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ABSTRACT

Floating Drug Delivery Systems are an advanced gastroretentive approach designed to improve the bioavailability and therapeutic
efficacy of drugs that have a narrow absorption window or are unstable in the intestinal environment. These systems remain
buoyant in gastric fluids due to their low density or gas-generating mechanisms, allowing prolonged gastric retention and
controlled drug release at the desired site. FDDS are broadly categorized into effervescent and non-effervescent systems, including
bilayer tablets, raft-forming systems, and colloidal gel barrier formulations. Various formulation and physiological factors such as
polymer type, tablet size, gastric motility, and fed or fasted state significantly influence the gastric retention time and drug release
behavior. Among the preparation techniques, direct compression, wet granulation, and effervescent methods are widely employed.
FDDS offer distinct advantages like enhanced bioavailability, reduced dosing frequency, and improved patient compliance, though
they are unsuitable for drugs unstable in acidic media.
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INTRODUCTION their constant delay and regulation of release, many
medications that are released in the stomach have the most
therapeutic effect. Repeated dosing would not be necessary
with this kind of drug delivery technique, which would also
have relatively less adverse effects.(4)

rug delivery systems are pure crude forms of
drugs that can be solid, liquid, or semi-solid.
They should be safe, effective, and stable enough
to deliver the necessary quantity of the drug to the designated

site in the body quickly, reach the right concentration, and Among various gastro-retentive approaches such as swelling,
then maintain the adjusted concentration. Oral medication bioadhesive, high-density, and magnetic systems. The
delivery systems make up a large portion of the drug delivery floating drug delivery systems (FDDS) have gained

systems that are sold.(1) Oral drug delivery is typically considerable attention. A floating tablet is a type of
preferred due to its inexpensive treatment costs, easier gastroretentive drug delivery system (GRDDS) that allows

administration, and higher patient compliance. The for regulated drug release and a longer gastric retention
frequency of pharmaceutical dosing should be increased duration by staying afloat in gastric fluid for a long time.
despite its many advantages because it is easily emptied from Low-density polymers or gas-generating compounds are used
the stomach.(2) to create buoyancy, which keeps the tablet in place in the

stomach by reacting with gastric fluids.(5) FDDS are low
viscosity systems that float over the contents of the stomach
for an extended amount of time without interfering with the
gastric evacuation rate.(6) These are helpful for medications
that are unstable in digestive fluids or not sufficiently
absorbed. The medication is released from the system at a

In order to get beyond these obstacles, medication delivery
needs to offer a longer period of stomach residency. Gastro
retention helps to improve the time of medication release,
boost bioavailability, reduce waste, and increase solubility of
drugs that are less soluble in high ambient pH.(3) Due to
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regulated rate while the system is floating on the contents of
the stomach. This eliminates the medication from the
stomach after it has improved the gastric retention time,
controlled the oscillations in the tube medicine attention, and
reduced the remedial benefit of the medication substance.

Basic Gastrointestinal Tract Physiology and anatomy:

Stomach Anatomy (7)

The fundus, body, and antrum (pylorus) are the three
anatomical divisions of the stomach.

1.
2.

Fundus - Proximal part.

The body - serves as a holding area for undigested
material,

The pylorus - mixes the contents and propels activities to
empty the stomach.
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Figurel: Anatomy and physiology of gastrointestinal tract
Gastric motility (8,9)

An intricate network of hormonal and neurological
signals regulates gastric motility. The parasympathetic
(usually vagus caprice-whams) and sympathetic nervous
systems, as well as the enteric nervous system, are the
sources of nervous control. A wide range of hormones
have been demonstrated to affect gastric motility; for
example, gastrin and cholecystokinin both work to relax
the proximal stomach and promote distal stomach
condensation. The in vivo dissolving of the tablet form
depends on the gastric volume. The stomach's resting
volume is between 25 and 50 milliliters. Normal and
achlorhydric individualities differ greatly in their stomach
caching. The pH of the stomach has a noticeable impact
on how well drugs are absorbed from the delivery
method. When fasting, the stomach's pH ranges from 1.2
to 2.0, and when eaten, it ranges from 2.0 to 6.0.

Gastric empty rate

Both fasting and fed situations cause gastric evacuation.
Both nations continue to have a different motility pattern.
The interdigestive sequence of electrical events that occur
during the fasting state cycles through the intestine and
stomach every two to three hours. An acronym for this is
the migrating myloelectric cycle (MMC) or interdigestive
myloelectric cycle.(10)
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The myloelectric migratory cycle (MMC), also known as

the

inter-digestive mylo-electric cycle, is further

separated into four stages.

[71]

Bile secretion
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| A _- ' \ Mucus discharge
U

Figure 2: Myloelectric migratory cycle
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30-45 min

Phase 1
45-60 min

. L
C Phase 4 Phase 3

Smin 5-15 min

Force of contractions

1. | phase (Basal Phase) characterized by infrequent
contractions, it lasts 40 to 60 minutes.

2. Phase Il (preburst phase): characterized by sporadic
contractions and action potentials, this period lasts 39
to 45 minutes.

3. Phase I, also known as the burst phase, lasts 5 to 15
minutes and is characterized by brief, strong
contractions.

Phase IV: takes place in between phases Il and | of
two consecutive cycles and lasts 0 to 5 minutes. (11)

ADVANTAGES (12-14)
. The oral bioavailability of medication is increased.
Improved bio-transformation in the initial drive.
. Continuous drug administration and fewer doses.

1

2

3

4. The attention to tube medicine oscillates less.
5. Increased selectivity in receptor activation.

6

. Provide superior efficacy because of the body's
decreased counter-activity.

™~

A prolonged period of "effective" or critical attention.
8. Reduced harmful strain at the colon.

9. A targeted treatment for the upper GIT's first
affections.

10. Drug distribution at particular points.
DISADVANTAGES (15,16)

1. Drugs with GIT stability or solubility issues are not
appropriate for Floating Drug Delivery System.

2. It is not desirable to seek medications that undergo
first pass metabolism, such as nifedipine, propranolol,
etc., which are well absorbed throughout the
gastrointestinal tract.

3. Additionally, medications that irritate the stomach
mucus are undesirable.

4. Drugs that are unstable in the stomach's acidic
environment shouldn't be used in these kinds of
systems.
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5. To maintain buoyancy and function well, the
stomach's liquids must be in a high position.

FACTORS AFFECTING GASTRO RETENTIVE
FLOATING DRUG DELIVERY SYSTEM

The effectiveness of gastro-retentive drug delivery
systems largely depends on the ability of the dosage form
to remain in the stomach for an extended period of time.
Various formulation-related and physiological factors
influence the gastric retention time (GRT) of these
systems. Prolonged gastric residence improves drug
absorption, particularly for drugs that are primarily
absorbed in the upper part of the gastrointestinal tract.
The major factors affecting the performance of gastro-
retentive systems are described below.

Density of Dosage Form

Density plays a crucial role in determining the floating
capability and gastric residence time of gastro-retentive
dosage forms. For floating drug delivery systems, the
density of the formulation should be lower than that of
gastric fluid, which is approximately 1.004 g/cm3. When
the density is lower than gastric fluid, the dosage form
remains buoyant and floats on the surface of stomach
contents. This buoyancy helps the system remain in the
stomach for a longer duration and allows sustained drug
release. On the other hand, if the density of the dosage
form is greater than that of gastric fluid, it tends to sink
and may be emptied rapidly through the pyloric sphincter,
thereby reducing gastric retention time. (17)

Size of Dosage Form

The physical size of the dosage form significantly
influences its retention in the stomach. Larger dosage
forms are generally retained for a longer time compared
to smaller ones because they cannot easily pass through
the pyloric opening during gastric emptying. Studies have
indicated that dosage forms with a diameter greater than
7.5 mm show improved gastric residence. In particular,
units with diameters of approximately 9-10 mm or more
demonstrate better retention characteristics compared to
smaller formulations.

Shape of Dosage Form

The geometry of the dosage form is another important
factor affecting gastric retention. Certain shapes have
been reported to remain in the stomach for longer periods
due to their ability to resist passage through the pylorus.
For example, tetrahedral or ring-shaped gastro-retentive
systems exhibit improved gastric retention compared to
conventional shapes such as discs or capsules. These
specially designed systems may unfold or expand after
reaching the stomach, increasing their effective size and
preventing premature gastric emptying. Such systems
have demonstrated approximately 90-100% retention for
up to 24 hours in some studies.

Single-Unit and Multiple-Unit Systems

Gastro-retentive drug delivery systems can be formulated
as single-unit systems (tablets or capsules) or multiple-
unit systems such as pellets, beads, or microspheres.
Multiple-unit systems are often preferred because they
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provide a more uniform and predictable drug release
profile. In addition, they reduce the risk of dose dumping
and minimize the possibility of formulation failure. These
systems also allow the incorporation of different release
patterns or even incompatible drugs within the same
formulation, which increases formulation flexibility and
safety. (18)

Effect of Fed and Fasting State

Gastric motility patterns vary significantly between fed
and fasting states, which can influence the retention of
gastro-retentive systems. During the fasting state, the
stomach undergoes cyclic motor activity known as the
migrating myoelectric complex (MMC). This cycle
occurs approximately every 2-3 hours and functions to
clear undigested material from the stomach into the small
intestine. If a dosage form is administered during this
phase, it may be rapidly expelled from the stomach. In
contrast, when food is present in the stomach, the MMC
cycle is delayed and gastric motility becomes less intense,
resulting in prolonged gastric retention time.

Nature of Meal

The type and composition of food consumed can also
influence gastric emptying. Meals containing indigestible
materials such as cellulose, starch, polydextrose, and
raffinose may alter gastric motility patterns. These
substances tend to slow down gastric emptying by
delaying the onset of the MMC cycle. As a result, the
dosage form remains in the stomach for a longer period,
which enhances the effectiveness of gastro-retentive
formulations.

Caloric Content of the Meal

The caloric value of food plays an important role in
controlling gastric emptying rate. Meals with high caloric
content, particularly those rich in fats and proteins, can
significantly delay gastric emptying. Such meals may
prolong gastric retention time by approximately 4-10
hours. This extended residence time can improve the
performance of gastro-retentive drug delivery systems by
allowing sustained drug release in the stomach.

Frequency of Feeding

The frequency at which food is consumed also affects
gastric retention. When meals are taken repeatedly at
shorter intervals, the MMC cycle is postponed or
suppressed. This results in slower gastric emptying and
consequently increases gastric retention time. Studies
have shown that multiple meals may increase gastric
retention by more than 400 minutes compared with a
single meal condition.(19,20)

Gender

Physiological differences between males and females
may influence gastric emptying patterns. Several studies
have reported that gastric emptying tends to be slower in
females than in males of similar age and body
characteristics. As a result, females may exhibit longer
gastric retention times compared to males.
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Age

Age is another physiological factor that can affect gastric
motility and emptying. Gastric emptying tends to become
slower with increasing age. Elderly individuals,
especially those above 70 years, often experience delayed
gastric emptying compared to younger adults. This may
lead to prolonged gastric retention of gastro-retentive
dosage forms.(21)

Posture

Body posture can influence the behavior of floating
dosage forms within the stomach. When a person is in an
upright or ambulatory position, floating systems tend to
remain on the surface of gastric contents and are less
likely to be expelled from the stomach. However, when
the patient is in a supine position, the distribution of
gastric contents may change, which can affect the
retention behavior of the dosage form.(22)
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Concomitant Drug Administration

The simultaneous administration of certain drugs can
alter gastric motility and influence gastric retention time.
Drugs such as codeine, clonidine, lithium, nicotine,
progesterone, and anticholinergic agents (e.g., atropine
and propantheline) tend to slow gastric emptying, thereby
increasing gastric retention time. Conversely, drugs such
as erythromycin and octreotide may stimulate gastric
motility and accelerate gastric emptying.

Biological Factors

Certain pathological conditions may also influence gastric
motility and emptying patterns. Diseases such as diabetes
mellitus, Crohn’s disease, and other gastrointestinal
disorders can alter the normal functioning of the
gastrointestinal tract. These changes may affect the
gastric residence time of gastro-retentive drug delivery
systems and consequently influence drug absorption and
therapeutic response.(23,24).

Polymers and Excipients Used in Gastro-Retentive Floating Drug Delivery System

Table 1: Polymers Used in Floating Drug Delivery System (25-28)

Polymers Types

Role in Gastro retentive Floating drug

Hydroxypropyl Methylcellulose Hydrophilic polymer

Forms gel barrier and controls drug release

Sodium Alginate Natural polymer

Forms gel matrix and improves floating
behavior

Xanthan Gum Natural polymer

Increases viscosity and sustains drug release

Carbopol 934 Synthetic polymer Provides high swelling and controlled drug
release

Guar Gum Natural polymer Acts as matrix-forming polymer

Chitosan Natural polymer Enhances mucoadhesion and gastric retention

Ethyl Cellulose Hydrophobic polymer

Retards drug release

Hydroxypropyl Cellulose Semi-synthetic polymer

Provides swelling and controlled release

Pectin Natural polymer

Forms gel matrix and sustains drug release

Gellan Gum Natural polymer

Used in in-situ gel and raft-forming systems

Locust Bean Gum Natural polymer

Enhances viscosity and gel formation

Pullulan Natural polymer

Forms film and improves matrix stability

Polyethylene Oxide Synthetic polymer

Provides swelling and controlled drug release

Table 2: Excipients Used in Gastro-Retentive Floating Drug Delivery Systems (GRFDDS) (29-34)

Excipient Category Function in Gastro Retentive Floating Drug Delivery System

Sodium Bicarbonate Gas-generating agent Produces CO: gas which helps the system float in gastric fluid

Citric Acid Effervescent agent Reacts with sodium bicarbonate to generate gas

Tartaric Acid Effervescent agent Reacts with sodium bicarbonate to generate gas

Calcium Carbonate Gas-forming agent Generates CO- and improves floating property

Microcrystalline Cellulose Diluent Improves bulk and compressibility of formulations
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Lactose Diluent Enhances solubility and increases formulation bulk

Mannitol Diluent Improves solubility and stability of formulations

Polyvinylpyrrolidone Binder Provides mechanical strength and binds particles

Magnesium Stearate Lubricant Reduces friction during manufacturing

Talc Glidant Improves powder flow properties

Stearic Acid Lubricant Facilitates smooth processing of dosage forms

Colloidal Silicon Dioxide Glidant Enhances flowability and stability

Calcium Chloride Cross-linking agent Used in beads and microspheres for gel formation

Sodium Citrate Buffering agent Maintains pH and stabilizes formulation
CLASSIFICATION OF GASTRO RETENTIVE 1. Gas generating system:

FLOATING DRUG DELIVERY SYSTEM . . . -
The buoyant delivery mechanism lowers its specific

A. Effervescent Floating Drug Delivery System gravity and causes it to float over by releasing CO2
1. Gas generating svstem through the effervescence reaction between citric acid

' g g3y or tartaric acid and carbonate or bicarbonate salts.(37)
2. Volatile liquid containing system 2. Volatile liquid-containing systems:

B. Non-Effervescent Floating Drug Delivery System Volatile liquid-containing devices allow for prolonged

1. Colloidal gel barrier system stomach retention during drug delivery by using an

. . inflatable chamber that is filled with fluids. These
2. Bi-layer floating tablets systems include volatile liquids such as ether and
3. Microporous compartment system cyclopentane, which extend the stomach chamber
4 when they gasify at body temperature. They are made

- Floating Beads/ Alginate Beads up of hollow deformable units, which are floating

5. Micro balloons/ Hollow Microspheres constructions that are osmotically controlled. Two
. compartments make up the system: one houses the

C. Raft forming system volatile liquid, and the other the drug.(38)
A. Effervescent Floating Drug Delivery System: B. Non-Effervescent Floating Drug Delivery System:

Effervescent Floating Drug Delivery System uses
organic acids like citric or tartaric acid along with gas-
generating substances like sodium bicarbonate. These
components react to form carbon dioxide (CO2) when
they come into contact with gastric fluid, which
lowers the system's density and allows it to float on
the contents of the stomach. As an alternative, the
formulation might include a matrix of liquid
ingredients that, when evaporating at body
temperature, produce gas, which would help with
buoyancy and regulated medication release.(35,36)

The non-effervescent Floating Drug Delivery System
achieves gastric retention by means of the swelling
characteristics of polymers or their bioadhesive
contacts with the gastrointestinal (GI) mucosa.
Polycarbonate, polyacrylate, polymethacrylate, and
polystyrene are matrix-forming polymers that are used
in these systems, along with gel-forming agents or
highly swellable hydrocolloids such cellulose
derivatives. Chitosan and carbopol, two bioadhesive
substances, also improve adherence to the stomach
lining, extending system retention and guaranteeing
continuous drug release.

1. Colloidal Gel Barrier System

The colloidal gel barrier system, commonly referred
to as a hydrodynamically balanced system (HBS), is
one of the earliest floating drug delivery approaches
developed to prolong gastric residence time. This
system is designed in such a way that the dosage form
remains buoyant in the gastric environment, thereby
enhancing drug absorption in the upper part of the
gastrointestinal tract. In this system, the drug is
incorporated into a matrix composed mainly of
hydrophilic polymers or hydrocolloids. Polymers such
as  hydroxypropyl  methylcellulose  (HPMC),
hydroxypropyl cellulose, and hydroxyethyl cellulose
are widely used due to their excellent swelling and

Figure 3: Effervescent Floating Drug Delivery24
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gel-forming properties. When the dosage form comes
into contact with gastric fluid, these polymers rapidly
hydrate and form a viscous gel layer around the tablet.
The formation of this gel barrier helps maintain the
structural integrity of the dosage form and decreases
its density, allowing it to remain floating on the
gastric contents. Additionally, the gel layer regulates

HES

Gasiric
fluid

Gelalinous
barrler

ver Drug

B Fveropnitie porymers

Figure 4: Colloidal Gel Barrier System

Bilayer Floating Tablet

Bilayer floating tablets are designed to combine both
immediate drug release and sustained drug delivery
within a single dosage form. These tablets consist of
two distinct layers that perform different functions in
the drug delivery process. The first layer acts as an
immediate-release layer, which provides a rapid release
of a portion of the drug soon after administration to
produce an initial therapeutic effect. The second layer is
formulated using swellable polymers and functions as a

[mmediate laver

Density <1

Sustain release laver

Figure 5: Bilayer Floating Tablet

Microporous Compartment System

The microporous compartment system represents
another approach for achieving gastro-retentive drug
delivery. In this system, the drug is enclosed within a
specialized compartment surrounded by a microporous
membrane. The lateral sides of the drug reservoir are
usually sealed to prevent direct contact between the
drug and the gastric mucosal surface.

A floating chamber containing air or an entrapped gas is
incorporated into the system, which helps reduce the
overall density and allows the dosage form to remain
buoyant in gastric fluid. The microporous membrane
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the penetration of gastric fluid and the diffusion of the
drug, resulting in controlled and prolonged drug
release. In some formulations, matrix-forming
polymers such as polycarbophil or polystyrene
derivatives are incorporated to enhance mechanical
strength and maintain the stability of the gel matrix.

Drug diffusion

Eroding gel
barner

floating sustained-release layer. Upon contact with
gastric fluid, this layer absorbs water and swells to form
a gel-like structure. The swelling of the polymeric layer
reduces the density of the dosage form and helps it
remain buoyant in the gastric environment. At the same
time, the hydrated polymer matrix controls the diffusion
of the drug, allowing gradual drug release over an
extended period. Because of this dual-layer design,
bilayer floating tablets can provide both rapid onset of
action and prolonged therapeutic effect, while also
increasing gastric retention.(39).

Bi-layer Tablet

[75]

permits the entry of gastric fluid through numerous tiny
pores. Once inside the compartment, the fluid dissolves
the drug contained in the reservoir.

The dissolved drug then diffuses slowly out of the
system through the micropores and becomes available
for absorption in the gastrointestinal tract. Due to the
controlled diffusion process, the system is capable of
providing sustained drug release for an extended period,
while the floating chamber ensures prolonged gastric
residence.(40)
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Figure 6: Microporous Compartment System
4. Floating Beads / Alginate Beads

Floating beads, particularly alginate beads, are widely
used in multi-particulate gastro-retentive drug delivery
systems. These dosage forms consist of numerous
small, discrete particles that are administered orally and
disperse throughout the stomach after ingestion.
Alginate beads are usually prepared using sodium
alginate, which forms gel beads in the presence of
multivalent cations through an ionotropic gelation
process. To impart floating characteristics, gas-
generating agents such as sodium bicarbonate or
calcium carbonate may be incorporated into the
formulation. When these beads come into contact with

Asian Journal of Pharmaceutical Research and Development. 2026; 14(2): 70-79

gastric fluid, carbon dioxide is generated and trapped
within the polymeric matrix, which decreases the
density of the beads and enables them to float on gastric
contents. Due to their low density and multi-particulate
nature, floating alginate beads remain in the stomach
for an extended period and provide sustained drug
release.(41)

5. Microballoons and Hollow Microspheres

Microballoons, also known as hollow microspheres, are
another type of gastro-retentive floating drug delivery
system designed to prolong gastric residence time.
These systems are characterized by a hollow internal
cavity surrounded by a polymeric shell. Due to the
presence of this hollow structure, microballoons possess
low density, which allows them to remain buoyant in
gastric fluid for a prolonged period.

Hollow microspheres are generally prepared using
techniques such as solvent evaporation or emulsion
solvent diffusion methods. In these processes, the drug
and polymer are dissolved in a suitable organic solvent
and emulsified in an aqueous phase. As the solvent
evaporates, a hollow cavity is formed within the
microsphere, resulting in a lightweight structure capable
of floating on gastric fluid.

Microballons W/O emulsion

Rapid diffusion of
dichloromethane

Hollow
microsphere or

Slow diffusion of
ethanol

microballons

Figure 7: Microballoons and Hollow Microspheres

C. Raft-Forming Systems

Raft-forming systems represent a specialized type of
gastro-retentive drug delivery approach commonly used in
the management of gastroesophageal reflux disease
(GERD) and for the delivery of antacid formulations. These
systems are designed to form a viscous gel layer,
commonly referred to as a “raft,” when the formulation
comes into contact with gastric fluid. The formation of this
raft creates a floating barrier that remains on the surface of
the stomach contents. The mechanism of raft formation
generally involves the presence of gel-forming polymers,
such as sodium alginate or other hydrocolloids. When the
formulation reaches the stomach, these polymers interact
with gastric fluid and undergo rapid gelation, resulting in
the formation of a cohesive and viscous gel structure. At
the same time, the formulation usually contains gas-
generating agents, such as sodium bicarbonate or calcium
carbonate. These compounds react with gastric acid and
produce carbon dioxide gas. The generated carbon dioxide
becomes trapped within the gel structure, reducing the
density of the system and enabling it to float on the gastric
contents. The floating gel layer acts as a mechanical
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barrier, which helps prevent the reflux of gastric acid into
the esophagus. In addition to providing relief from acid
reflux, raft-forming systems can also deliver drugs in a
controlled manner while remaining in the stomach for an
extended period. Because of these characteristics, raft-
forming formulations are widely used in the treatment of
acid reflux and other gastrointestinal disorders.(42)

=% Raft forming

Figure 8: Raft-forming System26
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APPLICATIONS OF FLOATING DRUG DELIVERY
SYSTEM (43-46)

Floating drug delivery systems (FDDS) are widely
investigated in pharmaceutical research because of their
ability to remain in the stomach for a prolonged period. By
increasing gastric residence time, these systems can
improve drug absorption, enhance therapeutic efficacy, and
provide controlled drug release. The major applications of
floating drug delivery systems are discussed below.

1. Sustained Drug Delivery

One of the most important applications of floating drug
delivery systems is their ability to provide sustained and
controlled drug release. Because the dosage form
remains buoyant in the gastric environment for an
extended period, the drug is released gradually from the
formulation. This controlled release helps maintain
therapeutic drug levels for a longer duration and
reduces the frequency of dosing. For example,
sustained-release floating capsules of nicardipine have
demonstrated improved in vivo performance and
prolonged drug action compared to conventional dosage
forms.

2. Site-Specific Drug Delivery

Floating drug delivery systems are particularly useful
for drugs that are primarily absorbed in the stomach or
upper part of the small intestine. By prolonging gastric
residence time, the dosage form remains near the
optimal absorption site, which improves drug
bioavailability. This approach is beneficial for drugs
such as riboflavin (vitamin B:) and certain diuretics,
whose absorption is limited to the upper gastrointestinal
tract. Maintaining the dosage form in this region
enhances therapeutic effectiveness.

3. Enhancement of Drug Absorption

Another important application of FDDS is the
improvement of drug absorption. Many drugs exhibit
site-specific absorption in the upper gastrointestinal
tract, and rapid gastric emptying may reduce their
bioavailability. Floating systems help retain the drug in
the stomach and upper intestine for a longer duration,
thereby providing sufficient time for drug absorption.
As a result, floating formulations often demonstrate
higher bioavailability and improved absorption profiles
compared with conventional oral dosage forms.

4. Maintenance of Constant Plasma Drug Levels

Floating drug delivery systems are capable of
maintaining  relatively  constant  plasma  drug
concentrations for an extended period. The gradual
release of the drug from the floating dosage form
minimizes fluctuations in drug levels within the
bloodstream. This steady drug release helps maintain
therapeutic concentrations while avoiding sudden peaks
or rapid declines in plasma drug levels. Consequently,
FDDS can improve therapeutic efficacy and enhance
patient compliance by reducing dosing frequency.
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Reduction of Colonic Side Effects

In some cases, drugs may cause undesirable effects
when they reach the colon. Floating drug delivery
systems help retain the drug within the stomach for a
longer duration, which reduces the amount of drug that
reaches the lower gastrointestinal tract. This can help
minimize local irritation or adverse reactions in the
colon. Hydrodynamically balanced systems (HBS), for
example, are designed to remain in the gastric region
and limit drug exposure to the colonic environment.

Reduction in Variability of Drug Concentration

Floating drug delivery systems can also help reduce
fluctuations in drug concentration in the bloodstream.
Continuous and controlled drug release from controlled-
release gastro-retentive  formulations (CR-GRDF)
results in a more stable drug input into systemic
circulation. Compared to conventional immediate-
release formulations, this leads to less variation in
plasma drug levels, which improves therapeutic
consistency and reduces the risk of sub-therapeutic or
toxic concentrations.

Drugs with Narrow Absorption Window

Floating drug delivery systems are highly suitable for
drugs that possess a narrow absorption window in the
upper gastrointestinal tract. Such drugs are absorbed
mainly in the stomach or the proximal part of the small
intestine. If these drugs pass quickly into the distal
intestine, their absorption decreases significantly. By
prolonging gastric residence time, floating systems
allow the drug to remain within the optimal absorption
region for a longer duration, thereby improving
therapeutic efficiency.

Local Drug Delivery in the Stomach

Floating drug delivery systems can also be used for the
local treatment of gastric disorders. Since these systems
remain in the stomach for an extended period, they
allow localized delivery of drugs directly to the gastric
mucosa. This approach is beneficial in the treatment of
conditions such as gastric ulcers, gastritis, and
Helicobacter pylori infections. The prolonged residence
of the dosage form enhances drug contact with the
affected area, thereby improving therapeutic outcomes.

Improved Therapeutic Efficiency of Drugs with
Short Half-Life

Drugs that have a short biological half-life often require
frequent dosing to maintain therapeutic levels. Floating
drug delivery systems can provide sustained drug
release and maintain drug concentration in the systemic
circulation for a longer duration. This reduces the need
for frequent administration and improves overall
therapeutic effectiveness.

Reduced Drug Wastage

Floating drug delivery systems help retain the drug in
the stomach and upper gastrointestinal tract, where
maximum absorption occurs. As a result, less drug
passes unabsorbed into the lower part of the
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gastrointestinal tract. This reduces drug wastage and
enhances the overall bioavailability of the medication.

11. Improved Patient Compliance

By providing prolonged drug release and reducing
dosing frequency, floating drug delivery systems
contribute to better patient compliance. Patients are not
required to take medication repeatedly throughout the
day, which improves adherence to the prescribed
therapy.

12. Controlled Delivery of Drugs with Poor Solubility

Floating systems can also be beneficial for drugs that
exhibit poor solubility in intestinal fluid but better
solubility in acidic gastric fluid. By retaining the dosage
form in the stomach for a longer period, the drug
remains in an environment where its solubility is
higher, which enhances drug dissolution and absorption.

CONCLUSION

In pharmaceutical science, floating drug delivery systems
in particular, floating tablets represent a promising strategy
for increasing the bioavailability of medications with
limited therapeutic windows or those impacted by gastric
emptying delays. Longer stomach retention, targeted
medication release, and enhanced patient compliance are
just a few of the many benefits that these systems provide.
Numerous elements, including the selection of excipients,
polymers, and preparation technique, affect the design and
formulation of floating tablets and can have a major impact
on their functionality. Even with the advancements in this
area, there are still issues to be resolved, such as the
fluctuation of stomach conditions, the requirement for
exact control over drug release, and the dosage form's
stability over time.

Future studies should concentrate on improving
formulation techniques, investigating novel materials for
improved floating qualities, and carrying out clinical trials
to confirm the effectiveness of floating tablets in a range of
therapeutic domains. All things considered, floating tablets
continue to present intriguing opportunities for developing
oral medication delivery systems and enhancing patient
outcomes.

FUTURE PROSPECT

Gastro-retentive floating drug delivery systems (GRFDDS)
continue to attract significant research attention due to their
potential to improve the bioavailability and therapeutic
efficacy of drugs with a narrow absorption window in the
upper gastrointestinal tract. Future developments in this
field are likely to focus on novel polymers, advanced
formulation technologies, and smart delivery approaches.

Recent advances in biodegradable and stimuli-responsive
polymers offer promising opportunities to design floating
systems that can respond to physiological triggers such as
pH, temperature, or enzymatic activity. The integration of
nanotechnology with gastro-retentive systems may enable
controlled release at the molecular level, leading to
enhanced drug solubility, reduced dose frequency, and
improved patient compliance.

ISSN: 2320-4850

Asian Journal of Pharmaceutical Research and Development. 2026; 14(2): 70-79

Furthermore, the use of 3D printing and computer-aided
formulation design can allow precise customization of
floating tablets with tailored buoyancy and release kinetics.
Future studies may also explore in vivo imaging and
pharmacokinetic modeling to better understand gastric
retention behavior and optimize formulation parameters.

Regulatory and industrial advancements are expected to
push these systems toward commercial viability,
particularly for drugs used in chronic conditions like
hypertension, diabetes, and peptic ulcer disease.
Ultimately, the combination of innovative materials,
advanced manufacturing techniques, and mechanistic
understanding will drive the next generation of gastro-
retentive drug delivery systems with superior therapeutic
outcomes.
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