.  

 

b) Bio/Muco-adhesive Systems
[30-31]

  

Bio/muco-adhesive systems are those which bind to the gastric epithelial cell surface or 

mucin and serve as a potential means of extending gastric residence time of drug delivery 

system in stomach, by increasing the intimacy and duration of contact of drug with the 

biological membrane.  
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 Binding of polymers to mucin/epithelial surface can be divided into three broad categories:–  

 Hydration-mediated adhesion.  

 Bonding-mediated adhesion.  

 Receptor-mediated adhesion.  

 

c) Swelling and Expanding Systems
[32-29]

 

These are dosage forms, which after swallowing, swell to an extent that prevents their exit 

from the pylorus. As a result, the dosage form is retained in stomach for a long period of 

time. These systems may be named as “plug type system”, since they exhibit tendency to 

remain logged at the pyloric sphincter.  

 

d) High Density Systems
[33-34]

 

These systems with a density of about 3 g/cm3 are retained in the rugae of stomach and are 

capable of withstanding its peristaltic movements. A density of 2.6-2.8 g/cm3 acts as a 

threshold value after which such systems can be retained in the lower parts of the stomach. 

High-density formulations include coated pellets. Coating is done by heavy inert material 

such as barium sulphate, zinc oxide, titanium dioxide, iron powder etc.  

 

CLASSIFICATION OF FLOATING DRUG DELIVERY SYSTEM 

Two distinctly different technologies that have been utilized in the development of FDDS, are 

based on the mechanism of buoyancy. These are. 

 

1. Non-Effervescent FDDS.
[35-38]

 

These systems are various types as 

i) Single Layer Floating Tablets 

ii) Bi-layer Floating Tablets 

iii) Alginate Beads 

iv) Hollow Microspheres 

 

2. Effervescent FDDS: Two types. 

i) Volatile liquid containing system 

ii) Gas-generating Systems 

 

3. Raft Forming systems  

1. Non-Effervescent FDDS:- These systems are based on mechanism of swelling of polymer 

or bioadhesion with mucosal layer of git. These non-effervescent FDDS mostly use gel 
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forming or highly swellable cellulose type hydrocolloids, hydrophilic gums, polysaccharides 

and matrix forming materials such as polycarbonate, polyacrylate, polymethacrylate, 

polystyrene as well as bioadhesive polymers such as Chitosan and carbopol for single-unit 

dosage forms.  

 

The various types of this system are as 

a) Single Layer Floating Tablets: They are formulated by intimate mixing of polymer like 

gel-forming hydrocolloid with drug, which erosion in contact with gastric fluid and 

maintained its bulk density of less than unity. The enteric materials for low density, HPMC 

were used. 

 

b) Bi-layer Floating Tablets: A bi-layer tablet contain two layer one immediate release layer 

and another one is sustained released layer. One released initial dose while another layer 

absorbs gastric fluid. These layers formed an impermeable colloidal gel barrier on its surface, 

and maintained a bulk density of less than gastric fluid & thereby it remains buoyant in the 

stomach. 

 

c) Alginate Beads: Freeze-dried calcium alginate was developed from Multi-unit floating 

dosage forms. Spherical beads can be prepared by dropping sodium alginate solution into 

aqueous solution of calcium chloride, approximately 2.5 mm diameter of beads causing 

precipitation in calcium alginate leading to formation of porous system, which can maintain 

12 hr floating force. These floating beads gave a prolonged residence time of more than 5.5 

hrs as compared with the solid beads. 

 

d) Hollow Microspheres: Hollow microsphere containing a core substance in real sense, 

spherical empty particles. The dried microspheres form a free-flowing powder. They consist 

of protein or synthetic polymer, which biodegrade and ideally have a size range less than 200 

µm. Floating microspheres are gastro-retentive drug delivery systems based on non-

effervescent approach. The solid biodegradable microspheres have a potential for controlled 

release of drugs by incorporating a drug dispersed or dissolved throughout particle matrix. 

Gastro-retentive floating microspheres have sufficient buoyancy due to low density system 

which helps to float over gastric content & retain in the stomach for prolonged period. As the 

floating system the drug float over gastric content & the drug releases slowly at desired rate 

resulting in enhanced gastric retention with reduced plasma drug concentration 

fluctuations.
[39] 
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2. Effervescent FDDS 

a) Volatile liquid containing system: A volatile liquid is incorporated in an inflatable 

chamber which increases the GRT. This happens because the volatile liquid at body 

temperature starts to gasify and thus causing inflatation of the chamber in the stomach. E.g. 

of volatile liquid ether, cyclopentane. It may also consist bioerodible plug made up of Poly 

vinyl alcohol, Polyethylene, etc, which dissolves gradually causing the release of gas from 

the inflatable chamber & further spontaneous ejection of the system from the stomach by 

collapsing after a predetermined time.
[40] 

 

b) Gas-generating System: These buoyant delivery systems, the gellified hydrocolloid layer 

of the system covered by carbonate/bicarbonate salts and citric/tartaric acid, then the 

effervescent reaction occur between the systems, which liberate CO2 thus decreases its 

specific gravity and making it to float over chyme.
[41] 

 

3. Raft systems 

It incorporates alginate gels that have a carbonate component and upon reaction with gastric 

acid, bubbles form in the gel enabling floating.
[42]

  

 

EVALUATION OF FLOATING DOSAGE FORMS 

1. For Single Unit Dosage Forms
[43] 

(Eg: tablets) 

i) Floating lag time: It is expressed in seconds or minutes. The floating lag time is the time 

taken by the tablet to emerge onto the surface of the dissolution medium.  

 

ii) In vitro drug release and duration of floating: By using USP II apparatus (paddle) 

stirring at a speed of 50 or 100 rpm at 37 ± 0.2 °c in simulated gastric fluid (pH 1.2 without 

pepsin) it is determined. Collected the aliquots of the sample & analysed for the drug content. 

The time (hrs) for which the tablets remain buoyant on the surface of the dissolution medium 

is the duration of floating and is visually observed. 

 

iii) In vivo evaluation for gastro-retention: By means of X-ray or Gamma scintigraphic 

monitoring of the dosage form transition in the GIT is carried out. The tablets are also 

evaluated for hardness, weight variation, etc. 

 

2. For Multiple Unit Dosage Forms
[44]

 (Eg: microspheres) 

Apart from the In vitro release, duration of floating and in vivo gastro-retention tests, the 

multiple unit dosage forms are also evaluated for. 
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i) Morphological and dimensional analysis: It is examined by scanning electron 

microscopy (SEM). The size can also be measured using an optical microscope. 

 

ii) % yield of microspheres: This is calculated by the formula.  

Weight of microspheres obtained × 100  
Total weight of drug and polymer 

 

iii) Entrapment efficiency: The drug is extracted by a suitable method, analysed and is 

calculated from. 

Practical amount of drug present × 100  

Theoretical drug content 

 

iv) In vitro floating ability (Buoyancy %): A known quantity of microspheres are spread 

over the surface of a USP (Type II) dissolution apparatus filled with 900 ml of 0.1 N HCl 

containing 0.002% v/v Tween 80 and agitated at 100 rpm for 12 hours.  

 

After 12 hours, the floating and settled layers are separated, dried in a dessicator and 

weighed. The buoyancy is calculated from the following formula.  

Buoyancy (%) = Wf / (Wf + Ws) x 100. 

  

Where Wf and Ws are the weights of floating and settled microspheres respectively.  

 

v) Drug-excipient (DE) interactions: This is done using FTIR. Appearance of a new peak, 

and/or disappearance of original drug or excipient peak indicates the DE interaction. Apart 

from the above mentioned evaluation parameters, granules are also evaluated for the effect of 

ageing with the help of Differential Scanning Calorimeter or Hot stage polarizing 

microscopy. 

 

Drugs used in the formulations of stomach specific floating dosage forms. 

S. 

No. 

Dosage 

Forms 
 Drugs Explored In Floating Dosage Forms 

1. 
Microspheres 

Tablets/ Pills 

Aspirin, Chloropheniramine malate, Griseofulvine
[45]

, p-nitroaniline
[46]

, Ibuprofen
[47]

, 

Terfenadine
[48]

, Tranilast
[49]

, Verapramil HCL.
[50] 

Acetylsalicylic acid
[51]

, Ibuprofen, 

Amoxycillin trihydrate
[52]

, Ampicillin
[53]

, Sotalol
[54]

, Isosorbidemononitrate
[55]

, Tranilast
[56]

, 

Captropril
[57]

, Ciprofloxacin
[58]

, Qunidine
[59]

, Acetaminophen
[60]

, Diltiazem.
[61]

 

2. Granules 
Cinnarizine

[62]
, Diclofenac sodium

[63]
, Isosorbide dinitrate

[64]
, Isosorbide mononitrate

[65]
, 

Diltiazem, Indomethacin
[66]

, Fluorouracil
[67]

, Prednisolone.
[68]

 

3. Films Cinnarizine
[69]

, p-Aminobenzoic
[70]

, Prednisolone
[71]

, Piretanide
[72]

, Quinidine gluconate.
[73]

 

4. Powders Sotalol
[74]

, Theophylline
[75]

, Riboflavin-60-phosphate.
[76]

 

5. Capsules 

Chlordiazepoxide HCL
[77]

, Furosemide
[78]

, Misoprostol
[79]

, Verapramil HCL
[80,81,82]

, L-Dopa 

and benserazide
[83]

, Propranolol HCL
[84]

, Ursodeoxycholic acid
[85]

, Diazepam
[86,87]

, 

Nicardipine.
[88]
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