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ABSTRACT

This review article explores the potential benefits
and challenges of gastroretentive drug delivery
systems, which are designed to optimise drug
absorption and enhance bioavailability, particularly
for drugs that are best absorbed in the upper
gastrointestinal tract (GIT). Although these systems
present an exciting advancement in pharmaceutical
technology, their development requires careful
consideration of complex pharmacokinetic and
pharmacodynamic  parameters, and individual
physiological variations. The design must ensure
that the dosage form remains in the stomach for a
sufficient duration, a challenge given the stomach's
natural progression mechanism. Different forms of
gastroretentive systems, including high density,
floating, expandable,  unfoldable, swelling,
superporous, bioadhesive, and magnetic systems,
each with their own unique advantages and
limitations, are discussed. The article highlights
ongoing efforts to create an array of these delivery
systems for various drugs and anticipates their
growing significance in future pharmacotherapies.
The successful development and application of
gastroretentive drug delivery systems could mark a
revolutionary shift in pharmaceutical science,
improving both drug delivery efficiency and patient
outcomes.

Keywords:Gastroretentive Drug Delivery Systems,
Bioavailability, Pharmacokinetic and
Pharmacodynamic  Parameters, Dosage Form
Design, Individual Physiological Variations

I.  INTRODUCTION

Within the diverse palette of dosage forms
developed for human use, oral formulations have
carved out an important niche. In many scenarios,
these traditional oral delivery systems have
presented bioavailability challenges due to reasons
like quick gastric-emptying time, among others. Yet,
the landscape of pharmaceutical innovation, fueled

by recent technological strides, has given rise to
novel products, predominantly controlled-release
drug delivery systems designed to tackle this
issue.(Tripathi et al. 2019)

The Gastro-retentive drug delivery system
(GRDDS) stands as a noteworthy instance of this
innovation, with its key features like prolonged
gastric retention time and extended drug release
playing a significant role in improving patient
adherence to medication. This novel delivery system
has been the focus of interest due to certain intrinsic
limitations of traditional oral drug delivery systems.
Rapid gastric emptying, a typical attribute of
conventional oral medications, poses a challenge to
the bioavailability of many drugs, including
pranlukast hydrate, metformin HCI, and baclofen,
whose principal absorption sites are the stomach or
the proximal part of the small intestine, or those
which encounter absorption problems in the distal
portion of the intestine.(Kumar, Singh, and Mishra
2008)

Drugs less soluble in the high pH
environment of the intestine can see an enhancement
in solubility by lengthening their gastric retention.
There are multiple drugs (such as captopril,
metronidazole, ranitidine HCI, etc.) susceptible to
degradation in the colonic region. For drugs with
shorter half-lives, repeated dosing becomes
necessary to achieve the therapeutic effect, given
their rapid systemic circulation elimination.
However, an oral sustained-controlled release
formulation featuring additional gastric retention
capability can mitigate these issues, slowly releasing
the drug in the stomach and upholding an effective
drug concentration in systemic circulation over an
extended timeframe.(Emara et al. 2013)

Aside from systemic action, GRDDS has
demonstrated local effectiveness in treating gastric
and duodenal ulcers, including esophagitis, by
eradicating Helicobacter pylori that lies deep within
the stomach's submucosal tissue. The development
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of GRDDS formulations traces back almost three

decades, and the fundamental fabrication
techniques, inclusive  of their in  vitro
characterizations, have been firmly

established.(Verma et al. 2016)

Although recent years have seen several
reviews on GRDDS, their focus largely lies on
formulation aspects or in vitro characterization
studies conducted by various researchers, or an
overarching view of GRDDS. The industrial
considerations of GRDDS  encompassing
physicochemical, biopharmaceutical, and regulatory
aspects have been evaluated. However, the quantity
of marketed gastro-retentive formulations is still
minimal.

Given this context, it is critical to delve
into the in vivo studies conducted with GRDDS to
understand the pharmacokinetic performances of the
systems developed and their pivotal roles in
successful dosage form commercialization. To our
knowledge, no review to date has emphasized the in
vivo performances of GRDDS, particularly recent
developments. Therefore, the objective of this
review is to consolidate the in vivo studies on
GRDDS, focusing on pharmacokinetic parameters,
gastric retention times, and the inherent challenges
or limitations for in vivo evaluations noted by
various researchers.(Mandal, Chatterjee, and Senjoti
2016)

Anatomy and physiology of stomach:
Anatomically, the stomach can be segmented into
three areas: the fundus, the body, and the antrum
(also known as the pylorus). (C. Cheng, Sun, and
Zhang 2019)
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Figure 01: Anatomy of stomach

The fundus and the body, which make up
the proximal part, serve as a reservoir for undigested
material. Conversely, the antrum primarily handles
mixing movements and functions as a pump for
gastric emptying via propulsive actions. Gastric
emptying is a process that takes place in both fasting
and fed states. However, the motility pattern

significantly ~ differs  between  these two
states.(Wickham et al. 2012)

In the fasting state, an interdigestive
sequence of electrical activities, known as the
interdigestive myoelectric cycle or migrating
myoelectric cycle (MMC), takes place cyclically in
the stomach and intestine every 2 to 3 hours. As per
Wilson and Washington's classification, this MMC
can be divided into four distinct phases
(Braeckmans et al. 2020):

1.  Phase I (also referred to as the basal phase)
lasts for 45 to 60 minutes, characterized by
few contractions.

2. Phase Il (known as the pre-burst phase) also
persists for 30 to 45 minutes, featuring
sporadic action potentials and contractions that
gradually increase in intensity and frequency
as the phase progresses.

Phase 1 Phase 2 /
45-60 min 30-45 min

f‘ﬁ 1 l | Mucus discharge
e Phase 3 “/
5-15 min

\ Mucus discharge

Force of contractions
Figure 02: Wilson and Washington's
classification of MMC

Bile secretion

3. Phase Il (termed the burst phase) is much
shorter, spanning only 5 to 15 minutes. This
phase is marked by strong, regular
contractions over a brief period. It is this wave
that effectively clears all undigested material
from the stomach and propels it into the small
intestine. This wave is also commonly referred
to as the housekeeper wave.

4. Phase 1V, lasting for 0 to 5 minutes, is an
interim period that occurs between phases Il
and | of two successive cycles.

Upon the consumption of a mixed meal,
the contraction pattern transitions from that of the
fasted state to the fed state. This change in motility
pattern, also known as the digestive motility pattern,
encompasses continuous contractions analogous to
phase Il in the fasting state. These contractions
facilitate the reduction of food particles (to less than
Imm in size), which are subsequently propelled
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towards the pylorus in a suspended form.(Heissam
et al. 2020)

During the fed state, the onset of MMC is

delayed, leading to a deceleration in the gastric
emptying rate. Scintigraphic investigations designed
to determine gastric emptying rates have unveiled
that orally administered controlled-release dosage
forms are typically subjected to two primary
complications: a brief gastric residence time and an
unpredictable gastric emptying rate.(Vrbanac et al.
2020)

N

I1. FACTORS AFFECTING GASTRIC
RETENTION

Risk Factors Associated with Gastroparesis
Role of System Size in Gastric Retention
The Influence of Meal-Related Factors on
Gastric Emptying
The Effect of Dietary Conditions on Gastric
Retention Time
The Role of Regional Gastric Emptying
Measurements in Gastric Retention
Health Conditions Increasing the Risk of GERD
and their Impact on Gastric Retention
Gastritis Risk Factors: Bacterial Infections and
Their Influence on Gastric Retention
Physicochemical Factors Influencing Gastric
Retention Time

Risk Factors Associated with Gastroparesis:
Gastroparesis, commonly referred to as
"stomach  paralysis”, is a  condition
characterized by delayed gastric emptying in
the absence of mechanical obstruction. Factors
that can increase one's risk for developing
gastroparesis include diabetes, abdominal or
esophageal  surgery, certain  infections,
particularly viral, specific medications that slow
the rate of stomach emptying such as narcotic
pain medications, and certain connective tissue
diseases such as scleroderma. Diseases
affecting the nervous system, such as
Parkinson's disease, also pose a risk.(Schol et
al. 2021)

Role of System Size in Gastric Retention:
The concept of "system size" here may refer to
the volume or capacity of the stomach, which
can influence the rate and extent of gastric
emptying and hence retention. However, none
of the provided sources directly address this
point, and additional research would be

necessary for a complete answer.(Wu et al.
2020)

The Influence of Meal-Related Factors on
Gastric Emptying: Meal-related factors can
have a significant impact on gastric emptying.
The composition of the meal, including its
nutritional components (carbohydrates,
proteins, fats), its texture, and its temperature,
can influence the rate at which the stomach
empties its contents into the small intestine. For
instance, high-fat or high-fiber meals can slow
down the process, leading to increased gastric
retention.(Hens et al. 2020)

The Effect of Dietary Conditions on Gastric
Retention Time: The term "dietary conditions"
could encompass factors such as meal
frequency, size, and composition, which can
significantly influence gastric retention time.
Eating large meals or consuming foods high in
fat or fiber can slow gastric emptying, thereby
prolonging retention time. Likewise, eating
smaller, more frequent meals, or consuming
more liquids can accelerate gastric emptying
and reduce retention time. (Charoenying et al.
2020)

The Role of Regional Gastric Emptying
Measurements in  Gastric  Retention:
Measuring regional gastric emptying can be
valuable in assessing gastric retention and
managing conditions like gastroparesis. For
example, ultrasound can be used to measure the
emptying of a liquid meal by serially evaluating
cross-sectional changes in the volume of the
stomach. This information can aid in
diagnosing conditions like gastroparesis and
formulating appropriate treatment
plans.(Uemura et al. 2020)

Health Conditions Increasing the Risk of
GERD and their Impact on Gastric
Retention: GERD, or gastroesophageal reflux
disease, is a condition characterized by chronic
acid reflux. Various health conditions can
increase the risk of developing GERD,
including obesity, hiatal hernia, pregnancy, and
certain lifestyle habits (like smoking, alcohol
consumption). If severe and chronic, GERD can
potentially affect gastric retention by damaging
the esophageal sphincter and thereby disrupting
the normal process of gastric
emptying.(Stillhart et al. 2020)
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7. Gastritis Risk Factors: Bacterial Infections
and Their Influence on Gastric Retention:
Certain  bacterial  infections, such as
Helicobacter pylori, are known to cause
gastritis, an inflammation of the stomach lining.
The inflammation can disrupt normal gastric
function, potentially leading to delayed gastric
emptying and increased gastric
retention.(Birajdar, Deshmukh, and Shete 2021)

8. Physicochemical Factors Influencing Gastric
Retention Time: Physicochemical factors refer
to the physical and chemical properties of the
food and liquids we consume, which can affect
how quickly they're processed by the digestive
system. For instance, high-fiber or high-fat
foods, which are more complex and require
more digestion, may have longer gastric
retention times. Liquids, particularly those high
in sugar or alcohol, can also affect gastric
emptying rates. However, the specific impact of
these factors on gastric retention time can vary
greatly depending on individual differences in
metabolism, health status, and other factors.(L.
Cheng and Wong 2020)

Ideal properties of potential drug candidates for
gastroretentive drug delivery systems
Gastroretentive  drug delivery systems
(GRDDS) are specialized systems that improve the
bioavailability and effectiveness of drugs in the
body. They are particularly advantageous for certain
types of drugs that have specific absorption or
solubility characteristics. (Lopes et al. 2016)

Ideal properties of potential drug candidates for
gastroretentive drug delivery systems include:

1. Narrow Absorption Window: Drugs that have
a narrow absorption window, especially in the
upper gastrointestinal tract, benefit significantly
from GRDDS. This is because these systems
can help maintain the drug in its absorption
zone for a prolonged period, thus improving the
drug's bioavailability. (Tripathi et al. 2019b)

2. Solubility in Acidic Conditions: Drugs that are
soluble in acidic conditions are ideal for
GRDDS because the stomach, where these
systems primarily operate, is highly acidic.
(Tripathi et al. 2019b)

3. Instability at Alkaline pH: Drugs that are
unstable at alkaline pH also stand to gain from
GRDDS. As the stomach environment is acidic,

these drugs can retain their stability and
efficacy in the presence of these
systems.(Tripathi et al. 2019b)

4. Local Activity in the Stomach: Drugs that are
intended to have a local effect in the stomach or
duodenum are good candidates for GRDDS as
these systems allow for the drug to be retained
in the stomach for an extended period. (Lopes
et al. 2016)

Specific Drug Examples: Certain drugs are
specifically mentioned as being suitable for
GRDDS, such as albuterol (which is absorbed from
the stomach), ranitidine and metformin (which are
labile at alkaline pH), and furosemide and diazepam
(which are poorly soluble at alkaline pH).
(VINCHURKAR et al. 2022)

Gastroretentive  drug delivery systems
(GRDDS) are designed to enhance the
bioavailability and effectiveness of certain drugs by
retaining them in the stomach or upper
gastrointestinal tract for prolonged periods.
However, not all drugs are suitable for these
systems. certain drugs may not benefit from
GRDDS due to their chemical properties or targeted
site of action.(Iglesias et al. 2020)

The properties of drugs that are unsuitable for

gastroretentive drug delivery systems include:

1. Limited Acid Solubility: Drugs that have very
limited solubility in acid, such as phenytoin, are
not ideal for GRDDS. These drugs may not be
able to effectively dissolve in the acidic
environment of the stomach, which is where
GRDDS primarily operate. (Salehi et al. 2021)

2. Instability in the Gastric Environment:
Drugs that are wunstable in the gastric
environment, like erythromycin, are also
unsuitable for GRDDS. If a drug cannot
maintain its stability in the stomach's acidic
conditions, its efficacy may be
compromised.(Porat et al. 2021)

3. Intended for Selective Release in the Colon:
Certain drugs, such as 5-amino salicylic acid
and corticosteroids, are intended for selective
release in the colon. These drugs would not
benefit from a delivery system designed to
retain drugs in the stomach or upper
gastrointestinal tract, as this could potentially
delay their release and reduce their
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effectiveness at the intended site of action.(Han
et al. 2020)

I1l. STRATEGIES TO ENHANCE
GASTRIC RETENTION OF ORAL
DOSAGE FORMS

Several strategies have been developed and
employed to enhance the retention time of orally
administered dosage forms within the stomach.
These techniques aim to optimize drug delivery and
maximize therapeutic efficacy by ensuring an
extended interaction between the drug and its
absorption site. These approaches can be broadly
categorized into two domains: the Bioadhesive
Approach and the Density Modification Approach.
(Niharika, Krishnamoorthy, and Akkala 2018)

Bioadhesive Approach to Gastric Retention

The bioadhesive approach leverages the
adhesive properties of certain polymers to secure the
dosage form to the epithelial surface of the stomach.
Here, the drug delivery system is formulated with
bioadhesive polymers which have a propensity to
interact with glycoproteins present on the stomach's
epithelial surface. This close application fosters a
strong adhesive bond, enhancing the retention of the
dosage form in the stomach and potentially
promoting local drug delivery. Furthermore, this
method may also improve bioavailability,
particularly for drugs that act locally in the stomach
or upper parts of the gastrointestinal tract. (Cvijic et
al. 2018)

_ Drug +
mucoadhesive
polymer

i

Figure 03: Bioadhesive Approach to Gastric
Retention

Density Modification Approach to Gastric
Retention

The Density Modification Approach
encompasses techniques that adjust the density of

the dosage form to either above or below the density
of gastric fluids, thus exploiting the principles of
sedimentation and buoyancy, respectively. These
can be divided into two categories: High-Density
and Low-Density Approaches.

High-Density Approach: The High-Density
Approach involves formulation strategies that
increase the density of the dosage form, often in the
form of pellets, to exceed the density of gastric
fluids, typically aiming for at least 1.50 g/ml. This is
achieved by incorporating the drug into heavy, non-
toxic substances, such as barium sulfate or titanium
dioxide, either by coating the drug or by mixing it
with these materials. The resulting high-density
dosage form sinks in the gastric fluid and remains
there for an extended duration due to resistance
against natural peristaltic movements, thus
prolonging the gastric retention time.(More et al.
2018)

Fundus

Drug +
high density
material

Figure 04:High-Density Approach

Low-Density Approach: Conversely, the Low-
Density Approach, also known as
Hydrodynamically Balanced Systems (HBS),
involves creating dosage forms with a density lower
than 1 g/ml. This lower density allows the dosage
form to float on the surface of the gastric fluid. This
floating behavior extends the gastric retention time
as the dosage form remains buoyant in the stomach,
providing a sustained release of the drug over a
more extended period. This strategy can be
particularly beneficial for drugs with a narrow
absorption window in the upper gastrointestinal
tract.

Floating Drug Delivery Systems

Floating drug delivery systems (FDDS) are
a subclass of oral drug delivery systems that employ
a unique mechanism to extend the residence time of
drugs within the stomach. Due to their lower bulk
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density compared to gastric fluids, these systems
remain buoyant in the stomach without significantly
affecting the gastric emptying rate. This extended
residence time allows for the sustained and
controlled release of the drug from the
system.(Bhosale, Shinde, and Chavan 2020)

Figure 05: Floating Drug Delivery Systems

Prerequisites for FDDS: Achieving optimal
performance with FDDS necessitates certain
prerequisites. Firstly, the system should have a
minimal gastric content to facilitate buoyancy.
Secondly, a minimal level of floating force (F) is
necessary to maintain the dosage form reliably
afloat on the surface of the gastric content.

The floating force is defined as the force that is
required to keep the drug delivery system
submerged. The stronger the floating force the better
the object will float. (Chauhan, Kataria, and
Dashora 2018)

The floating force (F) can be calculated using the
formula:

F =F_buoyancy — F _gravity=(D_f-D _s)gv
Where:

F = Total vertical force, D_f = Fluid density
(Density of gastric fluids)

D_s = Object density (Density of the dosage form),
g = Acceleration due to gravity

v = Volume of the dosage form

Evaluating the Floating Force Kinetics: To
monitor the floating force kinetics, a novel
apparatus has been reported that continuously
measures the force equivalent to F as a function of
time. This innovative tool plays a crucial role in
optimizing the FDDS in terms of the stability and
durability of the floating forces produced. By doing

so, it aids in circumventing the drawbacks
associated with unpredictability in the intragastric
buoyancy capabilities.

Classification of Floating Drug Delivery Systems
1. Single Unit Floating Dosage Systems
a) Effervescent Systems
b) Non-effervescent Systems
2. Multiple Unit Floating Dosage Systems
a) Effervescent Systems
b) Non-effervescent Systems
¢) Hollow Microspheres
3. Raft Forming Systems

1. Single Unit Floating Dosage Systems

a) Effervescent Systems: Effervescent floating
drug delivery systems operate by producing carbon
dioxide gas, which decreases the system's density.
As a result, these systems can remain buoyant
within the stomach for extended periods, allowing
for a controlled, gradual release of the drug at the
intended rate. These systems typically comprise of
swellable polymers like chitosan and methyl
cellulose, and effervescent compounds such as
sodium bicarbonate, citric acid, and tartaric acid.
These ingredients collectively contribute to the
system's buoyancy and drug release properties.

Penners and colleagues developed an
innovative expandable tablet consisting of a mixture
of polyvinyl lactams and polyacrylates. This
formulation quickly swells in an aqueous
environment, enabling it to remain in the stomach
for an extended period. They further incorporated
gas-forming agents, which, upon generating gas,
reduced the system's density and facilitated its
floating in the gastric environment.

Further advancements in effervescent
floating drug delivery systems are exemplified by a
study that formulated an effervescent floating tablet
of famotidine. The researchers observed that the
integration of a gel-forming polymer, Methocel
(specifically grades K100 and K15M), and a gas-
generating agent such as sodium bicarbonate in
conjunction with citric acid was crucial for
achieving in vitro buoyancy. Moreover, they found
that the drug release from these tablets was
satisfactorily sustained, with non-Fickian transport
of the drug. (Chauhan, Kataria, and Dashora 2018)

b) Non-effervescent Systems: Non-effervescent
systems frequently utilize gel-forming or highly
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swellable hydrocolloids of the cellulose type,
polysaccharides, and matrix-forming polymers such
as polycarbonate, polyacrylate, polymethacrylate,
and polystyrene. The formulation methodology
involves a straightforward process of extensively
blending the drug with the gel-forming
hydrocolloid. Upon oral administration, the dosage
form comes in contact with gastric fluids, causing it
to swell and reach a bulk density of less than 1 g/ml.
The entrapped air within the swollen matrix imparts
the dosage form with buoyancy.

lannuccelli and colleagues developed an air
compartment multiple unit system aimed at
extended gastric retention. These units featured a
calcium alginate core, separated from a calcium
alginate membrane by an air compartment.
Polyvinyl alcohol (PVA) was used as a water-
soluble additive in the coating composition, and the
subsequent leaching process resulted in a porous
structure that increased the membrane's permeability
and prevented shrinkage of the air compartment. It
was observed that as the molecular weight of PVA
increased, so too did the floatation capacity of the
units.

Furthermore, Wu et al formulated floating
sustained release tablets of nimodipine using
hydroxypropyl — methylcellulose (HPMC) and
polyethylene glycol 6000 (PEG 6000). The process
involved incorporating nimodipine into a solid
dispersion of poloxamer-188 before compressing it
directly into floating tablets. They found that by
increasing the HPMC content and reducing the PEG
6000 content, the in vitro release of nimodipine
decreased.

However, single unit formulations are not
without their challenges, such as the potential for the
units to stick together or become obstructed in the
gastrointestinal tract, potentially causing irritation.
A significant disadvantage of this system is the "all
or none" phenomenon, wherein there is a risk of the
dosage form moving into the intestinal part during
housekeeper waves. To circumvent this issue,
multiple unit dosage forms have been designed.
(Teaima et al. 2020)

2. Multiple Unit Floating Dosage Systems
Multiple unit dosage forms present an
appealing alternative, as they have demonstrated a
reduction in inter and intra-subject variabilities
related to drug absorption, while simultaneously
minimizing the risk of dose dumping. A range of

multiple unit floating systems has been devised,
taking on various forms and operating based on
principles such as the air compartment multiple unit
system, hollow microspheres crafted using the
emulsion solvent diffusion method, and beads
fabricated via the emulsion gelation process. The
employment of effervescent and swellable polymers
represents an additional strategy in the development
of multiple unit floating drug delivery systems
(FDDS).

The air compartment multiple unit system,
for instance, maintains a state of buoyancy in the
gastric environment through the use of entrapped air
within each unit. This concept is realized through a
core and a surrounding membrane made of
substances like calcium alginate, which possess the
capability to swell in the presence of gastric fluids.

On the other hand, hollow microspheres
utilize the emulsion solvent diffusion technique to
create a unique structure. This method involves the
dissolution of the polymer and the drug in a solvent,
which is then emulsified into an agueous phase
containing a stabilizer. The solvent subsequently
diffuses into the aqueous phase, forming a rigid
microsphere shell.

The emulsion gelation method, utilized for
the preparation of bead-based FDDS, involves the
gelation of a polymer within the droplets of an oil-
in-water emulsion. This results in a system of gel
beads that can remain buoyant in the stomach and
gradually release the drug over an extended period.

Lastly, effervescent and  swellable
polymers can be exploited in the design of multiple
unit FDDS. The former generates gas upon contact
with gastric fluids, reducing the system's density and
facilitating its buoyancy. The latter, on the other
hand, swells upon interaction with gastric fluids,
entrapping air and providing the dosage form with
the necessary buoyancy. (Maraie, Salman, and
Yousif 2018)

a) Effervescent Systems: Ichikawa et al. devised an
innovative multiple-type floating dosage system,
composed of effervescent layers and swellable
membrane layers coated on sustained-release
tablets. The effervescent layer, embedded with
sodium bicarbonate and tartaric acid, was bifurcated
into two sublayers to prevent direct interaction
between the two agents. This layer was ensheathed
by a swellable polymer membrane comprising
polyvinyl acetate and purified shellac. Upon
immersion in a 37°C buffer solution, the system
sank, allowing the solution to permeate the
effervescent layer via the external swellable
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membrane. The neutralization reaction between the
effervescent agents generated CO2, leading to the
expansion of the tablets, analogous to inflating
balloons, achieving a density less than 1.0 g/ml.

Thanoo et al. fabricated polycarbonate
microspheres utilizing the solvent evaporation
technique. Polycarbonate dissolved in
dichloromethane yielded hollow microspheres that
floated on water and biomimetic fluids, as
confirmed by scanning electron microscopy (SEM).
The method attained high drug loading, and the
drug-loaded microspheres were capable of floating
on gastric and intestinal fluids. It was found that
augmenting the drug to polymer ratio resulted in an
increase in both the mean particle size and the drug
release rate.

c) Hollow Microspheres: Both natural and
synthetic polymers have been exploited in the
development of floating microspheres. In one such
study, Joseph et al. created a floating drug delivery
system for  piroxicam, employing hollow
polycarbonate microspheres. These microspheres
were fabricated using the solvent evaporation
method. The process achieved an encapsulation
efficiency of approximately 95%.

In vivo studies were conducted using healthy male
albino rabbits. Pharmacokinetic assessment was
conducted by plotting plasma concentration against
time. The results indicated that the bioavailability of
piroxicam from the microspheres was 1.4 times
greater than that of the free drug. Moreover, it was
4.8 times greater than that of a dosage form
comprising microspheres plus the loading dose. This
system exhibited the capability for sustained drug
delivery over an extended period. (Auriemma et al.
2018)

3) Raft-forming systems

Raft-forming  systems have garnered
considerable interest for their application in treating
gastrointestinal infections and disorders. The
underlying mechanism of raft formation involves
the creation of a viscous, cohesive gel upon contact
with gastric fluids. Each part of the liquid swells,
leading to the formation of a continuous layer
known as a 'raft'. Due to the reduced bulk density
resulting from the formation of CO,, this raft
achieves buoyancy on the gastric fluids.

Typically, the system consists of a gel-
forming agent and alkaline bicarbonates or
carbonates. These compounds are responsible for
CO, generation, which in turn makes the system less
dense, enabling it to float on the gastric fluids.

Jorgen et al. detailed a raft-forming floating system
functioning as an antacid. This system incorporates
a gel-forming agent, such as sodium alginate, along
with sodium bicarbonate and an acid neutralizer.
Upon interaction with gastric fluids, this
composition forms a sodium alginate gel (raft) that
floats.

This floating raft aids in preventing the
reflux of gastric contents, including gastric acid, into
the esophagus by serving as a protective barrier
between the stomach and the esophagus. (Bunlung
etal. 2021)

IV. EVALUATION PARAMETERS FOR
GASTRORETENTIVE DRUG DELIVERY
SYSTEMS

Evaluation of Floating Systems:

To assess floating systems, a six-stage
dissolution test apparatus is employed. Dissolution
media consists of 0.1IN, 900 ml HCI. Ciritical
parameters measured include the time needed for the
system to surface on the medium, referred to as the
Floating Lag Time, and the total duration of the
floating time. In-vitro studies are performed at a
temperature of 37 degrees Celsius for a specified
duration, approximately 8 hours.

Evaluation of Mucoadhesive Systems:

The measurement of bio-adhesive strength
is vital for evaluating mucoadhesive systems. A
cellophane membrane, which is analogous to the
stomach's mucosa, or intact mucosa derived from
rabbits, is employed in this process. When the bio-
adhesive polymer comes in contact with the mucosa,
it adheres to it. The force required to separate this
bond is then measured, which provides a measure of
the polymer's adhesive strength.(Reddy Donthi and
Dudipala 2015)

Evaluation of Swellable Systems:

Assessment  parameters  for swellable
systems involve examining water uptake, which
gives an indication of the swelling index. Additional
checks include monitoring changes in weight,
diameter, and thickness. A dissolution test is
conducted using 0.1N HCI as the dissolution fluid.
The swelling index (S.I) is calculated using the
formula:

Swelling Index (S.I) = (Wt - Wo / Wo) x 100

where, Wt refers to the final weight after water
uptake and Wo indicates the initial weight.(Pradhan
et al. 2015)
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Micro balloons:

Fourier Transform Infrared Spectroscopy
(FTIR) Analysis: FTIR analysis is utilized to study
potential interactions between the drug and the
polymer. The FT-IR spectra of pure drug, Eudragit
RS 100, HPMC, and floating microballoons are
recorded with a Shimadzu 8700 FTIR
spectrophotometer.

Micromeritic Properties:Microballoons  are
characterized based on their micromeritic properties,
including particle size, bulk density, tapped density,
compressibility index, and flow properties.

Morphological Examination: The morphology of
the microballoons is investigated by preparing the
dried microballoons with a gold film coating under
vacuum conditions using a sputter coater. The
surface of the microballoons is then observed under
a scanning electron microscope (Joel JSM-1600,
Tokyo, Japan).

Evaluation of Floating Behaviour: The floating
behavior of the microballoons is assessed by placing
fifty milligrams of floating microballoons in
simulated gastric fluid (pH 1.2, 100 ml) containing
0.02 w/iv% Tween 20. The mixture is stirred at 100
rpm using a magnetic stirrer. After six hours, the
floating and settled portions of the microballoons
are separated by filtration, dried, and weighed. The
buoyancy is determined by comparing the weight
ratio of floating particles to the sum of floating and
sinking particles.

The buoyancy percentage is determined using the
formula:

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

Here, Wf and Ws are the weights of floating and
settled microparticles respectively. (Ramachandran
et al. 2010)

In Vitro Drug Release Study:

The drug release rate from the
microballoons is ascertained utilizing a USP XXIlI
basket type dissolution apparatus. A quantity of
hollow microspheres equivalent to 20 mg of drug is
encapsulated and placed in the basket. The
dissolution medium, simulated gastric fluid (SGF,
pH-1.2) containing Tween 20 (0.02 w/iv %), is
maintained at 37+ 0.5° C at a rotation speed of 100
rpm.

Throughout the drug release studies,
perfect sink conditions are maintained. At each 1-
hour interval, a 5 ml sample is withdrawn, filtered

through a 0.5um membrane filter (Millipore), and
analyzed spectrophotometrically at 296 nm to
determine the concentration of drug present in the
dissolution medium. After each withdrawal, the
initial volume of the dissolution fluid is maintained
by supplementing with 5 ml of fresh dissolution
fluid. All experiments are conducted in triplicate.
(Vardakou et al. 2011)

Stability Testing:

The most efficacious floating microballoon
formulation, selected based on buoyancy and drug
release percentage, is subjected to stability testing.
The formulation is placed in borosilicate screw-
capped glass containers and stored at various
temperatures - ambient (27+2°C), oven temperature
(40£2°C), and refrigerated conditions (5-8°C) for a
period of 90 days. At regular intervals, the samples
are assayed for drug content (drug entrapment).
(Gao et al. 2019)

CONCLUSION

Based on an extensive literature review, we
can affirm that gastroretentive drug delivery systems
present significant potential benefits, especially for
drugs with restricted absorption to the upper
gastrointestinal tract (GIT) leading to suboptimal
bioavailability. These innovative systems promise to
enhance drug delivery efficiency, thereby
optimising drug absorption and improving overall
bioavailability.

However, the intricate  nature of
pharmacokinetic and pharmacodynamic parameters
necessitates further in vivo studies to establish the
optimal dosage form for specific drugs. In addition,
individual  physiological variations, including
stomach physiology and the timing of drug
administration in relation to meals, must be taken
into account when designing these systems.

Designing an efficient gastroretentive
dosage form poses a significant challenge to
pharmaceutical technology. The system must remain
in the stomach for an adequate duration, which
contrasts with the stomach's natural physiology
designed for progression of its contents.
Gastroretentive drug delivery systems encompass a
variety of forms such as high density, floating,
expandable, unfoldable, swelling, superporous,
bioadhesive, and magnetic systems. Each of these
systems holds its own unique advantages and
limitations.

Currently, substantial efforts are underway
to develop an array of gastroretentive delivery
systems for various drugs. We anticipate these
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systems will become increasingly important in the
future, contributing to enhanced efficiencies of
various types of pharmacotherapies. The success of
these technologies holds immense potential to
revolutionise drug delivery and patient outcomes,
marking a pivotal shift in the field of pharmaceutical
science.
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