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ABSTRACT

Gastric-retentive amlodipine besylate effervescent tablets have been developed using a variety of hydrophilic polymers. Formulations were
developed using different grades of different concentrations of polymer. H. HPMC K4M, HPMC K15M, HPMC K100 and xanthan gum
were used as polymeric substances. The formulated mixtures have been subjected to various pre-formulation studies and flow properties,
and all formulations show that the powder mixtures have good flow properties. Among all formulations, drug release was delayed for the
desired period, H. 12 hours, for the HPMC K100 formulation as a polymer. The dissolution data showed that formulations made with
HPMC K100M and xanthan gum as the polymer sustained drug release for the desired period. H. 12 hours at a concentration of 150 mg.
On the other hand, in formulations containing HPMC K4M, HPMC K15M as polymer failed to produce the desired drug release. Therefore,
the floating drug delivery system of amlodipine using the appropriate amount of appropriate polymer can increase the activity of the drug
by prolonging the gastric residence time or decreasing the floating lag time.
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INTRODUCTION

Oral delivery of drugs is the most preferable route of drug delivery. Oral route is considered most natural, uncomplicated, convenient
and safe due to its ease of administration, patient compliance and flexibility in formulation and cost-effective manufacturing process
(Leon Lachman). Many of the drug delivery systems, available in the market are oral drug delivery type systems pharmaceutical
products designed for oral delivery are mainly immediate release type or conventional drug delivery systems, which are designed
for immediate release of drug for rapid absorption. Controlled drug delivery systems have been developed which are capable of
controlling the rate of drug delivery, sustaining the duration of therapeutic activity and/or targeting the delivery of drug to a tissue.
A controlled drug delivery system is usually designed to deliver the drug at particular rate. Safe and effective blood levels are
maintained for a period as long as the system continues to deliver the drug. Controlled drug delivery usually results in substantially
constant blood levels of the active ingredient as compared to the uncontrolled fluctuations observed when multiple doses of quick
releasing conventional dosage forms are administered to a patient.

Oral drug delivery systems have progressed from immediate release to site-specific delivery over a period of time. Every patient
would always like to have a ideal drug delivery system possessing the two main properties that are single dose or less frequent
dosing for the whole duration of treatment and the dosage form must release active drug directly at the site of action. Thus, the
objective of the pharmacist is to develop systems that can be as ideal system as possible. Attempts to develop a singledose therapy
for the whole duration of treatment have focused attention on controlled or sustained release drug delivery systems. Attention has
been focused particularly on orally administered sustained drug delivery systems because of the ease of the administration via the
oral route as well as the ease and economy of manufacture of oral dosage forms. Sustained release describes the delivery of drug
from the dosage forms over an extended period of time. It also implies delayed therapeutic action and sustained duration of
therapeutic effect. Sustained release means not only prolonged duration of drug delivery and prolonged release, but also implies
predictability and reproducibility of drug release kinetics. A number of different oral sustained drug delivery systems are based on
different modes of operation and have been variously named, for example, as dissolution-controlled systems, diffusioncontrolled
systems, ion-exchange resins, osomotically controlled systems, erodible matrix systems, pH- independent formulations, swelling
controlled systems, and the like. Floating drug Delivery Systems or Hydrodynamically Balanced Systems (HBS) have a bulk density
lower than gastric fluids and thus remain buoyant in the stomach without affecting the gastric emptying rate for a prolonged period
of time. While the systems are floating in the gastric contents, the drug is released slowly at a desired rate from the system. After
the release of the drug, the residual system is emptied from the stomach. This results in an increase in the gastric retention time and
a better control of fluctuations in plasma drug concentration. HBS system contains a homogeneous mixture of drug and the
hydrocolloid in a capsule, which upon contact with gastric fluid acquires a bulk density of less than 1 thereby being buoyant on the
gastric contents of stomach until all the drug was released.
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Type of GRDDS

Floating drug delivery systems (FDDS)

Floating drug delivery systems (FDDS) are gastroretentive systems designed to stay buoyant in the stomach, enhancing drug release
and absorption. They utilize low density to float on gastric fluids, increasing retention time. FDDS are categorized into single-unit
systems, consisting of a single dosage form, and multiple-unit systems, composed of smaller floating particles. Effervescent systems
contain agents like sodium bicarbonate and citric acid, generating carbon dioxide to facilitate rapid drug dissolution, ideal for
patients with swallowing difficulties. Non-effervescent systems, such as sustained-release tablets, use excipients like polymers to
control release and enhance solubility for gradual therapeutic effects.

Mucoadhesive gastroretentive drug delivery systems (MGRDDS)

Mucoadhesive gastroretentive drug delivery systems prolong drug residence in the Gl tract, enhancing absorption and efficacy.
Using polymers like chitosan or Carbopol, these systems adhere to the mucosal lining, resisting gastrointestinal motility and enabling
sustained drug release. Often combined with buoyancy techniques for gastric retention, they ensure prolonged contact at absorption
sites and improved bioavailability, especially for drugs with narrow absorption windows. This approach minimizes side effects,
enhances therapeutic action, and benefits treatments for conditions like ulcers and infections, advancing gastroretentive drug
delivery.

High-Density Systems

High-density gastroretentive systems are designed to remain in the stomach for extended periods by utilizing materials with a density
greater than 1.1 g/cm3. These systems sink in gastric fluids and resist gastric emptying, making them ideal for drugs absorbed in the
stomach or upper Gl tract. Materials like barium sulfate, zinc oxide, and calcium carbonate are incorporated to achieve the required
density. The matrix is often formulated for controlled drug release, ensuring prolonged therapeutic action. High-density systems are
especially effective for conditions like peptic ulcers and H. pylori infections. However, challenges include achieving the desired
density, optimizing release profiles, and meeting regulatory standards for safety and efficacy.

Swelling and Hydrophilic Systems

Swelling systems employ hydrophilic polymers such as hydroxypropyl methylcellulose (HPMC) and sodium alginate, which absorb
gastric fluids and expand significantly. This swelling increases their size, preventing them from passing through the pylorus and
prolonging their retention in the stomach. The hydrated polymers form a gel-like barrier that allows for the sustained and controlled
release of the drug over time. These systems are particularly useful for drugs that require localized treatment in the stomach or upper
Gl tract, such as antiulcer agents. While effective, challenges include ensuring consistent swelling behavior under varying gastric
conditions and achieving complete drug release.

Osmotic Drug Delivery Systems

Osmotic systems rely on osmotic pressure to control drug release. They consist of a core containing the drug, surrounded by a
semipermeable membrane. Upon ingestion, water enters through the membrane, creating pressure that pushes the drug out through
a delivery orifice at a controlled rate. The release can be finely tuned by altering the core formulation or membrane properties,
ensuring steady plasma drug levels. These systems are beneficial for drugs with narrow therapeutic windows, as they minimize
plasma level fluctuations. Applications include antihypertensives, analgesics, and other chronic therapies. However, their
development requires precise engineering to maintain membrane integrity and consistent osmotic gradients.

Preparation Methods for GRDDS

The preparation of GRDDS involves advanced techniques to achieve desired drug release profiles and gastric retention.

Wet Granulation: Involves blending the drug with excipients and a granulating fluid to form granules. These granules are dried and
compressed into tablets, ensuring uniform distribution of the active ingredient.

Extrusion-Spherization: A process where a wet mass containing the drug and polymers is extruded into cylindrical shapes and
converted into uniform spherical pellets, ideal for controlled release.

Spray Drying: A solution or suspension of the drug is atomized into a heated chamber, evaporating the solvent and forming solid
particles with controlled morphology and release properties.

Microencapsulation: Involves encapsulating the drug in a polymer matrix using techniques like solvent evaporation or coacervation.
This provides sustained release and protection for the drug.

Hot Melt Extrusion: The drug is combined with thermoplastic polymers and extruded at high temperatures to create solid
dispersions, improving solubility and release profiles.

3D Printing: A novel approach for precise control over structure and drug distribution, enabling the creation of complex, customized
GRDDS formulations.

The preparation method significantly impacts the physical properties, release kinetics, and therapeutic performance of the system.
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In Vitro Evaluation

In vitro testing provides essential insights into the behavior of gastroretentive drug delivery systems (GRDDS) under simulated
conditions, helping predict their in vivo performance.

* Drug Release Studies: Drug release is evaluated using dissolution testing apparatus (USP Apparatus I or II) in simulated gastric
fluid (SGF) at pH 1.2 to mimic the stomach environment.

These studies help establish the drug release profile (immediate, sustained, or controlled release) and calculate release kinetics (zero-
order, first-order, or Higuchi model).

The data aids in understanding how effectively the drug is released over time to maintain therapeutic levels.

Swelling Studies: Swelling behavior is critical for retention in the stomach, especially in swelling systems. The dosage form is
weighed before and after immersion in SGF, and the swelling index is calculated based on the weight or volume changes.

This helps determine the system'’s capacity to expand and stay in the gastric cavity.

Buoyancy Studies: Floating systems are evaluated for their ability to remain buoyant in SGF for prolonged durations.

Parameters like floating lag time (time taken to float) and total floating duration are recorded.

Buoyancy ensures the system stays in the stomach for extended drug release.

Bioadhesion Testing For bioadhesive GRDDS, adhesion strength to gastric mucosa is tested using excised gastric tissues. This is
done with equipment like a texture analyzer or tissue holder models to measure adhesion force. Strong adhesion prolongs gastric
residence time and improves drug absorption.

Stability Studies: Formulations are subjected to different conditions of temperature, humidity, and light to assess their physical and
chemical stability over time.

Stability studies ensure the dosage form maintains efficacy, integrity, and safety during storage.

Mechanistic Studies: Techniques like Fourier Transform Infrared Spectroscopy (FTIR) or Differential Scanning Calorimetry (DSC)
are used to analyze potential interactions between the drug and excipients.

These interactions could impact drug stability, solubility, and release characteristics.

Advantages of GRDDS

Prolonged Gastric Retention Extends the residence time of the drug in the stomach, allowing for sustained drug release. Beneficial
for drugs with narrow therapeutic windows by maintaining stable plasma concentrations and minimizing side effects.

Improved Bioavailability Enhances bioavailability of drugs that are poorly soluble or have limited intestinal absorption. Useful for
drugs undergoing extensive first-pass metabolism, achieving greater therapeutic effects with smaller doses.

Targeted Delivery Designed for localized treatment in the upper gastrointestinal tract, such as for gastric ulcers or Helicobacter
pylori infections. Prolonged retention in the stomach enhances therapeutic efficacy for localized action.

Reduced Dosing Frequency Allows for prolonged drug effects, reducing the number of daily doses required. Improves patient
compliance, especially in chronic conditions.

Versatile Release Profiles Can be formulated for immediate, sustained, or controlled release.

Disadvantages of GRDDS

Formulation Complexity

Requires advanced techniques and careful excipient selection, increasing production costs and complexity. Challenges in achieving
consistent quality and reproducibility across batches.

Limited Applicability for Certain Drugs

Not suitable for drugs that are poorly soluble or unstable in acidic environments. Incompatible with high-dose APIs that cannot fit
within GRDDS formulations.

Gastric Motility Variability

Performance affected by individual variations in gastric motility due to age, diet, or gastrointestinal disorders. Can lead to
inconsistent drug release and absorption.

Challenges with Buoyancy Maintaining buoyancy can be difficult in altered gastric conditions, such as postprandial states or motility
disorders. Premature gastric emptying may occur if buoyancy fails, compromising drug delivery.

Bioadhesion Issues Excessive adhesion to the gastric mucosa may cause irritation or discomfort. Prolonged use could lead to
gastrointestinal complications.

Dose Dumping Risk Failure of the system may result in rapid drug release, causing toxicity, adverse effects, or therapeutic failure.
Particularly concerning for drugs with narrow therapeutic ranges.

Applications of GRDDS

Treatment of Gastrointestinal Infections Ensures prolonged retention of antibiotics like those used for Helicobacter pylori infections,
increasing local drug concentration and improving eradication rates while reducing dosing frequency.

Diabetes Management Delivers sustained-release antidiabetic agents (e.g., metformin) to maintain stable blood glucose levels,
reducing the risk of hypoglycemia and enhancing patient adherence.

Hypertension Treatment Provides controlled release of antihypertensive drugs (e.g., losartan, amlodipine), ensuring consistent blood
pressure control with fewer doses, improving long-term cardiovascular outcomes.
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Chronic Pain Management Administers extended-release analgesics (e.g., NSAIDs, opioids) for prolonged relief, reducing dosing
frequency and minimizing side effects caused by fluctuating plasma drug levels.

Gastroesophageal Reflux Disease (GERD) and Peptic Ulcers Delivers proton pump inhibitors (PPIs) or antacids directly to the
stomach for prolonged acid suppression, promoting mucosal healing and symptom relief.

Cardiovascular Diseases Facilitates the controlled release of medications like statins or anticoagulants, maintaining therapeutic
levels and improving adherence to therapy.

Infections Improves antibiotic delivery for localized infections (e.g., H. pylori) by maintaining high local concentrations in the
stomach, enhancing treatment efficacy and patient compliance.

Nutraceuticals and Herbal Formulations Enhances bioavailability and absorption of poorly soluble compounds in nutraceuticals,
maximizing their therapeutic potential.

Cancer Therapy Offers localized and sustained delivery of chemotherapeutic agents, improving treatment efficacy and minimizing
systemic side effects.

Future Directions and Research of GRDDS

Integration of Big Data and Al Utilize Al and machine learning for predictive analytics, pattern recognition, and optimized decision-
making using vast geographic and resource-related data.

Real-time Data Collection and Monitoring Incorporate 10T, satellite imagery, drones, and sensors for real-time data to enhance
decision-making in disaster response, urban planning, and resource management.

Enhanced Spatial Analysis and Visualization Develop advanced GIS tools, 3D mapping, and virtual/augmented reality for intuitive
visualization of spatial relationships and patterns

Focus on Sustainability and Resilience Create frameworks integrating ecological, social, and economic data for sustainable resource
use and resilience to climate change.

User-Centric Design and Accessibility Design intuitive, user-friendly interfaces to engage non-experts and democratize data use for
decision-making.

Interdisciplinary Collaboration Foster partnerships among geographers, environmental scientists, urban planners, and social
scientists for comprehensive solutions.

Policy Integration and Support Align tools with policy frameworks to aid scenario planning and decision-making based on data-
driven insights.

CONCLUSION

GRDDS represent a promising advancement in pharmaceutical technology by enabling sustained and controlled drug release, which
enhances therapeutic outcomes and improves patient adherence. They are particularly beneficial for drugs with poor solubility,
narrow absorption windows, or those requiring continuous delivery. Technologies like floating, mucoadhesive, and swelling
systems, along with carefully selected polymers, ensure prolonged gastric retention and predictable drug release. These systems
address the limitations of conventional oral dosage forms, such as rapid gastric emptying and inconsistent drug release, offering a
more effective and patient-friendly approach to drug therapy.
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