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ABSTRACT 

Oral route is considered most natural, uncomplicated, convenient and safe due to its ease of administration, patient acceptance, and cost-effective 
manufacturing process. In order to overcome the drawbacks of conventional drug delivery systems, several technical advancements have led to the 
development of controlled drug delivery system that could revolutionize method of medication and provide a number of therapeutic benefits. One 
of the most widely gastro retentive drug delivery system. Several approaches are currently being used to prolong the GRT, including floating drug 
delivery systems (FDDS), also known as hydrodynamically balanced systems (HBS), swelling and expanding systems, high-density systems, and 
other delayed gastric emptying devices. Floating dosage forms are emerging as a promising dosage forms. Floating dosage form can be prepared as 
tablets, capsules by adding suitable ingredients as well as by adding gas generating agent. The purpose of writing this review on floating drug 
delivery systems (FDDS) was to compile the recent literature with special focus on the principal mechanism of floatation to achieve gastric 
retention. 
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INTRODUCTION 

Drug delivery systems that can precisely control the release rates or 
target drugs to a specific body site have had an enormous impact on 
the health care system. Oral controlled release dosage forms have 
been developed over the past three decades due to their 
considerable therapeutic advantages such as ease of administration, 
patient compliance and flexibility in formulation. Although 
tremendous advance have been seen in oral controlled drug delivery 
system, this system has been of limited success in the case of drugs 
with poor absorption window throughout the GIT. 

Several difficulties are faced in designing oral controlled release drug 
delivery system 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. Drug absorption from the 
gastrointestinal tract is a complex procedure and is subject to many 
variables. It is widely acknowledged that the extent of gastrointestinal 
tract drug absorption is related to contact time with the small 
intestinal mucosa 1. Thus, small intestinal transit time is an important 
parameter for drugs that are incompletely absorbed 2

Gastric emptying of pharmaceuticals is highly variable and is 
dependent on the dosage form and the fed/fasted state of the 
stomach 

. 

3

Phase I Period of no contraction (40-60 minutes), 

. Normal gastric residence times usually range between 5 
mints and 2 hrs. In the fasted state the electrical activity in the 
stomach, the interdigestive myoelectric cycle or migrating 
myoelectric complex (MMC) governs the activity and, hence, the 
transit of dosage forms. It is characterized by four phases: 

Phase II Period of intermittent contractions (20-40 minutes), 

Phase III Period of regular contractions at the maximal frequency 
that travel distally also known as house keeper wave. (10-20 
minutes), 

Phase IV  Period of transition between phase III and phase I (0-5 
minutes) 4

The attempts to develop gastro retentive drug delivery systems may 
be largely divided into two classes: those that rely on the natural 
physiology of the gastrointestinal tract and those that are designed 
to overcome it. Approaches such as size or floatation, which rely on 
delayed emptying from the stomach, depend on the normal 
physiological duration of the fed state of 4-8 hr, following a meal and 
rather reproducible transit time through the small intestine 

.  

5,6

Gastro-retention is essential for drugs that are absorbed from the 
stomach, drugs that are poorly soluble or degraded by the higher pH 
of intestine, and drugs with an absorption which can be modified by 
changes in gastric emptying time. Gastro-retentive dosage forms are 
also useful for local as well as sustained drug delivery for certain 
conditions, like H. pylori infection which is the cause of peptic ulcers. 
This dosage form improves bioavailability, therapeutic efficacy and 
may even also allow a possible reduction in the dose because of 
steady therapeutic levels of drug, for example furosemide and 
ofloxacin. The reduction in fluctuations in therapeutic levels 
minimizes the risk of resistance especially in case of β-lactam 
antibiotics (Penicillins and Cephalosporins) 

. 

7

In general, appropriate candidates for controlled release 
gastroretentive dosage forms (CRGRDF) are molecules that have 
poor colonic absorption but are characterized by better absorption 
properties at the upper parts of the GIT: 

. 

 Narrow absorption window in GI tract, e.g., riboflavin and levodopa 

 Primarily absorbed from stomach and upper part of GIT, e.g., 
calcium supplements, chlordiazepoxide and cinnarizine. 

 Drugs that act locally in the stomach, e.g., antacids and 
misoprostol. 

 Drugs that degrade in the colon, e.g., ranitidine HCl and 
metronidazole. 

 Drugs that disturb normal colonic bacteria, e.g., amoxicillin 
trihydrate 

The need for gastro retentive dosage forms (GRDFs) has led to 
extensive efforts in both academia and industry towards the 
development of such drug delivery systems. These efforts resulted in 
GRDFs that were designed, in large part, based on the following 
approaches. 

 Low density DF that causes buoyancy in gastric fluid. 

 High density DF that is retained in the bottom of the stomach. 

 Bioadhesion to stomach mucosa. 

 Slowed motility of the gastrointestinal tract by concomitant 
administration of drugs or pharmaceutical excipients 8

 Expansion by swelling or unfolding to a large size which limits 
emptying of the DF through the pyloric sphincter 

. 

9. 
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Factors Controlling Gastric Retention of Dosage Forms 

The gastric retention time (GRT) of dosage forms is controlled by 
several factors such as  density and size of the dosage form, food 
intake, nature of the food, posture, age, sex,  sleep and disease state 
of the individual (e.g.,  gastrointestinal diseases and diabetes) and  
administration of drugs such as prokinetic agents (cisapride and 
metoclopramide) 

1. Density of dosage form 

Dosage forms having a density lower than that of gastric fluid 
experience floating behavior and hence gastric retention. A density 
of <1.0 gm/cm3 is required to exhibit floating property.  However, 
the floating tendency of the dosage form usually decreases as a 
function of time, as the dosage form gets immersed into the fluid, as 
a result of the development of hydrodynamic equilibrium 10. 

2. Size of dosage form 

The size of the dosage form is another factor that influences gastric 
retention. The mean gastric residence times of non-floating dosage 
forms are highly variable and greatly dependent on their size, which 
may be small, medium, and large units. In fed conditions, the smaller 
units get emptied from the stomach during the digestive phase and 
the larger units during the housekeeping waves. In most cases, the 
larger the size of the dosage form, the greater will be the gastric 
retention time because the larger size would not allow the dosage 
form to quickly pass through the pyloric antrum into the intestine 11. 
Thus the size of the dosage form appears to be an important factor 
affecting gastric retention. 

Timmermans and Andre studied the effect of size of floating and 
nonfloating dosage forms on gastric emptying and concluded that 
the floating units remained buoyant on gastric fluids 12. These are 
less likely to be expelled from the stomach compared with the 
nonfloating units, which lie in the antrum region and are propelled 
by the peristaltic waves. 

3. Food intake and nature of food 

Food intake, the nature of the food, caloric content, and frequency of 
feeding has a profound effect on the gastric retention of dosage 
forms. The presence or absence of food in the stomach influences the 
GRT of the dosage form. Usually, the presence of food increases the 
GRT of the dosage form and increases drug absorption by allowing it 
to stay at the absorption site for a longer time. In a gamma 
scintigraphic study of a bilayer floating capsule of misoprostol 13, the 
mean gastric residence time was 199 ± 69 minutes; after a light 
breakfast, a remarkable enhancement of average GRT to 618 ± 208 
minutes was observed. The above results are supported by the 
experiments of Whitehead et al. which show an increase in the 
relative heights of the floating units after meal consumption 14. 

4. Effect of gender, posture and age 

A study by Mojaverian et al. found that females showed 
comparatively shorter mean ambulatory GRT than males, and the 
gastric emptying in women was slower than in men 15. The authors 
also studied the effect of posture on GRT, and found no significant 
difference in the mean GRT for individuals in upright, ambulatory 
and supine state. On the other hand, in a comparative study in 
humans by Gansbeke et al. 16, the floating and non-floating systems 
behaved differently. In the upright position, the floating systems 
floated to the top of the gastric contents and remained for a longer 
time, showing prolonged GRT. But the non-floating units settled to 
the lower part of the stomach and underwent faster emptying as a 
result of peristaltic contractions, and the floating units remained 
away from the pylorus. However, in supine position, the floating 
units are emptied faster than non-floating units of similar size 17

Timmermans et al. studied the effect of buoyancy, posture, and nature 
of meals on the gastric emptying process in vivo using gamma 
scintigraphy 

. 

18

The main approaches that have been examined for gastro retentive 
dosage forms (GRDFs) are: low density of GRDF that cause buoyancy 
above gastric fluid (Floating system), high density which retain the 
dosage form in the body of stomach, concomitant administration of 
drugs or excipients which slow the motility of the GIT, bioadhesion 
to gastric mucosa, swelling to a large size which prevent emptying of 
dosage form through the pyloric sphincter 

. To perform these studies, floating and nonfloating 
capsules of 3 different sizes having a diameter of 4.8 mm (small units), 
7.5 mm (medium units), and 9.9 mm (large units), were formulated. 
On comparison of floating and nonfloating dosage units, it was 
concluded that regardless of their sizes the floating dosage units 

remained buoyant on the gastric contents throughout their residence 
in the gastrointestinal tract, while the nonfloating dosage units sank 
and remained in the lower part of the stomach. Floating units away 
from the gastro duodenal junction were protected from the peristaltic 
waves during digestive phase while the nonfloating forms stayed close 
to the pylorus and were subjected to propelling and retropelling 
waves of the digestive phase. It was also observed that of the floating 
and nonfloating units, the floating units had a longer gastric residence 
time for small and medium units while no significant difference was 
seen between the 2 types of large unit dosage forms. 

Approaches to design floating dosage forms 

The concept of Floating Drug Delivery System was described as a 
method for overcoming the difficulty experienced by some people of 
gagging or choking while swallowing medicine pills. It was 
suggested that this difficulty could be overcome by providing pills 
having density of less than 1.0 gm/ml, so that pills will float on water 
surface. Since then many types of gastric retention drug delivery 
systems were tested to overcome the limited region and times for 
drug absorption in gastrointestinal tract. 

19,20

Gastro-Retentive Floating Drug Delivery System 

Floating systems are low density systems that have sufficient 
buoyancy to float over the gastric contents and remain in the 
stomach for a prolonged period. While the system floats over the 
gastric contents, the drug is released slowly at the desired rate, 
which results in increased gastro-retention time and reduces 
fluctuation in plasma drug concentration. 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. 

Types of Floating Drug Delivery Systems 

Based on the mechanism of buoyancy, two distinctly different 
technologies have been utilized in development of FDDS which are: 

A. Effervescent System, and 

B. Non-Effervescent System. 

A. Effervescent System 

Effervescent systems include use of gas generating agents, 
carbonates (e.g. Sodium bicarbonate) and other organic acid(e.g. 
citric acid and tartaric acid) present in the formulation to produce 
carbon dioxide(CO

. 

2

1) Gas-generating Systems 

) gas, thus reducing the density of system and 
making it float on the gastric fluid. An alternative is the 
incorporation of matrix containing portion of liquid, which produce 
gas that evaporate at body temperature. 

The effervescent systems can be further classified into two types: 

1) Gas Generating systems 

2) Volatile Liquid/Vacuum Systems 

(a) Intra Gastric Single Layer Floating Tablets or 
Hydrodynamically Balanced System (HBS) 

These are as shown in Fig.1 and formulated by intimately mixing the 
CO2 generating agents and the drug within the matrix tablet. These 
have a bulk density lower than gastric fluids and therefore remain 
floating in the stomach unflattering the gastric emptying rate for a 
prolonged period. The drug is slowly released at a desired rate for a 
prolonged period. The drug is slowly released at a desired rate from 
the system and is expelled from the stomach. This leads to an 
increase in the gastro retentive time and a better control over 
fluctuation in plasma drug concentration.
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Fig. 1: Intragastric floating tablet 

(b) Intra Gastric Bilayer Floating Tablets 

These are also compressed tablet as shown in Fig 3 and contain two 
layers i.e. 

i) Immediate release layer and 

ii) Sustained release layer. 

 

Fig. 2: Intra gastric floating bilayer tablet 

 

(c) Multiple Unit type floating pills 

These systems consist of sustained release pills as ‘seeds’ 
surrounded by double layers. The inner layer consists of 
effervescent agents while the outer layer is of swellable membrane 

layer. When the system is immersed in dissolution medium at 
body temperature, it sinks at once and then forms swollen pills 
like balloons, which float as they have lower density. This lower 
density is due to generation and entrapment of CO 2

[ 

 within the 
system. Fig 3. 

 

Fig. 3: (a) multiple-unit oral floating dosage system. (b) Stages of floating Mechanism 
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2) Volatile Liquid / Vacuum Containing Systems 

(a) Intragastric Floating Gastrointestinal Drug Delivery System 

These systems can be made to float in the stomach because of 
floatation chamber, which may be a vacuum or filled with air or a 
harmless gas, while drug reservoir is encapsulated inside a 
microporous compartment, as shown in Fig 4.  

(b) Inflatable Gastrointestinal Delivery Systems 

In these systems an inflatable chamber is incorporated, which 
contains liquid ether that gasifies at body temperature to cause the 
chamber to inflate in the stomach. These systems are fabricated by 
loading the inflatable chamber with a drug reservoir, which can be a 
drug, impregnated polymeric matrix, then encapsulated in a gelatin 
capsule. After oral administration, the capsule dissolves to release 
the drug reservoir together with the inflatable chamber. The 
inflatable chamber automatically inflates and retains the drug 
reservoir into the gastric fluid. The system is shown in Fg.5. 

(c) Intragastric Osmotically Controlled Drug Delivery System 

It is comprised of an osmotic pressure controlled drug delivery 
device and an inflatable floating support in a biodegradable capsule. 

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. The osmotic pressure controlled drug delivery device consists 
of two components: drug reservoir compartment and an osmotically 
active compartment. 

The drug reservoir compartment is enclosed by a pressure 
responsive collapsible bag, which is impermeable to vapour and 
liquid and has a drug delivery orifice. The osmotically active 
compartment contains an osmotically active salt and is enclosed 
within a semipermeable housing. In the stomach, the water in the GI 
fluid is continuously absorbed through the semipermeable 
membrane into osmotically active compartment to dissolve the 
osmotically active salt.  

An osmotic pressure is then created which acts on the collapsible 
bag and in turn forces the bag reservoir compartment to reduce its 
volume and activate the drug release of a drug solution formulation 
through the delivery orifice. The floating support is also made to 
contain a bioerodible plug that erodes after a predetermined time to 
deflate the support. The deflated drug delivery system is then 
emptied from the stomach. This system is shown in Fig.6 

 

 

Fig. 4: Intragastric floating drug delivery device 
 

 

Fig. 5: Gastro-inflatable drug delivery device 

 

 

Fig. 6: Intragastric osmotic controlled drug delivery system 
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Fassihi and Yang developed a zero-order controlled release 
multilayer tablet composed of at least 2 barrier layers and 1 drug 
layer 21

Ichikawa et al. developed a new multiple type of floating dosage 
system composed of effervescent layers and swellable membrane 
layers coated on sustained release pills 

. All the layers were made of swellable, erodible polymers 
and the tablet was found to swell on contact with aqueous medium. 
As the tablet dissolved, the barrier layers eroded away to expose 
more of the drug. Gas evolving agent was added in either of the 
barrier layers, which caused the tablet to float and increased the 
retention of tablet in a patient’s stomach. 

22

Yang et al. developed a swellable asymmetric triple-layer tablet with 
floating ability to prolong the gastric residence time of triple drug 
regimen (tetracycline, metronidazole, and clarithromycin) in 
Helicobacter  pylori–associated peptic ulcers using hydroxy propyl 
methyl cellulose (HPMC) and poly (ethylene oxide) (PEO) as the rate-
controlling polymeric membrane excipients 

. The inner layer of 
effervescent agents containing sodium bicarbonate and tartaric acid 
was divided into 2 sub layers to avoid direct contact between the 2 
agents. These sub layers were surrounded by a swellable polymer 
membrane containing polyvinyl acetate and purified shellac. It was 
found that the system had good floating ability independent of pH 
and viscosity and the drug (para-amino benzoic acid) released in a 
sustained manner.  

23

Atyabi and coworkers developed a floating system using ion 
exchange resin that was loaded with bicarbonate by mixing the 
beads with 1 M sodium bicarbonate solution 

. System was based on 
the swellable asymmetric triple-layer tablet approach. The floatation 
was accomplished by incorporating a gas-generating layer consisting 
of sodium bicarbonate: calcium carbonate (1:2 ratios) along with the 
polymers. The in vitro results revealed that the sustained delivery of 
tetracycline and metronidazole over 6 to 8 hours could be achieved 
while the tablet remained afloat. The floating feature aided in 
prolonging the gastric residence time of this system to maintain high 
localized concentration of tetracycline and metronidazole. 

24. The loaded beads 
were then surrounded by a semi permeable membrane to avoid 
sudden loss of CO2

Ichikawa et al. developed floating capsules composed of a plurality 
of granules that have different residence times in the stomach and 
consist of an inner foamable layer of gas generating agents 

. The in vivo behavior of the coated and uncoated 
beads was monitored using a single channel analyzing study in 12 
healthy human volunteers by gamma radio scintigraphy. Studies 
showed that the gastric residence time was prolonged considerably 
(24 hours) compared with uncoated beads (1 to 3 hours). 

25. This 
layer was further divided into 2 sub layers, the outer containing 
sodium bicarbonate and the inner containing tartaric acid. This layer 
was surrounded by an expansive polymeric film (composed of poly 
vinyl acetate [PVA] and shellac), which allowed gastric juice to pass 
through, and was found to swell by foam produced by the action 
between the gastric juices and the gas-generating agents. Two 
parameters were evaluated: the time for the pills to be floating (TPF) 
and rate of pills floating at 5 hours (FP5h). It was observed that both 
the TPF and FP5h increased as the percentage of swellable 
membrane layer coated on pills having an effervescent layer 
increased. As the percentage of swellable layer was increased from 
13% to 25% (wt/wt), the release rate was decreased and the lag 
time for dissolution also increased. The percentage of swellable 
layer was fixed at 13% wt/wt and the optimized system showed 
excellent floating ability in vitro (TPF ~10 minutes and FP5h

Ozdemir et al. developed floating bilayer tablets with controlled 
release for furosemide. One layer contained the polymers HPMC 
4000, HPMC 100, and CMC (for the control of the drug delivery) and 
the drug 

 ~80%) 
independent of pH and viscosity of the medium. 

26

Penners et al. developed an expandable tablet containing mixture of 
polyvinyl lactams and polyacrylates that swell rapidly in an aqueous 
environment and thus reside in stomach over an extended period of 
time 

. The second layer contained the effervescent mixture of 
sodium bicarbonate and citric acid. Radiographic studies on 6 
healthy male volunteers revealed that floating tablets were retained 
in stomach for 6 hours and further blood analysis studies showed 
that bioavailability of these tablets was 1.8 times that of the 
conventional tablets. On measuring the volume of urine the peak 
diuretic effect seen in the conventional tablets was decreased and 
prolonged in the case of floating dosage form. 

27

Talwar et al. developed a once-daily formulation for oral 
administration of ciprofloxacin. The formulation was composed of 
69.9% ciprofloxacin base, 0.34% sodium alginate, 1.03% xanthum 
gum, 13.7% sodium bicarbonate, and 12.1% cross-linked poly vinyl 
pyrrolidine 

. In addition to this, gas-forming agents were incorporated. As 
the gas formed, the density of the system was reduced and thus the 
system tended to float on the gastric contents. 

28

Baumgartner et al. developed a matrix-floating tablet incorporating 
a high dose of freely soluble drug 

. The viscolysing agent initially and the gel-forming 
polymer later formed a hydrated gel matrix that entrapped the gas, 
causing the tablet to float and retained in the stomach or upper part 
of the small intestine (spatial control). The hydrated gel matrix 
created a tortuous diffusion path for the drug, resulting in sustained 
release of the drug (temporal delivery). 

29

Choi et al. prepared floating alginate beads using gas forming agents 
(calcium carbonate and sodium bicarbonate) and studied the effect 
of CO

. The formulation containing 
54.7% of drug, HPMC K4 M, Avicel PH 101, and a gas-generating 
agent gave the best results. It took 30 seconds to become buoyant.  

2 generation on the physical properties, morphology, and 
release rates 30

Moursy et al. developed sustained release floating capsules of 
nicardipine HCl 

. The study revealed that the kind and amount of gas-
forming agent had a profound effect on the size, floating ability, pore 
structure, morphology, release rate, and mechanical strength of the 
floating beads. In vitro floating studies revealed that the beads free 
of gas-forming agents sank uniformly in the media while the beads 
containing gas-forming agents in proportions ranging from 5:1 to 
1:1 demonstrated excellent floating (100%). 

31. For floating, hydrocolloids of high viscosity 
grades were used and to aid in buoyancy sodium bicarbonate was 
added to allow evolution of CO2

B. Non Effervescent Systems 

. Results showed an increase in 
floating with increase in proportion of hydrocolloid. Inclusion of 
sodium bicarbonate increased buoyancy.  

The non effervescent FDDS based on mechanism of swelling of 
polymer or bioadhesion to mucosal layer in GI tract. The most 
commonly used excipients in non effervescent FDDS are gel forming or 
highly swellable cellulose type hydrocolloids, polysaccharides and 
matrix forming material such as polycarbonate, polyacrylate, 
polymethacrylate, polystyrene as well as bioadhesive polymer such as 
chitosan and carbopol. The various types of this system are as follows: 

1) Colloidal gel barrier system 

Sheth and Tossounian first designated this ‘ hydrodynamically 
balanced system 32

2) Microporous compartment system 

. These types of systems contain drug with gel-
forming hydrocolloids which allow them to remain buoyant on the 
stomach content. This prolongs GRT and maximizes the amount of 
drug at its absorption sites in the solution form for ready absorption. 
This system incorporates a high level of one or more gel-forming 
highly soluble cellulose type hydrocolloid as hydroxypropyl 
cellulose, hydoxyethyl cellulose, hydroxypropyl methyl cellulose 
(HPMC), polysaccharides and matrix-forming polymer such as 
polycarbophil, polyacrylate and polystyrene. This hydrocolloid 
hydrates and forms a colloidal gel barrier around its surface after 
coming in contact with gastric fluid and also helps in sustain 
releasing of drug. 

In this technology a drug reservoir is encapsulated inside a 
microporous compartment with pores along its top and bottom 
walls 33. The peripheral walls of the drug reservoir compartment are 
completely sealed. This sealing prevents any direct contact of gastric 
surface with the undissolved drug. The floatation chamber 
containing entrapped air allows the delivery system to float over the 
gastric content in the stomach. Gastric fluid enters through an 
aperture, dissolves the drug and carries the dissolved drug for 
continuous transport across the intestine for absorption. 
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3) Alginate Beads 

Multi unit floating dosage forms are developed from freeze dried 
calcium alginate. Spherical beads of approximately 2.5 mm 
diameter can be prepared by dropping a sodium alginate solution 
into aqueous solution of calcium chloride, causing precipitation of 
calcium alginate leading to formation of porous system, which can 
maintain a floating force for over 12 hours. When compared with 
solid beads, which gave a short residence time of 1 hour, these 
floating beads gave a prolonged residence time of more than 5.5 
hours. 

4) Hollow Microspheres/Microballons 

Hollow microspheres (microballons), loaded with drug in their 
outer polymer shells were prepared by a novel emulsion solvent 
diffusion method. The ethanol: dichloromethane solution of drug 
and enteric acrylic polymer was poured into an agitated aqueous 
solution of PVA that was thermally controlled at 400 C. The gas 
phase generated in dispersed polymer droplet by evaporation of 
dichloromethane formed an internal cavity in microsphere of 
polymer with drug. The microballons floated continuously over 
the surface of acidic dissolution media containing surfactant for 
more than 12 hours in vitro. 

Streubel et al. developed floating microparticles composed of 
polypropylene foam, Eudragit S, ethyl cellulose (EC), and 
polymethyl metha acrylate (PMMA) and were prepared by solvent 
evaporation technique 34

El-Kamel et al. prepared floating microparticles of ketoprofen, by 
emulsion solvent diffusion technique 

. Good floating behavior was observed as 
more than 83% of microparticles were floating for at least 8 hours. 
At similar drug loading the release rates increased in the following 
order PMMA < EC < Eudragit S.  

11

Bulgarelli et al. studied the effect of matrix composition and 
process conditions on casein gelatin beads prepared by 
emulsification extraction method 

. Four different ratios of 
Eudragit S 100 with Eudragit RL were used. The formulation 
containing 1:1 ratio of the 2 abovementioned polymers exhibited 
high percentage of floating particles in all the examined media as 
evidenced by the percentage of particles floated at different time 
intervals.  

35

Illum and Ping developed microspheres that released the active 
agent in the stomach environment over a prolonged period of time 

. Casein by virtue of its 
emulsifying properties causes incorporation of air bubbles and 
formation of large holes in the beads that act as air reservoirs in 
floating systems and serve as a simple and inexpensive material 
used in controlled oral drug delivery systems.  

36

Fell et al. prepared floating alginate beads incorporating 
amoxicillin 

. The active agent was encased in the inner core of microspheres 
along with the rate-controlling membrane of a water-insoluble 
polymer. The outer layer was composed of bioadhesive (chitosan). 
The microspheres were prepared by spray drying an oil/water or 
water/oil emulsion of the active agent, the water-insoluble 
polymer, and the cationic polymer. 

37

Sheth and Tossounian developed an HBS system containing a 
homogeneous mixture of drug and the hydrocolloid in a capsule 

. The beads containing the dissolved drug remained 
buoyant for 20 hours and high drug-loading levels were achieved. 

38

Thanoo et al. developed polycarbonate microspheres by solvent 
evaporation technique 

, 
which upon contact with gastric fluid acquired and maintained a 
bulk density of less than 1 thereby being buoyant on the gastric 
contents of stomach until all the drug was released. 

39

Streubel et al. prepared single-unit floating tablets based on 
polypropylene foam powder and matrix-forming polymer 

. High drug loading was achieved and 
drug-loaded microspheres were able to float on gastric and 
intestinal fluids. It was found that increasing the drug- to polymer 
ratio increased both their mean particle size and release rate of 
drug. 

40

Nur and Zhang et al. developed floating tablets of captopril using 
HPMC (4000 and 15 000 cps) and carbopol 934P 

. 
Incorporation of highly porous foam powder in matrix tablets 

provided density much lower than the density of the release 
medium. It was concluded that varying the ratios of matrix-
forming polymers and the foam powder could alter the drug 
release patterns effectively. 

41

Asmussen et al. invented a device for the controlled release of 
active compounds in the gastrointestinal tract with delayed 
pyloric passage 

. It was 
concluded that the buoyancy of the tablet is governed by both the 
swelling of the hydrocolloid particles on the tablet surface when it 
contacts the gastric fluids and the presence of internal voids in the 
center of the tablet (porosity). A prolonged release from these 
floating tablets was observed as compared with the conventional 
tablets and a 24-hour controlled release from the dosage form of 
captopril was achieved. 

42

Application of Floating Drug Delivery System 

, which expanded in contact with gastric fluids 
and the active agent was released from a multiparticulate 
preparation.  

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 follows. 

1. Sustained drug delivery 

Hydrodynamically Balanced System (HBS) type dosage forms 
remain in the stomach for several hours, increase the gastric 
residence time and thus release the drug over a prolonged period 
of time. These dosage forms have bulk density less than one, 
relatively large in size and did not easily pass through pylorus. 

Recently sustained release floating capsules of nicardipine 
hydrochloride were developed and were evaluated in vivo. The 
formulation compared with commercially available MICARD 
capsules using rabbits. Plasma concentration time curves showed 
a longer duration for administration (16 hours) in the sustained 
release floating capsules as compared with conventional in vitro 
MICARD capsules (8 hours) 43

Similarly a comparative study between the Madopar HBS and 
Madopar standard formulation was done 

. 
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2. Site specific drug delivery 

 and it was shown that 
the drug was released up to 8 hours in the former case and the 
release was essentially complete in less than 30 minutes in the 
latter case. 

FDDS are particularly useful for drug having specific absorption 
from stomach or proximal part of the small intestine e.g. riboflavin, 
furosemide etc. In fact, the absorption of Captopril has been found to 
be site specific, stomach being the major site followed by duodenum. 
This property prompts the development of a monolithic floating 
dosage form for Captopril which could prolong the gastric residence 
time and thus increase the bioavailability. AUC obtained with the 
floating tablet was approximately 1.8 times that of conventional 
tablets. Recently, a bilayer floating capsule of misoprostol, which is a 
synthetic analog of prostaglandin E1, was developed and used as a 
protectant of gastric ulcers caused by administration of NSAIDs. By 
targeting slow delivery of misoprostol to the stomach, the desired 
therapeutic levels could be achieved and wastage of drug be 
reduced. 

It has been reported that a monolithic floating dosage form of 
furosemide with prolonged gastric residence time was developed 
and the bioavailability was increased. AUC obtained with the 
floating tablets was approximately 1.8 times those of conventional 
furosemide tablets 45

A bilayer-floating capsule was developed for local delivery of 
misoprostol, which is a synthetic analog of prostaglandin E1. By 
targeting slow delivery of misoprostol to the stomach, desired 
therapeutic levels could be achieved and drug waste could be reduced 

. 

46. 
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3. Absorption enhancement 

Drugs that have poor bioavailability because their absorption is 
restricted to upper GIT can be delivered specifically thereby 
improving their absolute bioavailability. A significant increase in the 
bioavailability of floating dosage form of captopril as compared to 
commercial available tablet. 

Ichikawa et al. developed a multiparticulate system that consisted of 
floating pills of a drug (p- amino benzoic acid) having a limited 
absorption site in the gastrointestinal tract 47

The absorption of bromocriptine is limited to 30% from the 
gastrointestinal tract, however an HBS of the same can enhance the 
absorption. It was also studied that if metoclopramide is co 
delivered with bromocriptine, the side effects associated with high 
doses of bromocriptine can be prevented and the dosage from 
becomes therapeutically more potential 

. It was found to have 
1.61 times greater AUC than the control pills. 

48

4. There are some cases in which the relative bioavailability of 
floating dosage form is reduced as compared to conventional dosage 
form e.g. floating tablets of amoxicillin trihydrate has bioavailability 
reduced to 80.5% when compared with conventional capsules. In 
such cases, the reduction in bioavailability is compensated by the 
advantages offered by FDDS e.g. patients with advanced Parkinson’s 
disease, experienced pronounced fluctuations in symptoms while 
treatment with standard L-dopa. A HBS dosage form provided a 
better control of motor fluctuations although its bioavailability was 
reduced by 50-60% of the standard formulation 

.  

49,50

In a recent study 3 formulations containing 25 mg atenolol, a 
floating multiple-unit capsule, a high-density multiple-unit capsule, 
and an immediate-release tablet were compared with respect to 
estimated pharmacokinetic parameters. The bioavailability of the 2 
gastro retentive preparations with sustained release characteristics 
was significantly decreased when compared with the immediate-
release tablet. This study showed that it was not possible to increase 
the bioavailability of a poorly absorbed drug such as atenolol using 
gastroretentive formulations 

. 
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5. FDDS served as an excellent drug delivery system for the 
eradication of Helicobacter pylori, which is now believed to be 
causative bacterium for chronic gastritis and peptic ulcers. The 
patients require high concentration to be maintained at the site of 
infection that is within the gastric mucosa. The floating dosage form 
by virtue of its floating ability was retained in stomach and 
maintained high concentration of drug in the stomach.  

. 

Katayama et al. developed a sustained release (SR) liquid 
preparation of ampicillin containing sodium alginate, which spreads 
out and aids in adhering to the gastric mucosal surface 52

Yang et al. developed a swellable asymmetric triple-layer tablet with 
floating ability to prolong the gastric residence time of triple drug 
regimen (tetracycline, metronidazole, clarithromycin) of 
Helicobacter pylori–associated peptic ulcer 

. Thus, the 
drug is continuously released in the gastric region. 

53

6. Floating system are particularly useful for acid stable drugs, drugs 
which are poorly soluble or unstable in intestinal fluids and for 
those which undergo abrupt changes in their pH-dependent 
solubility due to food, age and pathophysiological conditions of GIT. 
e.g. floating system for furosemide lead to potential treatment of 
Parkinson’s disease. 

. It was concluded that 
the developed delivery system had the potential to increase the 
efficacy of the therapy and improve patient compliance. 

Limitations 

1. The drug substances that are unstable in the acidic environment 
of the stomach are not suitable candidates to be incorporated in the 
systems. 

2. The drugs that are significantly absorbed through out 
gastrointestinal tract, which undergo significant first pass 
metabolism, are only desirable candidate. 

3. These systems require a high level of fluid in the stomach for drug 
delivery tom float and work efficiently-coat, water. 

4. Not suitable for drugs that have solubility or stability problem in GIT. 

5. Drugs which are irritant to Gastric mucosa are also not desirable 
or suitable. 

6. The dosage form should be administered with a full glass of water 
(200-250 ml). 

7. These systems do not offer significant advantages over the 
conventional dosage forms for drugs, which are absorbed 
throughout the gastrointestinal tract. 

Future Potential 

Gastro-retentive floating drug delivery system offers various future 
potential as evident from several recent publications. Drug 
absorption in the gastrointestinal tract is highly variable procedure 
and prolonging gastric retention of the dosage form extends the time 
for drug absorption. FDDS promises to be a potential approach for 
gastric retention. Among the recently used clinical drugs several 
narrow absorption window drugs may benefit from compounding 
into a FDDS. Replacing parenteral administration of drugs to oral 
pharmacotherapy would substantially improve treatment. It may be 
believed that it can be possible with FDDS. Drugs that have poor 
bioavailability because of their limited absorption to the upper 
gastrointestinal tract can be delivered efficiently thereby 
maximizing their absorption and improving their absolute 
bioavailability. Buoyant delivery system is also considered as a 
beneficial strategy for the treatment of gastric and duodenal cancers. 
The floating concept can be utilized in the development of various 
anti-reflux formulations. Developing a controlled release system for 
drugs which are potential to treat the Parkinson’s disease, is also an 
important area of consideration. 
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