Advances in Bioresearch

Adv. Biores., Vol 15 (2) March 2024: 330-342 Adbances
©2024 Society of Education, India ,

Print ISSN 0976-4585; Online ISSN 2277-1573 m

Journal’s URL:http://www.soeagra.com/abr.html

CODEN: ABRDC3 %inreﬁe&rtb

DOI: 10.15515/abr.0976-4585.15.2.330342

REVIEW ARTICLE

Recent Developments in Gastroretentive Drug Formulations:
Optimizing Therapeutic Outcomes through Prolonged Gastric
Retention

Amruta Nawale!, Madan Pomaje*1, Apeksha Rahatel, Ashwini Patil?, Samruddhi Padhey!
1Govindrao Nikam College of Pharmacy, Sawarde, Ratnagiri, Maharashtra 415606
*Corresponding author email: madanpomaje@gmail.com

ABSTRACT
Gastroretentive drug delivery systems (GRDDS) are a crucial innovation in oral pharmacotherapy, designed to enhance
the bioavailability and efficacy of drugs that are primarily absorbed in the upper gastrointestinal tract (GIT). This
review discusses the various GRDDS strategies, including floating, swelling, bioadhesive, and high-density systems, each
offering unique mechanisms to prolong gastric retention and optimize drug release. The evolution of GRDDS reflects
significant advancements in technology, from traditional approaches to modern formulations like in situ gels and
expandable systems. The use of magnetic fields to control gastrointestinal transit and the incorporation of
nanotechnology have further refined these systems, leading to better patient adherence and improved therapeutic
outcomes. An in-depth understanding of the anatomical and physiological factors that affect drug absorption, such as
gastric motility, pH, and enzymatic activity, is essential for GRDDS success. This review also addresses the challenges in
GRDDS development, highlighting the need for more predictive in vitro and in vivo models. The integration of these
advanced delivery systems signals the future of personalized medicine, providing valuable insights for researchers and
clinicians.
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INTRODUCTION

Oral drug delivery systems are a common option for human administration because of their high patient
compliance, affordability, convenience of use, and formulation versatility. However, owing to the
variability of the gastrointestinal tract, encompassing factors such as pH of the commensal flora, gastric
retention time, surface area, and enzymatic activity, these systems encounter challenges characterized by
limited bioavailability. Gastroretentive Drug Delivery methods (GRDDS) were developed in response to
concerns that conventional drug delivery methods would not be able to resolve. Longer gastric residence
length, higher therapeutic effectiveness, and adaptability for targeted distribution in the stomach are
among the advantages of GRDDS. By constantly releasing the medicine until it is entirely freed from the
dosage form, they can also improve controlled delivery[1].

Because of their high patient compliance, affordability, cost-effectiveness, formulation flexibility,
convenience of use, and ease of storage and transportation, oral drug delivery systems are the preferred
method of administering medication to humans. Lower bioavailability, however, presents a problem
because of things like the diversity of commensal bacteria in the gastrointestinal system, the pH of those
bacteria, and the stomach's capacity to retain dose forms. Gastroretentive medication administration
Systems (GRDDS) were developed because traditional medication administration systems might not
address problems with the digestive system (GIT). The advantages of these systems include longer
stomach residence times, improved drug absorption, and more controlled distribution. GRDDS can be
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used to effectively treat medications that have a short half-life, unstable and poor solubility at alkaline pH,
local activity in the upper gut, and restricted absorption in the lower GIT[2].

Drugs that have short half-lives, unstable solubility at alkaline pH, limited absorption in the lower
gastrointestinal tract, and local action in the upper intestine are efficient in eliminating Helicobacter
pylori when administered with GRDDS. raft-forming, magnetic, ion-exchange, low- and high-density
systems, bio/mucoadhesive, superporous hydrogel, and raft-forming are examples of formulation
techniques. Quality of GRDDS is influenced by variables such as drug solubility, viscosity grade, molecular
weight, and kinds of polymers used in dosage forms [3].

The present study addresses several methods to gastroretentive drug delivery systems that have
emerged as the most advanced methodology in the field of controlled release and site-specific drug
delivery in recent times.

Advantages of Gastro Retentive Drug Delivery System [4]

1. The bioavailability of drugs is enhanced, as demonstrated by the significantly higher bioavailability of
riboflavin in CR-GRDF as compared to non-GRDF CR polymeric formulations. The degree of medication
absorption is influenced by the synergistic effects of many gastrointestinal tract processes that are
involved in drug absorption and transit.

2. A boost to first-pass biotransformation is given.

3. Because CR-GRDF enables prolonged medication delivery, fewer doses are required. Flip-flop
pharmacokinetics, which enable a lower dosage frequency, improve patient compliance, and improve
therapeutic results for medications with a short biological half-life, may be induced by this steady and
progressive input from CR-GRDF.

4. Specific treatment is offered for regional illnesses of the upper gastrointestinal tract.

5. Fluctuations in drug concentration are minimized.

6. Receptor activation selectivity is increased, enabling targeted pharmacological effects dependent on the
concentration of medicines activating various receptor types.

7. There is a decrease in the body's counter-activity.

8. There is an extended period of time above the critical concentration.

9. There is a reduction in harmful activities at the colon.

10. It is easier to supply drugs to precise locations.

Disadvantages of Gastro Retentive Drug Delivery System|[5]

1. Not suitable for medications like phenytoin that have a low solubility in an acidic environment.
2. Unsuitable for medications susceptible to instability in an acidic milieu, such as erythromycin.
3. Medications, such as aspirin and NSAIDs, can irritate the stomach or cause sores when released
gradually.

4. Drugs that show specific absorption in the colon, like corticosteroids do.
5. Medication that is absorbed uniformly throughout the gastrointestinal system, such as nifedipine and
isosorbide dinitrate.

6. To maintain buoyancy and maximum performance, floating medicine delivery devices require a
significant amount of fluid in the stomach.

Physiology of stomach|[6]

The stomach functions distinctly in digestive physiology and anatomically comprises three segments: the
fundus, body, and antrum (pylorus). The fundus and body of the proximal segment serve as a reservoir
for partially digested materials, facilitating controlled storage before further processing. In the
meanwhile, the antrum is crucial because it serves as the main location for mixing movements and
propels motions that work as a pump to empty the stomach. Digestion involves complex motility patterns
during gastric emptying, an essential process that happens in both fed and fasted stages.The stomach
undergoes a series of four distinct phases of electrical activity, collectively known as the interdigestive
myoelectric cycle or migrating motor complex (MMC). These cycles occur approximately every two to
three hours during fasting periods and involve coordinated contractions that move through the stomach
and intestine. The transition from fasting to feeding conditions, characterized by altered contraction
patterns, marks the onset of digestive motility following the ingestion of a mixed meal.
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Figure-1. Motility Pattern in GIT

An essential part of digestion is played by the gastrointestinal (GI) motility stages. During the 40-60
minute Phase I (Basal phase), sporadic contractions lay the foundation for the activities that follow. The
preparation phase lasts 40-60 minutes before Phase II (Preburst phase) begins with the appearance of
sporadic contractions and action potentials. Phase III (Burst phase) then begins, lasting 4-6 minutes with
strong, regular contractions that aid in effective digestion. Phase 1V is a transitional phase that lasts from
0 to 5 minutes and occurs in between cycles of Phases III and I[7].The contraction pattern changes from
the fasting to the fed state when a mixed meal is consumed. This is known as the digestive motility
pattern. This rhythm reflects ongoing contractions similar to Phase Il fasting, coordinating the dwindling
of food particles to less than 1 mm. The digestion process is accelerated by these particles as they are
driven in suspension towards the pylorus. Gastric emptying slows down in the fed state due to a delayed
start of the Migrating Myoelectric Complex (MMC). Interestingly, controlled-release dose forms used
orally can cause issues such as a brief gastrointestinal residency duration and an irregular gastric
emptying rate, as shown by scintigraphy investigations on gastric emptying rates.

A promising medication option for a gastro-retentive drug delivery system is[8]

1. Specific enzymes, antacids, misoprostol, 5-fluorouracil, anti-reflux medications, and anti-
Helicobacter pylori drugs are among the medications that have localized effects in the stomach.

2. Drugs that are mostly absorbed in the stomach.

3. Baseline medications that is acid-soluble and poorly soluble in alkaline pH, such as quinidine,
salbutamol, verapamil, metoprolol, propranolol, cinnarizine, diazepam, diltiazem, and
chlordiazepoxide and chlorpheniramine.

4. Medication that is quickly absorbed from the GI system.

5. Drugs that can become unstable in the lower GI tract and degrade in the colon; captopril is one
such example

6. Medications that show specific absorption in the stomach or upper parts of the small intestine,
such as thiamine, atenolol, piretanide, riboflavin-50-phosphate, levodopa, furosemide, and
salbutamol (albuterol).

7. Medications with varying bioavailability; levodopa and sotalol hydrochloride in particular.

Drugs Unsuitable for Gastroretentive Drug Delivery System[9]

1. Pharmaceuticals exhibiting restricted solubility in acidic environments, exemplified by Phenytoin.

2. Medications susceptible to instability in the gastric milieu, illustrated by Erythromycin.

3. Drugs primarily designed for targeted release in the colon, including examples such as 5-amino salicylic
acid and corticosteroids.

Table-1. Comparing GRDDS with Conventional drug delivery systems.

Sr | Aspect Conventional DDs GRDDs

no

1 Design and | Designed for rapid release and | Designed to prolong drug residence time in the
Mechanism absorption in the GI tract. stomach. Utilizes floating, bioadhesive,

expandable, or mucoadhesive systems.

2 Therapeutic Provides rapid onset of action, | Improves bioavailability, reduces dosing

Benefits consistent systemic drug levels, suitable | frequency, minimizes fluctuations in plasma
for drugs needing quick absorption. drug levels, potentially lowers side effects.
3 Toxicity Systemic toxicity potential if rapid | May reduce systemic toxicity by limiting drug
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absorption occurs.

exposure outside the stomach.

4 Patient Compliance may vary due to frequent | May improve compliance due to reduced
compliance dosing requirements. dosing frequency and consistent drug levels.

5 Drug Drugs may degrade in the colon if | Protects drugs from degradation in the colon,
Degradation in | intended for release in the small | which is beneficial for stability.
the Colon intestine.

6 Dose Dumping

Risk of dose dumping if formulation
integrity is compromised.

Less susceptible to dose dumping phenomenon
compared to some immediate-release

formulations.

APPROACHES OF GRDDS[10]
The dosage forms known as gastroretentive ones are intended to be kept in the stomach.

Floating
System

Magnetic
System

High Density

GRDDS
Approches

Mucoadhesive
/ Bioadhesive
System

Expandable
System

Superporous
Hdrogel

Figure-2. Approaches of GRDDS
High Density [11]
The high-density GRDDS technique promotes retention and prolonged drug release by using the dose
form's weight to hold it in place in the stomach. This strategy tackles the problems associated with gastric
retention and offers a dependable method for long-term medication administration, particularly for
medications that need to remain in the stomach for a long time to have the best possible absorption or
therapeutic impact. To increase the density of GRDDS and preserve its integrity and structure, high-
density materials are utilized, such as polymers and fillers. High-density materials are frequently found in
fillers and polymers. Achieving regulated and prolonged drug release is the goal of the high-density
method, which is essential for drugs with particular absorption needs or those with a limited therapeutic
window.
Expandable System[12]
Over the past three decades, a complex method known as Expandable Gastroretentive Drug
Administration Systems (GRDDS) has been developed to increase drug administration by lengthening the
stomach residence period. GRDDS, which were first created for veterinary use, are intended to extend the
time that a medication is retained in the stomach, allowing for more controlled release and better
treatment results. A crucial aspect of them is their expandability, which enables dosage forms to adjust to
the physiological circumstances of the stomach and promotes regulated release and drug retention.
In order to provide sustained contact with the stomach mucosa and facilitate medication absorption and
release kinetics, GRDDS are essential, especially for drugs that have unique site-related actions in the
upper gastrointestinal tract (GIT). When prolonged drug release is necessary for therapeutic
effectiveness,this strategy is useful. GRDDS also tackle issues with medication release kinetics and
bioavailability [13].
Mucoadhesive / Bioadhesive System [14]
Advances in pharmaceutical technology that employ specific polymers to improve drug delivery include
mucoadhesive and bioadhesive systems in gastroretentive drug delivery systems. Through the interaction
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of polymeric chains with mucin glycoproteins, mucoadhesive systems create a robust bond that
penetrates the mucosal barrier and enables regulated medication release and enhanced bioavailability.
This approach improves therapeutic effectiveness especially for medications that need to be released
selectively into particular GIT areas. To provide regulated medication release, bioadhesive devices attach
dosage forms to biological tissues. Precise control over the kinetics of drug release is provided by these
systems, guaranteeing the best possible therapeutic results and reducing problems associated with low
bioavailability and irregular drug absorption. A potential method of medication administration is the
GRDDS Mucoadhesive and Bioadhesive System, which provides targeted and controlled release, enhanced
bioavailability, and prolonged residence time within the GIT [15].

Magnetic System[16]

Magnetic systems are used in gastroretentive drug delivery systems to regulate the medication's release
and prolong its stomach stay. The medicine is made magnetically sensitive by adding magnetic
components, and its travel inside the gastrointestinal system is regulated by an external magnetic field.
Utilizing magnetic resonance imaging (MRI), the in vivo drug's gastro-retention is verified. This method
allows for customized treatment plans and is useful when other retention techniques are impractical. This
method's magnetic system provides a comprehensive and adaptable drug delivery strategy, guaranteeing
the stomach's focused and continuous release of medicinal compounds[17].

Superporous Hydrogel[18]

The degree of porosity in these very porous systems sets them apart from traditional swelling-type
systems, and they have the capacity to prolong the Gastroretention Time (GRT). With an average pore size
greater than 100 pm, they are distinguished by fast swelling that quickly reaches equilibrium size. The
rapid swelling characteristic is dependent on the absorption of water by an openly porous material,
which is triggered by capillary force. The goal is to ensure that they have enough mechanical strength to
resist the pressure that is delivered during stomach contractions. This is achieved by co-forming the
hydrophilic particulate material Ac-Di-Sol (croscarmellose sodium) with other components.
Chitosan/poly (vinyl alcohol) has been used as an interpenetrating polymer to help construct
rosiglitazone maleate, an antidiabetic medicine, into superporous hydrogels for use as a gastroretentive
drug delivery system (GRDDS)[18].

Floating System|[19]

Floating Drug Delivery Systems (FDDS) or Hydrodynamically Balanced Systems (HBS) are low-density
formulations that are naturally inclined to float on top of stomach contents, ensuring prolonged retention.
Because of this extended existence, the drug's constituent parts may be delivered under control and at a
predetermined rate. These systems are vital for lengthening the duration of gastro-retention and
decreasing fluctuations since they float in the stomach environment. As the driving force behind gastro-
retentive drug delivery systems, FDDS regulates a medication's pharmacokinetic release kinetics by
accurately delivering it to the target region in order to provide the desired pharmacological effects[20],
[21].
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Figure-3. Floating Drug Delivery System
a. Effervescent System [22]
This system utilizes a buoyancy chamber capable of being filled with air, water, vacuum, or inert gas. You
may add CO2 to the floating chamber, which is created when the carbonate and bicarbonate salts combine
with the organic acid (citric acid). This type of device employs a matrix made of effervescent substances
like citric acid, sodium bicarbonate, and tartaric acid, swellable polymers like chitosan-like
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polysaccharides, or chambers filled with a liquid that gasifies at body temperature. This system's
constituent swelling polymers include disodium glycine, citric acid, tartaric acid, and sodium bicarbonate.
An effervescent material is how this composition is described. The formula becomes buoyant in the
stomach because the mechanism releases carbon dioxide when it comes into touch with gastric fluid.

The optimal gas generation in this system is achieved with a specific ratio of 0.76:1 between sodium
bicarbonate and citric acid. Tablets, the preferred form of this formulation, can be either divided into
multiple pills or designed as a single matrix unit. Single matrix tablets may comprise one or more layers,
adding complexity to the drug delivery system. Additionally, there are documented cases of floating
systems employing ion exchange resins as part of the formulation. The release of drugs from both
effervescent and similar systems is a crucial aspect of their functionality[23].

Gas generation system [24]

Grouped under the more general heading of effervescent systems is the gas generating system. A chemical
interaction between citric acid and sodium bicarbonate releases carbon dioxide, which is how this system
works. This process is known as an effervescent reaction. Since it contributes to the generation of gases,
especially carbon dioxide, this effervescent reaction is essential to the system's operation.

The medication is enclosed in a hydrocolloid layer when it comes to drug administration. Changes to the
drug's specific gravity and density are mostly dependent upon this layer. Specific gravity and density of
the confined medication decrease when it is exposed to the effervescent reaction that releases carbon
dioxide. The medication therefore becomes buoyant and is able to float above the stomach contents when
the gases produced during the effervescent phase are released[25].

This phenomenon, as elucidated by Raza et al. in the World Journal of Pharmacy and Pharmaceutical
Sciences, Volume 11, Issue 9 (2022), introduces a dynamic interplay between the effervescent reaction,
drug encapsulation in a hydrocolloid layer, and the subsequent alteration of drug properties to achieve
controlled and targeted drug delivery.

Volatile oil containing system

To improve medication retention in the stomach, precise design goes into the creation of gastroretentive
drug delivery devices that include an inflatable chamber. The two integrated chambers make up this
inventive arrangement. While the secondary chamber holds a volatile liquid, such ether or cyclopentane,
the primary chamber holds the medicinal medication.

The critical mechanism involves the gasification of this volatile liquid at body temperature. This
transformative process induces inflation of the inflatable chamber within the gastric environment.

The gasification of the liquid occurs in response to the physiological conditions of the stomach, triggering
the expansion of the inflatable chamber. This inflation contributes to the sustained retention of the drug
delivery system within the gastric region. The utilization of cyclopentane or ether as volatile liquids
ensures a controlled and targeted response, aligning with the desired drug release profile.

This advanced design, elucidated in various academic sources including studies by Tripathi et al. and Lodh
et al, signifies a promising avenue in pharmaceutical research for optimizing drug delivery and
therapeutic outcomes[26].

Non-Effervescent FDDS[27]

The internal workings of polymer-based processes, including polymer swelling or bioadhesion to the
mucosal layer, provide the foundation for the performance of non-effervescent Floating Drug Delivery
Systems (FDDS) in the gastrointestinal (GI) tract. Improved medication retention and controlled release
in the GI environment are the goals of this focused strategy.

The key excipients integral to non-effervescent FDDS formulations encompass a diverse array of
materials carefully selected for their specific properties:

Hydrophilic Gums: These polymers exhibit a high affinity for water, facilitating rapid hydration and
subsequent swelling, contributing to the buoyancy of the drug delivery system. Gel-Forming or Highly
Swellable Cellulose Type Hydrocolloids: Cellulose derivatives with exceptional swelling capabilities play a
pivotal role in sustaining the floatation of the drug delivery system within the GI
tract[28].Polysaccharides: Natural polymers like polysaccharides contribute to the overall matrix
structure, aiding in the controlled release of the drug payload.Matrix-Forming Materials: This category
encompasses synthetic materials such as polymethacrylate, polycarbonate, polystyrene, and polyacrylate.
These matrix-forming materials play a crucial role in maintaining the structural integrity and controlled
drug release characteristics of the system.

Bioadhesive Polymers: Bioadhesive polymers such as Carbopol and Chitosan significantly contribute to
mucosal adhesion, thereby prolonging the residence time of the drug delivery system in the
gastrointestinal tract. This combination of excipients underscores the sophisticated design and

ABR Vol 15 [2] March 2024 335|Page © 2024 Author



therapeutic potential of non-effervescent FDDS, offering a promising avenue for targeted and controlled
drug delivery in gastrointestinal applications.

Colloidal gel barrier systems / Single layer floating tablets[29]

The described pharmaceutical approach employs a strategic method to enhance the bioavailability of
drugs by extending their stomach retention time, thereby promoting increased absorption in solution
form at the targeted site. This methodology primarily involves the amalgamation of a therapeutic agent
with gel-forming hydrocolloids to establish buoyancy within the gastric environment.

The formulation includes gel-forming cellulose-type hydrocolloids, such as hydroxypropyl
methylcellulose (HPMC), polysaccharides, and matrix-forming polymers like polycarbophil, polystyrene,
and polyacrylate. These hydrocolloids are chosen for their ability to interact with gastrointestinal (GI)
fluid through hydration, crucially maintaining the drug's buoyancy within the system.

The hydration process initiates the formation of a colloidal gel barrier that encapsulates the drug,
creating a protective hurdle within the GI tract. This barrier serves to prolong the stomach retention time
of the drug, facilitating sustained release and optimal absorption. The orchestrated interaction between
the drug and the gel-forming hydrocolloids underscores a sophisticated pharmaceutical strategy aimed at
optimizing therapeutic outcomes through controlled and targeted drug delivery

Bi-layer floating tablets[30]

One kind of pharmaceutical formulation having a dual-layer structure is the bi-layer floating tablet. The
sustained release layer forms an impenetrable colloidal gel barrier by interacting with stomach fluid,
while the immediate release layer releases the medication's principal dosage. The tablet's buoyancy in the
stomach environment is improved by this barrier. The buoyant properties of the sustained release layer
depend on its capacity to sustain a bulk density of less than 1. For increased therapeutic efficacy, this
design maximizes drug release kinetics, guaranteeing both instantaneous release and prolonged drug
release duration[31], [32].

Microporous compartment systems|[33]

To ensure that particles of undissolved medication do not come into contact with the stomach surface, the
drug delivery system uses a microporous compartment that is sealed on both the top and bottom. The
flotation chamber, which is made up of trapped air, helps the stomach stay buoyant.

The medicine may dissolve under control thanks to the microporous architecture, which permits
stomach fluid to pass through the opening. A prolonged release of the dissolved medication is ensured by
the outer seal, which shields undissolved drug components from the stomach lining. This system makes
sure the medication gets throughout the intestines and into the body continuously[34].

Alginate Beads[35]

Pharmaceutical manufacture has employed freeze-dried calcium alginate to produce floating dosage
forms with multiple units. A sodium alginate solution and an aqueous calcium chloride solution are
combined to create these 2.5 mm diameter spherical beads. Consequently, the precipitation of calcium
alginate confers a porous structure to the beads.

The developed floating beads demonstrate the efficacy of the porous system, exhibiting a significantly
prolonged residence period exceeding 5.5 hours. The porosity induced by calcium alginate precipitation
enhances stomach retention duration, thereby facilitating sustained drug release and enhancing
therapeutic efficacy. This extended residence time is crucial in pharmaceutical design as it enables
continuous drug release and improves therapeutic outcomes.

Micro balloons / Hollow microspheres

To increase shelf life and gastrointestinal retention time (GRT), drug-containing microspheres are being
developed for pharmaceutical formulations. These microspheres are made of polymers such as
polycarbonate, cellulose acetate, calcium alginate, Eudragit S, low methoxy agar, and pectin. These
microspheres have certain characteristics including regulated medication release and longer retention
throughout the gastrointestinal system. For more than 12 hours, these small hollow spheres were let to
float continually over an acidic surfactant hydrolysis solution in order to evaluate their durability and
effectiveness. These tiny hollow spheres have the potential to be effective medication delivery devices, as
evidenced by their extended floating capabilities. Pharmaceutical research is currently pointing to these
small hollow spheres as a novel way to combine the benefits of a multi-module drug delivery system with
remarkable buoyancy.

Raft-forming systems[36]

In cases of gastroesophageal reflux disease and other gastrointestinal diseases, raft-forming mechanisms
are useful for delivering antacids. Upon contact with gastrointestinal fluid, these systems undergo
gelation, forming a cohesive and viscous gel. When this gel, which is composed of sodium alginate and
calcium carbonate, comes into touch with the fluid, it forms a continuous layer known as a raft. When
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calcium ions and sodium alginate combine, a low-density gel is created that floats and takes the shape of a
barrier on the digestive fluid. For buoyancy, NaHCO3 can also be utilized. Diffusion, swelling, and cross-
linking make up the physical mechanism of the system, whereas pH and temperature-dependent
swellings dominate its physiological stimulation. In these systems, polymers such as gellan gum, chitosan,
carbopol, and alginic acid are used[37].

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS OF FDDS

Pharmacokinetics aspects of FDDS

Absorption window[38]

This article examines many experimental methods for validating medications classified as agents with a
restricted absorption window. Through close examination of the test compound's absorption
characteristics, these methods provide light on the dynamics of intestinal permeability and absorption in
various gastrointestinal tract areas. The review describes the several approaches taken to investigate
these characteristics, exposing the complex mechanisms controlling intestinal absorption and
investigating differences in permeability within certain GI tract segments[39].

Enhanced bioavailability[40]

Exploration of bioavailability enhancement strategies for compounds exhibiting a limited absorption
window involves continuous targeted administration to optimize bioavailability. For instance, certain
bisphosphonates like alendronate demonstrate direct absorption from the stomach region, highlighting
the potential benefits of sustained gastric delivery to enhance bioavailability[41].

Enhanced first pass biotransformation:

Enhancing pre-systemic metabolism through sustained drug administration demonstrates notable effects
on metabolic enzymes, particularly cytochrome P450, notably CYP3A4. Continuous administration
contrasts with bolus inputs, aligning with improved efficacy observed in active transporters with
capacity-limited activity.

Enhanced bioavailability resulting from decreased P-glycoprotein (P-gp) activity in the duodenum
Pgp mRNA levels are shown to increase longitudinally across the gut, with the colon having the highest
levels. This is in contrast to the upper region of the intestine having a higher density of CYP3A4. As P-gp
substrates that do not experience oxidative metabolism, floating systems may therefore improve
absorption relative to the immediate and CR dosage forms for drugs like digoxin[42].

Reduced frequency of dosing[43]

Continuous and gradual administration via a controlled-release floating system may induce flip-flop
pharmacokinetics, potentially reducing dosing frequency for drugs with short biological half-lives. This
characteristic is linked to increased patient compliance, thereby enhancing overall therapy effectiveness.
Targeted treatment for regional illnesses in the upper gastrointestinal tract:

The sustained and uninterrupted delivery of medication from floating systems to the stomach offers
potential benefits for localized therapy in the gastric and small intestinal regions.

PHARMACODYNAMIC CONSIDERATIONS OF FDDS:

Minimized drug concentration variability:

When medications are administered continuously via floating systems, the blood drug concentrations
that are produced have a narrower range than with formulations that are released immediately. This
approach reduces concentration-dependent adverse responses associated with peak concentrations by
successfully mitigating oscillations in medication effects. This characteristic takes on more importance for
medications with a limited therapeutic index. Moreover, a higher level of selectivity in receptor activation
is made possible by the carefully planned decrease in drug concentration variations. Some
pharmacological effects can be elicited thanks to this modulation, particularly when medications activate
distinct receptor types at various concentration thresholds.

Minimization of adverse effects in the colon[44]

By retaining the drug within the gastroretentive drug delivery system (GRDF) in the stomach, the amount
reaching the colon is restricted. This approach potentially mitigates undesirable effects of the medication
on the colon. This pharmacological attribute underscores the rationale for formulating beta-lactam
antibiotics in a floating formulation, as they are absorbed exclusively from the small intestine, and their
presence in the colon can foster bacterial growth.

Evaluation of GRFDDS

Angle of Repose[45]

The resistance forces experienced by loose grains or powder can be quantified using the angle of repose,
which represents the maximum angle achievable between the surface of a pile of grains or powder and

ABR Vol 15 [2] March 2024 337|Page © 2024 Author



the horizontal plane. Granules were allowed to flow freely through a funnel positioned at a fixed height
(h) attached to a platform. The angle of repose was subsequently determined by measuring the radius
and height of the granule heap formed.
tanB=h/r

In this case, 6 represents the angle of repose, h stands for heap height, and r for heap radius.
compressibility index[46]
To assess the flow properties of a powder, one can evaluate its bulk density (po) and tapped density (pt),
which indicate how densely the powder packs under specific conditions.
Applying the equation
Compressibility index (%)=pt-p0/ptx100,
In this case, p0 = Bulk density g/ml002E and pt = tapped density g/ml
Post-compression parameters:
Shape of Tablet[47]
A magnifying lens was used to examine compressed pills for tablet form. To measure the diameter and
thickness, we utilized a graduated varnier caliper. The thickness of each tablet was measured after we
arbitrarily picked three of each formulation.
Hardness [48]
The hardness of tablets indicates their resistance to mechanical shocks during handling. Tablet hardness
was assessed using a Monsanto hardness tester, with measurements reported in kg/cm? Three tablets
chosen at random were tested to determine their hardness.
Friability[49]
Roche Friabilator was utilized to determine the level of friability in the tablets. The percentage (%) used
to express it was used. Ten pills were initially put into a friabilator after being weighed (W initial). For
four minutes, or up to 100 rotations, the friabilator was run at 25 rpm. Wfinal was the weight of the pills
once more. After that, the percentage was determined using the formula:
% of Friability = 100 (1-W0/W) %
It was deemed acceptable for tablets with less than 1% friability.
Density of tablets[50]
Tablet density was a critical consideration for floating tablets, as buoyancy would occur only if the tablet's
density was lower than that of stomach fluid (1.004 g/cm?). The tablet density was determined using the
following relationship.

V=r2hd=m/v
In this case, v stands for tablet volume (cc), r for tablet radius (cm), h for tablet crown thickness (g/cc),
and m for tablet mass.
Test for Weight Variation[51]
From each batch, 10 tablets were randomly selected and individually weighed to detect variations in
weight. The weight variability of tablets was within permissible limits set by the U.S. Pharmacopoeia,
which allows for specific percentage fluctuations in weight.
Calculation of buoyancy lag time[52]
Tablet buoyancy, characterized by the buoyancy lag time, refers to the period it takes for a tablet to float
and reach near the surface. At a controlled temperature of 37+0.52C, tablets were assessed in 900
millilitres of simulated stomach fluid. The entire duration of tablet floating was visually observed, and the
buoyancy lag time was determined using a stopwatch.
Floating time[53]
The USP Dissolution Apparatus-II was employed to evaluate floating characteristics in 900 ml of 0.1N HCI
at 50 rpm, maintaining a constant temperature of 37+0.52C. The duration for which the tablet remains
buoyant in the dissolution medium, encompassing the floating lag time (the time taken for the tablet to
ascend to the surface), was observed visually. This duration is referred to as the floating time.
Swelling Index[54]
A swelling analysis was performed on tablets containing a sustained-release floating layer. Each tablet
was accurately weighed and placed in USP Dissolution Apparatus II, where they swelled until reaching a
constant weight. The apparatus contained 900 ml of 0.1N HCl maintained at 37+22C. After removing the
tablets, any weight variances were recorded and excess liquid blotted using filter paper. Each experiment
was conducted in triplicate. Subsequently, the swelling index was determined using this method.
Drug Content[55]
Five tablets from a batch were randomly chosen, weighed, and ground into powder using a mortar. A
precisely measured amount of this powdered tablet material, equivalent to 100 mg, was added to a
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standard flask filled with 0.1 N HCI up to the brim. The mixture was subsequently filtered through a 0.45
um membrane filter paper. Analysis was then performed using spectrophotometric techniques.

In-vitro dissolving studies[56]

The release rate of floating tablets was evaluated using the USP Dissolution Testing Apparatus Il (Paddle
type). The dissolution test was performed at 37 = 0.5°C using 900 milliliters of 0.1N HCl. At hourly
intervals over a period of twelve hours, five milliliters of the dissolution medium were withdrawn from
the apparatus. Each withdrawn sample was immediately replaced with fresh dissolution medium. The
absorbance of these samples was measured after filtration through Whatman filter paper[57].
Application of FDDS[58]

Extended Drug Release: FDDS is able to provide medications that need to be released gradually over time
or that have a short half-life. The dose form stays in the gastrointestinal tract for a longer period of time
by float on the gastric contents. Increased Bioavailability: FDDS can be used to manufacture drugs that are
intended to dissolve slowly, which improves absorption and bioavailability. This is especially useful for
drugs with low permeability or poor solubility. This is crucial for medications whose solubility in water is
low. Drug Delivery through Gastroretentive Forms: FDDS can be used to create dosage forms that are able
to stay in the gastrointestinal tract for a longer amount of time, increasing the absorption of the drug and
its therapeutic effect. This is helpful for medications that have windows of absorption in the upper small
intestine or stomach. Treatment of Gastrointestinal Disorders: Helicobacter pylori infections, peptic
ulcers, and gastroesophageal reflux syndrome can all be treated with medications delivered by FDDS.
FDDS can improve local concentrations of drugs at the site that acts by extending the drug's residence
duration in the stomach, which can improve therapeutic results.

Targeted Drug Delivery: For targeted drug delivery, FDDS can be made to specifically target parts of the
digestive system, like the gastrointestinal tract or upper small intestine. By doing this, the medication's
therapeutic index can be raised and systemic side effects can be reduced[59].
Chronotherapy: Drugs are released into the body at a certain time of day to align with the body's
biological cycles. FDDS can be used for this type of medication administration. This is especially
important for conditions where symptoms change over the day or when precise times are needed for
maximum drug concentrations. Combination treatment: FDDS can be used to administer several
medications at once, either in discrete dosage forms or in fixed-dose combinations. This makes it possible
to administer medications with various physicochemical profiles or mechanisms simultaneously[60].
Recent advancements of GRDDS

Gastroprotective drug delivery systems (GRDDS) have witnessed significant advancements in recent
years, contributing to improved drug delivery efficiency and patient compliance. Several notable
advancements include: Novel Formulation Techniques: Recent research has focused on developing novel
formulation techniques to enhance gastric retention. This includes the use of polymers with
mucoadhesive properties, such as chitosan and alginate, to prolong residence time in the stomach[61].
Innovative Drug Release Mechanisms: Advanced drug release mechanisms, such as swellable, floating,
and expandable systems, have been explored to prolong drug release and improve bioavailability. These
mechanisms utilize gas-generating agents or swelling agents to achieve buoyancy and enhance gastric
retention. Nanotechnology Applications: Nanomaterials have emerged as promising tools in GRDDS
development. Nanoparticles, liposomes, and nanoemulsions offer enhanced drug solubility, stability, and
targeted delivery, thereby improving therapeutic outcomes. Incorporation of Stimuli-Responsive
Components: GRDDS incorporating stimuli-responsive components, such as pH-sensitive polymers or
magnetic nanoparticles, enable controlled drug release triggered by physiological changes in the
gastrointestinal tract. This ensures site-specific drug delivery and optimized therapeutic effects.
Advanced Characterization Techniques: Utilization of advanced characterization techniques, including
imaging studies and computational modeling, facilitates better understanding of GRDDS behavior in vivo.
This aids in optimizing formulation parameters and predicting drug release kinetics [62]. Personalized
Medicine Approaches: Integration of personalized medicine concepts into GRDDS design allows for
tailored drug delivery based on individual patient characteristics, such as gastric emptying rate and
gastrointestinal physiology. This enhances treatment efficacy while minimizing adverse effects.

CONCLUSION

The reviewed literature underscores the pivotal role of gastroprotective drug delivery systems (GRDDS)
in revolutionizing oral drug administration. It delves into the intricate interplay between anatomical and
physiological factors governing gastric retention, shedding light on formulation intricacies and recent
strides in GRDDS innovation. These strides encompass a spectrum of breakthroughs, ranging from
pioneering formulation methodologies to cutting-edge drug release mechanisms and the integration of
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nanotechnology. Moreover, the incorporation of stimuli-responsive elements and the application of
advanced characterization methodologies herald a new era of precision medicine within the GRDDS
domain. Collectively, these advancements herald a promising trajectory towards augmenting drug
bioavailability, protracting gastric residence duration, and refining drug targeting precision, thus
culminating in superior therapeutic outcomes
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