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Abstract: 

The main goal of any drug delivery system is to achieve desired concentration of the drug in blood or tissue, which 

is therapeutically effective and non-toxic for a prolonged period. Current pharmaceutical scenario focuses on the 

formulation of floating drug delivery system (FDDS). FDDS are low density systems that float over the gastric 

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

rate. The aim of writing this review is to compile the current literature with special focus on the principal 

mechanism of floatation to attain gastric retention. Effervescent FDDS release CO2 gas, thus reduce the density of 
the system and remain buoyant in the stomach for a prolonged period of time and released the drug slowly at a 

desired rate so it can be used to prolong the gastric residence time in order to improve the bioavailability of drug. 

The review briefly describes the mechanism, types of floating system, advantages, limitation, factors affecting 

floating system, drug candidates suitable for floating, evaluation parameters and application of the system. These 

systems are useful to several problems encountered during the development of a pharmaceutical dosage form and 

the future potential of FDDS. 
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INTRODUCTION: 

Floating drug delivery systems (FDDS) are invented 

to retain the drug in the stomach and applicable for 

drugs with poor solubility and low stability in 

intestinal fluids. The basis behind FDDS is making 
the dosage form less dense than the gastric fluids to 

make it float on them. FDDS are hydro-dynamically 

controlled low-density systems with sufficient 

buoyancy to float over the gastric contents and 

remain buoyant in the stomach without affecting the 

gastric emptying rate for a prolonged period of time. 

The residual system is emptied from the stomach 

with the release of the drug. This results in enhanced 

gastric residence time and good control over plasma 

drug concentration fluctuations. The principle of 

buoyant preparation offers a simple and practical 

approach to achieve increased gastric residence time 
for the dosage form and sustained drug release. 

Prolonging the gastric retention of a delivery system 

is desirable for achieving the greater therapeutic 

efficacy of the drug substance under certain 

circumstances. For example, drugs which show better 

absorption at the proximal part of the gastrointestinal 

tract and drugs with low solubility and get degraded 

in alkaline pH found efficient in prolonging gastric 

retention. In addition, for sustained drug delivery to 

the stomach and proximal small intestine in treating 

certain ulcerative conditions, prolong gastric 
retention of the therapeutic moiety and hence offer 

numerous advantages including improved 

bioavailability and therapeutic efficacy with 

reduction of dosing frequency. 

 

ADVANTAGES OF FDDS  

 Drugs with a very short half-life can be 

administered in this way to achieve an 

appreciable therapeutic activity.  

 The dissolution of the drug in the gastric fluid 

will result in the administration of extended-
release floating dosage types, tablets, or 

capsules. They dissolve in the gastric fluid and 

are available for absorption in the small intestine 

after emptying the stomach contents. The drug is 

therefore expected to be fully absorbed from the 

floating dosage forms if it remains in the solution 

form even at the alkaline pH of the intestine.  

 With drugs intended with local action in the 

stomach, gastroretentive mechanisms are helpful. 

Eg. Antacids.  

  Improvement of bioavailability in the upper GIT 

for medicines that can be metabolized. 

 They also benefit from their ability to overcome 

the adverse retention times and gastric emptying 

time over the conventional system. 

 The duration of treatment is a single dose that 

releases the active ingredient over an extended 

period.  

 The active entity is delivered to the site of action, 

in particular, thus minimizing or eliminating the 
side effects.  

 

DISADVANTAGES OF FDDS  

 Gastric retention is determined by a wide range 

of factors including gastric motility, pH, and the 

frequency of food. The buoyancy cannot be 

predicted as these factors were never constant. 

  Drugs that cause irritation and gastric mucosal 

lesions are not suitable for FDDS.  

 Due to a non-emptying process all (or) 

variability in the gastric emptying. 

 For drugs with solubility (or) problems of 

stabilization in gastric fluids, floating times are 

not feasible.  

 A sufficient volume of water (200-250 ml) 

should also be added to the dosage form.  

 Patients should not be administrated with 

floating forms just before going to bed.  

 The key drawback of the system is the need for 

high enough fluids to float and work efficiently 

in the stomach. The dosage type can be coated 

with a biopolymer, which can easily be adhering 
to the mucosal lining of the stomach, by 

eliminating this restriction. 

 

PHYSIOLOGY OF STOMACH 

Anatomically the stomach is divided into three 

regions Fundus, Body and Antrum (pylorus) The 

proximal part made One novel approach in this area 

is FDDS (Floating drug delivery system). FDDS can 

improve the controlled delivery of drugs that have an 

absorption window by continuously releasing the 

drug for a prolonged period of time before it reaches 

its absorption site. FDDS are beneficial for such 
drugs by improving their. Bioavailability therapeutics 

efficiency and Possible reduction of the dose. 

Maintenance of constant therapeutic levels over a 

prolonged period and thus reduction in fluctuation in 

the therapeutic levels Reduce drug wastage Improves 

solubility of drugs that are less soluble at high pH 

environment (e.g. weakly basic drug like 

domperidone, papaverine) of fundus and body acts as 

a reservoir for undigested materials, whereas the 

antrum is the main site for mixing motions and acts 

as a pump for gastric emptying by propelling actions. 
Gastric emptying occurs in both the fasting and fed 

states. During the fasting state an inter digestive 

series of electrical events take place which cycle both 

through stomach and intestine every 2-3 hrs, which is 

called as inter digestive myloelectric cycle or 
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migrating myoelectric cycle (MMC) which is further 

divided in to four phases. After the ingestion of a 

mixed meal, the pattern of contractions changes from 

fasted to that of fed state which is also termed as 

digestive motility pattern. Phase 1- (Basic phase) last 
from 30-60 mins with rare contractions. Phase 2- 

(Preburst phase) last for 20-40 mins with intermittent 

action potential and contractions. Phase 3- (Burst 

phase) last for 10-20 mins which includes intense and 

regular contractions for short period. Phase 4-last for 

0-5 mins and occurs between phase 2 and 1 of 2 
consecutive cycles. 

 
FIGURE 1: STRUCTURE OF STOMACH 

 
                                                              FIGURE 2: MOTILITY PATTERN IN GIT 

 

MECHANISM OF FLOATING SYSTEMS 

Floating drug delivery systems (FDDS) have a bulk 

density less than gastric fluids and so remain buoyant 

in the stomach without affecting the gastric emptying 

rate for a prolonged period of time. While the system 

is floating on the gastric contents Fig.: 3 the drug is 

released slowly at the desired rate from the system. 

After release of drug, the residual system is emptied 
from the stomach. This results in an increased GRT 

and a better control of the fluctuations in plasma drug 

concentration. 

 

However, besides a minimal gastric content needed 

to allow the proper achievement of the buoyancy 

retention principle, a minimal level of floating force 

(F) is also required to keep the dosage form reliably 

buoyant on the surface of the meal. To measure the 

floating force kinetics, a novel apparatus for 

determination of resultant weight has been reported 

in the literature. The apparatus operates by measuring 

continuously the force equivalent to F (as a function 

of time) that is required to maintain the submerged 

object. 

 

The object floats better if F is on the higher positive 

side. This apparatus helps in optimizing FDDS with 
respect to stability and durability of floating forces 

produced in order to prevent the drawbacks of 

unforeseeable intra-gastric buoyancy capability 

variations . 

                           

 

F = F buoyancy - F gravity = (Df - Ds) gV 

Where, F= total vertical force, Df = fluid density, Ds 

= object density, V = volume and g = acceleration 

due to gravity. 
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                             FIGURE 3: MECHANISM OF FLOATING DRUG DELIVERY SYSTEM 

 

DRUG CANDIDATES SUITABLE FOR FDDS  

1. Drugs that have narrow absorption window in 

GIT (e.g. L-DOPA, paminobenzoic acid, 

furosemide, riboflavin). 

2. Drugs those are locally active in the stomach 

(e.g. misroprostol, antacids). 

3. Drugs those are unstable in the intestinal or 

colonic environment (e.g. captopril, ranitidine 
HCl, metronidazole). 

4. Drugs that disturb normal colonic microbes (e.g. 

antibiotics used for the eradication of 

Helicobacter pylori, such as tetracycline, 

clarithromycin, amoxicillin). 

5. Drugs that exhibit low solubility at high pH 

values (e.g. diazepam, chlordiazepoxide, 

verapamil). 

 

FACTORS AFFECTING FLOATING DRUG 

DELIVERY SYSTEM: 
 Density: Density of the dosage form should be 

less than the gastric contents (1.004gm/ml). 

  Size and Shape: Dosage form unit with a 

diameter of more than 7.5 mm are reported to 

have an increased GRT competed to with 

those with a diameter of 9.9 mm. The dosage 

form with a shape tetrahedron and ring shape 

devises with a flexural modulus of 48 and 22.5 

kilo-pond per square inch (KSI) are reported to 

have better GIT for 90 to 100 % retention at 24 

hours compared with other shapes. 

  Fed or Unfed State: Under fasting conditions, 
the GI motility is characterized by periods of 

strong motor activity or the migrating 

myoelectric complexes (MMC) that occurs 

every 1.5 to 2 hours. The MMC sweeps 

undigested material from the stomach and if 

the timing of administration of the formulation 

coincides with that of the MMC, the GRT of 

the unit can be expected to be very short. 

However, in the fed state, MMC is delayed 

and GRT is considerably longer. 

  Nature of the Meal: Feeding of indigestible 

polymers of fatty acid salts can change the 

motility pattern of the stomach to a fed state, 

thus decreasing the gastric emptying rate and 

prolonging the drug release. 

  Caloric Content: GRT can be increased 
between 4 to 10 hours with a meal that is high 

in proteins . 

 Frequency of Feed: The GRT can increase by 

over 400 mins when successive meals are 

given compared with a single meal due to the 

low frequency of MMC.  

 Gender: Mean ambulatory GRT in males (3.4 

± 0.6hrs) is less compared with their age and 

race matched female counterparts (4.6 ± 1.2 

hrs), regardless of the weight, height and body 

surface. 
  Age: Elderly people, especially those over 70, 

have a significantly longer GRT. 

  Concomitant Drug Administration: 

Anticholinergics like atropine and 

propantheline, opiates like codeine and 

prokinetic agents like metoclopramide.  

 Biological factors: Diabetes and Crohn’s 

disease, stress etc.  

 Posture: GRT can vary between supine and 

upright ambulatory states of the patient. 

 

MAIN TYPES OF GASTRO RETENTIVE 

DRUG DELIVERY SYSTEMS 

Gastro retentive delivery systems are designed to be 

retained in the stomach for a prolonged time and 

release their active ingredients and thereby enable 

sustained and prolonged input of the drug to the 

upper part of the gastrointestinal (GI) tract. This 

technology has generated enormous attention over 

the last few decades owing to its potential application 
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to improve the oral delivery of some important drugs 

for which prolonged retention in the upper GI tract 

can greatly improve their oral bioavailability and/or 

their therapeutic outcome. Gastro retentive delivery 

system can be classified as follows. 

a. Bioadhesive Drug Delivery System 

b. Expandable Drug Delivery System 

c. Floating Drug Delivery System and 

d. High density systems 

 

Bioadhesive systems 

Bioadhesive drug delivery systems are used as a 

delivery device within the lumen to enhance drug 

absorption in a site specific manner Fig: 4. This 

approach involves the use of bioadhesive polymers, 

which can adhere to the epithelial surface in the 
stomach. Bioadhesive systems adhere to gastric 

epithelial cells or mucous and extend the gastric 

retention by increasing the intimacy and duration of 

contact between gastro retentive drug delivery system 

(GRDDS) and the biological membrane. Some of the 

most promising excipients that have been used 

commonly in these systems include polycarbophil, 

carbopol, lectins, chitosan and gliadin and alginate 

etc. 

 

 
             FIGURE 4: MECHANISM OF BIOADHESION OF DRUG MOLECULES ON MUCUS LAYER. 

 

Bioadhesive systems are those which bind to the 
gastric epithelial cell surface or mucin and serve as a 

potential means of extending the gastric residence 

time of drug delivery system in the stomach, by 

increasing the intimacy and duration of contact of 

drug with the biological membrane. The surface 

epithelial adhesive properties of mucin have been 

well recognized and applied to the development of 

GRDDS based on bioadhesive polymers. The ability 

to provide adhesion of a drug to the mucous layer 

provides a longer residence time in a particular organ 

site, thereby producing an improved effect in terms of 

local action or systemic effect. 

 

Expandable systems 
Expandable gastric retentive delivery systems are 

easily swallowed and reach a significantly larger size 

in the stomach due to swelling or unfolding processes 

that prolong their gastric retention time. After drug 

release, their dimensions are minimized with 

subsequent evacuation from the stomach. Gastro-

retentivity is enhanced by the combination of 

substantial dimensions with high rigidity of the 

dosage form to withstand the peristalsis and 

mechanical contractility of the stomach. Narrow 
absorption window drugs compounded in such 

systems have improved in vivo absorption properties. 

 

Expansion mechanism of this system is swelling to 

an extent that prevents their exit from the pylorus. As 

a result, the dosage form is retained in the stomach 

for a long period of time. These systems may be 

named as “plug type system”, since they exhibit the 

tendency to remain logged at the pyloric sphincter if 

that exceed a diameter of approximately 12-18mm in 

their expanded state. The formulation is designed for 

gastric retention and controlled delivery of the drug 
into the gastric cavity. Such polymeric matrices 

remain in the gastric cavity for several hours even in 

the fed state. A balance between the extent and 

duration of swelling is maintained by the degree of 

cross-linking between the polymeric chains. A high 

degree of cross-linking retards the swelling ability of 

the system maintaining its physical integrity for 

prolonged period. The following schematic 

presentation explained the mechanism of expandable 

drug delivery system. 
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FIGURE 5: REPRESENTS EXPANDABLE DRUG DELIVERY SYSTEM. A) THE DEVICE SIGNIFICANTLY 

SWELLS ON CONTACT WITH GASTRIC FLUIDS (TO A FEW HUNDRED TIMES OF THE ORIGINAL 

VOLUME); B – D) THE GASTRIC CONTRACTION PUSHES THE HYDROGEL TO THE PYLORUS; E) THE 

GASTRIC CONTRACTION SLIPS OVER THE SURFACE OF THE HYDROGEL; AND F) THE HYDROGEL 

IS PUSHED BACK INTO THE BODY OF THE STOMACH. 

 

Floating drug delivery systems 
Floating drug delivery systems have bulk density less 

than gastric fluids and so remain buoyant in the 

stomach without affecting gastric emptying rate for a 

prolonged period of time.  While the system is 

floating on the gastric contents, the drug is released 

slowly at the desired rate from the system, after 

release of drug; the residual system is emptied from 

the stomach. This results in an increased gastric 

retention time and a better control of the fluctuations 

in plasma drug concentration. Floating drug delivery 

system can be divided into (i) Non-effervescent and 
(ii) Gas-generating system.  

 

Non-effervescent systems 
This type of system, after swallowing, swells 

unrestrained via imbibitions of gastric fluid to an 

extent that it prevents their exit from the stomach. 

One of the formulation methods of such dosage 

forms involves the mixing of the drug with a gel, 

which swells in contact with gastric fluid after oral 

administration and maintains a relative integrity of 

shape and a bulk density of less than one within the 

outer gelatinous barrier. The air trapped by the 
swollen polymer confers buoyancy to these dosage 

forms. Excipients used most commonly in these 

systems include hydroxypropyl methyl cellulose 

(HPMC), polyacrylate polymers, polyvinyl acetate, 

Carbopol, agar, sodium alginate, calcium chloride, 

polyethylene oxide and polycarbonates. Various 

types of non-effervescent system are discussed 

below.   

 

 Colloidal gel barrier system 
Such a system contains drug with gel-forming 
hydrocolloids meant to remain buoyant on the 

stomach content. This system incorporates a high 

level of one or more gel-forming highly soluble 

cellulose type hydrocolloid, e.g.hydroxypropyl 

cellulose, hydoxyethyl cellulose, hydroxypropyl 

methyl cellulose (HPMC), polysaccharides and 
matrix-forming polymer such as polycarbophil, 

polyacrylate and polystyrene. On coming in 

contact with gastric fluid, the hydrocolloid in the 

system hydrates and forms a colloid gel barrier 

around its surface. The schematic diagram of 

colloidal gel barrier system is shown in Fig: 6. 

 
FIGURE 6: COLLOIDAL GEL BARRIER 

SYSTEM. 

 Microporous compartment system 
This technology is based on the encapsulation of 

a drug reservoir inside a microporous 

compartment with pores along its top and bottom 

walls. In the stomach, the floatation chamber 

containing entrapped air causes the delivery 

system to float over the gastric content. Gastric 

fluid enters through the aperture, dissolves the 
drug and carries the dissolved drug for 

continuous transport across the intestine for 

absorption. 

 
FIGURE 7:  MICROPOROUS COMPARTMENT 

SYSTEM 
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 Alginate beads 
Multi-unit floating dosage forms have been 

developed from dried calcium alginate 

complex.  Spherical beads of approximately 

2.5mm in diameter can be prepared by 
dropping sodium alginate solution into 

aqueous solution of calcium chloride, 

causing the precipitation of calcium alginate. 

The beads are then separated, snap-frozen in 

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

24 hours, leading to the formation of a 

porous system, which can maintain a 

floating force for over 12 hours. Schematic 

diagram for preparation of alginate beads is 

shown in Fig: 8. 

 
 

FIGURE 8: SCHEMATIC DIAGRAM FOR 

PREPARATION OF ALGINATE BEADS. 

Hollow microspheres/Microballons 
Kawashima et al. was developed hollow 

microspheres loaded with drug in their outer polymer 
shell were prepared by a novel emulsion solvent 

diffusion method. The ethanol/dichloromethane 

solution of the drug and an enteric acrylic polymer 

was poured into an agitated solution of Poly Vinyl 

Alcohol (PVA) that was thermally controlled at 40ºC. 

The gas phase is generated in the dispersed polymer 

droplet by the evaporation of dichloromethane 

formed and internal cavity in the microsphere of the 

polymer with drug. The microballoon floated 

continuously over the surface of an acidic dissolution 

media containing surfactant for more than 12 hours. 
Various types of effervescent system are discussed 

below. 

 

a. Gas-generating (effervescent) systems 
These buoyant systems utilize matrices prepared 

with swellable polymers such as methocel, 

polysaccharides (e.g., chitosan), effervescent 

components (e.g., sodium bicarbonate, citric acid 

or tartaric acid). The system is so prepared that 

upon arrival in the stomach; carbon dioxide is 

released, causing the formulation to float in the 

stomach. Other approaches and materials that 

have been reported are a mixture of sodium 

alginate and sodium bicarbonate, multiple unit 

floating pills that generate carbon dioxide when 

ingested, floating minicapsules with a core of 

sodium bicarbonate, lactose and 
polyvinylpyrrolidone coated with hydroxypropyl 

methylcellulose (HPMC), and floating systems 

based on ion exchange resin technology. These 

mini capsules contain a central core and a 

coating. The central core consists of a granule 

composed of sodium bicarbonate, lactose and a 

binder, which is coated with HPMC. Pepstatin is 

coated on the top of the HPMC layer. The 

system floats because of the CO2 release in 

gastric fluid and resides in the stomach for 

prolonged period.  

 

b. High density systems 
Sedimentation has been employed as a retention 

mechanism for pellets that are small enough to 

be retained in the folds of the stomach body near 

the pyloric region, which is the part of the organ 

with the lowest position in an upright posture. 

Dense pellets (approx. 3g/cm3) trapped in rugae 

also tend to withstand the peristaltic movements 

of the stomach wall. With pellets, the GI transit 

time can be extended from an average of 5.8–25 

hours. Commonly used excipients are barium 
sulphate, zinc oxide, titanium dioxide and iron 

powder, etc. These materials increase density by 

up to1.5–2.4g/cm3. 

 

c. Multiple unit type floating system 
Multiple unit type floating system is 

sustained release pills, known as ‘seeds’, which 

are surrounded by two layers. The outer layer is 

of swellable membrane layer and inner layer 

consists of effervescent agents. This system 

sinks at once and then it forms swollen pills like 

balloons which float as they have lower density, 
when it is immersed in the dissolution medium at 

body temperature. The lower density of the 

system is due to generation and entrapment of 

CO2 within the system.  

 

Ion exchange resins 
A coated ion exchange resin bead formulation has 

been shown to have gastric retentive properties, 

which was loaded with bicarbonates. Ion exchange 

resins are loaded with bicarbonate and a negatively 

charged drug is bound to the resin. The resultant 
beads were then encapsulated in a semi-permeable 

membrane to overcome the rapid loss of carbon 

dioxide. Upon arrival in the acidic environment of the 

stomach, an exchange of chloride and bicarbonate 

ions take place. As a result of this reaction carbon 



IAJPS 2022, 09 (04), 443-451                       Varsha V R et al                         ISSN 2349-7750 
 

 w w w . i a j p s . c o m  
 

Page 450 

dioxide was released and trapped in the membrane 

thereby carrying beads towards the top of gastric 

content and producing a floating layer of resin beads 

in contrast to the uncoated beads, which will sink 

quickly. 

 

Osmotic regulated systems 
It is comprised of an osmotic pressure-controlled 

drug delivery device and an inflatable floating 

support in a bio erodible capsule. The osmotic 

controlled drug delivery device consists of two 

components–drug reservoir compartment and 

osmotically active compartment. In the stomach the 

capsule quickly disintegrates to release the 

intragastric osmotically controlled drug delivery 

device. The inflatable support inside forms a 

deformable hollow polymeric bag that contains a 
liquid that gasifies at body temperature to inflate the 

bag. 

 

APPLICATION OF FLOATING DRUG 

DELIVERY SYSTEM  

Floating drug delivery offers several applications for 

drugs having poor bioavailability because of the 

narrow absorption window in the upper part of the 

gastrointestinal tract. It retains the dosage form at the 

site of absorption and thus enhances the 

bioavailability. These are summarized as follow: 
 i) Sustained Drug Delivery: FDDS can remain in the 

stomach for long periods and hence can release the 

drug over a prolonged period of time. The problem of 

short gastric residence time encountered with an oral 

CR formulation hence can be overcome with these 

systems. These systems have a bulk density of 

stomach or the proximal part of the small intestine. 

Eg. Furosemide is primarily absorbed from the 

stomach followed by the duodenum. It has been 

reported that a monolithic floating dosage form with 

prolonged gastric residence time was developed and 

the bioavailability was increased. Area under Curve 
obtained with the floating tablets was approximately 

1.8 times those of conventional furosemide tablets. 

 ii) 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. Eg. A significantly increase in the 

bioavailability of floating dosage forms(42.9%) could 

be achieved as compared with commercially 

available LASIX tablets (33.4%) and enteric coated 
LASIX-long product (29.5%).  

 

CONCLUSION: 

One of the most feasible approaches for achieving a 

prolonged and predictable drug delivery profiles in 

the gastrointestinal tract is to control the gastric 

residence time using gastrorententive dosage forms 

that will provide us with new and important 

therapeutic options. Floating drug delivery system 

can provide sufficient gastric retention which may 
help to provide sustained release dosage form with 

enhanced absorption. Number of commercial product 

and patent issued in this field are evident of it. 
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