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Abstract :  Drug delivery systems play a crucial role in enhancing the therapeutic efficacy of drugs and maximizing patient 

compliance. Among various drug delivery systems, floating drug delivery systems have gained significant attention due to their 

ability to improve the oral bioavailability of poorly soluble drugs. This comprehensive review aims to provide an in-depth 

analysis of floating drug delivery systems and their potential in achieving good oral bioavailability. Floating drug delivery 

systems are designed to float on the gastric fluid for an extended period, thereby allowing sustained release of the drug and 

enhancing its absorption. Various approaches such as effervescent systems, hydrodynamically balanced systems, and raft-forming 

systems have been developed to achieve optimal floating properties. The holistic approach towards developing a successful 

floating drug delivery system involves a thorough understanding of factors affecting gastric emptying time, formulation 

parameters, and physicochemical properties of the drug. By considering these factors comprehensively, researchers can design a 

system that ensures maximum drug release at the desired site of action. Moreover, the use of novel polymers, excipients, and 

technologies has further enhanced the feasibility and effectiveness of floating drug delivery systems. These advancements offer 

promising opportunities for improving the oral bioavailability of a wide range of drugs with poor solubility and permeability. This 

review examines floating drug delivery systems, which are designed to improve oral bioavailability of poorly soluble drugs. 

These systems float on the gastric fluid for an extended period, allowing sustained drug release and enhanced absorption. Various 

approaches, including effervescent, hydrodynamically balanced, and raft-forming systems, have been developed to achieve 

optimal floating properties. A holistic approach to developing a successful system involves understanding factors affecting gastric 

emptying time, formulation parameters, and drug physicochemical properties. The use of novel polymers, excipients, and 

technologies has further enhanced the feasibility and effectiveness of floating drug delivery systems. This review emphasizes the 

potential of these systems to overcome challenges associated with poor solubility and absorption rates, ultimately improving 

therapeutic outcomes for patients. 
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1.INTRODUCTION 
For dosage forms that stay in the stomach for a longer period of time, the capacity to extend and regulate the emptying time is a 

useful feature. The gastric emptying of dosage forms is a highly variable process longer than with traditional dosing formulations. 

Creating controlled release systems for improved absorption and bioavailability is a challenging task. The difficulty to limit the 

dose form in the intended region of the gastrointestinal tract is one of these challenges. The process of absorbing drugs from the 

gastrointestinal tract is intricate and diverse.  

It is commonly known that contact time with the small intestinal mucosa affects how much a medicine is absorbed through the 

gastrointestinal system [1]. 

Small intestinal transit time is therefore a crucial factor to consider when prescribing medications that are not fully absorbed. A 

summary of basic human physiology is provided, including information on the specifics of gastric emptying, motility patterns, 

and physiological and formulation factors that influence the cosmic emptying. Drugs' gastric residence time can be further 

extended by gastroretentive mechanisms, which can stay in the stomach area for several hours. Extended stomach retention 

increases the solubility of medications that are less soluble in high pH environments, decreases drug waste, and increases 

bioavailability. It can also be used to administer medications locally to the stomach and the first few inches of the small intestine 

[2]. 
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Conventional oral dosage forms such as tablets, capsules provide specific drug concentration in systemic circulation without 

offering any control over drug delivery and also cause great fluctuations in plasma drug levels. Many attempts have been made to 

develop sustained release preparations with extended clinical effects and reduced dosing frequency. A problem frequently 

encountered with conventional sustained release dosage forms is the inability to increase their residence time in stomach and no 

control over drug delivery, leading to fluctuations in plasma drug level [3]. Better product availability with novel therapeutic 

potential and significant patient benefits is made possible by gastro retention. A detailed description of the classification of 

floating drug delivery systems (FDDS) has been provided based on these methods. Scientists have talked about evaluating FDDS 

in vivo and in vitro to determine the effectiveness and practicality of such systems [4]. A number of recent cases have been 

published demonstrating the effectiveness of these systems for medications with bioavailability issues. 

2 BASIC GASTRO INTESTINAL TRACT (GIT) PHYSIOLOGY 

The stomach is composed of three main regions: the fundus, the body, and the antrum (pylorus). The antrum is the primary 

location for mixing motions and functions as a pump for stomach emptying via thrusting actions, while the proximal portion, 

composed of the fundus and body, serves as a reservoir for undigested material [5]. Both when fed and while fasting, gastric 

emptying happens. But there are differences in the motility patterns between the two states. An inter-digestive sequence of 

electrical events occurs during the fasting state; these events occur every two to three hours in the stomach and intestine [6]. This 

is known as the inter-digestive myloelectric cycle, or migrating myloelectric cycle (MMC), and Wilson and Washington have 

further classified it into the following four phases. Since dosage forms stay in the stomach longer than conventional dosage forms, 

the ability to extend and regulate the emptying time is a crucial asset. Gastric emptying of dosage forms is a highly variable 

process. Both when fed and while fasting, gastric emptying happens [7]. But there are differences in the motility patterns between 

the two states.  

An inter-digestive sequence of electrical events occurs during the fasting state; these events occur in the stomach and intestine 

every two to three hours. The 40–60 minute phase I, or basal phase, is punctuated by sporadic contractions. The pre-burst phase, 

or phase II, is characterised by sporadic contractions and action potentials that last 40 to 60 minutes. Both the intensity and 

frequency steadily rise as the phase goes on. Four to six minutes make up Phase III, or the blast phase. It involves brief, frequent, 

and strong contractions. All of the undigested material is carried out of the stomach and into the small intestine by means of this 

wave. Another name for it is the housekeeping wave. Phase IV of two consecutive cycles takes place in the interval between 

phases III and I and lasts for 0 to 5 minutes [8, 9].  

The pattern of contractions shifts from the fasted to the fed condition after consuming a mixed meal. This pattern, sometimes 

referred to as the digestive motility pattern, consists of ongoing contractions similar to those in phase II of the fasting state. Food 

particles are reduced in size (to less than 1 mm) as a result of these contractions, and they are then transported in the form of 

suspension towards the pylorus. The delayed start of MMC during the fed state causes the rate of stomach emptying to slow down 

[10, 11].  

3 FLOATING DRUG DELIVERY SYSTEM 

Floating drug delivery systems represent a crucial method for achieving stomach retention and obtaining adequate medication 

bioavailability. For medications with an absorption window in the belly or upper colon, these delivery methods are preferred [12]. 

This has a lower bulk density than stomach fluids, which allows it to remain buoyant in the abdomen and slow down the rate at 

which the stomach empties. The medicine is also removed from the body gradually at the proper rate. The residual system is 

emptied from the abdomen upon medication release, leading to an extended gastric retention time (GRT) and improved control of 

the variation in plasma drug concentration [13]. 

The intrinsic low density can be produced by adding low density materials (such as fatty materials or oils, or foam powder) or by 

trapping air (such as hollow chambers). For the design of floating dosage forms for single and multiple-unit systems, the 

following methods have been applied [14]. A floating system including polypropylene foam powder, matrix-forming polymers, 

medication, and filler was recently suggested. Accurate control of the resulting drug release patterns could be successfully paired 

with these systems' good floating behavior. Single-unit dosage forms can cause irritation in the gastrointestinal tract (GIT) due to 

issues like sticking together or being clogged [15]. 

On the other hand multiple-unit floating systems may be an attractive alternative since they have been shown to reduce the inter- 

and intra- subject availabilities in drug absorption as well as to lower the possibility of dose dumping [16].  

Various multiple-unit floating system like air compartment multiple-unit system, hollow microspheres (microballoons) prepared 

by the emulsion solvent diffusion method, microparticles based on low density foam powder, beads prepared by emulsion gelatin 

method, etc. can be distributed widely throughout the GIT, providing the possibility of achieving a longer lasting and more 

reliable release of drugs [17].  

4 CLASSIFICATION OF FLOATING DRUG DELIVERY SYSTEM 
Based on the mechanism of buoyancy two distinctly different technologies, i.e. non-effervescent and effervescent systems have 

been utilized in the development of floating drug delivery system [18].  

4.1 Single Unit Floating Dosage Systems 

4.1.1 Effervescent Systems (Gas-generating Systems) 

These buoyant systems utilized matrices prepared with swellable polymers like HPMC, polysaccharides like chitosan, 

effervescent components like sodium bicarbonate, citric acid and tartaric acid or chambers containing a liquid that gasifies at body 

temperature. The optimal stoichiometric ratio of citric acid and sodium bicarbonate for gas generation is reported to be 0.76:1 

[19]. The common approach for preparing these systems involves resin beads loaded with bicarbonate and coated with 

ethylcellulose. The coating, which is insoluble but permeable, allows permeation of water. Thus, carbon dioxide is released, 

causing the beads to float in the stomach [20]. Excipients used most commonly in these systems include HPMC, polyacrylate 

polymers, polyvinyl acetate, Carbopol®, agar, sodium alginate, calcium chloride, polyethylene oxide and polycarbonates [21, 22]. 

4.1.2 Non-Effervescent Systems 

This type of system, after swallowing, swells unrestrained via imbibitions of gastric fluid to an extent that it prevents their exit 

from the abdomen. These systems could also be referred as “plug-type systems‟ since they need a bent to stay lodged close to the 

pyloric sphincter. One amongst the formulation ways of such indefinite quantity forms involves the blending of drug with a gel, 

that to bear with gastric fluid swells [23]. The air treed by the swollen chemical polymer confers buoyancy to those indefinite 
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quantity forms. Samples of this type of FDDS embody colloid barrier, micro porous compartment system, alginate beads, and 

hollow microspheres. Another type may be a Fluid filled floating chamber which has incorporation of a gas-filled floatation 

chamber into a small porous part that homes a drug reservoir. Apertures or openings are present at the highest and bottom walls 

through that the channel fluid enters to dissolve the drug. The other 2 walls to bear with the fluid are sealed so the undissolved 

drug remains in it [24, 25]. The fluid present could be air, below partial vacuum or the other appropriate gas, liquid, or solid 

having an applicable specific gravity and an inert behavior. The device is of swellable size, remains afloat inside the abdomen for 

a prolonged amount of your time and once the entire release the shell disintegrates, passes off to the viscous, and is eliminated 

[26]. A three-layer matrix is used in a more recent self-correcting floatable asymmetric configuration drug delivery device to 

control drug release. In order to modulate extent and achieve zero-order release dynamics, an asymmetric configuration drug 

delivery system was developed, initially maintaining a continuing space at the diffusing front with ulterior dissolution/erosion 

towards the completion of the release method [27]. This improved the three-layer principle. The system was engineered to float, 

extending the in-vivo gastric duration. This resulted in an extended overall transit time within the most absorbent channel 

environment, and subsequently, a higher bioavailability. This specific characteristic would be applicable to medicine that have 

pH-dependent solubility, a slender window of absorption, and are absorbed by transport from either the proximal or distal portion 

of the small intestine [28, 29]. 

4.2 Multiple Unit Floating Systems 

Despite much research and improvement, the all-or-nothing character of hydrodynamically balanced systems and alternate 

floating tablets has a significant drawback: substantial variability in GI transit time after oral administration. Multiple unit floating 

systems were created to address this drawback by lowering the likelihood of dose-dumping and the intersubject variability in 

absorption [30]. Reports on both effervescent and non-effervescent multiple unit systems' events can be found. A great deal of 

research has been done on hollow microspheres, which have better gastric retention qualities and can float on stomach fluid. 

Scientists are still investigating this field [31]. 

4.2.1 Non-effervescent Systems 

Not a lot of report was found within the literature on non-effervescent multiple unit systems, as compared to the effervescent 

systems. However, few workers have reportable the likelihood of developing such system containing indomethacin, using 

chitosan because the chemical polymer excipient [32]. A multiple unit HBS containing indomethacin as a model drug ready by 

the extrusion method is reportable. A combination of drug, chitosan and acetic acid is extruded through a needle, and also the 

extrudate is cut and dried. Chitosan hydrates and floats within the acidic media, & the specified drug release might be obtained by 

modifying the drug-polymer ratio [33]. 

4.2.2 Effervescent Systems (Gas-generating Systems)  

There are reports of sustained release floating granules containing tetracycline hydrochloride [34].The granules are a mixture of 

drug granulates of two stages A and B, of which A contains 60 parts of HPMC, 40 parts of polyacrylic acid and 20 parts of drug 

and B contains 70 parts of sodium bicarbonate and 30 parts of tartaric acid. 60 parts by weight of granules of stage A and 30 parts 

by weight of granules of stage B are mixed along with a lubricant and filled into capsule. In dissolution media, the capsule shell 

dissolves and liberates the granules, which showed a floating time of more than 8 h and sustained drug release of 80% in about6.5 

h. Floating minicapsules of pepstatin having a diameter of 0.1-0.2 mm has been reported by Umezawa [35]. These minicapsules 

contain a central core and a coating. The central core consists of a granule composed of sodium bicarbonate, lactose and a binder, 

which is coated with HPMC. Pepstatin is coated on the top of the HPMC layer. The system floats because of the CO2 release in 

gastric fluid and the pepstatin resides in the stomach for prolonged period. Alginates have received much attention in the 

development of multiple unit systems [36]. Alginates are non-toxic, biodegradable linear copolymers composed of Lglucuronic 

and L-mannuronic acid residues. A multiple unit system was prepared comprises of calcium alginate core and calcium 

alginate/PVA membrane, both separated by an air compartment. In presence of water, the PVA leaches out and increases the 

membrane permeability, maintaining the integrity of the air compartment. Increase in molecular weight and concentration of 

PVA, resulted in enhancement of the floating properties of the system [37]. The freeze-drying technique is used to prepare 

floating calcium alginate beads. Sodium alginate solution is added to calcium chloride, causing instant gelation and forming 

calcium alginate. The beads are freeze-dried, resulting in a porous structure for floating. Researchers studied the behavior of 

radio-labeled floating beads in human volunteers using gamma scanning, finding a prolonged gastric residence time of over 5.5 

hours for floating beads [38]. A new floating dosage system has been developed, consisting of effervescent layers and swellable 

membrane layers coated on sustained release pills. The inner layer of effervescent agents, containing sodium bicarbonate and 

tartaric acid, is divided into two sublayers surrounded by a swellable polymer membrane. When immersed in a 37°C buffer, CO2 

is generated by the neutralization reaction, resulting in swollen pills with a density less than 1.0 g/ml [39, 40]. 

4.2.3 Hollow Microspheres 

These are considered as one of the most promising buoyant systems, as they possess the distinctive benefits of multiple unit 

systems likewise as higher floating properties, due to the central cavity within the microsphere. The final techniques concerned in 

their preparation embody easy solvent evaporation methodology and solvent diffusion and evaporation methodology [41]. The 

drug release and higher floating properties chiefly depends upon the kind of polymer, softener and also the solvents utilized for 

the formulation. Polymers like Polycarbonate, Eudragit®, and cellulose ester were employed in the preparation of hollow 

microspheres, and also the drug release may be modulated by optimizing the polymer-plasticizer quantitative relation and also the 

polymer amount. Sustained release floating microspheres using polycarbonate were developed, using solvent evaporation 

technique [42]. 

4.2.4 Raft Forming Systems 

Raft forming systems have received much attention for the delivery of antacids and drug delivery for GI infections and disorders. 

The fundamental mechanism concerned within the raft formation includes the formation of viscous cohesive gel to bear with the 

gastric fluids, wherein every portion of the liquid swells forming endless layer known as a raft. The raft floats due to the 

buoyancy created by the formation of carbon dioxide and act as a barrier to stop the reflux of gastric contents like Hydrochloride 

and enzymes into the muscular structure [43]. Raft forming systems are used for antacid delivery and gastrointestinal infections. 

They create a viscous, cohesive gel in contact with gastric fluids, forming a continuous layer called a raft. This raft floats due to 
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CO2 formation and acts as a barrier to prevent gastric contents from refluxing into the esophagus. The system typically contains a 

gel-forming agent and alkaline bicarbonates or carbonates [44]. 

5 MECHANISM OF FLOATING DRUG DELIVERY SYSTEMS 

Various methods have been developed to increase the retention time of dosage forms in the stomach, including floating dosage 

forms, gas-generating systems, swelling or expanding systems, mucoadhesive systems, high-density systems, modified shape 

systems, gastric-emptying delaying devices, and co-administration of gastric-emptying delaying drugs [45]. Floating drug 

delivery systems (FDDS) have been the most commonly used due to their buoyancy in the stomach and ability to remain buoyant 

without affecting gastric emptying rates for extended periods. The drug is released slowly at the desired rate, and the residual 

system is emptied from the stomach, resulting in increased gastric emptying rate and better control of plasma drug concentration 

fluctuations [46]. However, a minimal gastric content and floating force level are required for the buoyancy retention principle. A 

novel apparatus has been developed to measure the floating force kinetics, allowing for optimization of FDDS stability and 

durability to prevent unforeseeable intragastric buoyancy capability variations [47]. 

6 EVALUATION PARAMETERS OF STOMACH SPECIFIC FDDS 

Studies show that pharmaceutical dosage forms with in vitro floating behavior exhibit prolonged gastric residence in vivo. 

However, good in vitro floating behavior alone isn't enough for efficient gastric retention in vivo, as the effects of food and 

stomach motility are difficult to estimate. In vivo studies provide definitive proof. 

6.1 Measurement of Buoyancy Capabilities of the FDDS  

The floating behaviour was evaluated with resultant weight measurements. The experiment was carried out in two different 

media, deionised water in order to monitor possible difference. The apparatus and its mechanism are explained earlier in this 

article. The results showed that higher molecular weight polymers with slower rate of hydration had enhanced floating behaviour 

and it was observed more in simulated meal medium compared to deionized water [48]. 

6.2 Floating time and dissolution 

The floating time measurement test is typically conducted in stimulated gastric fluid or 0.1 mole/lit HCl at 37°C using a USP 

dissolution apparatus. The time taken for the dosage form to float is called floating lag time, and the time for which the dosage 

form floats is called floating or flotation time. A more relevant in-vitro dissolution method was proposed to evaluate a floating 

drug delivery system for tablet dosage form [49]. A modified 100 ml glass beaker was modified to hold 70 ml of 0.1 mole/lit HCl 

dissolution medium and a burette was mounted to deliver the medium at a flow rate of 2 ml/min. The proposed method showed 

good in vitro-in vivo correlation, mimicking in vivo conditions such as gastric volume, gastric emptying, and gastric acid 

secretion rate [50]. 

6.3 Size and Shape Evaluation 

The study reveals that particle size and shape significantly influence drug solubility and bioavailability, using various methods 

such as Sieve analysis, air elutriation, photo analysis, optical microscope, and various techniques [51]. 

6.4 In-vitro Release Studies 

In vitro release studies were conducted using various dissolution apparatuses, including the USP Dissolution 2000, Franz 

diffusion cell system, and synthetic membrane, to determine drug release amount [52]. 

6.5 Fourier Transforms Infrared (FTIR) Analysis 

Fourier transform infrared spectroscopy (FTIR) is a technique used to identify organic, polymeric, and inorganic materials and 

determine functional groups. It was used to measure pure drug, polymer, and drugloaded polymer formulations [53]. 

6.6 Differential Scanning Calorimetric (DSC) Analysis 

The Shimadzu Model-DSC-60/DSC-50/Metler Telleo is used to characterize pharmaceutical water of hydration. Thermograms 

are obtained using an intercooler, calibrated using Indium/Zinc standards, and heated at 10°C/min [54]. 

6.7 Pharmacokinetic Studies 

Pharmacokinetic studies are crucial in in vivo studies. Verapamil, a drug, was compared to conventional tablets using floating 

pellets filled into capsules. The tmax and AUC values were higher for floating pellets than conventional tablets. The Cmax values 

showed no significant difference, suggesting improved bioavailability. Additionally, piroxicam in hollow polycarbonate 

microspheres showed 1.4 times more bioavailability and a three-times increased elimination half-life compared to the free drug 

[55]. 

7 POLYMERS USED IN FLOATING DRUG DELIVERY SYSTEM 

Polymers play a crucial role in the development of floating drug delivery systems, which are designed to release drugs slowly and 

steadily in the stomach. These polymers are carefully selected based on their ability to float on gastric fluids and control the 

release of drugs. One commonly used polymer in floating drug delivery systems is ethyl cellulose, which has excellent film-

forming properties and can be easily manipulated to achieve the desired drug release profile [56]. Another important polymer 

used in floating drug delivery systems is hydroxypropyl methylcellulose (HPMC), which forms a gel barrier that controls the 

release of drugs. HPMC is biocompatible and can be tailored to provide sustained drug release for extended periods of time [57]. 

Additionally, chitosan, a natural polymer derived from chitin, has been shown to enhance the bioavailability of drugs by 

improving their solubility and permeability. In conclusion, polymers are essential components of floating drug delivery systems 

as they enable controlled drug release and improve patient compliance. By selecting appropriate polymers with specific 

characteristics, researchers can develop effective floating drug delivery systems that optimize therapeutic outcomes [58]. 

8 APPLICATIONS OF FLOATING DRUG DELIVERY SYSTEM 

Floating drug delivery offers several applications for drugs having poor bioavailability because of the narrow absorption window 

in the upper part of the gastrointestinal tract. It retains the dosage form at the site of absorption and thus enhances the 

bioavailability. 

8.1 Sustained Drug Delivery  

HBS systems can remain in the stomach for long periods and hence can release the drug over a prolonged period of time. The 

problem of short gastric residence time encountered with an oral CR formulation hence can be overcome with these systems. 

These systems have a bulk density of <1 as a result of which they can float on the gastric contents. These systems are relatively 

large in size and passing from the pyloric opening is prohibited. Recently sustained release floating capsules of nicardipine 

hydrochloride were developed and were evaluated in-vivo [59, 60]. 
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8.2 Site-Specific Drug Delivery  

These systems are particularly advantageous for drugs that are specifically absorbed from stomach or the proximal part of the 

small intestine, eg, riboflavin and furosemide. Furosemide is primarily absorbed from the stomach followed by the duodenum. It 

has been reported that a monolithic floating dosage form with prolonged gastric residence time was developed and the 

bioavailability was increased [61, 62]. 

8.3 Absorption Enhancement  

Drugs that have poor bioavailability because of site specific absorption from the upper part of the gastrointestinal tract are 

potential candidates to be formulated as floating drug delivery systems, thereby maximizing their absorption [63, 64]. 

9 CONCLUSIONS 

This review examines floating drug delivery systems, which are designed to improve oral bioavailability of poorly soluble drugs. 

These systems float on the gastric fluid for an extended period, allowing sustained drug release and enhanced absorption. Various 

approaches, including effervescent, hydrodynamically balanced, and raft-forming systems, have been developed to achieve 

optimal floating properties. A holistic approach to developing a successful system involves understanding factors affecting gastric 

emptying time, formulation parameters, and drug physicochemical properties. The use of novel polymers, excipients, and 

technologies has further enhanced the feasibility and effectiveness of floating drug delivery systems. These advancements offer 

promising opportunities for improving the oral bioavailability of a wide range of drugs with poor solubility and permeability, 

ultimately improving therapeutic outcomes for patients. 
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