Mishra et al. Journal of Drug Delivery & Therapeutics. 2024; 14(10):137-148

Available online on 15.10.2024 at http://jddtonline.info

Journal of Drug Delivery and Therapeutics

Open Access to Pharmaceutical and Medical Research

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the CC BY-NC 4.0 which
permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original

author and source are credited
m

Gastroretentive Swellable and Floating Systems: An Innovative and Promising
Strategy for Drug Delivery-A Comprehensive Review

'.) Check for updates

Open Access Full Text Article Review Article

Rakhi Mishra*1

1 Assistant Professor, Department of Pharmacy, Usha Martin University, Ranchi, 835103, Jharkhand, India.

, Aman Zaffarz, Swapnil Kumar2, Aman Kumar Verma2, Himanshu Gautam?

2Research Scholar, Usha Martin University, Ranchi, 835103, Jharkhand, India.

Article Info: Abstract

Article History: Gastroretentive drug delivery systems (GRDDs) have emerged as an innovative and promising

Published 15 Oct 2024

Cite this article as:

Mishra R, Zaffar A, Kumar S, Verma AK,
Gautam H, Gastroretentive Swellable and
Floating Systems: An Innovative and
Promising Strategy for Drug Delivery-A
Comprehensive Review, Journal of Drug
Delivery  and Therapeutics. 2024;
14(10):137-148 Dol:
http://dx.doi.org/10.22270/jddt.v14i10.6800

*Address for Correspondence:

Received 09 July 2024 approach for enhancing the bioavailability and therapeutic efficacy of drugs with narrow absorption
Reviewed 03 Sep 2024 windows in the upper gastrointestinal tract (GIT). Among various GRDDs, swellable and floating
Accepted 30 Sep 2024 systems have garnered significant attention due to their ability to prolong gastric residence time,

improve drug dissolution, and facilitate sustained drug release (SDR). This comprehensive review
provides a detailed exploration of the principles, mechanisms, and advancements in swellable and
floating Gastroretentive systems. The key strategies, such as the use of hydrophilic polymers, gas-
generating agents, and superporous hydrogels, are discussed. These systems offer benefits in
treating conditions like peptic ulcers, gastroesophageal reflux disease, and infections, where
prolonged localized drug action is desirable. A critical assessment of recent preclinical and clinical
studies highlights the therapeutic potential of GRDDs in optimizing drug delivery for poorly soluble
drugs and drugs with short half-lives. Challenges such as variability in gastric retention, potential
toxicity of excipients, and patient-specific factors are also examined. It includes the outlining future
trends in GRDDs, focusing on the incorporation of nanotechnology, 3D printing, and biocompatible
materials to overcome existing limitations and further enhance therapeutic outcomes. This
highlight of review article is initially introduction of GRDDs and their significance, mechanism and
their classification of GRDDs, intermediately describe brief on swelling and floating GRDDs system
with their application, lastly it describes the recent advances in patent, clinical trials and marketed

products for GRDDs swellable and floating system.
Ms. Rakhi Mishra, Assistant Professor,
Department of Pharmacy Usha Martin
University, Ranchi, 835103, Jharkhand,
India.

Keywords: Drug delivery; GRDDs; floating; swellable; gastroretentive; system; advance approach

1. INTRODUCTION enhance drug BA, provide controlled or sustained drug
release, and improve therapeutic efficacy. Types of
GRDDS include floating systems, bioadhesive systems,
swellable systems, high-density systems, and magnetic
systems, each employing different mechanisms to

increase gastric retention and optimize drug delivery 3-5.

1.1.

Drug delivery refers to the methods or processes used to
transport a pharmaceutical compound to its target site in
the body to achieve a therapeutic effect. The goal of DDs
is to optimize the drug's BA, stability, and efficacy while
minimizing side effects 1. These systems can be designed
for various routes of administration, such as oral,
injectable, transdermal, or inhalation, and may include
advanced technologies like nanocarriers, controlled-
release formulations, or targeted delivery strategies. By .
ensuring the right amount of the drug reaches the
desired site at the appropriate time, drug delivery
systems improve treatment outcomes and patient
compliance 2.

Importance of GRDDs:
The importance of GRDDs can be highlighted as follows:

Prolonged Gastric Retention: Ensures the drug
stays in the stomach longer, allowing extended
release and improved therapeutic outcomes.

e Enhanced Bioavailability: Increases  drug
absorption for drugs with a narrow absorption
Gastroretentive Drug Delivery Systems (GRDDs) are window in the stomach or upper GI tract.
specialized DDs designed to prolong the retention of a
dosage form in the stomach. These systems are beneficial
for drugs that are absorbed primarily in the stomach or
upper part of the GIT, have a narrow absorption window,
or are unstable in the alkaline pH of the intestines . By
staying in the stomach for an extended time, GRDDs can
ISSN: 2250-1177 [137]

e Improved Drug Stability: Protects drugs that are
unstable in the alkaline environment of the intestines.
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e Targeted Drug Release: Ideal for local treatment of
gastric conditions (e.g., ulcers or infections like
Helicobacter pylori).

e Reduced Dosing Frequency: By maintaining
sustained release, GRDDs can reduce the need for
frequent dosing, improving patient compliance.

e Minimized Drug Wastage: Prevents premature drug
passage into the intestines, maximizing therapeutic
efficacy.

e Controlled Drug Release: Provides a steady,
controlled release of medication over time, reducing
fluctuations in plasma drug concentration ¢-8.

GRDDs offer several merits and demerits in drug
delivery. Merits include prolonged gastric retention,
which ensures a sustained release of the drug in the
stomach, improving BA, especially for drugs that are
absorbed in the upper GIT °. GRDDs are beneficial for
drugs with narrow absorption windows and those that
degrade in the alkaline pH of the intestine. They also
reduce dosing frequency, which can improve patient
compliance, especially in long-term therapies. Moreover,
they can help in local drug action in the stomach, such as
in the treatment of gastric ulcers. However, GRDDs also
have demerits. Their success is highly dependent on
individual gastric motility and emptying, which can vary
due to factors like age, diet, and disease conditions 10-11,
Additionally, these systems may not be suitable for drugs
that are unstable in acidic conditions or drugs that cause
gastric irritation. The size of the dosage form must be
large enough to avoid premature gastric emptying but
not so large that it causes discomfort 12. Formulation
complexity and higher production costs also pose
challenges for widespread use of GRDDS.

1.2. Significance of Extended Gastric Retention:

Extended gastric retention is a crucial feature of GRDDs,
significantly impacting therapeutic effectiveness and
patient compliance 13. By prolonging the presence of a
drug in the stomach, these systems enhance the BA of
medications that are primarily absorbed in this region,
ensuring that a larger fraction of the drug reaches the
systemic circulation. This is particularly beneficial for
drugs with a narrow absorption window, as it allows for
improved therapeutic outcomes and reduced variability
in drug response !4 Additionally, extended gastric
retention can facilitate controlled or sustained release of
the drug, minimizing the frequency of dosing and thus
improving patient adherence to prescribed regimens.
Furthermore, it can enhance the stability of certain
medications that may degrade in the more alkaline
environment of the intestines, ensuring that patients
receive the intended therapeutic benefits 1316, The
significance of extended gastric retention lies in its ability
to optimize drug delivery, improve treatment efficacy,
and enhance the overall patient experience.

GRDDs represent a novel approach in drug delivery
designed to improve the BA and therapeutic efficacy of
drugs that have narrow absorption windows in the upper
GIT. By prolonging the gastric retention time, GRDDs
enables the drug to remain in the stomach for extended
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periods, ensuring sustained release and better
absorption 7. This system is especially beneficial for
drugs that are poorly soluble in alkaline environments,
have a short half-life, or are primarily absorbed in the
stomach or proximal small intestine. The various
strategies, such as floating systems, bioadhesive systems,
and expandable devices, are employed to achieve
gastroretention. GRDDs enhances patient compliance by
reducing dosing frequency and offers a controlled,
localized drug release, making it ideal for treating gastric
disorders or improving the therapeutic outcomes of
certain systemic diseases 18-19,

2. MECHANISM AND CLASSIFICATION OF
GASTRORETENTIVE  DRUG  DELIVERY
(GRDDs)

GRDDs function primarily through mechanisms that
enhance the residence time of drugs in the gastric region,
improving their absorption and therapeutic efficacy 2°.
These systems can be classified into several categories:
floating systems, which remain buoyant in gastric fluid,
allowing for prolonged retention; swelling systems,
which expand upon contact with gastric fluids, increasing
retention time; mucoadhesive systems, which adhere to
the gastric mucosa; and high-density systems, which
settle in the bottom of the stomach and release drugs
over an extended period 2122, The each classification
utilizes distinct mechanisms to optimize drug delivery,
targeting specific therapeutic needs while addressing
challenges related to drug solubility and absorption in
the GIT.

2.1 Mechanism of Gastroretentive Drug Delivery:

The several mechanism of GRDDs individually discussed
in the below sections.

A. Floating Mechanism: The floating mechanism in
GRDDs is designed to keep the dosage form buoyant
in the gastric environment, preventing it from
sinking. This is typically achieved by incorporating
low-density materials or gas-generating agents,
which create a structure that is less dense than gastric
fluids 23. When the system is ingested, it floats on the
surface of the gastric contents, allowing for prolonged
retention in the stomach. This extended residence
time enhances the absorption of drugs that have a
narrow absorption window, ultimately improving
their BA and therapeutic effectiveness. By remaining
in the stomach longer, floating systems can also help
maintain consistent drug levels in the bloodstream,

which is beneficial for chronic disease management
24-25

B. Swelling Mechanism: The swelling mechanism in
GRDDs involves the use of hydrophilic polymers that
absorb gastric fluids and expand upon contact. When
the system is ingested, the polymers swell and form a
gel-like structure, increasing in size significantly 26.
This expansion slows gastric emptying, allowing the
dosage form to remain in the stomach for an extended
period. By prolonging retention time, swelling
systems facilitate controlled and gradual drug
release, enhancing the bioavailability of poorly
soluble or poorly absorbed medications 27-28. This
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mechanism is particularly effective for achieving
sustained therapeutic effects and improving patient
compliance in the treatment of chronic conditions.

C. Mucoadhesion Mechanism: The mucoadhesion
mechanism in GRDDs involves the adhesion of the
dosage form to the gastric mucosa. This is achieved
through the use of mucoadhesive polymers that
interact with the mucus layer lining the stomach 2°.
When the system is ingested, these polymers form

Adhesion to
stomach wall
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bonds with the mucus, allowing the dosage form to
adhere to the gastric wall. This adhesion prolongs the
retention time of the drug in the stomach, facilitating
sustained release and improving absorption 3°. The
mucoadhesive properties help ensure that the drug
remains available at the site of absorption for a longer
duration, enhancing BA and therapeutic efficacy,
particularly for drugs with limited solubility or
absorption windows 29-31, The various types of GRDDs
mentioned in the Fig. 1 as below.

Floating dosage form
Gastric contents

+ Swelling of
dosage form

Sedimentation of pellet

Figure 1: Representation of types of GRDDs and their description 31

D. Magnetic Retention Mechanism: The magnetic
retention mechanism in GRDDs employs external
magnetic fields to retain the dosage form in the
gastric region 32, This approach involves the
incorporation of magnetic materials within the DDs.
Once ingested, a magnet placed externally on the
abdomen can attract the magnetic dosage form,
holding it in place against the gastric wall. This
method allows for prolonged gastric residence time
and controlled drug release, as the magnetic force
keeps the system positioned in an area conducive to
optimal absorption 33. The magnetic retention
mechanism is particularly beneficial for targeting
specific sites in the GIT enhancing the therapeutic
efficacy of various medications while minimizing the
need for frequent dosing 32-34,

2.2, Classification
Delivery:

of Gastroretentive Drug

The GRDDs is designed to prolong the retention of dosage
forms in the stomach, enhancing drug absorption and
therapeutic efficacy, particularly for drugs that have a
narrow absorption window or are unstable in the
intestinal environment. GRDDs can be classified into
several types:

o Floating Systems: These remain buoyant on gastric
fluids, allowing them to float in the stomach for an
extended time.

ISSN: 2250-1177 [139]

o Swelling/Expanding Systems: These enlarge after
ingestion to a size that prevents them from passing
through the pylorus, thereby staying in the stomach
longer.

o Bioadhesive Systems: These adhere to the stomach
lining, increasing their retention by resisting gastric
motility.

o High-Density Systems: These have a higher density
than gastric fluids, causing them to sink and stay in
the stomach for a prolonged period.

e Superporous Hydrogel Systems: These rapidly
absorb water, expanding to maintain their position in
the stomach.

e Magnetic Systems: These use external magnets to

retain the dosage form in the stomach by attraction 35-
36

These each system offers unique advantages depending
on the drug's properties and the desired release profile.
All of them few classes defined more as per the activity
and action.

A. High-Density Systems: High-Density Systems are a
type of GRDDs designed to remain in the stomach for
an extended period by sinking to the bottom of the
gastric content 37. These systems are formulated with
materials thatincrease their density to a value greater
than gastric fluids, typically above 1.5 g/cm?. This
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increased density allows the dosage form to settle in
the antrum (the bottom part of the stomach) and
resist being emptied into the intestines by gastric

peristalsis 38,

Table 1: List of key features for high density GRDDs 39-40
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The summarizing the key features of High-Density
GRDDs explained in the given Table 1 as below following:

Key Feature

Description

Density-Based
Retention

The high density ensures that the system does not float or rise in gastric fluids. It remains at the
bottom of the stomach, extending the drug’s residence time.

Materials Used

Formulated using heavy inert materials such as barium sulfate, zinc oxide, iron powder, or
titanium dioxide to increase mass and density.

Suitability for
Certain Drugs

Ideal for drugs absorbed in the stomach or with a narrow absorption window in the upper GI
tract. Also useful for drugs unstable in alkaline intestinal pH.

Release Profile

Provides sustained drug release over a long period, offering extended therapeutic action,

particularly for drugs needing prolonged gastric retention.

This table summarizes the essential aspects of high-density GRDDs systems.

B. Low-Density Floating Systems:

Low-Density
Floating Systems are a type of GRDDs designed to
remain buoyant on the surface of gastric fluids,
enabling extended retention in the stomach 1. They
are effective for drugs that are absorbed primarily in
the stomach or the upper part of the small intestine.
The system has a lower density (less than 1 g/cm?)
than gastric fluids, which allows it to float on top of
the stomach content for prolonged periods. This
buoyancy helps maintain the drug in the stomach
even as gastric emptying occurs 42.

Types: They are classified as following brief description:

Effervescent Systems: These use gas-generating
agents like sodium bicarbonate or citric acid. When
they come into contact with gastric fluids, they
produce CO,, which allows the system to float.

Non-effervescent Systems: These rely on low-
density polymers such as ethyl cellulose or HPMC that

. Bioadhesive/Mucoadhesive

Theories
theories explained in the Table 2 as below description:

Table 2: List of theories with their details 4447

enable the dosage form to remain buoyant without
producing gas 41-44,

Systems:
Bioadhesive/Mucoadhesive Systems are a type of
GRDDs that utilize the ability of certain materials to
adhere to the mucus lining of the stomach or GIT. This
adhesion helps to prolong the retention of the dosage
form in the stomach, improving drug absorption and
therapeutic effectiveness 45. These systems work by
forming strong bonds between bioadhesive polymers
and the mucus layer that coats the stomach or other
parts of the GIT. This adherence resists the natural
movements of the stomach and intestines, keeping
the drug localized for extended periods “°.

of Mucoadhesion: The mucoadhesion

Theory Description Key Points

Electronic Involves the transfer of electrons between Formation of electrical double layer, resulting in
Theory mucoadhesive material and mucin. attractive forces (electrostatic interaction).
Adsorption Adhesion occurs due to secondary chemical | Involves physical forces like Van der Waals,
Theory bonds (Van der Waals, hydrogen bonds). hydrogen bonding, and hydrophobic interactions.
Wetting Based on the ability of a liquid to spread Depends on surface tension and contact angle;
Theory over a biological surface. applicable mainly to liquid or semisolid systems.
Diffusion Interpenetration of polymer chains with Adhesion occurs as polymer chains and mucin
Theory mucin. diffuse into each other, forming a stronger network.
Fracture Focuses on the force required to separate Strength of adhesion is related to the energy
Theory two surfaces after adhesion. required to break the adhesive bond.

Mechanical Adhesion occurs due to interlocking of the Based on physical entanglement between polymer
Theory material with the mucosal surface. and rough mucosal surfaces.

These theories explain how mucoadhesive materials interact with the mucosal layer to achieve effective drug delivery.

ISSN: 2250-1177
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D. Swellable Systems: Swellable Systems are a type of
GRDDs designed to significantly increase in size after
ingestion by absorbing gastric fluids. These systems
contain swellable polymers that expand, making the
dosage form too large to pass through the pylorus,
which controls the exit of stomach contents into the
intestines 48 This allows the drug to remain in the
stomach for extended periods, leading to prolonged
drug release and enhanced BA for drugs absorbed
primarily in the stomach or upper GIT.

Upon contact with gastric fluids, the system swells to
several times its original size, forming a large mass that
resists gastric emptying. The common swelling materials
include hydrogels like polyacrylate, cellulose derivatives
(e.g, HPMC), and cross-linked polymers 4°. They having
meritcs on extended gastric retention, improved drug
absorption, and controlled, sustained drug release over
time. Limitations of swellable systems require adequate
fluid intake to expand effectively, and their retention
time may vary depending on individual gastric motility
47-49_ These systems are particularly useful for drugs with
a narrow absorption window or those that need a
controlled release in the stomach.

E. Magnetic Systems: Magnetic Systems are an
advanced type of GRDDs that use an external
magnetic field to control the retention of the dosage
form in the stomach 59. The DDs contains a small
magnetic component, which interacts with an
externally applied magnet placed on the patient's
abdomen. This method ensures the dosage form stays
localized in the stomach or a specific area of the GIT
for a prolonged period, allowing targeted and
sustained drug delivery 51.

A small magnetic material is incorporated into the drug
delivery system. When an external magnet is applied
to the abdomen, the magnetic force keeps the system
anchored in the stomach.

3. SWELLABLE AND FLOATING
GASTRORETENTIVERY DELIVERY SYSTEM

A Swellable and Floating GRDDs is a drug delivery
approach designed to prolong the gastric retention time
of medications, allowing for extended release and
improved BA, particularly for drugs that are absorbed in
the stomach or the upper part of the small intestine 52,
These systems work by swelling upon contact with
gastric fluids, increasing in size to prevent their passage
through the pylorus. Simultaneously, they are
formulated to float on the gastric contents due to their
low density, maintaining their position in the stomach 3.
This dual mechanism enhances drug absorption by
providing a longer window for drug release in the gastric
environment, making it ideal for drugs with a narrow
absorption window or those that are unstable or poorly
soluble in the intestines 54.

3.1. Swellable Gastro Delivery System:

A Swellable SGDDs is designed to retain a drug in the
stomach for an extended period by expanding in size
upon contact with gastric fluids. The system contains
polymers that absorb water and swell, increasing in
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volume to prevent the dosage form from passing through
the pylorus into the intestines 55. This swelling ensures
prolonged gastric retention, allowing for sustained or
controlled release of the drug. SGDDs is particularly
beneficial for drugs with narrow absorption windows or
those primarily absorbed in the stomach or upper small
intestine, enhancing their bioavailability and therapeutic
efficacy 33-55.

An ideal SGDDs should possess several key
characteristics to ensure effective and prolonged gastric
retention. Firstly, it must have excellent swelling capacity
to significantly increase its size upon contact with gastric
fluids, preventing premature passage through the pyloric
sphincter. The system should demonstrate mechanical
strength and integrity after swelling, maintaining its
structure to allow for controlled drug release.
Additionally, the polymers used should be
biocompatible, non-toxic, and capable of rapid swelling
while being resistant to degradation in the acidic gastric
environment 56, The system should also release the drug
at a controlled rate, providing sustained therapeutic
levels without causing irritation to the stomach lining.
Lastly, it should be easy to administer, patient-friendly,
and stable under various storage conditions to ensure
consistent performance 56-57,

Mechanism of Action of Swellable Systems: The
mechanism of action of SGDDs is based on their ability to
expand and retain in the stomach for an extended period.
These systems typically contain hydrophilic polymers
that absorb gastric fluids upon ingestion 58. Once in
contact with these fluids, the polymers swell by taking in
water, increasing the size of the dosage form. This
expansion is critical as it prevents the system from
passing through the pylorus into the small intestine. The
swollen dosage form remains buoyant or large enough to
stay in the stomach, allowing for prolonged residence
time. During this period, the drug is gradually released
through diffusion or erosion, providing a controlled or
sustained drug release profile 57. As the system stays in
the stomach, drugs with narrow absorption windows or
those that benefit from extended gastric exposure can be
more effectively absorbed, enhancing BA and therapeutic
effects. Eventually, the system either degrades naturally
or deflates and passes into the intestines once its
function is complete 5°.

3.2. Floating Gastro Delivery System:

A Floating Gastroretentive Drug Delivery System
(FGDDS) is designed to prolong the retention of drugs in
the stomach by remaining buoyant on gastric fluids. This
system incorporates low-density materials that enable
the dosage form to float on the stomach's surface,
preventing it from passing into the intestines
prematurely 58-60, By maintaining a position in the upper
part of the stomach, FGDDs allows for a sustained or
controlled release of drugs, particularly those that are
better absorbed in the stomach or upper small intestine.
This approach improves drug BA, reduces dosing
frequency, and enhances therapeutic outcomes,
especially for drugs with short half-lives or narrow
absorption windows ¢1. The FGDDs representation in the
Fig. 2 as below following.
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Figure 2: Representation of FGDDs and their details 62

Types: Floating Gastroretentive Drug Delivery Systems
(FGDDs) can be classified into two main types:

o Effervescent Systems: These systems rely on gas
generation to achieve buoyancy. They contain
effervescent components like sodium bicarbonate,
citric acid, or tartaric acid, which react with gastric
fluids to produce carbon dioxide. The generated gas
causes the system to float on the stomach's surface.
Examples include floating tablets and capsules that
release gas upon contact with stomach acid.

e Non-Effervescent Systems: These systems use
swellable polymers or gel-forming agents, such as
hydroxypropyl methylcellulose (HPMC), that expand
and become less dense when they come into contact
with gastric fluids. The swollen matrix remains
buoyant due to its reduced density, allowing it to float
and provide prolonged drug release 61-62

Both types ensure extended gastric retention, enhancing
the bioavailability of drugs with narrow absorption
windows in the upper GI tract.

Buoyancy Mechanism in Floating Systems: The
buoyancy mechanism in floating drug delivery systems is
based on the principle of reducing the system's overall
density to remain afloat on gastric fluids. In effervescent
floating systems, the dosage form contains gas-
generating agents, such as sodium bicarbonate and acids
like citric or tartaric acid 3. Upon contact with gastric
fluids, these agents react to release carbon dioxide (CO;)
gas. The gas gets trapped in the polymer matrix or
capsule, lowering the overall density of the dosage form,
allowing it to float on the surface of gastric contents. The
drug is gradually released while the system remains
buoyant ¢4 In non-effervescent systems, hydrophilic
polymers like hydroxypropyl methylcellulose (HPMC) or
alginate are used. When these polymers contact gastric
fluids, they swell and form a gel-like structure, increasing

ISSN: 2250-1177 [142]

the volume and decreasing the density of the system 65.
This swollen, low-density matrix stays afloat in the
stomach, providing a controlled or sustained release of
the drug over time.

These systems ensure prolonged retention in the
stomach, allowing for sustained drug release, which is
particularly beneficial for drugs that degrade in the
intestine or have limited solubility in higher pH
environments 6. Swellable systems utilize polymers that
expand upon contact with gastric fluids, while floating
systems maintain buoyancy to prevent premature gastric
emptying ¢7. Together, these technologies improve drug
absorption, reduce dosing frequency, and enhance
patient compliance. However, challenges such as patient
variability in gastric motility and the need for precise
formulation design still exist, requiring ongoing research
to optimize their clinical application ©8.

4. APPLICATIONS OF SWELLABLE AND
FLOATING GASTRORETENTIVE SYSTEMS

Swelling and floating gastroretentive systems offer
versatile applications in enhancing drug absorption,
particularly for medications with a narrow absorption
window in the upper GIT. These systems are used to
prolong gastric retention, allowing drugs like metformin
(for diabetes) and gabapentin (for neuropathic pain) to
remain in the stomach for an extended period, improving
their bioavailability ¢°. They are also applied in the
delivery of antibiotics like ciprofloxacin and anti-ulcer
drugs such as famotidine, optimizing therapeutic efficacy
by controlling drug release 70. These systems are
particularly beneficial for treating chronic diseases,
where sustained and localized drug release is crucial for
maintaining consistent therapeutic levels. The brief
application of swellable and floating GRDDs system as
below description 71. The applications of swelling and
floating GRDDs with their features, examples, and related
diseases in Table 3 as below.
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Table 3: List of several application with the targeting disease and suitable examples 70-72

Feature Examples

Disease/Condition

Controlled Release for Chronic
Conditions

Metformin, Carvedilol

Diabetes, Hypertension

Delivery of Drugs with Narrow

Absorption Windows Ciprofloxacin

Levodopa, Riboflavin,

Parkinson’s Disease, Vitamin B2
Deficiency, Bacterial Infections

Gastroretentive Systems for H. pylori

Treatment Metronidazole

Clarithromycin, Amoxicillin,

H. pylori Infection, Peptic Ulcer

Enhancing Bioavailability of Poorly

Absorbed Drugs Riboflavin

Furosemide, Atorvastatin,

Hypertension, Hyperlipidemia,
Vitamin B2 Deficiency

4.1. Controlled Release of Drugs for Chronic
Conditions:

Swelling and floating gastroretentive systems play a
critical role in the controlled release of drugs for chronic
conditions, ensuring prolonged gastric retention and
optimized drug absorption 73. By slowly swelling or
floating in the stomach, these systems provide sustained
and localized drug delivery, which is essential for
managing chronic diseases like diabetes, hypertension,
and gastroesophageal reflux. Medications such as
metformin, for diabetes management, and carvedilol, for
heart conditions, benefit from these systems as they
maintain steady plasma drug levels, reduce dosing
frequency, and enhance patient compliance 74 This
approach is particularly valuable for drugs with a narrow
absorption window, improving therapeutic efficacy over
extended periods.

4.2. Delivery of Drugs with Narrow Absorption
Windows:

Swelling and floating gastroretentive systems are highly
effective in the delivery of drugs with narrow absorption
windows, where drug absorption is limited to specific
regions of the GIT, primarily the upper stomach and
small intestine 75. These systems ensure prolonged
gastric retention, allowing the drug to be released
gradually in the optimal absorption zone. Drugs such as
levodopa (for Parkinson's disease), riboflavin (vitamin
B2), and certain antibiotics like ciprofloxacin benefit
from this approach. By maintaining the drug in the
stomach for extended periods, these systems enhance
BA, improve therapeutic outcomes, and prevent the
premature release of the drug in regions where
absorption would be minimal or ineffective 76.

4.3. Gastroretentive Systems for Helicobacter
pylori Treatment:

Swelling and floating gastroretentive systems are
particularly useful in the treatment of Helicobacter pylori
infections, as they allow prolonged retention of
antibiotics and other therapeutic agents in the stomach,
where the bacteria reside 77. These systems enable
controlled and sustained release of drugs like
clarithromycin, amoxicillin, and metronidazole, ensuring
higher local drug concentrations at the site of infection.
By maintaining drug presence in the gastric region for an
extended period, gastroretentive systems improve the
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eradication rates of H. pylori, reduce dosing frequency,
and enhance patient compliance, making them highly
effective in treating peptic ulcers and other gastric
disorders associated with the infection 76-77,

4.4. Enhancing Bioavailability of Poorly Absorbed
Drugs:

Swelling and floating gastroretentive systems are highly
effective in enhancing the bioavailability of poorly
absorbed drugs, particularly those with low solubility or
short absorption windows in the GIT 78. By remaining
buoyant or swelling in the stomach, these systems allow
drugs to be retained longer in the gastric region,
promoting gradual and sustained release. This is
especially beneficial for drugs like furosemide (a
diuretic), atorvastatin (a cholesterol-lowering agent),
and riboflavin (vitamin B2), which have limited
absorption in the lower GI tract. These systems ensure
more efficient drug uptake, resulting in improved
therapeutic efficacy and reduced variability in drug
levels, leading to better patient outcomes 7°.

5. RECENT ADVANCES AND
APPROACHES IN GRDDs

CURRENT

The recent advances in GRDDs focus on improving the
bioavailability and therapeutic efficacy of drugs with
narrow absorption windows or low solubility in the GIT.
The modern approaches include the development of
floating, swelling, and mucoadhesive systems, as well as
high-density systems that prolong gastric retention 80,
Innovations like magnetic systems, ion-exchange resins,
and novel polymers enhance gastric retention time and
control drug release. Patents in this area cover new
formulations, polymer compositions, and drug
combinations designed to optimize release kinetics 80-82,
The several GRDDs are currently in clinical trials, with
some already on the market, including products for drugs
like metformin and gabapentin, which benefit from
sustained gastric residence to improve absorption
mentioned in the below 81, These systems hold potential
for enhanced patient compliance and more effective
treatment of chronic conditions.

5.1. Patent grant status:

The different patent status in GRDDs with their
respective details mentioned in the Table 4 as below
following details.
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Table 4: List of patents filled and granted for GRDDs medicated formulations

Category Application | Patent No. Entitle Inventors | Filling Publication
No. Date Date
usS 16/ US 11,147,767 B2 Gastroretentive Pilgaonkar | Feb.25, Oct. 19,
800,742 Formulations 2020 2021
us 111596,123 | US8383154B2 Swellable dosage Bar- May 11, Feb. 26,
form comprising Shalom et 2005 2013
gellan gum al
CA CA2885971C Gastroretentive Daniel Eet | 2013-10- 2018-01-02
(Canadian) drug formulation al 10
and delivery
systems and their
method of
preparation using
functionalized
calcium carbonate
uUs US20230115025A1 | Gastro-retentive Hendrik 2012-07- 2023-04-13
drug delivery Jan et al 16
system
AU AU W016/096997 Method for the Susanna 2015.12.16 | 2018-03-15
2015367524 production of a Atria et al.
B2 pharmaceutical
delivery system
EP EP4277605A1 A gastroretentive Vinay 2022-01- 2023-11-22
drug delivery Muley etal | 12
system
These above Table 4 the few granted /published patents on GRDDs including Floating and swellable drug delivery system
briefly.
5.2. Clinical Trials condition:

The several clinical trials data discussed in the below Table 5 as brief description and completion on data from the

authorized websites.

Table 5: List of clinical trials status in utilized in the GRDDs

Entitle NCT Phase Condition Sponsor Interventio | Study types
No. ns
Magnetic Marker NCTO01 | Phasel | Gastroretentive LTS Drug: GRDF Intervention
Monitoring of Furosemide- 887379 Drug Formu- Lohmann furosemide al
containing Gastroretentive lation of Therapie-
Formulation in Healthy Male Furosemide Systeme AG
Subjects (Fasting and Fed
Conditions)
Comparison of Prilosec NCTOO | Phase4 Procter and | Drug: Zegeri | Intervention
OTC® Versus Zegerid® for | 808769 Gamble d® al
Gastric Acid Suppression Drug: Prilose
cO0TC®

5.3. Marketed Products:

The several marketed products based on GRDDs have
been developed to improve drug BA by prolonging
gastric retention time 8283, Notable examples include
Glumetza®, a controlled-release formulation of
metformin used for managing type-II diabetes, which
uses a swelling mechanism for extended gastric
residence. Gabapentin GR®, for treating neuropathic

ISSN: 2250-1177

[144]

pain, is another product that enhances drug absorption
through sustained release in the stomach 84 Cifran OD®,
a once-daily formulation of ciprofloxacin, uses floating
drug delivery technology to improve antibiotic efficacy
85, These products demonstrate how GRDDs can enhance
drug absorption, optimize dosing, and improve patient
compliance for conditions requiring long-term therapy.
The several marketed products mentioned in the GRDDs
in Table 6 as below.
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Table 6: List of marketed products in GRDDs with their details

Drug/API Brand Manufacturer Application/Use Approval Ref.
Name Date
Metformin Glumetza Salix Type 2 Diabetes July 2005 [86]
Pharmaceuticals
Rifampicin Xifaxan® Lupin, India - [87]
Gabapentin Gralise Depomed Inc. Postherpetic Neuralgia January [88]
2011
Ofloxacin Zanocin OD® | Ranbaxy, India --- [89]
Carvedilol Coreg CR® GlaxoSmithKline, Gastroretention with osmotic - [90]
UK system
Baclofen Gablofen Azur Pharma Spasticity March 2010 | [91]
Ciprofloxacin Cipro XR Bayer Urinary Tract Infection August 2002 | [92]
Gabapentin Gabapentin Depomed, USA Polymer based swelling --- [93]
GR technology: AcuForm™
Levodopa/Carbidopa | Duopa AbbVie Parkinson's Disease January [94]
2015
These are the recent advances and current approaches in Ethical Approval
GRDDs, including innovative patents, ongoing clinical .
Not applicable.

trials, and successful marketed products (Table 4, Table
5 and Table 6), highlight the potential of these systems to
enhance drug BA, improve therapeutic outcomes, and
increase patient compliance, offering promising
solutions for the effective treatment of various chronic
conditions 93-95,

CONCLUSION

Gastroretentive swellable and floating systems represent
a transformative and highly promising approach to
enhancing the bioavailability and therapeutic efficacy of
drugs that are primarily absorbed in the upper
gastrointestinal tract. By extending gastric residence
time and providing sustained drug release, these systems
offer numerous advantages for treating conditions that
require localized action or prolonged drug availability.
The integration of hydrophilic polymers, gas-generating
agents, and novel materials has advanced the
development of these systems, making them versatile
and effective for a variety of drug types, including those
with poor solubility or short half-lives. However,
challenges such as variability in gastric retention,
formulation = complexities, and  patient-specific
physiological factors still need to be addressed. Future
innovations, including the use of nanotechnology,
biocompatible materials, and advanced fabrication
techniques like 3D printing, hold the potential to
overcome these limitations. Gastroretentive swellable
and floating systems represent a forward-looking
strategy in drug delivery, promising to improve
therapeutic outcomes and patient compliance in the
years to come.

List of Abbreviations

GRDDs: Gastroretentive drug delivery systems; GI:
Gastrointestinal; SDR: sustained drug release; GIT:
Gastrointestinal Tract; 3D: 3 Dimential.

ISSN: 2250-1177 [145]

Consent for Publication

Not applicable.

Human and Animal Ethical Right
Not applicable.

Conflict of Interest

The authors declare no conflict of interest, and no
funding was required to conduct these review data.

Acknowledgments

The corresponding authors would like to thank, all
involved members and faculty staff for their
collaboration.

Availability of Data and Materials

The data supporting this study’s findings will be available
in the cited references.

Funding
The research received no external funding.

Author Contribution: All authors
contribution in the compilation of data.

REFERENCES

1. Sridhar R, Ramakrishna S. Electrosprayed nanoparticles for drug
delivery and pharmaceutical applications. Biomatter. 2013 Jul
19;3(3):e24281. https://doi.org/10.4161/biom.24281

have equal

2. Colombo S. Applications of artificial intelligence in drug delivery
and pharmaceutical development. InArtificial intelligence in
healthcare 2020 Jan 1 (pp. 85-116). Academic Press.
https://doi.org/10.1016/B978-0-12-818438-7.00004-6

3. Putheti RR, Patil MC, Obire O. Nasal Drug delivery in Pharmaceutical
and biotechnology: present and future. e-Journal of Science &
Technology. 2009 Sep 1;4(3).

4. Kumar GA, Wadood SA, Maurya SD, Ramchand D, Interpenetrating
polymeric network hydrogel for stomach-specific drug delivery of

CODEN (USA): JDDTAO


https://doi.org/10.4161/biom.24281
https://doi.org/10.1016/B978-0-12-818438-7.00004-6

Mishra et al.

clarithromycin: Preparation and evaluation, Asian Journal of
Pharmaceutics-October-December 2010; 179-184.
https://doi.org/10.4103/0973-8398.76738

5. Vishwakarma SK, Mishra JN, Vishwakarma DK. A Review on GRDDS
Recent Advances In Drug Delivery Systems And Its Application.
World Journal of Pharmaceutical Research. 2021 Jul
14;10(11):1159-75.

6. Badoni A, Ojha A, Gnanarajan G, Kothiyal P. Review on gastro
retentive drug delivery system. The pharma innovation. 2012 Oct
1;1(8, Part A):32.

7. Nitave SA, Patil VA, Kagalkar AA. Review on gastro retentive drug
delivery system (GRDDS). Int. ]. Pharm. Sci. Rev. Res. 2014;27:90-
5.

8. Dhakar RC, Maurya SD, Sagar BPS, Bhagat S, Prajapati SK, Jain CP,
Variables influencing the drug entrapment efficiency of
microspheres: A pharmaceutical review, Der Pharmacia Lettre,
2010;2(5):102-116

9. Kumar MR, Satyanarayana B, Paladugu ND, Neerukondavamsi SM,
Pasha SI, Vemireddy SP, Poloju DE. A comprehensive review on
gastro retentive drug delivery system. Acta Chimica
Pharmaceutica Indica. 2013;3(2):149-64.

10. Chugh C, Nanda A. Gastroretentive drug delivery systems-A
review. Int ] pharma bio sci. 2017;8(1):62-8.
https://doi.org/10.22376/ijpbs.2017.8.1.p62-68

11. Gadge G, Sabale V, KHADE A. Current approaches on gastro
retentive drug delivery system: an overview. International Journal
of Pharmacy Research & Technology (IJPRT). 2019;9(2):16-28.
https://doi.org/10.31838/ijprt/09.02.04

12. Sanghavi RS, Agrawal O, Usman MR. Gastroretentive drug delivery
system: An overview. Research Journal of Pharmacy and
Technology. 2022;15(3):1343-7. https://doi.org/10.52711/0974-
360X.2022.00224

13. Waterman KC. A critical review of gastric retentive controlled drug
delivery. Pharmaceutical development and technology. 2007 Jan
1;12(1):1-0. https://doi.org/10.1080/10837450601168680

14. Guo JP, Maurer AH, Fisher RS, Parkman HP. Extending gastric
emptying scintigraphy from two to four hours detects more
patients with gastroparesis. Digestive diseases and sciences. 2001
Jan;46:24-9.

15. Pal R, Pandey P, Koli M, Srivastava K, Tiwari V, Gaur AK, Dutta P.
The Comprehensive Review: Exploring Future Potential of
Nasopulmonary Drug Delivery Systems for Nasal Route Drug
Administration. Journal of Drug Delivery and Therapeutics. 2024
Mar 15;14(3):126-36. https://doi.org/10.22270/jddt.v14i3.6444

16. Whitehead L, Fell JT, Collett JH, Sharma HL, Smith AM. Floating
dosage forms: an in vivo study demonstrating prolonged gastric
retention. Journal of controlled release. 1998 Oct 30;55(1):3-12.
https://doi.org/10.1016/S0168-3659(97)00266-6

17. Kumar R, Philip A. Gastroretentive dosage forms for prolonging
gastric residence time. International Journal of Pharmaceutical
Medicine. 2007 Apr;21:157-71.
https://doi.org/10.2165/00124363-200721020-00005

18. Deshpande AA, Rhodes CT, Shah NH, Malick AW. Controlled-
release drug delivery systems for prolonged gastric residence: an
overview. Drug development and industrial pharmacy. 1996 Jan
1;22(6):531-9. https://doi.org/10.3109/03639049609108355

19. Hillemeier AC, Lange R, McCallum R, Seashore ], Gryboski J.
Delayed gastric emptying in infants with gastroesophageal reflux.
The Journal of Pediatrics. 1981 Feb 1;98(2):190-3.
https://doi.org/10.1016/S0022-3476(81)80633-6

20. Jassal M, Nautiyal U, Kundlas ], Singh D. A review: Gastroretentive
drug delivery system (grdds). Indian journal of pharmaceutical
and biological research. 2015 Jan 1;3(1):82.
https://doi.org/10.30750/ijpbr.3.1.13

21. Vishwakarma SK, Mishra JN, Vishwakarma DK. A Review on
GRDDS Recent Advances In Drug Delivery Systems And Its
Application. World Journal of Pharmaceutical Research. 2021 Jul
14;10(11):1159-75.

ISSN: 2250-1177 [146]

Journal of Drug Delivery & Therapeutics. 2024; 14(10):137-148

22.Goud M, Pandey V. Gastroretentive drug delivery system. Int. J.
Pharma Bio Sci. 2016;6:158-65.
https://doi.org/10.21276/ijpbs.2016.6.3.19

23. Lopes CM, Bettencourt C, Rossi A, Buttini F, Barata P. Overview on
gastroretentive drug delivery systems for improving drug
bioavailability. International journal of pharmaceutics. 2016 Aug
20;510(1):144-58.
https://doi.org/10.1016/j.ijpharm.2016.05.016

24. Patel N, Nagesh C, Chandrashekhar S, Jinal P, Devdatt J. Floating
drug delivery system: an innovative acceptable approach in gastro
retentive drug delivery. Asian Journal of Pharmaceutical Research.
2012;2(1):7-18.

25. Lopes CM, Bettencourt C, Rossi A, Buttini F, Barata P. Overview on
gastroretentive drug delivery systems for improving drug
bioavailability. International journal of pharmaceutics. 2016 Aug
20;510(1):144-58.
https://doi.org/10.1016/j.ijpharm.2016.05.016

26. Chen YC, Ho HO, Liu DZ, Siow WS, Sheu MT. Swelling/floating
capability and drug release characterizations of gastroretentive
drug delivery system based on a combination of hydroxyethyl
cellulose and sodium carboxymethyl cellulose. PloS one. 2015 Jan
24;10(1):e0116914.
https://doi.org/10.1371/journal.pone.0116914

27.Pal R, Pandey P, Anand A, Saxena A, Thakur SK, Malakar RK, Kumar
V. The Pharmaceutical Polymer's; A current status in drug
delivery: A Comprehensive Review. Journal of Survey in Fisheries
Sciences. 2023 Mar 16:3682-92.

28. Chen YC, Ho HO, Lee TY, Sheu MT. Physical characterizations and
sustained release profiling of gastroretentive drug delivery
systems with improved floating and swelling capabilities.
International journal of pharmaceutics. 2013 Jan 30;441(1-
2):162-9. https://doi.org/10.1016/j.ijpharm.2012.12.002

29. Kumar GA, Wadood SA, Maurya SD, Ramchand D, Interpenetrating
polymeric network hydrogel for stomach-specific drug delivery of
clarithromycin: Preparation and evaluation, Asian Journal of
Pharmaceutics-October-December 2010; 179-184.
https://doi.org/10.4103/0973-8398.76738
https://doi.org/10.4103/0973-8398.76738

30. Hatwar PR, Channawar MA. Gastroretentive Mucoadhesive Drug
Delivery System. World J. Pharm. Res. 2020 Jun 3;9:812-31.

31. Dhakar RC, Maurya SD, Sagar BPS, Bhagat S, Prajapati SK, Jain CP,
Variables influencing the drug entrapment efficiency of

microspheres: A pharmaceutical review, Der Pharmacia Lettre,
2010;2(5):102-116

32. Dhiman S, Philip N, Gurjeet Singh T, Babbar R, Garg N, Diwan V,
Singh P. An insight on novel approaches & perspectives for gastro-
retentive drug delivery systems. Current Drug Delivery. 2023 Jun
1;20(6):708-29.
https://doi.org/10.2174/1567201819666220819200236

33. Das S, Kaur S, Rai VK. Gastro-retentive drug delivery systems: A
recent update on clinical pertinence and drug delivery. Drug
Delivery and Translational Research. 2021 Jan 5:1-29.
https://doi.org/10.1007 /s13346-020-00875-5

34. Vinchurkar K, Sainy ], Khan MA, Sheetal MA, Mishra DK, Dixit P.
Features and facts of a gastroretentive drug delivery system-a
review. Turkish journal of pharmaceutical sciences. 2022
Aug;19(4):476. https://doi.org/10.4274 /tjps.galenos.2021.44959

35. Gadge G, Sabale V, KHADE A. Current approaches on gastro
retentive drug delivery system: an overview. International Journal
of Pharmacy Research & Technology (IJPRT). 2019;9(2):16-28.
https://doi.org/10.31838/ijprt/09.02.04

36. Das S, Kaur S, Rai VK. Gastro-retentive drug delivery systems: A
recent update on clinical pertinence and drug delivery. Drug
Delivery and Translational Research. 2021 Jan 5:1-29.
https://doi.org/10.1007 /s13346-020-00875-5

37. Streubel A, Siepmann ], Bodmeier R. Multiple unit gastroretentive
drug delivery systems: a new preparation method for low density
microparticles. Journal of microencapsulation. 2003 Jan
1;20(3):329-47. https://doi.org/10.3109/02652040309178073

CODEN (USA): JDDTAO


https://doi.org/10.4103/0973-8398.76738
https://doi.org/10.22376/ijpbs.2017.8.1.p62-68
https://doi.org/10.31838/ijprt/09.02.04
https://doi.org/10.52711/0974-360X.2022.00224
https://doi.org/10.52711/0974-360X.2022.00224
https://doi.org/10.1080/10837450601168680
https://doi.org/10.22270/jddt.v14i3.6444
https://doi.org/10.1016/S0168-3659(97)00266-6
https://doi.org/10.2165/00124363-200721020-00005
https://doi.org/10.3109/03639049609108355
https://doi.org/10.1016/S0022-3476(81)80633-6
https://doi.org/10.30750/ijpbr.3.1.13
https://doi.org/10.21276/ijpbs.2016.6.3.19
https://doi.org/10.1016/j.ijpharm.2016.05.016
https://doi.org/10.1016/j.ijpharm.2016.05.016
https://doi.org/10.1371/journal.pone.0116914
https://doi.org/10.1016/j.ijpharm.2012.12.002
https://doi.org/10.4103/0973-8398.76738
https://doi.org/10.4103/0973-8398.76738
https://doi.org/10.2174/1567201819666220819200236
https://doi.org/10.1007/s13346-020-00875-5
https://doi.org/10.4274/tjps.galenos.2021.44959
https://doi.org/10.31838/ijprt/09.02.04
https://doi.org/10.1007/s13346-020-00875-5
https://doi.org/10.3109/02652040309178073

Mishra et al.

38.

39

40.

41.

42.

43.

44,

Lopes CM, Bettencourt C, Rossi A, Buttini F, Barata P. Overview on
gastroretentive drug delivery systems for improving drug
bioavailability. International journal of pharmaceutics. 2016 Aug
20;510(1):144-58.
https://doi.org/10.1016/j.ijpharm.2016.05.016

. Pal R, Pandey P, Thakur S, Chanana A, Singh RP. Biodegradable

Polymer's Enhancing Drug Delivery Activity In Different Novel
Drug Delivery System. W]PPS. 2022 Nov 22;12(1):2046-69.

Jassal M, Nautiyal U, Kundlas ], Singh D. A review: Gastroretentive
drug delivery system (grdds). Indian journal of pharmaceutical
and biological research. 2015 Jan 1;3(1):82.
https://doi.org/10.30750/ijpbr.3.1.13

Streubel A, Siepmann ], Bodmeier R. Floating microparticles based
on low density foam powder. International journal of
pharmaceutics. 2002 Jul 25;241(2):279-92.
https://doi.org/10.1016/S0378-5173(02)00241-7

Streubel A, Siepmann ], Bodmeier R. Floating matrix tablets based
on low density foam powder: effects of formulation and
processing parameters on drug release. European journal of
pharmaceutical sciences. 2003 Jan 1;18(1):37-45.
https://doi.org/10.1016/50928-0987(02)00223-3

Pal R, Pandey P, Nogai L, Anand A, Suthar P, SahdevKeskar M,
Kumar V. The future perspectives and novel approach on gastro
retentive drug delivery system (GRDDS) with currrent state.
Journal of Population Therapeutics and Clinical Pharmacology.
2023 Sep 19;30(17):594-613.
https://doi.org/10.53555/jptcp.v30i17.2852

Sauzet C, Claeys-Bruno M, Nicolas M, Kister ], Piccerelle P,
Prinderre P. An innovative floating gastro retentive dosage
system: Formulation and in vitro evaluation. International journal
of Pharmaceutics. 2009 Aug 13;378(1-2):23-9.
https://doi.org/10.1016/j.ijpharm.2009.05.027

45. Woolfson AD, Malcolm RK, McCarron PA, Jones DS. Bioadhesive

46.

47.

48.

49.

50.

51.

52.

53.

ISSN: 2250-1177

drug delivery systems. InPolymeric Biomaterials, Revised and
Expanded 2001 Nov 29 (pp. 1077-1096). CRC Press.
https://doi.org/10.1201/9780203904671-43

Ugoeze KC. Bioadhesive polymers for drug delivery applications.
Bioadhesives in Drug Delivery. 2020 Jun 1:29-56.
https://doi.org/10.1002/9781119640240.ch2

Khan AB, Mahamana R, Pal E. Review on mucoadhesive drug
delivery system: novel approaches in modern era. RGUHS ] Pharm
Sci. 2014 Oct;4(4):128-41. https://doi.org/10.5530/rjps.2014.4.2

Colombo P, Bettini R, Santi P, Peppas NA. Swellable matrices for
controlled drug delivery: gel-layer behaviour, mechanisms and
optimal performance. Pharmaceutical science & technology today.
2000 Jun 1;3(6):198-204. https://doi.org/10.1016/S1461-
5347(00)00269-8

Matharu AS, Motto MG, Patel MR, Simonelli AP, Dave RH.
Evaluation of hydroxypropyl methylcellulose matrix systems as
swellable gastro-retentive drug delivery systems (GRDDS).
Journal of pharmaceutical sciences. 2011 Jan 1;100(1):150-63.
https://doi.org/10.1002/jps.22252

Bhavsar DN. Advances in grdds: raft forming system a review.
Journal of drug delivery and therapeutics. 2012 Sep 15;2(5).
https://doi.org/10.22270/jddt.v2i5.228

Sawanny R, Sharma A, Jain S, Mukherjee S, Khamkat P. Gastro
retentive drug delivery system: latest approach towards novel
drug delivery. Research Journal of Pharmacy and Technology.
2023;16(1):453-8. https://doi.org/10.52711/0974-
360X.2023.00077

Liang YK, Cheng WT, Chen LC, Sheu MT, Lin HL. Development of a
Swellable and Floating Gastroretentive Drug Delivery System (sf
GRDDS) of Ciprofloxacin Hydrochloride. Pharmaceutics. 2023 May
7;15(5):1428. https://doi.org/10.3390/pharmaceutics15051428

Lin HL, Chen LC, Cheng WT, Cheng W], Ho HO, Sheu MT.
Preparation and characterization of a novel swellable and floating
gastroretentive drug delivery system (sf GRDDS) for enhanced
oral bioavailability of nilotinib. Pharmaceutics. 2020 Feb
6;12(2):137. https://doi.org/10.3390/pharmaceutics12020137

[147]

Journal of Drug Delivery & Therapeutics. 2024; 14(10):137-148

54. Putheti RR, Patil MC. Pharmaceutical Formulation and
development of Floating and Swellable sustained drug delivery
systems: a review. e-Journal of Science & Technology. 2009 May
1;4(2).

55. Pal R, Pandey P, Waheed S, Thakur SK, Sharma V, Chanana A, Singh
RP. Transdermal Drug Delivery System (TDDS) As A Novel Tool
For Drug Delivery. wjpr. 2022 Nov 30;12(2):688-711.

56. Shinde S, Tadwee I, Shahi S. Gastro retentive drug delivery system:
Areview. Int. ]. Pharm. Res. & All. Sci. 2012;1(1):01-13.

57. More S, Gavali K, Doke O, Kasgawade P. Gastroretentive drug
delivery system. Journal of drug delivery and therapeutics. 2018
Jul 14;8(4):24-35. https://doi.org/10.22270/jddt.v8i4.1788

58. Pal R, Pandey P, Nogai L. The Advanced Approach in The
Development of Targeted Drug Delivery (TDD) With Their Bio-
Medical Applications: A Descriptive Review. International
Neurourology Journal. 2023 Oct 7;27(4):40-58.

59. Patel N, Nagesh C, Chandrashekhar S, Jinal P, Devdatt J. Floating
drug delivery system: an innovative acceptable approach in gastro
retentive drug delivery. Asian Journal of Pharmaceutical Research.
2012;2(1):7-18.

60. Patel N, Nagesh C, Chandrashekhar S, Jinal P, Devdatt J. Floating
drug delivery system: an innovative acceptable approach in gastro
retentive drug delivery. Asian Journal of Pharmaceutical Research.
2012;2(1):7-18.

61. Pandey, Prachi & Pal, Rahul & Khadam, Vinay & Chawra, Himmat &
Singh, Ravindra. (2024). Advancement and Characteristics of Non-
Ionic Surfactant Vesicles (Niosome) and their Application for
Analgesics. International Journal of Pharmaceutical Investigation.
14. 616-632. https://doi.org/10.5530/ijpi.14.3.74

62.Sen O, Manna S, Nandi G, Jana S, Jana S. Recent advances in alginate
based gastroretentive technologies for drug delivery applications.
Medicine in Novel Technology and Devices. 2023 Jun
1;18:100236. https://doi.org/10.1016/j.medntd.2023.100236

63. Ishak RA. Buoyancy-generating agents for stomach-specific drug
delivery: an overview with special emphasis on floating behavior.
Journal of Pharmacy & Pharmaceutical Sciences. 2015 Mar
9;18(1):77-100. https://doi.org/10.18433/J3602K

64. Niharika MG, Krishnamoorthy K, Akkala M. Overview on floating
drug delivery system. Int ] App Pharm. 2018 Oct 4;10(6):65-71.
https://doi.org/10.22159/ijap.2018v10i6.28274

65. Rossi A, Conti C, Colombo G, Castrati L, Scarpignato C, Barata P,
Sandri G, Caramella C, Bettini R, Buttini F, Colombo P. Floating
modular drug delivery systems with buoyancy independent of
release mechanisms to sustain amoxicillin and clarithromycin
intra-gastric concentrations. Drug development and industrial
pharmacy. 2016 Feb 1;42(2):332-9.
https://doi.org/10.3109/03639045.2015.1054397

66. Othman NS, Giap SG. A review on recent studies of buoyancy effect.
InAIP Conference Proceedings 2023 Mar 23 (Vol. 2484, No. 1). AIP
Publishing. https://doi.org/10.1063/5.0115088

67. Sarawade A, Ratnaparkhi MP, Chaudhari S. Floating drug delivery
system: an overview. International Journal of Research and
Development in Pharmacy & Life Sciences. 2014 Sep
15;3(5):1106-15.

68. Thakur S, Ramya K, Shah DK, Raj K. Floating Drug Delivery System.
Journal of Drug Delivery and Therapeutics. 2021 Jun 15;11(3-
$):125-30. https://doi.org/10.22270/jddt.v11i3-S.4828

69. Vishwakarma SK, Mishra JN, Vishwakarma DK. A Review on
GRDDS Recent Advances In Drug Delivery Systems And Its
Application. World Journal of Pharmaceutical Research. 2021 Jul
14;10(11):1159-75.

70. Chaudhari KD, Nimbalwar MG, Singhal NS, Panchale WA, Manwar
JV, Bakal RL. Comprehensive review on characterizations and
application of gastro-retentive floating drug delivery system. GSC
Advanced Research and Reviews. 2021;7(1):035-44.
https://doi.org/10.30574 /gscarr.2021.7.1.0070

71. Lodh H, Sheeba FR, Chourasia PK, Pardhe HA, Pallavi N. Floating
drug delivery system: A brief review. Asian Journal of Pharmacy

CODEN (USA): JDDTAO


https://doi.org/10.1016/j.ijpharm.2016.05.016
https://doi.org/10.30750/ijpbr.3.1.13
https://doi.org/10.1016/S0378-5173(02)00241-7
https://doi.org/10.1016/S0928-0987(02)00223-3
https://doi.org/10.53555/jptcp.v30i17.2852
https://doi.org/10.1016/j.ijpharm.2009.05.027
https://doi.org/10.1201/9780203904671-43
https://doi.org/10.1002/9781119640240.ch2
https://doi.org/10.5530/rjps.2014.4.2
https://doi.org/10.1016/S1461-5347(00)00269-8
https://doi.org/10.1016/S1461-5347(00)00269-8
https://doi.org/10.1002/jps.22252
https://doi.org/10.22270/jddt.v2i5.228
https://doi.org/10.52711/0974-360X.2023.00077
https://doi.org/10.52711/0974-360X.2023.00077
https://doi.org/10.3390/pharmaceutics15051428
https://doi.org/10.3390/pharmaceutics12020137
https://doi.org/10.22270/jddt.v8i4.1788
https://doi.org/10.5530/ijpi.14.3.74
https://doi.org/10.1016/j.medntd.2023.100236
https://doi.org/10.18433/J3602K
https://doi.org/10.22159/ijap.2018v10i6.28274
https://doi.org/10.3109/03639045.2015.1054397
https://doi.org/10.1063/5.0115088
https://doi.org/10.22270/jddt.v11i3-S.4828
https://doi.org/10.30574/gscarr.2021.7.1.0070

Mishra et al.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

ISSN: 2250-1177

and Technology. 2020;10(4):255-64.
https://doi.org/10.5958/2231-5713.2020.00043.4

Tripathi ], Thapa P, Maharjan R, Jeong SH. Current state and future
perspectives on gastroretentive drug delivery systems.
Pharmaceutics. 2019 Apr 20;11(4):193.
https://doi.org/10.3390/pharmaceutics11040193

Heng PW. Controlled release drug delivery systems.
Pharmaceutical Development and Technology. 2018 Oct
21;23(9):833-.
https://doi.org/10.1080/10837450.2018.1534376

Makwana A, Sameja K, Parekh H, Pandya Y. Advancements in
controlled release gastroretentive drug delivery system: A review.
Journal of Drug Delivery and Therapeutics. 2012 May 14;2(3).
https://doi.org/10.22270/jddt.v2i3.164

Ibrahim M, Naguib YW, Sarhan HA, Abdelkader H. Gastro-retentive
oral drug delivery systems: A promising approach for narrow
absorption window drugs. Journal of advanced Biomedical and
Pharmaceutical Sciences. 2019 Jul 1;2(3):98-110.

Pancholi S. Formulation approaches to enhance the bioavailability
of narrow absorption window drugs. Inventi Rapid: Pharm Tech
Vol. 2011;3.

Pal R, Pandey P, Rai B, Koli M, Chakrabarti M, Thakur P, Rizwan M,
Saxena A. Chitosan: as highly potential biopolymer obtainable in
several advance drug delivery systems including biomedical
applications. Environmental science. 2023;3(4).

Matharu AS, Motto MG, Patel MR, Simonelli AP, Dave RH.
Evaluation of hydroxypropyl methylcellulose matrix systems as
swellable gastro-retentive drug delivery systems (GRDDS).
Journal of pharmaceutical sciences. 2011 Jan 1;100(1):150-63.
https://doi.org/10.1002/jps.22252

Ibrahim M, Naguib YW, Sarhan HA, Abdelkader H. Gastro-retentive
oral drug delivery systems: A promising approach for narrow
absorption window drugs. Journal of advanced Biomedical and
Pharmaceutical Sciences. 2019 Jul 1;2(3):98-110.

Vishwakarma SK, Mishra JN, Vishwakarma DK. A Review on
GRDDS Recent Advances In Drug Delivery Systems And Its
Application. World Journal of Pharmaceutical Research. 2021 Jul
14;10(11):1159-75

Dhiman S, Philip N, Gurjeet Singh T, Babbar R, Garg N, Diwan V,
Singh P. An insight on novel approaches & perspectives for gastro-
retentive drug delivery systems. Current Drug Delivery. 2023 Jun
1;20(6):708-29.
https://doi.org/10.2174/1567201819666220819200236

Pawar VK, Kansal S, Asthana S, Chourasia MK. Industrial
perspective of gastroretentive drug delivery systems:
physicochemical, biopharmaceutical, technological and regulatory
consideration. Expert opinion on drug delivery. 2012 May
1;9(5):551-65. https://doi.org/10.1517/17425247.2012.677431

Chudiwal V, Shahi S. Patent perspective of advanced
gastroretentive drug delivery systems. Research Journal of
Pharmaceutical Dosage Forms and Technology. 2016;8(1):15-23.
https://doi.org/10.5958/0975-4377.2016.00003.3

[148]

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Journal of Drug Delivery & Therapeutics. 2024; 14(10):137-148

Kiran CV, Gopinath C. Idiom of gastroretentive drug delivery
systems: Comprehensive view on innovation technologies, patents
and clinical trails. NeuroQuantology. 2023;21(6):1237.

Baldaniya L, Saisivam S, Gohel M. Design and evaluation of a novel
bio-mimicking In vitro dissolution test apparatus for floating drug
delivery systems. Dissolution Technologies. 2015 Nov 1;22(4):22-
8. https://doi.org/10.14227 /DT220415P22

Schwartz SL, Gordi T, Hou E, Cramer M, Heritier M, Cowles VE.
Clinical development of metformin extended-release tablets for
type 2 diabetes: an overview. Expert Opinion on Drug Metabolism
& Toxicology. 2008 Sep 1;4(9):1235-43.
https://doi.org/10.1517/17425255.4.9.1235

Blandizzi C, Viscomi GC, Marzo A, Scarpignato C. Is generic
rifaximin still a poorly absorbed antibiotic? A comparison of
branded and generic formulations in healthy volunteers.
Pharmacological research. 2014 Jul 1;85:39-44.
https://doi.org/10.1016/j.phrs.2014.05.001

Chen C, Han CH, Sweeney M, Cowles VE. Pharmacokinetics,
efficacy, and tolerability of a once-daily gastroretentive dosage
form of gabapentin for the treatment of postherpetic neuralgia.
Journal of Pharmaceutical Sciences. 2013 Apr 1;102(4):1155-64.
https://doi.org/10.1002/jps.23467

Chavanpatil M, Jain P, Chaudhari S, Shear R, Vavia P. Development
of sustained release gastroretentive drug delivery system for
ofloxacin: in vitro and in vivo evaluation. International journal of
pharmaceutics. 2005 Nov 4;304(1-2):178-84.
https://doi.org/10.1016/j.ijpharm.2005.08.009

Davar N, Ghosh S. Oral Controlled Release-Based Products for Life
Cycle Management. Oral Controlled Release Formulation Design
and Drug Delivery: Theory to Practice. 2010 Sep 20:305-20.
https://doi.org/10.1002/9780470640487.ch18

Kent CN, Park C, Lindsley CW. Classics in chemical neuroscience:
baclofen. ACS chemical neuroscience. 2020 May 21;11(12):1740-
55. https://doi.org/10.1021/acschemneuro.0c00254

De la Cruz Gémez AV. Comparison between the dissolution profiles
of prolonged-release ciprofloxacin tablets available in the
Colombian market. Journal of Applied Pharmaceutical Science.
2022 Mar 5.

Chen C, E Cowles V, Sweeney M. The intestinal absorption
mechanism of gabapentin makes it appropriate for
gastroretentive delivery. Current clinical pharmacology. 2013 Feb
1;8(1):67-72. https://doi.org/10.2174/157488413804810602

Standaert DG, Aldred ], Anca-Herschkovitsch M, Bourgeois P, Cubo
E, Davis TL, lansek R, Kovacs N, Pontieri FE, Siddiqui MS, Simu M.
DUOGLOBE: one-year outcomes in a real-world study of levodopa
carbidopa intestinal gel for Parkinson's disease. Movement
Disorders Clinical Practice. 2021 Oct;8(7):1061-74.
https://doi.org/10.1002/mdc3.13239

Dey A, Singh A, Kurmi BD, Singh D. A Complete Sojourn of Current
Trends in Gastro-retentive Drug Delivery System: Recent
Advances and Patent Survey. Recent Patents on Nanotechnology.
2024 Jun 1;18(2):190-206.
https://doi.org/10.2174/1872210517666230331083346

CODEN (USA): JDDTAO


https://doi.org/10.5958/2231-5713.2020.00043.4
https://doi.org/10.3390/pharmaceutics11040193
https://doi.org/10.1080/10837450.2018.1534376
https://doi.org/10.22270/jddt.v2i3.164
https://doi.org/10.1002/jps.22252
https://doi.org/10.2174/1567201819666220819200236
https://doi.org/10.1517/17425247.2012.677431
https://doi.org/10.5958/0975-4377.2016.00003.3
https://doi.org/10.14227/DT220415P22
https://doi.org/10.1517/17425255.4.9.1235
https://doi.org/10.1016/j.phrs.2014.05.001
https://doi.org/10.1002/jps.23467
https://doi.org/10.1016/j.ijpharm.2005.08.009
https://doi.org/10.1002/9780470640487.ch18
https://doi.org/10.1021/acschemneuro.0c00254
https://doi.org/10.2174/157488413804810602
https://doi.org/10.1002/mdc3.13239
https://doi.org/10.2174/1872210517666230331083346

