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ABSTRACT

Oral administration of medicines with a narrow absorption window in
the gastrointestinal tract (GIT) is frequently hampered by poor
bioavailability with conventional dosage forms due to inadequate drug
release and a short residence time at the absorption site. To address this
issue and maximize oral absorption of these medications, gastro-
retentive systems, namely floating and mucoadhesive systems, have
been developed. These devices allow regulated drug delivery with
extended stomach residence duration. Some floating drug delivery
systems have demonstrated the ability to accommodate these
fluctuations while maintaining medication release. This review focuses

on GRDDS applications, physiological consideration development, and

future prospects. This review describes in detail the floating drug delivery system, its

classification, and the formulation parameters that influence FDDS stomach retention. In

addition, this review summarises the in vitro methodologies used to assess the performance,

advantages, and applications of floating systems. Floating drug delivery systems are

promising solutions for controlled drug release because they eliminate the difficulties that are

often encountered during the creation of pharmaceutical dosage forms.

KEYWORDS: Floating Drug Delivery Systems, Bioavailability, Gastric residence time,

Narrow absorption window.

INTRODUCTION

Oral dosage forms have been a popular choice for drug delivery for over four decades due to

their ease of administration, patient compliance, and formulation flexibility. However,
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traditional dosage forms have limitations in achieving controlled drug delivery as drug
absorption can vary significantly between individuals due to physiological variability,

including gastrointestinal transit and gastric residence time.[*?

To address these challenges, gastroretentive drug delivery systems (GRDDS) have emerged
as an advanced approach to drug delivery. GRDDS aims to retain the drug in the stomach for
a prolonged period, making it particularly suitable for drugs with narrow absorption
windows, those that act locally in the gastrointestinal tract, those that are unstable in intestinal
fluids, and those that exhibit poor solubility in the intestinal tract.®*

Floating drug delivery system (FDDS) is a prominent approach in GRDDS characterized by
the ability of the formulation to float in and over the gastric contents. FDDS has been
effectively used to design sustained drug delivery systems and improve overall oral
bioavailability of drugs.®” Effervescent systems are commonly employed in the
development of FDDS based on the mechanism of buoyancy, where carbon dioxide gas
production occurs due to the reaction of carbonates and bicarbonates with gastric fluid. The

gas entrapped in the polymers enables the system to remain buoyant.

- 1— Floting dosage form
“-—— Gastric contents

- éwelling of
dosage form

Sedimentation

g of pellet

Application of GRDDS

Table 1 introduces potential GRDDS medication candidates. Despite the fact that numerous
types of GRDDS have been recorded in the literature, floating and mucoadhesive systems are
the most commonly used gastroretentive dosage forms in pharmaceutical businesses and
contribute the most to the market. The commercially available gastroretentive dose forms are

shown in Table 2.
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Table 1: Suitable drug candidates for gastroretentive drug delivery systems (GRDDS).

Bioavailability Drug Therapeutic Indications References
Challenges
E\?r?(;tl(itinlfi,n Peptic ulcer and reflux
Local activity ; esophagitis, eradication of H. [8.15,20-23]
Levofloxacin, lori
metronidazole | PY
Plasma fluctuations Clpr_ofloxacw!, _Urlna_ry tract, respiratory, and Gl [8,24-27]
Clarithromycin | infections
. Urinary tract, respiratory, and [8,13]
Low solubility at Ofloxacin Gl infections
alkaline pH Cinnarizine Nausea, vertigo, and motion [17]
sickness
Riboflavin Essential nutrients, mouth ulcer [28,29]
and sore throat
- ihi i 9]
Narrow absorption Cilostazol |I’!h|blt plate_let a_ggre_garatl_on
window Fibromyalgia, diabetic perlpheral
: neuropathy, post-herpetic [10,30]
Pregabalin . . i
neuralgia, and adjunctive therapy
for partial onset seizures
Short half-life, Levodopa Parkinson’s disease (311
narrow absorption | e i Type 11 diabetes mellitus [11.12,82,33]
window
Poor absorption Atenolol Hypertension 5]
from lower GIT Lafutidine Gastric and duodenal ulcers 134
Unstable at alkaline | Verapamil, . [8,14,16]
PH Captopril Hypertension

Table 2: Various gastroretentive products available in the market.

[8,18,35,36]

Delivery systems Brand name Active ingredient Manufacturing
company
Bioadhesive tablets | Xifaxan® Rifampicin Lupin, India
Bilayer floating Cytotec® Misoprostol Pfizer, UK
capsule
Coated multi-layer Baclofen GRS® Baclofen Sun Pharma, India
& swelling system
Colloidal gel Conviron® Ferrous sulphate Ranbaxy, India
forming floating
system
Effervescent floating | Zanocin OD® Ofloxacin Ranbaxy, India
system Riomet OD® Metformin Ranbaxy, India
hydrochloride

Cifran OD® Ciprofloxacin Ranbaxy, India
Effervescent floating | Liquid Gaviscon® | Alginic acid and Reckitt Benckiser
liquid alginate sodium bicarbonate | Healthcare, UK
preparation
Effervescent and Prazopress XL® Prazosin Sun Pharma, Japan
swelling based hydrochloride
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floating system

Erodible matrix
based system

Cipro XR®

Ciprofloxacin
hydrochloride and
betaine

Bayer, USA

Expandable system | Accordion Pill® Carbidopa/levodopa | Intec Pharma, Israel
(unfolding)
Raft forming system | Topalkan® Aluminum Pierre Fabre
magnesium Medicament, France
Almagate Aluminium- Pierre Fabre
FlatCoat® magnesium antacid | Medicament, France
Floating system— Madopar HBS® Levodopa and Roche, UK
controlled release benserzide
capsule Prolopa HBS® Levodopa and Roche, UK
benserzide
hydrochloride
Valrelease® Diazepam Roche, UK
Foam based floating | Inon Ace Tables® | Simethicone Sato Pharma, Japan
system
Gastroretention with | Coreg CR® Carvedilol GlaxoSmithKline,
osmotic system UK
Minextab Metformin HCI Metformin Galanix, France
Floating®—floating hydrochloride
and swelling system | Cafeclor LP Cefaclor Galanix, France
Tramadol LP Tramadol Galanix, France
Polymer based Gabapentin GR Gabapentin Depomed, USA
swelling technology: | proQuin XR Ciprofloxacin Depomed, USA
AcuFormTM Glumetza Metformin Depomed, USA
hydrochloride
Metfromin GRTM | Metformin Depomed, USA

hydrochloride

www.wipr.net |

Classification of floating drug delivery systems

Floting Drug Delivery

Effervescent System

Gas Generating
System(Conventional
single layer or
multilayer)

System

-Intragastricos
controlled

-Floting capsules
-Gastrointestinal

-Floting Pills inflatakle

Volatile liquid (Maceum)

motically

-Hydrodynarmically balancad
system

-Matris layered tablets
-&lginate beads

-Hollow
microspheras/Microbaloons

-Ring capsules
-Films

-Magnetic system

Raft Forming (in situ

Fig.: Classification of floating drug delivery system (FDDS)
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The two formulation variables Effervescent and Non-effervescent systems are used to

classify floating drug delivery systems.

Effervescent floating dosage forms

These are matrix systems made from swellable polymers such as methylcellulose, HPMC,
and chitosan, as well as effervescent substances such as sodium carbonate, calcium
carbonate, tartaric acid, and citric acid. They are designed in such a way that when they come
into touch with the acidic gastric contents, CO2 is liberated and captured in the swelling
hydrocolloids, providing buoyancy to the dosage forms such as Famotidine, Amlodipine

besylate.r*"]

Orug + Effervescence
Material + Release
Control Polymer

Non-effervestive floating dosage forms

These dosage forms contain gel-forming or swellable cellulose hydrocolloids,
polysaccharides, and matrix-forming polymers such as polycarbonates, polymethaacrylate,
and polystyrene. The formulation is created by combining the drug and the gel-forming
hydrocolloid following oral administration of this dosage form swells in contact with gastric
juices and achieves a bulk density of 1. The buoyancy of the dosage form was achieved
through air trapping in the swelling gel-like structure, which acts as a reservoir and enables
for continuous drug release through the gelatinous mass. Famotidine®®® and Levodopa®® are

two examples of medications.

Raft-forming systems

Another type of GRDDS is raft-forming systems, which are prepared with effervescent
excipients and gel-forming polymers to achieve prolonged drug delivery. Figure 5 depicts the
principle of these systems, which focuses on achieving localized effects due to floating rafts
acting as blockades between the esophagus and the stomach. As a result, they can be utilized

to effectively control gastroesophageal reflux disease. When raft-forming systems come into

www.wipr.net | Vol 12, Issue 7,2023. | 1SO 9001:2015 Certified Journal | 960



Lokhande et al. World Journal of Pharmaceutical Research

contact with stomach fluid, they swell and create a viscous cohesive gel, resulting in the
development of rafts.**?! The antacid raft-forming floating mechanism was described by
Fabregas et al.*! The gel-forming polymer utilized by the authors was sodium alginate,
while the gas-generating agents were sodium bicarbonate and acid neutralizer. As a result,
CO2 gas is produced, which lowers the system's bulk density and causes the raft to float on
the gastric fluid. Nabarawi et al.*?! created a mebeverine hydrochloride controlled release
floating raft system and evaluated various excipients for their floating behavior and in vitro
controlled-release. When it swells and entraps CO2 bubbles produced by the interaction of
carbonates with stomach juice, it produces a viscous and cohesive gel.[*? The created raft can
stay intact in the stomach for several hours, encouraging continuous medication release.
These rafts are especially beneficial for delivering antacid medications such aluminum
hydroxide, calcium carbonate, and simethicone.*” However, the mechanical strength of the

systems is low and readily damaged.

—_—t R aft Forming

Merits!®!

» Drug delivery with a restricted absorption window in the small intestine.

» A longer residence period in the stomach may be beneficial for local action in the upper
region of the small intestine, such as treating peptic ulcer disease.

« Improved bioavailability is anticipated for medications that are easily absorbed in the Gl
tract, such as cyclosporine, ciprofloxacin, ranitidine, amoxycillin, captopril, and others.

« Improve patient compliance by instituting once-daily therapy.

» Greater therapeutic efficacy.

* Reduces dosing frequency.

» Targeted treatment for upper Gl tract problems.
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When compared to non-gastroretentive drug delivery, this gastroretentive drug delivery
strategy can dramatically increase the bioavailability of therapeutic drugs, particularly
those that are metabolised in the upper GIT.

Gastro retentive medication administration can result in prolonged and sustained drug
release from dosage forms that provide local therapy in the stomach and small intestine.
As a result, they are useful in the treatment of stomach and small intestinal problems.
Gastro retentive medication administration can reduce body counter-activity, resulting in
improved drug efficiency.

Increases the dose form's residence duration at the site of absorption.

To prevent first-pass metabolism

High accessibility.

Rapid absorption due to abundant blood supply and high blood flow rates.

First-pass metabolism increases medication bioavailability.

Site-specific medication administration.

Drugs that release slowly and at a controlled rate reduce mucosal irritation.

Drugs that release slowly and at a controlled rate reduce mucosal irritation.

Demerits!*®!

One disadvantage of floating devices is that they require a high level of fluids in the
stomach in order to float and perform efficiently. With this dosage form, increased water
intake is advised.

In supine (sleeping) posture, contractile waves may sweep away floating dose form (if not
of greater size). As a result, the patient should not take the floating dose form right before
going to bed.

Pharmaceuticals that have a problem with stability in high acidic environments,
pharmaceuticals with very low solubility in acidic environments, and drugs that irritate
the stomach mucosa cannot be included into GRDDS.

High turnover rate of mucus layer, thick mucus layer, and soluble mucus related
restrictions plague bio/muco adhesives systems.

Swellable dosage forms must be able to swell quickly before exiting the stomach and
acquire a size bigger than the pylorus aperture. It must be able to withstand the
housekeeping waves of MMC Phase Il1.
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« Many factors influence gastric retention, including stomach motility, pH, and the
presence of food. Because these variables are never consistent, buoyancy cannot be
anticipated.

» The high turnover rate of stomach mucus is a major problem for a bioadhesive system.

« There is also the possibility of esophageal binding with bio adhesive drug delivery
systems.

» Drugs with GIT stability and solubility issues are not ideal candidates for these systems.

Physiological considerations for grdds development
Fundamental GIT Physiology!*’*"

The stomach plays a crucial role in the digestive process, and its anatomical structure and
function are essential considerations in the design of controlled drug delivery systems. The
stomach is divided into three regions, the fundus, body, and antrum, and is composed of
different types of cells that secrete various digestive enzymes and fluids. The contraction
forces of the stomach mix the chyme and propel it towards the antrum, where it undergoes
further grinding and trituration. The antrum also regulates gastric emptying by its propelling

actions and acts as a pump to move the food particles towards the pylorus.

The pylorus is a sphincter that separates the antrum from the duodenum and acts as a
mechanical stricture and a sieve for the passage of large particles. The size of particles that
can pass through the pyloric valve is between 1 to 2 mm in size. Therefore, to prolong gastric
retention and prevent premature gastric emptying, controlled drug delivery systems should

use drug-particle sizes larger than the pyloric diameter.

In conclusion, understanding the anatomy and physiology of the stomach is crucial for the
development of effective controlled drug delivery systems, especially those designed for
gastro retentive drug delivery. By using larger particles or other techniques to prolong gastric

retention, drug absorption can be improved, and therapeutic benefits can be enhanced.

S
(TN

[51]

Fig: Anatomy of stomach.
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Gastric pH[47,52,53 and 54]

The pH of the stomach in humans varies across different parts of the gastrointestinal tract and
IS not constant. Large intra- and inter-subject variability can occur due to differences in the
state of the stomach during measurement, as well as other physiological and biological
factors. In fasted healthy subjects, the mean gastric pH is reported to be 1.1 £ 0.15, while in
healthy males in the fed state, the mean pH is reported to be 3.6 £ 0.4, initially falling below
5.0 and gradually reaching fasting state values over several hours. Physiological changes in
the elderly can lead to hypochlorhydria or achlorhydria, increasing their basal pH value to
more than 5. Pathological conditions like pernicious anemia and AIDS, as well as the
presence of drugs like H2-receptor antagonists and proton-pump inhibitors, can significantly
reduce gastric acid secretion and increase gastric pH. Due to the large variability in gastric
pH, clinical trials involving GRDDS should have strict screening protocols to identify such

factors and implement appropriate controls to reduce bias and obtain more reliable results.

Gastric emptying®>®%

The human gastric pH is subject to variation across different sections of the gastrointestinal
tract and is influenced by various physiological and biological factors, causing intra- and
inter-subject variability. In fasted healthy subjects, the mean value of gastric pH is reported to
be 1.1 £ 0.15, while in the fed state, the mean pH in healthy males is reported to be 3.6 + 0.4.
Pathological conditions and drugs such as H2-receptor antagonists and proton-pump
inhibitors can increase the basal pH value to more than 5, reducing gastric acid secretion and
increasing the gastric pH. To ensure reliable results in clinical trials involving GRDDS,
screening protocols should be in place to identify such factors and adapt appropriate controls

to reduce bias.

Gastric emptying is an essential process in drug delivery that determines the length of time
the dosage form remains in the stomach, particularly for drugs with a narrow absorption
window. It affects the time that the drug remains in contact with the target site and oral
bioavailability. Factors that affect gastric emptying influence the drug's absorption and its
ability to control or regulate the process. The motility pattern of the stomach is mostly
contractile, including grinding food, mixing it with gastric juices, and emptying it into the
small intestine. The inter-digestive migrating myoelectric cycle (MMC) clears the stomach
and intestine of undigested food. Feeding disrupts this cycle, resulting in a period of irregular
contractile activity that may last for 3 to 4 hours. In the fed state, the onset of MMC is

www.wipr.net | Vol 12, Issue 7,2023. | 1SO 9001:2015 Certified Journal | 964



Lokhande et al. World Journal of Pharmaceutical Research

delayed due to the lag time for the onset of gastric emptying, resulting in a slowing down of
the gastric-emptying rate. Therefore, frequent feeding may delay the onset of gastric

emptying and offer the advantage of prolonged retention of the dosage form.

Gastric motility is affected by various biological factors and pathological conditions in
humans, such as age, gender, posture, mental stress, and disease states with intestinal
involvement, such as gastroesophageal reflux, congenital heart disease, diabetes, and
respiratory distress syndrome. Formulation factors such as density, shape, and size of the
device also affect the gastric retention of dosage forms. Researchers aim to develop
successful GRDDS to provide controlled delivery of the drug at the target site and better
control over fluctuations in peak plasma concentrations. Formulation factors affecting gastric
retention of dosage forms have been exploited to design different types of GRDDS, including

high-density, low-density/flotation, mucoadhesion, and swelling/unfoldable systems.

Factors Influencing FDDS Gastric Retention
1. Formulation factors: GRT of gastro retentive FDDS can be affected by formulation
characteristics such as shape and size.

A. Shape

Cadwill et. al. evaluated the influence of form on the gastric-retention capability of FDDS in
an in vivo study of healthy human participants. Their findings revealed that the tetrahedron-
and ring-shaped devices provided greater retention and longer GRTs than the other shapes
(cloverleaf, string, pellet, and disc) due to their ability to achieve a size large enough to be
retained in the stomach and their flexibility to resist premature emptying by the stomach's

strong propulsive forces.!®%%

B. Size

To summarize, the size of a dosage form can affect its gastric retention time. The human
pylorus, which functions as a sieve for the emptying of gastric contents, has a critical value
for the diameter of dosage forms. Small-sized tablets are usually emptied from the stomach
during the digestive phase, while large ones are emptied during the "housekeeping"” waves.
Floating dosage forms, by virtue of their density, can float over the gastric contents and
position themselves away from the pyloric sphincter, allowing them to avoid premature
emptying and prolong gastric retention in the stomach. Research has shown that the buoyancy

of dosage forms can prolong gastric retention time, especially for small- and medium-sized
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floating units, but there is a cut-off size over which flotation does not significantly improve

gastric retention. 634

2. Patient posture

Timmermans et al.120 discovered that patients that were given floating units supine had
extended retention of the dose form. However, the size of the dose form primarily influenced
this prolonged retention, and buoyancy no longer remained an advantage for stomach
retention.121 This is because the floating dosage form is close to the pyloric sphincter in the
supine position, which preferentially empties the particles based on their size. Wilson et al.27
have also shown that posture influences stomach emptying in patients lying on their backs to
sleep after consuming floating dosage forms. They discovered that when patients were resting
on their backs on their right side, an alginate floating raft emptied more slowly than food. The
raft was positioned in the greater curvature of the stomach as a result of this posture, which
prolonged its gastric retention. In contrast, while the patients were lying on their left sides,
the raft was given to the pylorus ahead of the meal and thus emptied faster.[**%!

3. Effect of food

In vivo, multi particulate drug delivery systems distribute throughout the gastrointestinal tract
and empty in a consistent manner in the presence of food. Conversely, single-unit systems
empty in an "all-or-nothing™ fashion. The use of multi-unit formulations instead of single-unit
ones often leads to more reliable gastric-emptying patterns, less variability in absorption
between individuals, and a lower likelihood of dose dumping. Studies have explored the
effects of stomach state, food type, and frequency of intake on the performance of these
systems. In several studies, gastric residence times of non-disintegrating dosage forms were
correlated with the caloric intake of subjects. Therefore, most studies support the view that
food, not buoyancy, is the most important factor affecting gastric residence time and that
floating does not necessarily increase it. In a study comparing floating and non-floating
capsules, both types of capsules had shorter gastric-emptying times in fasted subjects (less
than 2 hours) compared to subjects who had eaten, with emptying times of 4 hours or more.
Studies have also shown that a gastric residence time of 4 to 10 hours can be achieved after a
meal of fat and protein. Gastric emptying depends on the onset of the migrating motor
complex, which is delayed under fed conditions, leading to a prolonged gastric residence
time. This delay can increase drug absorption from floating systems due to increased drug
dissolution and longer residence at sites of absorption. However, an ideal floating drug
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delivery system should be able to provide gastro retentive properties independent of meal size
and be suitable for patients with varying eating habits. In summary, while floating drug
delivery systems possess an inherent ability to facilitate gastric retention, they rely more on
the presence of a meal to retard their emptying.%¢""]

Characterization of multiparticulate floating drug delivery system

Characterization of the micro particulate carrier is an important phenomenon that aids in the
development of an appropriate carrier for protein, medication, or antigen delivery.[’4™!
Particle Size and Shape

In comparison to the LM, the SEM gives higher resolution. The most common methods for
visualizing micro particles are conventional light microscopy (LM) and scanning electron
microscopy (SEM). (SEM). Both can be used to determine the shape and exterior structure of

multi particulate materials.

Capture efficiency

Allowing washed microspheres to lyse can be used to estimate the capture efficiency or
percent entrapment. The lysate is then tested for active components in accordance with the
monograph requirements. The following equation is used to compute the percent
encapsulation efficiency:

% Entrapment = Actual content/Theoretical content x 100

Floating behavior

A suitable amount of floating micro particles was mixed with 100 ml of simulated stomach
fluid (SGF, pH 2.0) and swirled with a magnetic stirrer. Filtration was used to remove the
layer of buoyant micro particles. Filtration was used to separate particles from the sinking
particulate layer. Both sorts of particles were dried in a desiccator until they reached a
consistent weight. The weight ratio of floating particles to the sum of floating and sinking
particles was used to calculate buoyancy for both fractions of microspheres.

(%) buoyancy = Wf / Wf + Ws

Wf and Ws are the weights of the floating and settled micro particles, respectively.
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Bulk and Tapped density

The bulk and tapped densities were determined using a 10 ml graduated cylinder. The sample
put into the cylinder was mechanically tapped 100 times, and the tapped volume, bulk
density, and tapped density were calculated.

Carr’s compressibility index

The compressibility index (C.1.) or Carr's index value of micro particles was calculated using
the equation:

Carr’s index = [Tapped density — Bulk density/Tapped density] X 100

A score less than 15% suggests a powder with good flow properties, whereas a value greater
than 25% indicates a powder with poor flow capabilities.

Hausner ratio

Hausner's micro particle ratio was calculated by comparing the tapped density to the bulk
density using the following equation:

Hausner ratio = Tapped density/Bulk density.

Angle of repose (0)

The fixed funnel and free standing cone methods use a funnel with its tip fastened at a set
height, h, which was held 2 cm above graph paper on a flat horizontal surface. The angle of
repose can be calculated using the following equation, where r is the radius of the base of the
conical pile:

0 = tan-1 (h/r)

In this equation, is the angle of repose, h is the height, and r is the radius.

Moisture content

Karl Fisher titration is used to determine moisture content.

Content uniformity
Each batch's content uniformity (assay) is carried out in accordance with the protocol

outlined in the official pharmacopoeia.

In-Vitro release studies

In vitro drug release from the floating multi particulate is complicated because the multi
particulate float and adhere to the inner surfaces of dissolution basket, which leads to the non-
participation of multi particulate or their surface in release study. The release rate of floating

www.wipr.net | Vol 12, Issue 7,2023. | 1SO 9001:2015 Certified Journal | 968



Lokhande et al. World Journal of Pharmaceutical Research

multi particulate was determined in a United States Pharmacopoeia (USP) XXIII basket type
dissolution apparatus. A weighed amount of floating multi particulate equivalent to 50 mg
drug was filled into a hard gelatin capsule (No. 0) and placed in the basket of dissolution rate
apparatus. The dissolution fluid was maintained at 37 + 1° at a rotation speed of 100 rpm.
Perfect sink conditions prevailed during the drug release study. 5ml samples were withdrawn
at each 30 min interval, passed through a 0.25 um membrane filter (Millipore), and analyzed

using LC/MS/MS method to determine the concentration present in the dissolution medium.

The future of gastro retentive medication delivery systems

The future of gastro retentive drug delivery systems with industrial applications includes the
development of innovative gastro retentive drug delivery formulations that overcome the
disadvantages associated with oral medication delivery. During development methods,
pharmacotherapy of disease states, as well as assessment of fed and fasted conditions, should
be considered. Scaling up the technology should also be studied in order to improve the
marketability of gastro retentive medication delivery formulations.

CONCLUSION

In recent years, gastrointestinal medication delivery systems have received a lot of attention.
The most favored systems in which FDDS promises to be a promising strategy for stomach
retention are gastro retentive drug delivery systems. The number of commercial goods and
patents issued in various sectors attest to this. The goal is to optimize drug bioavailability in
the gastrointestinal tract region with a restricted absorption window. Prolonging the drug's
residence time in the GI area enhances the solubility of drugs that are less soluble in high pH,
decreases drug waste, and reduces plasma level variability. Although there are a lot of
challenges to overcome in order to achieve prolonged gastric retention, a huge number of
companies are working to commercialise this technology.
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