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ABSTRACT: 
A floating drug delivery system (FDDS) is a dosage 

form that is floating on the surface of gastric fluid, 

and thus, extending the time of a drug in the 

stomach to release a slow and controlled dose. 

These Hydraulically balanced systems, otherwise 

known as HYDRODYNAMICALLY BALANCED 

SYSTEMS (HBS) are improved. Enhance 

bioavailability, increase drug absorption, and ensure 

that the drug is less frequently dosed by retaining it 

in. possessed in throat too long a time. They prove 

useful especially with drugs with local effect in the. 

Intestine or upper small intestine located in the 

stomach, and can be absorbed through a small 

window. The aim of this survey is floating. The 

purpose of drug delivery systems (FDDS) is to 

compose contemporary literature, especially the 

basic. Mechanism of floatation in order to get 

gastric retention. The newest developments of 

FDDS, such as the physiological and formulation 

considerations that affect gastric retention, single-

unit and strategies of unit design. The topic of 

multiple-unit floating systems and its classification 

and formulation details is covered. 

Comprehensively, this review summarizes the 

methods used in vitro and the experiments carried 

out in vivo. To determine how well floating systems 

perform and are used as well as the different uses of 

the floating systems. These systems focus on a 

number of issues encountered when developing 

pharmaceutical dosage forms. Abbr.: Floating drug 

delivery system, Gastro retentive drug delivery, 

Buoyancy, Sustained release, Polymer, 

Bioavailability. 
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I.  INTRODUCTION 
Overview of oral drug delivery system 

The most commonly used mode of administration in 

the treatment of systemic and local gastrointestinal 

is oral administration diseases [1]. Although its 

advantages are obvious, oral drug delivery is a 

problem that is fraught with difficulties thanks to the 

harsh factors which include factors 

microenvironment of the gastrointestinal tract (GIT) 

and other physiological barriers associated with 

gastrointestinal organ, biochemistry, and physiology 

[2]. These separate parts of the GIT, including small 

intestine, colon, the oral cavity, oesophagus, and 

stomach play a major role in the digestion of food 

absorption of medications [3]. Different anatomical 

characteristics such as the small surface area of the 

oral cavity, Drug absorption may be derailed by the 

gastric mucin-bicarbonate barrier, and enteral 

enzymes, as well [4]. Substantial the attention has 

been focused on overcoming these difficulties, and 

the key to this has been to grasp the better the 

understanding of the same physiological 

peculiarities of normal and diseased GIT [5]. 

Conventional methods of drug delivery, including 

Standard tablets, capsules or sterile drug 

formulations, have their own share of limitations, 

such as poor site-specific drug accumulation, poor 

distribution in the body and adverse negative 

distribution in the body side effects [6]. Thus, the 

development of the innovative localized and is 

urgently required targeted drug delivery systems, 

which are systematic [7]. Nano medicines and 

advanced Delivery Devices Drugs have been 

considered as one of the most promising and 

innovative pharmaceutical approaches in oral drugs 

delivery systems [8]. 

 

Limitation 

The mode of oral drug delivery has a couple of 

challenges that can actually affect the effectiveness 

of the work of medicaments. For starters, there are a 

lot of drugs that are metabolized in the liver before 

they can even enter the bloodstream, which is 

capable of severely cutting, down on their 
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effectiveness [5]. And on top of that, there are 

certain drugs that do not absorb well out of the, 

Gastrointestinal (GI) tract, which is not very soluble 

or permeable [9]. The whole absorption process is 

also quite un-predictable, as well, depending on 

what you have eaten as well as the speed at which 

you have eaten it. Stomach empties, how are your 

intestines, and even the acid in your gut [7]. Plus, 

oral medications tend to take more time to activate 

than injections because they must go along the GI 

tract first [2]. And not to mention that there are 

drugs such as aspirin and non-steroidal anti-

inflammatory drugs, NSAIDs may irritate the 

stomach lining causing discomfort, nausea or even 

ulcers [10]. Short gastric residence time: Short 

gastric residence time is an important dilemma as 

far as the delivery of oral drugs is concerned. After 

you swallow a drug, it does not linger long in the 

stomach before it passes on to the intestine - it is 

during this period that we refer to as gastric 

residence time [11]. Due to this being so short it can 

actually do affect the effectiveness of absorbance of 

the medication by the body, particularly in drugs 

that require to be absorbed in the intestine or 

stomach, where they have a tight window to work in 

[12]. On top of that, variations in the speed at which 

the stomach empties, which may depend on such 

factors as what you have eaten, your posture, and 

the general state of your health, may result in 

random absorption rates. Drugs that must remain in 

contact with the stomach lining over some time or 

that dissolve gradually may not be able to deal with 

low bioavailability since they do not suffice time to 

be assimilated [13]. In addition, the controlled or 

extended-release formulations may be run into 

trouble, since they may come out of the stomach too 

soon to give all their dose [14]. To tackle these 

challenges, scientists have developed gastro 

retentive drug delivery systems such as floating pills 

or mucoadhesive systems, aimed at retaining 

medications in the stomach, and enhancing 

absorption [15]. 

 

Gastro-retentive system requirement  

The gastro-retentive systems are needed due to the 

physiological difficulties that are linked to the oral 

intake of drugs, mainly because of the variety of 

gastrointestinal tract. As one passes through the 

GIT, there are a number of factors that vary, which 

have a great impact on the absorption of 

medications in the abdomen and small intestines 

[11]. The most crucial factors in this process are the 

pH levels, the presence of gut flora, and 

gastrointestinal transit time, enzymatic activity and 

surface area available for absorption [16]. 

Traditional methods of drug delivery often do not 

meet the demands of the complexity of the 

gastrointestinal tract. As an example, they do not 

best suit drugs having optimum absorption in the 

upper digestive system, because these conventional 

formulations have problems with gastric emptying. 

Consequently, they cannot properly liberate the drug 

in the colon where it lingers in the last phases of its 

release [12]. The resulting problems include the 

inability to release drugs fully and reduce their 

effect;it was due to the failure of these systems to be 

detained in the stomach long enough. In response to 

these problems, scientists have been working to 

come up with more sophisticated pharmaceutical 

systems that are capable of doing scoping with 

controlled drug release and residence time, some of 

which are already in the market [14].The 

shortcomings of the conventional systems 

tomaintain the retention of the gastric have led to the 

production of the oral. Gastro-retentive systems. 

This innovative delivery system is uniquely 

designed to stay in the top stays in the 

gastrointestinal tract over a prolonged period of time 

and allows drugs to be released in a controlled 

manner [17]. This extended interaction the presence 

of the absorbing membrane increases the 

bioavailability of the drug thus increasing its 

efficacy [18]. Other benefits of the systems are: 

Enhancing the effectiveness of treatment, cutting 

down on wastage of medication increasing the 

solubility of drugs in poor solubility conditions in a 

high pH environment, and Gains realized by the use 

of those medicines which are local in the stomach 

and duodenum [8]. Development of gastro retentive 

drug delivery systems is necessary to eliminate the 

constraints of traditional oral drugs. These systems 

delay the time that such drugs stay in the stomach 

and, as a result, inhibit their degradation contribute 

to drug absorption, bioavailability, and lead to 

improved therapeutic outcome, in particular to drugs 

that are best taken in the stomach or in the upper 

small bowel. Therefore, gastro retentive is 

significant in the optimization of drug delivery and 

also patient adherence to their treatment regimens 

[19]. 
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Fig 1.1: Mechanism involved in Gastro retentive 

methods 

 

Short history of different gastro-retentive 

methods 

A floating drug delivery system is differentiated by 

the fact that it is low density and therefore can retain 

ample buoyancy to stay suspended above the 

contents of the stomach [20]. Such systems are 

referred to as floating drug delivery systems. The 

systems that are fluid and dynamically controlled 

such as (FDDS) or hydro dynamically controlled do 

not interfere with the rate at which the stomach 

empties [21]. The system is moved at a specified 

rate of releasing medication gradually the stomach 

contents [22]. After the medicine has been 

dispensed, the remainder of the content of the 

stomach is then emptied. The mechanism is efficient 

to regulate changes in the plasma drug concentration 

and raises the gastric level residence time (GRT) 

[14]. Nevertheless, the principle of retention or 

maintenance of buoyancy requires, in addition to a 

small gastric a minimum floating force, as well as 

content. In dosage forms that are absorbed longer in 

the stomach than traditional types, the ability to 

extend and control the period of emptying is one of 

the considerable benefits. The Dosage form 

gastrointestinal emptying is very inconsistent. The 

controlled release systems designed towards 

amelioration of absorption and bioavailability faces 

a number of challenges [23]. The difficulty in one 

such challenge lies in the difficulty of retaining the 

dosage form in the desired gastrointestinal tract 

region. The drug absorption processes the secretion 

of the digestive system is complicated and depends 

on many influences [24]. We are well aware of the 

fact that the average time that a drug is in contact 

with small intestinal mucosa has a significant effect 

on the absorption of the drug all over the 

gastrointestinal tract. Therefore, small intestinal 

transit time is an important consideration to drugs 

that are not fully absorbed [25]. Floating delivery 

systems have a long-lasting ability to increase 

residency time of drugs in the stomach [26], so that 

they can stay in the gastric area several hours. For 

drugs that exhibit lower solubility in a high PH, 

prolonged stomach retention increases 

bioavailability [27], decreases drug wastage, and 

increases solubility. The local administration of 

drugs can be done using this method. 

Pharmaceuticals with short half-lives, which are 

highly absorbed through the gastrointestinal tract 

(GIT), are rapidly removed out of the circulation 

[14]. To avoid this weakness, sustained-controlled 

release oral preparation has been designed to deliver 

the drug to the gastrointestinal system slowly, 

therefore sustaining therapeutic level of the drug in 

the blood over a long period of time. Various 

mucoadhesion, sedimentation, flotation, shape 

alteration systems, expansion, or 

thePharmacological agents are used concurrently 

and gastric emptying is used afterward to maximize 

the absorption of solid dosage forms into the 

stomach [28]. According to these methods, an all-

inclusive there has been classification of floating 

drug delivery systems (FDDS). The reduced 

effectiveness of the defect in the DDS releasing the 

full volume of the drug is credited to the relatively 

short stomach administration dose residence time in 

humans. There are many measures that are taken 

today to increase the residence times of 

gastrointestinal contents. They (GRT) so that they 

can come up with efficient stomach specific or 

gastro-retentive drug delivery systems. These 

include hydro dynamically balanced systems 

(HBS)/floating drug delivery systems, low-density 

systems, raft systems the use of alginate gels, bio 

adhesive or mucoadhesive systems, high-density 

systems, super porous hydrogels,and magnetic 

systems [16]. 

 

 

 

Scope and objective 

The concept of floating drug delivery systems 

(FDDS) is wide and promising to the modern 

pharmaceutics. [16]. these systems are designed to 

remain suspended in gastric fluid, and thus, increase 

gastric residence time enhancing controlled drug 

discharge [23]. They are particularly beneficial to 

drugs that are absolutely absorbed in the stomach or 

upper small intestine, become unstable in an 

intestinal or colonic disease or they have a narrow 
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absorption window [20]. Gastric retention, Enhance 

Site-Specific Drug Delivery, Enhance controlled 

release, Shield bad taste and odour coating. Improve 

patient compliance, Decrease Dosage and Side 

effects and maintain steady blood levels 

 

CONCEPT OF GASTRORETENTIVE DRUG 

DELIVERY SYSTEM [GRDDS] 

Definition  

A gastro retentive drug delivery system (GRDDS) is 

a type of oral drug that has been specifically 

designed to remain in the stomach a long time [14]. 

This prolonged retention makes it possible to 

continue and controlled drug entry into upper 

gastrointestinal tract (GIT) [25]. Through 

concentration of the release of the drug, GRDDS 

increase the effectiveness of the treatment, 

especially of certain types of drugs [28]. 

Purpose 

Gastro retentive drug delivery systems (GRDDS) 

have various benefits that lead to increased clinical 

effectiveness and enhanced bioavailability. These 

systems guarantee by increasing the duration of 

gastric retention that the drug is kept in the stomach, 

by duration of time, to produce prolonged 

drugrelease [16]. This increases the bioavailability 

of the drugs which are mainly absorbed in the 

during the long retention high parts of the small 

intestine, duodenum or jejunum [21]. Also, there is 

the sustained release profile also reduces the 

frequency of doses by giving a more extended 

period of action which also enhances patient 

compliance with reduced dosing schedules and 

constant levels of the drug in the body [29]. GRDDS 

also enables specific absorption sites to be targeted 

to make sure those drugs with a tight absorption 

window in the stomach or upper intestine is exposed 

to effective absorption. Moreover, managed 

discharge by means of gastric retention assists to 

decrease side effects since high peak plasma 

concentrations, which may cause, are prevented 

irritation or toxicity [24]. In the case of drugs that 

dissolve better in acidic conditions, i.e. weak bases. 

Physiological influences of gastric retention 

❖ Fed vs. fasting state - Fasting state: It 

means you are fasting so when you are in the state 

of fasting you have nothing to eat in your stomach 

that does something called the Migration 

Myoelectric Complex (MMC) [30]. GRDDS 

EFFECT: In case a dosage form is administered on 

an empty stomach, Phase III contractions may 

rapidly expel it into the intestine making the gastric 

retention time shorter (GRT) [31]. Consequently, 

floating or swell able systems may not remain long 

in the stomach [23].Fed state: Once you eat, the 

food flows to the stomach that halts the MMC cycle 

about 3 to 6 hours [32]. As the gastric residence 

time increases, the dosage form lingers more in the 

stomach [28]. This will result in improved floatation 

and longer release, which is especially beneficial to 

drugs that are absorbed in the upper gastrointestinal 

tract, such as ciprofloxacin and metformin [33].  

❖ pH - The pH level of the stomach is critical 

to the gastro retentive drug delivery systems 

(GRDDS) function [14]. In the absence of 

gastrointestinal food, the pH level of the stomach is 

very low and is usually between 1.5 and 2.0 [34]. 

However, on rising after eating, it increases to 

approximately 3 to 6 due to the buffering effect of 

food. This change in pH can influence greatly the 

dissolution and ionization of drugs, especially weak 

acids or bases. Weak bases were likely to be 

dissolved and absorbed better in the acidic 

environment of the stomach, whereas the weak acids 

may have a hard time with solubility. In addition to 

this, the swelling and gel forming characteristics of 

some of the polymers used in are affected by pH 

levels. GRDDS eventually influences the buoyancy 

and the release of drugs [35]. A reduced PH is also 

favourable to the CO2 in effervescent systems; this 

makes them more capable of floating. Thus, 

maintaining the gastric pH at the right level is 

critical in making sure that GRDDS can be retained 

in the stomach long enough and release drugs in a 

controlled manner [36].  

❖ Gastric motility – It is an important aspect of 

the food and its digestion in the stomach since it 

regulates the movement of food the muscular 

contractions which assist in processing and 

emptying that which we eat [37]. In the digestion of 

us the upper part of the stomach relaxes so as to 

retain food, but the lower, which is called the distal 

astral pump, contracts to mix and dissolve solids 

into minute particles. This combination is then 

expelled to pylorus which is a muscular sphincter 

which controls the flow of the contents into the 

small intestine. These rhythmic are strong and large 

in magnitude contractions, and the extent of the 

opening of the pyloric sphincter, are important 

points of determining the speed or otherwise food is 

slowly stored in the stomach, and discharged. 

Several factors, such as the nature of meal, 

particularly the ones high in fats and calories--have 

the power to slow down this emptying process, 

which has an impact on motility and food retention 

in the stomach. Thus, when motility is accelerated 

food does not take long to pass through but when it 
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is decelerated; the retention time is long, which can 

be observed in such ailments as gastro paresis [38].  

❖ Density of dosage form - This is because of 

the importance of the density of a dosage form on its 

maintainability within the stomach, there is the 

phenomenon called gastric retention or gastric 

residence time (GRT). Dosage forms that are less 

thick as the stomach contents may be, they can be 

contained, and this means their prolongation in 

station [39]. On thestoring the drug in the acidic pH 

of the stomach increases the so 
Low-density systems (with a density of less than 1.0 

g/cm³) float on the gastric fluids, using buoyancy to 

avoid quickly passing through the pylorus into the 

intestine [41]. These are known as floating drug 

delivery systems (FDDS) and work particularly well 

when the stomach is full, as gastric motility 

decreases, making it less likely for these floating 

forms to be expelled quickly [33].  

High-density dosage forms (density greater than 2.5 

g/cm³) sink to the bottom of the stomach [20] and 

can withstand peristalsis and the migrating motor 

complex (MMC), which helps delay gastric 

emptying. For these systems to remain in the 

stomach until they are fully emptied, their density 

needs to be significantly higher than that of the 

gastric contents, thus increasing GRT [29]liability 

and dissolution which eventually results in enhanced 

therapeutic results [1]. 

Optimal Density Range In gastro retentive drug 

delivery systems, the most optimum density has 

been indicated as falling between 1.0 and 2.5 g/cm3 

[42]. At less density than this range the forms will 

be floating, and at greater, they will sink and stay on 

the gastric floor. Both techniques can be used to 

prolong retention although floating systems are 

mostly used in preference drug which is useful in 

the stomach because of its long release [43]. Effects 

of Absorption and Efficacy on Drugs: Narrow 

absorption drugs can be assisted by having a 

controlled density that enables them to have a longer 

retention period in the stomach. They are aggravated 

by windows or a deficient intestinal absorption, 

accelerating their therapeutic action and 

bioavailability [44]. The density of a dosage form 

plays an important role in the floating or sinking of 

the dosage in the stomach and this directly 

influences the route of action long it will stay within 

the gastric region and, as such, its suitability as a 

gastro retentive product [45]. 

 

Table 1.1 factors effect on GRT [202] 

Factors Effect on GRT Examples 

Fed vs. fasting state Increased GRT in fed state. Fatty meals increase gastric 

retention. 

Density of dosage form Low density forms float longer. FDDS typically < 1gm/cm3. 

Dosage form size and shape Rounder forms with greater sizes 

GRT. 

Longer retention in larger tablets- 

7.5mm and more. 

Caloric content of food High calorie meals retard 

emptying. 

Increases floating time. 

Position Supine position can decrease GRT. favouring upright position for 

retention. 

Gender / Age GRT can be variable in females 

and the older adults. 

Hormonal and motility change. 

 

Merits of gastro-retentive system 

GRDDS has a host of exclusive advantages on top 

of them lentic in favour of the traditional oral 

dosage forms [16]. This is especially with drugs that 

do well in long periods a controlled release and 

gastric residence [20].  

• Increased bioavailability and absorption: In 

regard to improving the bioavailability and 

absorption of drugs, it is a matter of how well 

absorbed, GRDDS really shine. They assist in 

holding medications longer in the stomach resulting 

in a continuous and proportional effect regulated 

discharge in the exact place it is needed--the 

stomach or upper small intestine [33]. This is 

especially advantageous to drugs with small 

absorption profiles or which are optimally absorbed 

at the upper GI tract [41]. The and drugs which are 

prone to instability or are insoluble in the alkaline 

pH of the distal are enchanted by systems intestine. 

We can increase their by retaining them in the acidic 

condition of the stomach absorption and 

effectiveness [42].  

• Enhanced therapeutic outcomes GRDDS: 

assist in maintaining levels of therapeutic drugs 

constant, which contributes to minimise variations 

of plasma concentration [43]. This results in 

improved treatment outcome and reduction in side 

effects. The extended and steady drug release will 
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help the patients to have a reduced number of dosing 

schedules, which in many cases are frequent, 

translate to improved compliance with medication 

regimen [44] Gastro retentive product [45]. 

• Targeted and localized therapy GRDDS: 

are ideal in the treatment of stomach or upper 

intestinal issues. They allow specific delivery of 

drugs exactly to the area of need and reducing 

systemic drug exposure and the risk of side effects 

[46].  

• Versatility and broad application: these 

types of systems may be applied to a wide range of 

medications, comprising those used to treat central 

nervous system diseases, antiviral agents, anti-

diabetic agents, anti-hypertensive agents, antibiotics 

and drugs to target local gastrointestinal treatment 

[14]. The design principles--like floating, swelling, 

bio adhesive and expandable systems- give the 

flexibility that is required to tailor drug issue 

profiles to achieve certain treatment needs [29]. 

Demerits of gastro-retentive system 

Gastro-retentive systems offer various therapeutic 

benefits, although they are also faced with some 

issues. Associated with physiological factors, 

formulation problems, and those that are patient 

dependent [11].  

• Physiological challenges: Inter-subject 

difference in the rate of emptying the stomach and 

its motility may cause irregular release of drugs and 

reduced efficiency [47]. Such causes as changes in 

gastric the performance of the system can be 

affected by pH, the presence of food and the 

quantity of gastric fluids, which leads to the 

consequences in inconsistent retention [48]. Also, 

the natural secretion of mucus as well as the 

peristalsis process is able to interfere with muco-

adhesive and floating systems, and they are ejected 

prematurely out of the stomach [49].  

• Formulation difficulties: Floating dosage 

forms usually require some level of gastric fluid to 

dissolve work well, which may restrain their 

usefulness, particularly in fasting or dehydrated 

persons [11]. Also, there are certain drugs that may 

decompose under acidic conditions prior to their 

uptake which reduces their therapeutic benefits [47]. 

Besides, bigger or enlargeable systems may be hard 

to swallow, and may be dangerous with respect to 

obstruction or discomfort [50].  

• Patient and application limitation: not all 

drugs are suitable with gastro retentive drug delivery 

systems (GRDDS). These systems are also likely to 

fail when it comes to medications that primarily 

enter into the lower gastrointestinal tract or irritable 

to the stomach lining [11]. Moreover, in case the 

gastro retentive mechanism has a tendency not to 

work properly, dose dumping comes into danger 

with some of the ill-constructed controlled-release 

systems [47]. The patient compliance and 

acceptance may not be equal like in children, the 

elderly or the individuals and have swallowing 

difficulties, and these may influence the result of the 

treatment [48]. 

FLOATING DRUG DELIVERY SYSTEM 

[FDDS] 

Definition 

Hydro dynamically controlled systems, also referred 

to as floating systems, are supposed to be low 

density making them buoyant on the contents of the 

stomach [16]. This is due to the fact that they have 

buoyancy without affecting the rate of emptying in 

the stomach, and are able to continue so long [47]. 

Although these systems are floating, they slowly 

deliver medication at a moderate pace [51]. Once 

the drug is sent forth, the rest of the system is 

emptied out of the stomach. This action results in 

increase in the gastric retention time (GRT) and 

assists dealing with the variability of the 

concentration of the drug in the blood [52]. 

However, to successfully retain buoyancy not only 

is a small volume of gastric content required, but a 

particular quantity of the dosage form should also 

remain dependably on the surface of the meal with 

floating force (F) [53]. Various Buoyant systems 

have been developed in materials such as granules, 

powders, capsules, tablets, laminated films, and 

hollow microspheres.  

 

 
Fig 1.2: Schematic diagram of floating drug 

delivery system 

 

BUOYANCY it is that push-up you get out of a 

fluid be it water or air, which defines the gravity of 

an object that is submerged and thus makes it 

lighter. An object will remain in suspension when 
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the buoyancy force is greater than the gravitational 

forceis heavier, or heavier still, than its weight, or 

density, with respect to the density of the fluid 

surrounding it. 

Principle 

The main principle of FDDS is achieved based on 

the concept of buoyancy and it is achieved in two 

major ways. 

Systems: effervescent system and non-effervescent 

system [54]. The primary objective is to have the 

dosage form to float, the slow discharge of the drug, 

and then be emptied out of the stomach after the 

drug is discharged [55]. For the total vertical force 

(F) on the object to remain in suspension must be a 

positive one: 

(F= (D {f}-D{s}) gV 

F is the sum of vertical force (buoyancy).  

D f is the density of fluids (approximately 1.004 

g/cm 3 in gastric fluid).  

D s is the object density.  

g is the acceleration due to the gravity.  

V is the volume of the object [56]. 

Effervescent system 

It is based on gas generating agents to form 

buoyancy [14]. The common form of dosage 

consists of carbonates, such as sodium bicarbonate, 

as well as organic acids, such as citric, or tartaric 

acid [39]. When these Agents are in contact with the 

acidic liquid in your stomach, the agents combine 

and form carbon dioxide gas CO 2 [25]. This gas 

becomes entrapped in a swollen hydrocolloid gel 

which develops on the surface of the dosage form. 

Because the gas is captured, it makes the total 

density of the system less dense, and it enables it to 

rise to the surface of the contents in your stomach 

[47]. 

Non effervescent system  

The principle of this system is that the swelling and 

hydration of polymers is used to create a lightweight 

system that captures air, and the dosage form is able 

to float [42]. It is formulated using high 

concentration of gel forming hydrocolloids similar 

to hydroxyl propyl methylcellulose (HPMC), 

polysaccharides, or other matrix-forming polymers 

[16]. Once administered orally, the outer layer of the 

system picks up gastric fluid and swells to form a 

gelatinous barrier [57].  

Mechanism of floatation 

We see the floating dosage forms the most used. 

Gastric fluids possess a lower bulk density, as they 

have a lower bulk density. These forms are capable 

of floating in the stomach without impediment 

compared to Floating Drug Delivery Systems 

(FDDS) how soon the stomach is emptied. As the 

drug is floating on the, it is slowly released at the 

rate desired stomach contents [59]. The rest of the 

system is expelled out of the stomach when the drug 

is released. This process is used to control plasma 

drug fluctuation and raise gastric retention time 

(GRT) [60]. Nonetheless, a minimum amount of 

floating force (F) is required to ensure that the 

dosage form remains on the surface of the meal 

necessary [61], with a sufficient stomach content to 

successful effect that retention of buoyancy [21]. 

There's a special device as reported in the literature 

that measures the floating force kinetics [62]. It 

works by continuously tracking the force needed to 

keep an object submerged over time [63]. 

Additionally, a new device for determining the 

resulting weight has been documented in the 

literature for calculating floating force kinetics. This 

device continuously measures the force required to 

keep an object submerged, which corresponds to F 

over time. To avoid the issues that come with 

unpredictable variations in intra gastric buoyancy 

performance, this system aims to optimize FDDS in 

terms of the stability and durability of the floating 

forces generated[23] 

 

 
Fig 1.3: Mechanism of floatation 
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Flowchart 

                                        The dosage form is taken orally and it reaches into stomach [39] 

 

 

 

Dosage form bulk density is lighter than that of the gastric fluid [42] 

 

                                               

 

 

Allowing it to float on the contents of the stomach [14] 

 

 

While it’s floating, the drug is released in a controlled and sustained manner [16] 

 

                               

  After the drug has been released, the floating system will leave the stomach[47] 

 

Table 1.2 Difference between effervescent and non-effervescent system [202] 

 

            EFFERVESCENT SYSTEM 

 

NON-EFFERVESCENT SYSTEM 

Basic floatation mechanism was obtained by 

producing gas (CO2) through effervescent reaction. 

Floatation mechanism through swelling, formation of 

gels, or through low-density materials. 

The resulting (CO2) gas produced by the reaction 

of acid and bicarbonate is trapped in the matrix and 

reduces the density of the system is the buoyancy 

mechanism. 

The systems either swell or form a gel barrier which 

entraps air with in the system are decreases the density 

of the system to less than that of the gastric fluid is the 

buoyancy mechanism. 

Components are a combination of acid (ex: citric 

acid) and bicarbonate (ex: sodium bicarbonate). 

Components are hydrophilic polymers like HPMC, 

PEO, Carbopol or ethyl cellulose; oils or fatty 

substances to make it lighter. 

Rapid onset of floatation is shortly after ingestion 

as the (CO2) is expelled. 

May requires more time to be floated because of time 

on hydration and swelling. 

Examples are tablets, capsules, powders that 

produce gas when in contact with gastric fluid. 

Examples are hollow microspheres, floating 

microspheres, floating beads, swellable matrix and 

tablets. 

Buoyancy time varies with the rate of gas formation 

and integrity of the matrix decreased by escape of 

gas. 

Buoyancy time is much longer and more stable; no 

gases lost; it is sustained by polymeric structure. 

Merits are rapid buoyancy, has the potential to 

enhance early gastric retention. 

Merits are more predictable and stable floating, no 

variability of gases. 

Demerits are can lead to burst release, control 

problem in generation of gases, or accumulation of 

pressure. 

Demerits are takes longer to be floating, and may have 

to be larger in size to provide adequate buoyancy. 

 

CLASSIFICATION OF FDDS 

When it comes to buoyancy, two quite different technologies have been employed in the development of FDDS:  

1. Effervescent System  

2. Non-Effervescent System [20]. 
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Fig 1.4 Classification of floating drug delivery system 

 

EFFERVESCENT SYSTEM 

Effervescent systems include use of gas generating 

agents, carbonates (e.g. Sodium bicarbonate) and 

other organic acid (e.g. citric acid and tartaric acid) 

present in the formulation to produce carbon dioxide 

(CO2) gas, thus reducing the density of system and 

making it float on the gastric fluid. An alternative is 

the incorporation of matrix containing portion of 

liquid, which produce gas that evaporate at body 

temperature [14]. 

Types 

❖ Gas Generating System 

❖ Volatile Liquid (or) Vacuum System [42] 

Gas generating system - A gas-generating 

(effervescent) system is essentially a floating drug 

delivery mechanism. It works by creating a 

chemical reaction between an acid and a carbonate 

or bicarbonate, which produces carbon dioxide 

(CO₂) gas [16]. This gas gets trapped within the 

dosage form, making it less dense and allowing it to 

float on gastric fluidswhich help it stay in the 

stomach for a longer period [14]. 

Principle: This process involves the production of 

carbon dioxide (CO₂) gas in the stomach, which 

helps the dosage form to float on the gastric fluid 

and stay buoyant for an extended time[29] 

Mechanism: The system includes acidic agents, 

such as citric acid or tartaric acid, along with 

alkaline agents like sodium bicarbonate [27]. These 

ingredients are reactive to form CO2 when subjected 

to gastric fluid upon reaction with the dosage form 

gas. This CO 2 is entrained within the gel layer of 

the polymer (such as HPMC or carbopol) [40], and 

the result is decreased density of system and aids in 

floating [64]. 

Types 

Intragastric single layer floating tablets (or) Hydro-

dynamically balanced system (HBS) - These tablets 

are produced by meticulously mixing CO2 

producing substances with the medicine in a matrix 

[42]. Their bulk density is lower than the one in the 

gastric fluids, which means that they can travel in 

the stomach and decelerate the rate at which the 

gastric emptying is slow during a long period of 

time [26]. This is broken down into the drug 

released at controlled rate floating system, and after 

it is quite emptied; the rest of the system is naturally 

thrown out of the stomach. This process increases 

the gastric retention time (GRT) and offers a greater 

control of fluctuations in the plasma drug 

concentration [23]. 

Components  

SLFT intra-gastric Floating Tablets consist of a 

blend of ingredients that co-exist to produce floating 

and provide a regulated delivery of medicine [16]. It 

consists of a polymeric active ingredient matrix, 

possible incorporation of polymers such as HPMC, 

Carbopol, ethyl cellulose or sodium alginate [14]. 

These materials assist in the control over the release 

of the drug and in entrapment of the resultant gas 

[65]. Gas-generating agents, e.g. sodium bicarbonate 

and citric or tartaric acid react with the gastric fluid 

to form carbon dioxide (CO2) [27]. This reaction 

decreases the density of the tablet, which enables it 

to rise on the stomach contents [26]. To keep the 

tablet is kept, binders such as PVP K30 or starch 

paste are employed [40] and diluents or fillers such 

as lactose and others microcrystalline cellulose 

(MCC) gives mass and enhances compressibility 

[42]. Finally, lubricants and glidants such as 

magnesium stearate, talc improves the flow 

characteristics and the manufacturing process [64]. 
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Fig 1.5 Hydro-dynamically stable system 

 

Intragastric bilayered floating tablets - The 

intragastric floating pills that are bi-layered are a 

peculiar form of gastro-retentive drug delivery 

system (GRDDS).They are designed with two 

distinct layers which one regulates the release of the 

drug and another one produces gas. This ingenious 

creation makes it possible to keep the tablet 

suspended in the stomach so that the medication is 

discharged slowly over a longer period [66]. 

Components  

The bi-layered tablet consists of two 

important elements: Intra-gastric Bi-layered 

Floating Tablets have a drug a floating layer and a 

layer which operate together to make the drug 

remain in the stomach longer and that is released in 

the stomach a controlled manner [16]. The active 

pharmaceutical ingredient (API) is packed into the 

drug layer such polymers as HPMC, Carbopol or 

ethyl cellulose that can control the rate at which the 

drug is released [27]. It also has a binding substance 

like PVP K30 or starch paste to hold the tablet 

together, and lactose or another diluent, like 

microcrystalline cellulose (MCC) to provide volume 

and compressibility and lubricants, such as 

magnesium stearate or talc so as to make the pills 

smooth. Conversely, floating layer has been fitted 

with effusive substances such as sodium bicarbonate 

and citric or tartaric acid which reacts with stomach 

juices to produce carbon dioxide (CO2) gas. This 

gas is confined in the polymer structure formed by 

HPMC or Carbopol which reduces the density of the 

tablet, and aids its floating [14] . Also, this layer 

includes binders and lubricants to make the tablet 

well compressed and stable [22]. 

 
Fig 1.6 Intra-gastric bilayered floating tablets 

 

Multiple unit type floating pills - These 

systems consist of sustained release pills which are 

like seeds and are covered with two layers. The 

inner effervescent agents are contained in layer and 

the outer layer is of swell-able membrane. Upon 

immersion in a solution at body temperature, the 

system will immediately sink then expand into pills 

in the shape of balloons, but then floating, because 

of their lesser density [40]. This decrease in density 

Outputs obtained through the manufacturing and 

trapping of CO2 in the systems [67]. 

Components  

Floating pills consist of numerous smaller 

units which are meant to be kept afloat in the 

stomach and this way they are able to be absorbed 

gradually and constant excretion of drug. The active 

ingredient of these pills is well dispersed in a 

polymeric matrix, possibly containing such 

materials as HPMC, ethyl cellulose, Eudragit 

RS/RL, or Carbopol. These components are 

essential in regulating the rate at which the drug is 

released, and in entrapment of any gas formed [26]. 

Gas forming substances, like sodium bicarbonate 

and citric or tartaric acid, are added to enable the 

pills to float; when they mix with gastric fluid they 

form carbon dioxide (CO2) which gets entrap in the 

matrix,lessening the total density [27]. Lightweight 
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materials (beeswax and oils or even) are even used 

in some of the formulations aerogels in order to 

enhance their floating properties. The is held 

together by binders such as PVP K30, gelatine or 

starch paste pellets structurally sound, whereas 

plasticizers like PEG 400 or dibutyl phthalate are 

commonly added are used as a plasticizer. It is 

coated so as to make it flexible. Finally, there are 

lubricants and glidants such as magnesium stearate 

and talc added in to improve flow properties and 

make the manufacturing process smoother [68] 

 
Fig 1.7: Multiple unit type floating pills 

 

Volatile liquid (or) vacuum system - An 

osmotically controlled floating system is referred to 

as volatile liquid (or) vacuum system. This system 

consists of two divided chambers that are separated 

by a pressure sensitive, impermeable, movable 

bladder and a bio-erodible plug that gradually 

releases the gas [27]. The first and second chambers 

contain the drug and volatile liquid respectively. 

When the drug is administered, it is constantly 

released out of the chamber into the gastric fluid 

[16]. 

Principle  

The floating system of the volatile liquid or 

vacuum does its work according to the principle of 

reducing the density of the dosage form, which 

enables it to stay suspended in gastric fluid [14]. 

This is achieved through incorporation of a volatile 

liquid which evaporates at body temperature 

(37degC) or by creating a vacuum chamber inside 

the device [21]. The resultant vapour or trapped air 

lowers the total density, and makes the system be 

able to float in the air stomach over a long period of 

time [68]. 

 

Components 

There are various components present in a 

volatile liquid or vacuum system which work 

together to form buoyancy and control the release of 

drugs in the stomach [16]. The core of these systems 

is a drug that is the active drug substance that is 

engineered to either stay soluble or controlled [27]. 

The primary building is designed as having a elastic 

polymeric membrane or shell made of such 

materials as ethyl cellulose, silicone rubber, EVA 

(ethylene-vinyl acetate), or polyurethane, creating 

an inflatable chamber, which is able to trap a 

vacuum of air or vapour. Within this chamber, a 

volatile liquid, e.g. diethyl ether, chloroform, 

cyclopentane, hexane, etc. is added; it evaporates at 

body temperature, which generates gas and fills the 

device [13]. A vacuum cavity can take in some 

configurations where to insert the volatile liquid to 

make the density low so that the floatation can take 

place. Embodying in an environment round the or in 

the nest of the chamber the drug reservoir or matrix, 

commonly of HPMC, Carbopol, or ethyl cellulose to 

control the drug release rate [69] . A coating layer, 

optional and produced using either Eudragit or 

cellulose acetate, or HPMC, can be used to protect 

the system and to further regulate the release of 

drugs. Finally, rubber or paste such as silicone, 

Polyurethane sealants or adhesives is used to ensure 

the structural integrity of the chambers by firmly 

closing them and prolonged suspension in the 

gastric milieu [67]. 
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Fig 1.8 Device used in volatile liquids 

 

Types 

Intragastric single-chamber system - This type of 

design has one inflatable chamber with a volatile 

liquid, including diethyl ether or chloroform. When 

it enters the stomach, the temperature of the body 

will cause the volatile liquid to be vaporized, and it 

will produce gas that will inflate the chamber and 

enable the chamber to float on gastric fluid. The 

polymeric is embedded with the drug matrix that 

surrounds the chamber to make sure the release is 

under control [27]. 

Mechanism 

When the intra-gastric floating device enters the 

stomach, it is triggered by body temperature and the 

intra-gastric floating device is triggered volatile 

liquid (e.g. diethyl ether, cyclopentane or 

chloroform) that is locked up in a flexible polymeric 

chamber to vaporize. The resulting vapour also 

inflates the chamber resulting in an air or gas filled 

system dense, less than gastric fluid (less than 1.0 

g/cm3) [14]. This is made possible by the decrease 

of density of the device not sink into the gastric 

contents but float on it. 

Intragastric dual-chamber system - This design has 

two different chambers. The interior of one chamber 

contains a polymer matrix and a drug to a constant 

discharge of the medicine. The other chamber is 

either containing volatile liquid or a vacuum which 

is essential to give the required buoyancy. The 

volatile liquid is then left to produce the gas of 

which the vacuum is the vortex, or the gas itself 

inflated and floating of the system as the drug is 

slowly freed out of the first chamber [27]. 

Mechanism 

In case of the implementation of a dual-chamber 

system, a volatile liquid should be retained in one of 

the chambers (to facilitate buoyancy) and the other 

is the drug that is incorporated into a polymeric 

structure (e.g., HPMC or ethyl cellulose) in which it 

is controlled sustained release. The drug is slowly 

absorbed into the gastric fluid as the system is kept 

afloat and hence it is guaranteed enhancing 

bioavailability [14], and prolonged contact with the 

absorption site. 

 
Fig 1.9: Intra-gastric single and dual chamber 

system 

 

Merits of effervescent system 

Effervescent systems are associated with a set of 

advantages to gastro-retentive drug delivery. They're 

straightforward in design, simple to manufacture, 

and perform miracles in attaining buoyancy due to 

the carbon dioxide gas which forms when they meet 

gastric fluid. This reduction in overall density of the 

dosage form is because of this gas trapping, which 

enables the dosage form to float and remain longer 

in the stomach [27]. Therefore, slow-absorbing 

drugs that are predominantly located either in the 

stomach or upper small intestine 

are better bioavailable and have longer therapeutic 

profiles. And of course, effervescent systems are 

less complicated patients through reducing the 

frequency of taking medication and optimization of 

variability of drugs plasma levels [14]. 

Demerits of effervescent system 

Developments of effervescent system are 

disadvantageous. There are some disadvantages of 

these systems. Whether or not may have a 

tremendous influence on their effectiveness. food 

available, gastric pH and motility contribute to the 

production and buoyancy of the gases. Floating 

behaviour can depend on the specifics of the person 

because of the differences in physiology of 
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individuals [33]. Additionally, the acidic 

environment and gas-emitting foods (such as 

sodium bicarbonate and citric acid) may 

occasionally be irritating the intestinal or cause 

discomfort. It is important to find a balance in the 

formulation in order to make it consistent 

production of gas and prevent early disintegration or 

sinking of the pill [16]. 

NON-EFFERVESCENT SYSTEM  

Gastro-retentive drug delivery system Non-

effervescent systems A type of gastro-retentive drug 

delivery system that can remain floating without 

producing gas. This they attain by the use of 

swelling polymers, gels or by structures of matrix 

that maintain their density below that of the gastric 

fluid [27]. These systems are usually comprised of 

hydrophilic polymers such as HPMC 

(hydroxypropyl methylcellulose), carbopol, chitosan 

or sodium alginate. When they come when exposed 

to gastric fluid, they balloon to form a gel-like 

coating that entraps air in the matrix that permits the 

dosage form to float [16]. 

Principle 

Non-effervescent floating system operates under the 

principle of floating where the system can also 

remain in suspension stomach since the gastric fluid 

is denser than it (particularly, the gastrointestinal 

fluid has a density of less than 1.0 g/cm3) [14]. 

Interacting with the gastric fluid, this system reacts 

with such hydrophilic polymers as HPMC, 

Carbopol, chitosan, or sodium alginate. These 

substances absorb water and become swollen 

producing a gel layer around the dosage form [70]. 

This gel entraps air in its framework, which reduces 

the total density as well as aids the system to be 

suspended on top of the gastric fluid. As a result, the 

dosage form may remain in the stomach longer and 

it is able to withstand a period of time deliberate and 

prolonged remittance of the medication that 

augments the bioavailability of drugs mainly is 

absorbed in the stomach or the upper intestine [64]. 

Mechanism 

The floating system is a non-effervescent system 

that operates based on swelling and formation of 

gels of hydrophilic polymers, making the dosage 

form remain suspended in gastrointestinal fluid 

without gas formation [14]. When this formulation 

meets gastric fluid, polymers such as HPMC, 

Carbopol, chitosan or sodium alginate absorb water, 

expand and form a hazardous gel housing encircling 

the system. This wet gel entraps air inside its 

framework which decreases the entire density of the 

dosage form to less than that of gastric fluid (1.0 

g/cm 3) [71]. As a result, the system is supported by 

the stomach contents and retards gastrointestinal 

emptying. As it floats, the drug is emptied slowly 

through diffusion and erosion of the gel matrix and a 

controlled and protracted release is ensured. This 

leads to a longer greatly improved bioavailability 

and longer gastrointestinal residence times and 

improved therapeutic benefit of drugs 

predominantly absorbed: in the stomach or in the 

upper half of the small intestine [64]. 

Types 

Single layer floating tablets- A gastro-retentive drug 

delivery system is a special tablet which is designed 

to remain the single-layer floating system spends a 

more extended period of time in the stomach 

without causing gas [21]. It consists of a single layer 

of the matrix which bears the medication as well as 

hydrophilic polymers [27]. On coming in contact 

with gastric fluid, these polymers degrade to 

generate they become filled with air and form a gel 

coating which encloses air within the tablet [26]. 

This reduces the density of the tablet, giving it 

permission to move around on the contents of the 

stomach [67]. This new system does not only assure 

that the drug remains longer in the stomach and can 

be released under control, which increases the 

bioavailability of the medications that are mainly 

absorbed in the stomach or in the upper intestine 

[71]. 

Components 

The most important components of a single-layer 

floating tablet are a drug, which is also referred to as 

the active pharmaceutical ingredient that must be 

discharged gradually in the stomach [22]. It has also 

got hydrophilic polymers such as HPMC 

Hydroxypropyl Methylcellulose (Hydroxypropyl 

Methylcellulose), Carbopol, chitosan or sodium 

alginate that absorb gastric fluid and can be used 

widen to form the gel layer which holds the tablet 

afloat [14]. In order to give mechanical strength and 

control diffusion of the drug the matrix formers, e.g. 

ethyl cellulose or polyvinyl alcohol (PVA), are 

applied [72]. Fillers such as microcrystalline 

cellulose (MCC) or lactose assist in the 

manipulation of weight and compressibility of the 

tablet [67]. Also, it is added with lubricants (such as 

magnesium stearate) and glidants (such as talc). 

Process of manufacturing and avoid sticking [73]. In 

certain situations, it is coated with some agents such 

as Eudragit or cellulose acetate are used to further 

control the rate of release and prevent the tablet 

against stomach acid [74]. 
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Fig 1.10 Single layer floating tablets 

 

Bilayer floating tablets - A bilayer floating 

tablet is a special kind of gastro-retentive drug 

delivery system where two layers have been used 

layers--one of giving out the medication, and the 

other of supporting it in place [75]. The drug layer is 

packed containing the active pharmaceutical 

ingredient (API) and polymers which aid in 

regulating the rate at which the drug is released [21]. 

In the meantime, the buoyant layer consists of swell-

able polymers or lightweight materials that enable 

the swell-able polymers tablet to fall in gastric juice 

[76]. After being swallowed, the buoyant layer 

ruptures and becomes bigger when it gets in contact 

with gastric fluid, which reduces the overall density 

of the tablet to less than 1.0 g/cm3. This is a brilliant 

design that assists the tablet remains in the stomach 

a long period of time [14], so that the drug is 

released in a constant amount and the stomach is the 

best place absorption of drugs in the upper 

gastrointestinal system [71]. 

Components  

A bilayer floating tablet is made of two 

layers, one of them containing the drug to be 

released, and the other one, aiding the tablet to float 

and some auxiliary substances which help to keep it 

afloat, and to secure the liberation of the drug in a 

gradual manner [27]. The active pharmaceutical 

ingredient (API) and controlled- are packed in the 

drug release layer discharge polymers such as 

HPMC (Hydroxypropyl Methylcellulose), Carbopol, 

chitosan or sodium alginate. These components are 

used to control the diffusion or eroding behaviour of 

the drug and introduce controlled diffusion 

throughout the session [77]. On the other hand, the 

buoyant layer is made of hydrophilic or low-density 

polymers like HPMC, ethyl polyethylene oxide, or 

cellulose. These substances absorb gastric fluid, 

increase, and form a gel, which forms a barrier, 

which is like a gel traps air, by which the density of 

the pill is decreased and the pill floats on the 

stomach [76]. To ensure the tablet remains in the 

same shape at swelling, such matrix formers as ethyl 

cellulose or polyvinyl alcohol (PVA) are added to 

ensure greater structural strength. Fillers such as 

microcrystalline cellulose (MCC) or lactose 

contribute to the accomplishment of the right tablet 

size and mechanical properties [78], and lubricants 

like magnesium stearate and glidants like talc 

smooth the manufacturing process and eliminate 

sticking when compression is being done [73]. 

Sometimes, acoating of optional coating layer 

consisting of Eudragit or cellulose acetate is 

provided to control the rate of drug release even 

further and protect the formulation against 

gastropod acids [79]. 

 

 
Fig 1.11 Bilayer floating tablets 
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Alginate beads - They are little, circular 

hydrogel beads composed mostly of sodium alginate 

which is an organic polysaccharide. Sourced from 

brown seaweed [80]. When a solution of sodium 

alginate, which contains a drug, is dropped into a. an 

ion exchange occurs with calcium chloride solution 

and results in the creation of calcium alginate beads 

through a procedure called inotropic gelation [81]. 

These beads are porous in nature, which entraps air 

or gas them a low density which enables them to 

have a prolonged period of floating on gastric fluid. 

This is a special property which allows a modo 

delivery of the drug at a low rate [82]. 

 

Components  

The alginate beads consist primarily of 

sodium alginate that is used as the gelling agent and 

creates the structure which endows them with taste 

and lightness [83]. The beads are formed by using a 

cross-linking agent, normally calcium chloride 

(CaCl2) reacts with sodium alginate, leading to the 

formation of calcium alginate beads, which are 

robust and stable [84]. The drug is added to the 

alginate solution to make the beads even before the 

beads are formed placed all over the matrix. To alter 

the rate of release of the drug or increase the 

mechanical strength, other polymers, such as 

chitosan, HPMC, or Carbopol can be mixed with the 

sodium alginate [85]. To make the more flexible 

beads, or fillers or plasticizers (e.g. glycerol), or 

coating agents (e.g. Eudragit). Better control of the 

drug release can be achieved with the help of 

cellulose acetate and the beads are not broken in the 

acidic medium environments [86]. 

 

 
Fig 1.12 Alginate beads 

 

Hallow microspheres- One of the most 

interesting classes of floating drug delivery systems 

are hollow microspheres also known as micro-

balloons that doesn't fizz [87]. They are supposed to 

remain in the stomach until a long duration [40]. 

Picture tiny, light weight core spherical hollow 

particles with a polymer shell that encloses the 

medication [62]. These micro scaffolds have cavities 

that result in a lower density of the microspheres 

compared to gastric fluid that they may be 

suspended on the stomach contents [88]. These 

microspheres are normally prepared through 

techniques similar to solvent evaporation or 

emulsion solvent diffusion, as are used to form that 

hollow structure [89]. The advantage of floating 

microspheres is in their capacity to offer longer 

gastric retention, controlled drug release, and 

increased bioavailability of drugs which are 

absorbed in the stomach or upper intestine [71]. 

 

Components 

A typical floating system of powder or 

granule type typically comprises of a few major 

parts [73]. The drug serves as the controlled release 

active pharmaceutical ingredient (API) [22]. The 

polymer is the main swelling and gel formation 

component, which is the ability to give buoyancy 

and regulate drug release; examples of common 

polymers are hydroxypropyl methylcellulose 

(HPMC), carbopol, ethyl cellulose and sodium 

alginate [72]. To add diluent or filler agents like 

lactose, microcrystalline cellulose or mannitol are 

added enhance flow properties and bulk, offer bulk 

[67]. Binder agents such as starch paste, or povidone 

(PVP), are applied keep the integrity of the granules 

[90]. Sometimes, lubricants (e.g., magnesium 

stearate, talc) are included to enhance process 

ability, and stabilizers may be added to improve 

formulation stability [85]. 
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Fig 1.13 Hallow microspheres 

 

Powder or granule system- The floating 

powder or granule system is an ingenious, non-

effusive process of administering medication that is 

formed so as to remain suspended in gastric liquids, 

that it may remain a longer time in the stomach [16]. 

This system uses which are assisted by means of 

especially prepared powders or granules formed of 

low-density polymers or swelling agents is careful 

not to sink when they have been taken [22]. On 

reaching the gastric fluid these granules swell up, 

form a gel layer, or trap air , and the latter reduces 

the density to a level lower than the stomach 

contents (1.0 g/cm3) [67]. This floating feature 

Major is important to the prolonged release of drugs 

that are taken into the stomach or the upper small 

intestine, eventually increasing their bioavailability 

and efficacy as therapy [47]. 

 

Components  

The floating system normally incorporates 

a number of key components. The active 

pharmaceutical of the drug is the drug itself 

controlled release ingredient (API) [91]. The point 

where the polymer is important is because it does 

swelland creating the gel that is made to give 

buoyancy and control the release of the drug; typical 

options of these Carbopol, ethyl cellulose, and 

sodium alginate are examples of polymers that 

contain hydroxypropyl methylcellulose (HPMC) 

[85]. To add bulk and enhance flow, such fillers or 

diluents as lactose, microcrystalline cellulose or 

mannitol are added [90]. The granules are retained 

by binder agents, e.g. povidone (PVP) or starch 

paste [73]. Sometimes, lubricants such as 

magnesium stearate or talc are added to make the 

process smoother and stabilizers may be added to 

make the formulation more stable [85]. 

 

 
Fig 1.14 Powder or granule system 
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Merits of non-effervescent system 

Floating systems (non-effervescent) have a 

host of benefits that are quite significant as 

compared to effervescent one’scounterparts [14]. To 

begin with, they are simple in design, and they do 

not rely on chemical reactions produce gas to have 

buoyancy, which makes them more stable and 

dependable in terms of their performance [16]. Their 

ability to the swelling polymers such as HPMC, 

Carbopol or chitosan are the major determinants of 

float, that is, they are less affected depending on the 

pH of the stomach or the presence of food [22]. 

These systems are also very good in extending 

gastric retention creating a gel capillary that 

prolongs the length of stay of the dosage form [71]. 

Besides, they provide regulated and sustained drug 

release, which increases the bioavailability of drugs 

that are absorbed in the stomach or upper small 

intestine [27]. Having an easy formulation 

mechanism, good solid physical stability, and 

avoiding capacity they are also safer and easier to 

use by both the manufacturer and the patients as 

they generate the gas suddenly [76]. 

 

Demerits of non-effervescent system 

Their general behaviour and buoyancy is 

strongly connected to swelling properties of the 

polymers applied to them may vary depending on 

gastric fluid composition, viscosity and hydration 

rates [76]. If the gel layer produced by the polymer 

is poor or wears off too fast, the system may lose its 

floating power earlier than expected. Also, the 

polymer viscosity and the surrounding can influence 

the release of the drug conditions, and it is 

challenging to have consistent release profiles [72]. 

Such systems can also face formulation barriers, 

such as difficulty in preserving low density or in 

having all the units floating in the same way 

[87].Furthermore, drugs that need to act quickly or 

are poorly soluble in gastric fluid might not be the 

best fit for this system [71]. So, while non-

effervescent systems offer stable and sustained drug 

delivery, their success largely hinges on choosing 

the right polymer and fine-tuning the 

formulation[47]. 

 

 

 

FORMULATION ASPECTS  

Drug selection 
Choosing the right drug is a crucial part of 

creating a Floating Drug Delivery System (FDDS) 

[14]. This is because only certain drugs really 

benefit from staying in the stomach for a longer time 

[27]. he best candidates the ones which are absorbed 

are chiefly in the stomach or the upper part of the 

small intestine [71]. With FDDS, these drugs have a 

longer time to remain in the absorption zone and 

increase their bioavailability [67] . On the flip side, 

drugs those that are not soluble or are unstable in the 

alkaline medium of the intestine actually work better 

in the acidic stomach, and FDDS is an excellent 

choice [68]. Drugs that are also ideal in this system 

are those that must be employed locally, as is the 

case when it comes to treating gastric problems such 

as ulcers or gastritis as they increase the stay in the 

stomach can augment their treatment effects [71]. In 

addition, drugs with a low biological half-life or 

absorbed well in the lower gastrointestinal tract can 

actually do well with the sustained release and 

enhanced absorption that is provided by FDDS in 

the stomach region [76]. Examples of such drugs are 

some levodopa, amoxicillin, furosemide, verapamil 

and metformin [68]. Concisely, FDDS is most 

effective in acid-stable medications requiring slow 

delivery, local effect in the stomach or enhanced 

absorption in the upper gastrointestinal tract, and 

finally resulting in efficacy and patient adherence 

[16] 

 

Polymer selection 

Polymers are important in designing Floating Drug 

Delivery System (FDDS) as they determine the 

effects of the drugs are emitted, the buoyancy of the 

system, and its mechanical strength in general [23]. 

These polymers can be divided into two major 

categories: natural and synthetic which have distinct 

functions in maintaining the system to be afloat and 

gives out medication gradually [16]. 

• Natural polymers: It is an excellent option 

since they are not toxic, biodegradable, or 

biocompatible, rendering them safe to 

pharmaceutical use [75]. They are also hydrophilic 

in nature, i.e. they absorb water swell when it is in 

contact with gastric fluids to form a layer of gel that 

reduces the density of the system and allows it to 

float [67]. Other natural polymers that are 

commonly used are sodium alginate, chitosan, 

pectin, etc. guar gum, xanthan gum, and locust bean 

gum [92]. Sodium alginate is especially suitable to 

produce a strong gel matrix, which forms a support 

of buoyancy and controlled release [80], whereas 

chitosan exhibits the properties of mucoadhesive 

enhance the dosage form to be adhered to the gastric 

mucosa over a prolonged period [93]. 

• Synthetic polymer: Synonyms on the other 

hand are popular because of their uniform and 

consistent nature Physicochemical properties that 
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can be controlled and allow making accurate 

changes in drug release and buoyancy [21]. They 

either can be hydrophilic or hydrophobic [68]. 

Common synthetic polymers include 

Hydroxypropyl Methylcellulose (HPMC), Carbopol, 

ethyl cellulose, Eudragit RS and RL, polyvinyl 

alcohol (PVA), and cellulose acetate [26].In non-

effervescent systems, HPMC and Carbopol swell up 

to become gels, and they are hydrophilic Ethyl 

cellulose and Eudragit derivatives are hydrophobic, 

which aids in maintaining drug release, whereas 

hydrophobic polymers are used in drug delivery 

[22]. Keep the dosage form structurally sound [89]. 

 

Gas generating agents 

Effervescent floating drug delivery systems 

can only work through the use of gas-generating 

agents, which are necessitated by the system 

generating gas, typically carbon dioxide (CO2) 

which makes the dosage form float in gastric fluid 

[14]. The interaction of the formulation with the 

acidic conditions of the stomach leads to a chemical 

reaction takes place between the alkaline and the 

acidic constituents to produce CO2 gas [27]. The 

gas is trapped indoors the hydrocolloid gel or 

polymeric matrix layer, which causes the system to 

rise to the surface of, and be suspended on, a lower 

density liquid gastric contents over a long time [67]. 

The most typically used agents of gas generation are 

sodium. They include bicarbonate, calcium 

carbonate, citric acid and tartaric acid [94]. Such 

agents are frequently combined e.g. sodium 

bicarbonate and citric or tartaric acid--to prevent a 

steady and controlled discharge of gas [22]. The 

main source of CO2 generation is sodium 

bicarbonate, and citric acid and tartaric acid are their 

acting acid sources to trigger the effervescence [95]. 

The swelling polymers such as HPMC trap the 

generated gas. Carbopol or chitosan which forms a 

gel membrane holding buoyancy and inhibiting 

gaseous flight [75].  

 

Low density materials 

With the linking of these materials, the density of 

the system is minimized to the level lower than the 

gastric fluid (1.0 g/cm3), whereby the formulation 

will be floating on top of the contents of the 

stomach and will remain in the gastric area longer 

time [89]. Ethyl cellulose, calcium silicate, is some 

of the low-density material that are commonly used 

polypropylene foam powder, and hollow 

microspheres, and Eudragit polymers [87]. This is 

especially true with calcium silicate characteristic of 

being porous, lightweight, which forms an internal 

structure that traps air and increases floatation [95]. 

Ethyl cellulose and Eudragit not only assist to 

maintain the density low but also assist in controlled 

drug free by the creation of a semi-permeable 

network [96]. Another excellent choice is the 

polypropylene foam powder, which offers 

prolonged buoyancy due to its very low specific 

gravity [21]. One can use these materials separately 

or used together with swelling polymers such as 

HPMC or Carbopol to form a buoyancy system of 

polymers as she continuously emitted the drug [14]. 

 

Release retardants  

Also known as matrix formers essentially 

play a significant role in Floating Drug Delivery 

Systems (FDDS) by controlling how fast and how 

long a drug is discharged, and yet keeping the 

dosage form floating and stable. [14]. These 

substances form a network in which the drug is 

evenly spread. When the system interrelates with 

gastric fluid, the matrix may swell, erode or permit 

the drug to diffuse resulting in a constant release of 

the drug extended time [67]. Hydroxy-propyl is 

some of the hydrophilic release retardants that are 

commonly used Carbopol, sodium alginate, 

chitosan, and pectin [80]. These polymers absorb 

water and create a gel like barrier that retards the 

movement of drugs and holds the system suspended 

since it traps air within the swollen matrix [94]. 

Hydrophobic polymers such as ethyl cellulose, 

Eudragit RS/RL and on the other hand cellulose 

acetate do further aid in extending the release of 

drugs by decreasing the amount of water that enters 

the matrix the liberation largely reliant on diffusion 

[96]. The correct release retardant is paramount and 

it is based on the target release profile, the drug 

solubility, and solubility formulation (effervescent 

or non-effervescent). [68]. In many instances, a 

combination of hydrophilic and hydrophobic 

polymers is used to achieve the optimum trade-off 

between the rate of drug release and system 

buoyancies [95]. 

 

Table 1.3 Polymer and excipients used in FDDS[202] 

Category Examples Purpose 

Hydrophillic polymers HPMC, carbopol, PEO. Formation of gel, integrity of 

matrix. 

Hydrophobic polymers Eudragit, RS/RL, ethylcellulose. Controls drug release rate. 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug.2026, pp:1476-1514 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.5281/zenodo.22128029   | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal       Page 1494 

Gas generating agents Sodium bicarbonate, citric acid. Effervescence (production of 

CO2). 

Low density materials Oils, fatty acids, waxes. Reduce the density of the system. 

Release modifiers PVP, PEG Modify diffusion and release 

profile 

 

OTHEREXCIPIENTS 

Formulation additives play a crucial role in the 

development of Floating Drug Delivery Systems 

(FDDS) as they improve it production of properties, 

solubility, and stability, and general performance 

[16]. Although these excipients do not have, they 

are also pharmacological activity themselves, which 

makes the dosage form possess the required physical 

and mechanical characteristics to achieve effective 

delivery of drugs [73]. It contains 

• Binder: such as polyvinylpyrrolidone 

(PVP), starch paste and hydroxyl-propyl cellulose 

(HPC) to offer cohesion and mechanical strength to 

granules or tablets [97].  

• Diluents: like lactose, microcrystalline 

cellulose (MCC) and mannitol are used to bulk up 

the formulation and enhance flow characteristics, 

particularly with low dose drugs [95].  

• Lubricants: such as magnesium stearate, 

talc, and stearic acid prevent sticking of materials to 

equipment in compression of pills, it is desirable to 

make the operation easier [98]. Plasticizers in 

floating film or coated systems in floating film or 

coated systems, plasticizers as dibutyl phthalate and 

triethyl citrate increase the flexibility and elasticity 

of the polymer layer [99].  

• Surfactants: such as Tween 80 and sodium 

lauryl sulphate (SLS) used to enhance wetting and 

drug solubility on gastric fluids [22].  

• Stabilizer and preservatives: such as 

butylated hydroxyl-toluene (BHT), methyl-paraben, 

etc. The propyl parabens are used to maintain the 

formulation in a chemically and physically stable 

state during storage [100]. 

To sum it up, formulation additives—including 

binders, diluents, lubricants, plasticizers, surfactants, 

and stabilizers—are crucial for ensuring that FDDS 

have strong mechanical properties, consistent 

buoyancy, controlled drug release, and long-term 

stability for effective therapeutic action [47]. 

 

METHODS OF PREPARATION 

The preparation methods for Floating Drug 

Delivery Systems (FDDS) can differ quite a bit 

based on whether you're dealing with a single-unit 

or multiple-unit system, as well as the buoyancy 

mechanism, which can be either effervescent or 

non-effervescent [16]. The major objective of these 

techniques is to develop a dosage form that is 

capable of floating in gastrointestinal fluids and 

dissolving the drug in a slow manner [27]. 

 

Direct compression method 

One of the simplest and the most used 

techniques in making floating tablets is the direct 

compression method Floating Drug Delivery 

Systems (FDDS) [94]. Under this method, all the 

components, such as the drug, polymer, gas-

producing agents, as well as other excipients, are 

combined and pressed directly into tablets, omission 

of any granulation or wetting procedure [101]. The 

formulation normally has an active pharmaceutical 

ingredient (the drug), a polymer that is release-

retarding (HPMC, Carbopol, or ethyl cellulose) and 

caustic agents such as sodium bicarbonate and citric 

acid. When they come in these agents also produce 

gas exposure to gastric fluid, which causes the tablet 

to remain afloat [76]. Other excipients, including 

binders, lubricants, and diluents are added, too, to 

improve the viscosity and compressibility of the 

powder mix.[100]. A tablet punching machine is 

used to compress the homogeneous mixture into 

tablets with the desired hardness and size [73]. 

Some of the benefits of this approach are its 

simplicity, affordability and low level of processing 

steps, and its incompatibility with moist and hot 

drugs [102]. But free-flowing is necessitated by it 

compression-free powders and the final tablet must 

possess the appropriate level of porosity and 

strength to make it float and discharges the drug 

gradually [103]. 
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Fig 1.15 Direct compression method 

 

Solvent evaporation method 

One popular technique in the production of 

floating microspheres or microcapsules is the 

solvent evaporation method which is utilised the 

design of Floating Drug Delivery Systems (FDDS) 

[87]. This method is based on the development of 

hollow porous particles through the evaporation of a 

volatile solvent of an emulsion which includes the 

drug and a polymer [89]. In this procedure, the drug 

is dissolved or dispersed in a volatile organic 

solvent such as dichloromethane, ethanol, etc. or 

chloroform mixed with an appropriate polymer like; 

ethyl cellulose, Eudragit or HPMC [104]. This then 

organic mixture is emulsified in an aqueous phase 

which contains a surfactant such as polyvinyl 

alcohol (PVA) and is continuously stirred and a 

resulting oil-in-water (O/W) emulsion is obtained 

[103]. As the stirring continues, slowly the organic 

solvent will evaporate leaving the polymer to 

solidify around the drug and create hollow or porous 

microspheres [105]. These microspheres are low 

density and thus, they are capable of floating in 

gastrointestinal fluids that contributes to making 

sure that they stay longer in the stomach and deliver 

a more lasting discharge of the drug [106]. This 

technique possesses a number of advantages such as 

good control over the particle size, homogeneous 

distribution of the drug, and its appropriateness to 

hydrophobic and hydrophilic drugs [28]. 

Nevertheless, it may include the usage of poisonous 

solvents, hence it is very important to eliminate 

them fully in order to be safe [107]. 

 

 
Fig 1.16 Solvent evaporation method 

 

Emulsion solvent diffusion method 

The emulsion solvent diffusion method is a 

proven technology of making floating microspheres, 

as well so-called micro-balloons that are major 

participants in Floating Drug Delivery System 

(FDDS) [87]. This method works involved the 

movement of a volatile solvent between the internal 

and external aqueous phases, which Indicates the 

precipitation of the polymer creating hollow 

microspheres to float in gastric fluids [89]. In this a 

pharmaceutical and a polymer, such as ethyl 

cellulose, Eudragit, or HPMC is dissolved in a 

mixture of volatile and solvents which are not 

volatile, usually ethanol and dichloromethane [105]. 

This is an organic blend that is introduced to an 

aqueous solution containing a stabilizer or 

surfactant, e.g. polyvinyl alcohol (PVA) during 

stirring and to continuously make an oil-in-water 
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(O/W) emulsion [103]. The volatile solvent (like) is 

used as the process is carried out the ethanol) in the 

solution diffuses to the aqueous layer, and the more 

recalcitrant solvent (such as dichloromethane) is 

retained longer, to cause the polymer to precipitate 

and entrap the drug within it [106]. This result in the 

formation of porous or hollow microspheres after 

the solvents have diffused and evaporated 

completely [108]. The resulting microspheres are as 

shown under this technique are lightweight, where 

they are able to float in gastric fluid and deliver a 

steady absorbance of the drug over time [28]. This 

technique has a number of strengths such as uniform 

particle size, efficient drug entrapment, and mild 

processing conditions, and it is the best to use with 

heat-resistant drugs [109]. However,it is also 

important to take care of the ratios of solvents and 

the rate of stirring so as to make sure that the 

microspheres are uniform [110]. 

 

 
Fig 1.17 Emulsion solvent diffusion method 

 
Hot melt extrusion method  
A well-known technique of producing floating drug 

delivery systems is the hot melt extrusion (HME) 

technique the FDDS, especially as floating film, 

granules, and microspheres [111]. This process 

involves Fusing a blend of drugs and polymer, and 

forcing it through an extruder to create a uniform 

product with controlled buoyancy and porosity 

[112]. In this technique, appropriate thermoplastic is 

added to the drug such polymers as Eudragit, ethyl 

cellulose, polyethylene oxide (PEO) or 

hydroxypropyl methylcellulose (HPMC) [113]. It is 

then mixed in an extruder where it undergoes high-

pressure and temperatures. The heat causes the 

polymer to become soft thus allowing the drug to 

mix uniformly [114]. The melted mixture thus 

formed is extruded by a die, and hastily cooled in 

order to form solid strands or sheets, cut or milled 

into the required dosage forms, which may be 

floating pellets, films or tablet [115]. As a measure 

to enhance the surface of the end product, gas-

During the procedure, the formation of agents (e.g. 

sodium bicarbonate) or lightweight materials may 

be added [40]. Advantages of this technique are that 

it does not require solvents, it produces 

continuously, distributes the drug uniformly and 

also, the method does not demand solvents efficient 

regulation of the drug release characteristics [116]. 

It should be mentioned, however, that this is not the 

only method suitable where the drug is heat-

sensitive, because the temperatures are high [112]. 
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Fig 1.18 Hot melt extrusion method 

 

Ionotropic gelation method  

The ionotropic gelation is a simple and 

common procedure of making floating beads or 

microspheres especially those made out of natural 

polymers such as sodium alginate which are utilized 

in Floating Drug Delivery Systems (FDDS) [117]. 

This technique makes use of the gel-forming 

capacity of polyelectrolytes when they are exposed 

to oppositely charged ions, cross-linked gel beads 

are formed and are able to float progressively 

administer drug [118]. In this, either the drug is 

dispersed or dissolved in a water-based A natural 

polymer, typically sodium alginate is dissolved [16]. 

Then this polymer mixture with the drug is dripped 

into a solution of multivalent cations, e.g. calcium 

chloride (CaCl2), barium chloride (BaCl2), or zinc 

sulfate (ZnSO4) with the help of a syringe or a 

peristaltic pump [119]. With the impact of the 

droplets on the ionic solution, gelation occurs nearly 

immediately owing to the reaction of the negatively 

charged carboxylate groups of alginates and the 

metal ions of opposite polarity. The gel beads that 

result is then left to dry after some time, produced, 

and dried, to form floating beads of alginate [80]. 

Gas-generating agents (such as) are used to increase 

the buoyancy The polymer solution may have 

sodium bicarbonate) or lightweight materials added 

to it prior to the gelation process begins [110]. This 

technique has a number of strengths such as it is 

simple, biocompatible, and has mild processing 

conditions It does not require organic solvents, so it 

is especially appropriate when the drugs involved 

are organic solvents, [40] heat-sensitive and solvent-

sensitive [120]. Nevertheless, it is interesting to add 

that the beads can be of different sizes and 

mechanical strength that is dependent on the 

conditions of cross-linking [121]. 

 
Fig 1.19 Ionotropic gelation method 

 

Spray drying method  

Spray drying technique is a common 

process of fabricating floating microspheres or 

hollow microspheres that are employed within 

Floating Drug Delivery Systems (FDDS) [87]. 

Basically, this is a liquid mixture that is converted to 

a liquid by clearing the drug and the polymer into 

dry and hollow particles through spraying into a 

stream of hot air [122]. To kick things off, the 

polymer, which is a drug or polymer, such as ethyl 

cellulose, Eudragit or HPMC, is dissolved or 

dispersed in an appropriate solvent is volatile like 

ethanol, methanol, or dichloromethane [110]. This is 

a combination that is added into a spray dryer, in 

which it is atomized in a nozzle into minute droplets 

[99]. In encountering the hot these droplets, the 

solvent is then rapidly evaporated, from which 

microspheres, small, spherical and porous remain 

[119]. Thanks to the hollow nature of these 

microspheres makes they low density so that they 

can be suspended in gastric fluids longer time [103]. 
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This process is associated with a number of 

advantages such as a simple procedure, a quick 

turnaround, and suitability with heat-sensitive drugs 

[123], as well as, a high level of control over the 

size and shape of particles. However, it could be not 

optimal with heat-sensitive drugs since the air 

employed is hot during drying process [124]. 

 

 
Fig 1.20 Spray drying method 

 

FACTORS AFFECTING FLOATING DRUG 

DELIVERY SYSTEM 

Density and porosity of the system 

Floating relies on density. The density of the dosage 

form must be lower than that of the gastric content 

(1.004 gm/ml) [27]. Thus, a density of less than 1 

gm/ml is necessary to exhibit the floating property 

[25].Porosity is all about those tiny little pores or 

voids that exist within the structure of a dosage 

form, like a tablet, microsphere, or bead [103]. 

Consequently, dosage forms with a density that is 

lower than the gastric content can readily float on 

the surface, whereas dosage forms with a higher 

density will sink to the bottom of the stomach [106]. 

Viscosity and concentration of polymers 

Polymers like hydroxyl-propyl methylcellulose 

(HPMC), Carbopol, ethyl cellulose, and Eudragit are 

frequently utilized in floating drug delivery systems 

(FDDS) to create the matrix or gel structure that 

regulates drug release and supports buoyancy [26]. 

As the concentration of the polymer rises, the 

viscosity of the gel layer that forms when it comes 

into contact with gastric fluids also increases 

[45].The slower one of these is a thicker gel barrier 

diffusion of the drug as well as the gas formed in 

effervescent systems which gives a longer drug 

freeing and increased floating period [125]. 

Nevertheless, when the concentration of polymer or 

viscosity is very high, it may result in the same to 

delayed hydration and swelling, which prolongs the 

floating lag time, and can even result in incomplete 

drug release [106]. Conversely, excessively low, a 

concentration of polymer may cause excessive 

erosion of the matrix and reduced floating time 

because of poor gel strength. The grade of polymer 

in terms of viscosity is also of essence HPMC that 

are viscous like HPMC K100M are used to produce 

stronger and more stable gels, which guarantee 

improved stability and prolonged delivery [41]. Low 

viscosity grades such as HPMC K4M, on the other 

hand, permit faster drug discharge, but cause a 

reduced time of floating [46]. 

Gas generation rate 

The slower one of these is a thicker gel barrier 

diffusion of the drug as well as the gas formed in 

effervescent systems which gives a longer drug 

freeing and increased floating period [125]. 

Nevertheless, when the concentration of polymer or 

viscosity is very high, it may result in the same to 

delayed hydration and swelling, which prolongs the 

floating lag time, and can even result in incomplete 

drug release [106]. Conversely, excessively low, a 

concentration of polymer may cause excessive 

erosion of the matrix and reduced floating time 

because of poor gel strength. The grade of polymer 

in terms of viscosity is also of essence HPMC that 

are viscous like HPMC K100M are used to produce 

stronger and more stable gels, which guarantee 

improved stability and prolonged delivery [41]. Low 

viscosity grades such as HPMC K4M, on the other 

hand, permit faster drug discharge, but cause a 

reduced time of floating [46]. However, if the gas is 

produced too quickly, it might escape before it can 

be captured in the polymeric matrix, which can lead 

to poor buoyancy [18]. On the other hand, if the gas 

generation is too slow, it can delay floatation and 

diminish the system’s overall effectiveness [41]. 

 

Size and shape of dosage form 

Increases in gastric retention time (GRT) compared 

to those with a diameter of 9.9 mm have been 

observed for dosage type units that have a diameter 

exceeding 7.5 mm [126].With a flexural modulus of 

48 and 22.5 kilo pounds per square inch (KSI), the 

dosage forms designed in tetrahedron and ring 

shapes have been reported to demonstrate superior 

gastrointestinal transit (GIT) with 90 to 100 per cent 

retention at 24 hours when compared to other shapes 

[127]. 

Fed and fasted state of the stomach 

Periods of vigorous motor activity during fasting 

conditions, along with the migrating myoelectric 

complexes (MMC) that manifest every 1.5 to 2 

hours, define gastric motility [128].The MMC clears 

undigested substances from the stomach, and it can 

be anticipated that the gastric residence time (GRT) 

of the unit is quite brief if the timing of the 
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formulation's administration aligns with that of the 

MMC [27]. Conversely, the MMC is postponed in 

the fed state, resulting in a slightly extended GRT 

[71]. 

Nature of the meal and gastric motility 

If, FDDS are taken while eating, the food in the 

stomach slows down how quickly it empties, which 

helps the dosage form stay afloat for a longer time 

[16]. Meals that are rich in fat, calories, or 

thickness—like those heavy on fats or proteins—

tend to slow down gastric motility, extending the 

time the drug can float and be absorbed [126]. 

Liquid or low-calorie foods, on the contrary, 

accelerate the emptying of the stomach, meaning 

that the system retention of the dosage for less time 

[129]. Gastric motility, specifically, the Migrating 

Myoelectric Complex (MMC) is involved key role 

in how FDDS behaves [130]. The MMC is a 

rhythmic movement, which occurs after every 90 to 

120 minutes when you are fasting, assisting in the 

expulsion of undigested food in the stomach [131]. 

So, if FDDS are taken on an having an empty 

stomach they may be expelled soon due to the 

intense contractions during MMC phase [132]. 

Amount of low-density materials 

These substances are important in reducing the total 

weight of the dosage form, thus making it be afloat 

able in gastric fluids (of a density of about 1.004 

g/cm3) [23]. Low-density excipients such as 

beeswax are added to it we can mineral oil or fatty 

acids or lightweight polymers, including ethyl 

cellulose increase buoyancy and decrease the weight 

of the system [16]. One should strike the right 

balance with such materials--excessively small 

amounts may not be reduced in density sufficiently, 

resulting in a sinking dosage form, and too large 

may not be reduced in density sufficiently, resulting 

in a floating dosage form a lot might affect the 

strength, the rate at which the drug is released, and 

compressibility of the tablet [71]. 

Patient-Related factors  

Age, gender, posture and health condition among 

others are major factors that influence our stomachs 

move and empty [133]. An example would be the 

decreased gastric motility and gastric secretion 

among the older adults that can contribute to the 

increased time of food retention in the stomach, 

eventually boosting the performance of floating 

drug delivery systems (FDDS) [134]. Interestingly 

women generally are slow to gastric hormonally 

incapable of emptying than men, chiefly because 

they can store food a short time longer [135]. 

Position when sitting or lying, also influences the 

duration of stay of food in the stomach; such as 

lying either on your back or on your right side can 

make the time staying there of food longer than 

sitting up [136]. Moreover, some of the health 

conditions such as diabetes, hypothyroidism, and 

gastric ulcers may delay gastric emptying, whereas 

other factors such as hyperthyroidism, stress or 

anxiety may accelerate the process resulting in a 

reduced floating period [137]. 

Type of formulation  

The development of multi-units illustrates a more 

predictable release profile and incorporates low 

levels of predictability failure to perform because of 

unit failures [27]. This will enable the co-

administration of units with different release profiles 

or those with incompatible materials and also 

offering a higher margin of dosage form safety in 

comparison with single unit dosage form [26]. 

Volume of liquids 

The normal size of the stomach is between 25 to 50 

ml [138]. The amount of liquids that are given 

affects the time taken by the stomach to empty. The 

greater the volume the more rapid would be 

emptying the liquids that are taken at body 

temperature are forced out of the stomach faster as 

compared to the liquids that are either less or cooler 

or warmer [139] 

EVALUATION PARAMETERS 

In vitro buoyancy studies  

The buoyancy studies in vitro are carried to 

determine the ability of Floating Drug Delivery 

Systems (FDDS) to float and how much time they 

will be able to do so in the circumstances simulating 

the stomach [16]. These examinations are necessary 

in order to determining whether the formulation can 

remain buoyant in the stomach long enough to 

enable the drug to be released controlled [23]. 

Normally, the dosage form is put in a dissolution 

material, such as 0.1 N hydrochloric acid (pH 1.2), 

kept in presence of 37 +- 0.5degC to recreate gastric 

fluid [27]. Floating lag time is measured on two 

important factors (FLT) and total floating time 

(TFT) [22]. 

The time required during which a dosage form 

ascends through the bottom to the surface of is 

referred to as Floating Lag Time (FLT) the 

dissolution medium [14]. In fact, it is the time rate at 

which the dosage form starts floating when it does 

expose to gastric fluid conditions. Resultant 

Weight/Buoyancy Force This parameter is as 

follows measures the floating capacity by 

determining the force against the dosage form. This 

is determined by the relative to the force of gravity, 

the force of buoyancy, by the formula:  
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Fbuoy - Fgrav = (density of fluid - density of the 

solid)x gx V  

 Where, 

 F - Resultant force  

 g - Acceleration due to gravitation  

 V - Surface of volume of the medium [63]. 

Drug content uniformity 

The homogeneity of drug content is all about the 

assessment of ensuring that every unit of dosage, 

such as tablets, capsules, or floating drug delivery 

systems (FDDS)- it includes a uniform quantity of 

the active pharmaceutical ingredient (API) [140]. 

This is one of the important quality control practices 

which ensures that every dose contains the 

appropriate medication with limits that are 

determined by the set and which are essential to 

both effectiveness and safety [141]. Floating drug 

delivery When it comes to floating drug delivery 

systems, we normally verify the uniformity of drug 

content by: counting a particular number of dosage 

units (we normally count 10 or 20) a batch of tablets 

or capsules) of a drug) and measuring the quantity 

of that drug in each unit by a dependable method of 

analysis such as high-performance liquid 

chromatography (HPLC) or UV spectrophotometry 

[142], and subsequent comparison of the individual 

amounts to the label claim so as to assure they are 

within the pharmacopeia limits usually +-15 of the 

stated drug amount [143]. This will be done to 

ensure that the drug is well distributed in the 

floating dosage forms, which in its turn influence 

the release of the drug and its general effectiveness 

in treatment [25]. 

 

 

In vitro experiments of drug release 

In such studies, researchers mostly adopt the 

dissolution media, such as 0.1N HCl at 37degC to 

reproduce the conditions of the stomach, with the 

use of USP dissolution equipment (type I or II) [16]. 

They make the samples at particular intervals to 

determine drug concentration by using methods like 

UV spectrophotometry or HPLC [144]. 

Additionally, in buoyancy tests are coupled with 

vitro drug release tests, which examine aspects such 

as floating lag time and total floating time, so that 

the dosage form will remain afloat and be able to 

release the drug [26]. The proportions of polymer, 

gas-generating agents (such as calcium carbonate) 

and properties of the matrix are critical in forming a 

right balance plays a critical part in the control of 

both the buoyancy and drug release profiles [14]. 

The need of these studies is to support formulating 

formulations and quality control, which enables the 

researcher to predict the effect of the drug act in the 

body and obtain protracted gastric retention with 

regulated drug delivery [71]. 

Swelling index 

The swelling index is typically established by the 

condition of soaking the dosage form in a model 

gastric glycosol, such as 0.1N HCl, at a temperature 

of 37degC. Then it is removed at certain points to 

check whether there is any change in weight or 

otherwise dimensions, e.g. thickness or diameter 

[44]. The swelling usually builds up slowly as 

research indicates time to saturation, and this 

depends on aspects such as the nature of polymer, 

and its saturation concentration, and the length of 

exposure [145]. The swelling indices are correlated 

with maximum swelling being associated with 

enhanced floating abilities, since the rising volume 

and falling density serve to preserve the buoyancy 

[21]. Various polymers, the incorporation of 

hydrophilic derivatives of cellulose such as HEC, 

NaCMC and PEO are also usually employed and 

their combinations may have an influence on the 

swelling and floating period [68]. As an example, a 

combination of HEC and NaCMC has presented to 

increase swelling as well as prolong floating time 

and guarantee drug release duration [146]. 

Generally, Total floating time is positively 

correlated with swelling index, which indicates its 

necessity in the efficacy of gastro-retentive 

preparations [147]. 

In-Vivo evaluation 

The primary objective of Floating Drug Delivery 

Systems (FDDS) in-vivo testing is to assess the 

product in real-life settings learn the duration of stay 

of these systems in the stomach and their floating 

capacity in the gastrointestinal track under normal 

conditions [16]. Two general methods apply to this 

in radiographic studies, A radio- opaque marker, 

such as barium sulphate, is added to the mix to form 

the dosage form [29]. After it’s taken X-ray images 

are obtained at not more than a designated time-span 

to follow orally by human volunteers, or animal 

models location of dosage form and its 

gastrointestinal tract passage [27]. In this way we 

get ourselves figured out whether the formulation 

remains in the stomach how long, and whether it is 

intended to remain buoyant [21].  

Contrarily, studies with Gamma scintigraphy 

include the use of a gamma emitting radioisotope, 

oftentimes unstable material technetium-99m, to 

dosage form [103]. A gamma camera follows the 

movement once it is administered and where the 

formulation was made on by picking up radiation 

signals [67]. This method can be observed in real 
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time of the behaviour of the dosage form of the 

stomach and intestines [47]. These two approaches 

are both helpful knowledge on the duration of the 

drug in the stomach, the ability to float, and 

releasing the drug to the stomach specific sites 

[130]. These experiments are important in 

correlating the in vitro findings on buoyancy with in 

vivo performance, not to make sure that the FDDS 

is capable of extending gastric retention and 

enhancing the bioavailability of drugs that are 

absorbed through the intestinal tract [68]. 

APPLICATIONS OF FDDS 

Slowly-absorbing drugs.  

Drugs with a narrow absorption window this implies 

that the drugs are only absorbed at specific portions 

of the upper gastrointestinal tract such as the 

stomach, duodenum or upper jejunum [16]. By 

increasing the duration of these drugs spend in the 

stomach, FDDS makes them remain in their optimal 

zone of absorption longer, increasing their 

favourability and general efficacy [23]. Such drugs 

pass too fast through the stomach and small 

intestine; they tend to lose their potency [44]. FDDS 

helps to address this problem by storing the 

medication in the stomach during a longer time, 

when it will have undergone complete absorption, 

before it shall reach the less receptive parts of the 

intestine [14]. Some of them are levodopa, 

furosemide, riboflavin, ciprofloxacin, metformin, 

amoxicillin, and atenolol [21]. 

Local action in stomach  

Such systems assist in maintaining the medication 

longer in the gastrointestinal region so that a 

constant release of the medication can take place 

drug right where it's needed [64]. This does not only 

increase the efficacy of the treatment but also 

reduces however, undesirable side effects all over 

the body [25]. Medication targeted on the stomach is 

commonly employed to treat a number of gastric 

diseases such as peptic ulcers, gastritis, gastro-

oesophageal reflux disease (GERD), and others 

infections by Helicobacter pylori [47]. FDDS 

increases the time that the drug is kept in the 

stomach stimulate the increased access to the 

stomach mucous membrane, which enhances local 

absorption and accuracy of action [103]. Aluminium 

hydroxide and magnesium hydroxide, antibiotics 

like amoxicillin, etc. H. pylori treatment with 

clarithromycin, and metronidazole and anti-ulcer 

drugs such as ranitidine, famotidine, and 

omeprazole [44].  

Modulated delivery of low-solubility 

pharmaceuticals 

Most drugs have trouble dissolving in water or 

gastric fluids, and thus are not predictable 

absorption and finally, reduced bioavailability [14]. 

FDDS assists in prolonging the period of time the 

drug remains in the acidic nature of the stomach that 

can enhance its dissolution and absorption capacity 

[27]. With this controlled release design, the drug is 

poorly soluble which is released slowly as time goes 

by. This means that the absorption in the stomach 

remains constant, so that the drug does not get 

rapidly swept on into the intestine, where it may be 

still less likely to be dissolved [47]. This is not just a 

better absorption method but it also increases the 

absorption efficiency enhances the effectiveness of 

therapy and decreases the frequency of drug intake 

[65]. Examples contain phenytoin, nifedipine, 

diazepam, and domperidone and verapamil 

hydrochloride [21].  

Unstable drugs in intestinal (or) clonical 

environment 

Medications that have difficulty with stability at the 

intestinal or colonic alkaline environment these 

medications may have problems such as enzyme 

degradation or hydrolysis in the stomach due to the 

exit of the stomach reduced therapies and reduced 

bioavailability [71]. FDDS assists in the extension 

of the drug time in the stomach, which exposes it to 

a more stable environment due to its acidic nature, 

and creates a controlled release [27]. This method 

enhances stability, absorption and bioavailability of 

drugs which would otherwise tend to degrade in 

intestinal fluids [22]. Some are captopril, ranitidine, 

erythromycin and metronidazole [14].  

Lower change in plasma concentration  

This System maintains the plasma drug levels at a 

sustained point at a longer duration [148]. 

Traditional oral medications usually cause rises and 

fall in plasma levels due to their fast release and 

short-term nature within the stomach, and this may 

lead to unstable curative experiencing or undesirable 

adverse effects [65]. FDDS, on the other hand, 

remain suspended in the stomach and discharge the 

drug slowly, which admits of a gradual and 

continuous discharge delivery right to the point of 

need. This gradual release is used to prevent the 

sudden peaks and falls in plasma concentration with 

more consistent concentrations of the drug in the 

blood [21]. This enhances the efficiency, safety of 

the treatment, and simplifies patients’ adherence to 

medication regimen by reducing the frequency with 

which they should take doses [103]. These include 

propanol hydrochloride, verapamil hydrochloride, 

theophylline, metoproterol succinate [44].  

Reducing drug wastage and drug side effects 
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The Systems is instrumental in reducing drug waste 

and side effects through proper control in ensuring 

that the medicine is discharged slowly and directly 

at the point of need in the stomach [21]. In 

traditional oral dosage forms, the drug may pass 

through the gastrointestinal tract in a large amount 

without complete absorption those results in the 

wasting up of medication and the poorer treatment 

[64]. FDDS address this problem through expansion 

of the duration of time in the stomach and a 

controlled release wherein the active constituent of 

the drug may be absorbed absolutely efficient prior 

to it reaching the less permeable areas of the 

intestine [13]. Besides, maintaining a steady drug 

concentration assists in overcoming the sharp 

elevations of the plasma levels that may decrease 

the dose-related side occurrence effects or toxicity 

[16]. Among them is levodopa, NSAIDs (e.g., 

ketoprofen, piroxicam and ibuprofen) etc. 

Furosemide, amoxicillin and clarithromycin [13 

 

RECENT ADVANCEMENTS IN FDDS 

The recent advancements in floating drug delivery 

systems (FDDS) are all related to the enhancement 

of the effectiveness of drugs the body, retaining 

them in the stomach a longer time, and permitting of 

a more exact and precise delivery [149]. This is 

being done by using innovative materials, 

nanotechnology, 3D printing and smart hydrogel 

[150].  

Rationale and mechanism  

A large number of drugs possess a definite 

absorption interval in the upper gastrointestinal tract 

(GIT), which entails the small intestine proximal 

and stomach. Some of these drugs can be unstable 

or poorly soluble when the pH is higher. Traditional 

oral dosage forms often pass through the stomach 

too quickly, resulting in a short gastric residence 

time (GRT) and, consequently, lower bioavailability 

[16].Floating drug delivery systems (FDDS) are 

designed to decrease the density of the dosage form, 

allowing it to float on top of the gastric contents. 

They may also use various mechanisms, such as gas 

generation, swelling, or expansion, to stay in the 

stomach longer. This extended presence can 

enhance GRT and improve absorption [151].The 

mechanisms at play include effervescent systems 

that generate CO₂, non-effervescent systems that use 

hydrocolloids like agar or HPMC that swell, 

expandable systems that increase in size after 

administration, bio-adhesive systems, and high-

density systems, although the latter are less 

commonly used for floating [152]. 

Recent innovations and technologies advances 

Improved formulation materials & polymers: Recent 

developments are new hydrophilic and hydrophobic 

polymers, bio-polymers, and blends that are 

designed to offer customized buoyancy, swelling 

behaviour, and controlled release kinetics [152]. 

New reviews have focused on the application of 

HPMC, alginate, pectin and chitosan, and with 

selected novel synthetic polymers in different mixes 

[153]. Gas-forming agents are being tuned such as 

sodium bicarbonate and citric acid to create CO2 to 

be used as a buoyant agent in a more controlled and 

lasting way [151]. Expandable systems also are not 

left out: since the time of administration, the dosage 

form swells (by swelling or unfolding) to become 

bigger, thereby prolonging its stay in the stomach 

because of to stop its passage through the pylorus 

[154]. Multi vs. single-unit systems: It can be 

observed that there is a difference move to multi-

unit floating systems, e.g. floating beads and 

microspheres, rather than single large tablets. The 

reason behind this is that the multi-unit systems can 

be dispersed to avoid the incidence of dose dumping 

or local irritation and they also have more 

consistency in gastric retention [16]. Hybrid & 

smart systems: The incorporation of intelligent and 

multi-trigger systems, such as floating systems 

which respond to pH variations, swell in gastric 

liquid, and deactivate their contents gradually [153]. 

Innovations and 2024 review In 2024, a review 

entitled “In innovations and was published 

advancements in floating tablet drug delivery 

systems” tells about the promising use of 3D 

printing, biodegradable polymers, even stimulus 

responsive components. Also, magnetic suspended 

drug there is an investigation of delivery systems 

(MFDDS) [155]. In 2024, Pharmaceutics has issued 

a special issue containing anexperiment on an 

electrically controlled floating platform which is 

steered with a magnetic field across different 

biological conditions (such as pressure and 

viscosity), demonstrates state-of-the-art tracking 

properties in vitro and in vivo of gastric retention 

time (GRT), floating lag time (FLT) etc. [156]. 

Improved evaluation and modelling 

There are some refined procedures of assessing and 

modelling floating systems in vitro and in vivo 

[157]. For example, they are now quantifying such 

variables as floating lag time, total floating duration, 

and gastric retention, in both human and animal 

models [158]. They are even resorting to imaging 

and alternating current bio-susceptometry (ACB) as 

is observed in magnetic floating experiments [159]. 

On top of that, increased use of mathematical 

modelling and simulation methods is being used 
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[151]. These methods help maximize such aspects 

as buoyancy, rates of drug release, and retention 

behaviour, which may not necessarily be customised 

the floating-type, in particular [160]. This trend 

certainly brings a sophisticated touch to the process 

of design [161]. 

Target drug types and application 

FDDS are not only becoming popular with small, 

molecule drugs having very narrow absorption 

profiles, but also with local acting drugs of the 

stomach [68], such as those of the Helicobacter 

pylori [162]. Moreover, the use of FDDS in the 

drugs that need a prolonged discharge in the 

stomach is gaining interest area [163]. Current 

publications in 2025 mention the possibility of 

FDDS to diversify to biologics, peptides, and 

vaccines, particularly in the event that it is in the 

best interest to retain the drug longer in the stomach 

[160].  

Vital strengths and weaknesses 

 Benefits: Improvement of bioavailability of drugs 

with small absorption profiles [164]. Controlled and 

prolonged gastrointestinal transit rate translates into 

fewer doses and enhanced patient adherence [68]. 

Local therapy to the stomach, e.g. as in gastric 

ulcers or infection by H. pylori, becomes much 

more effective [162].  

Difficulties: The inconsistency of gastric emptying 

time (GET) and stomach motility in people- whether 

they are either fasting or fed, which contributes a 

large body to gastric retention time (GRT) [163] and 

thus, the performance consistency. Without the, it is 

rather difficult to attain dependable buoyancy and 

retention food or gastric state interference such as 

viscosity and pressure. As an example, magnetic 

floating research it has been demonstrated that 

pressure and viscosity can influence floating time 

(FLT) and retention [157]. When it goes to scaling 

and production, and density, buoyancy, swelling and 

release kinetics are ensured to make reproducible a 

commercial fact is not an easy one [154]. There is 

also the risk of dumping of the doses or the bulky 

sizes, including big tablets, which may cause 

inconvenience in the patient [160]. Additionally, 

there are regulatory challenges and in vivo 

translation concerns to be made, such as 

demonstrating consistent GRT, safety, and proving 

that there may not be any obstruction [161].  

 

The current trends and future projections 

• 3D printing and tailored dosage forms: The 

2024 review pointed out how technologies of 3D-

printing are used as the material to produce floating 

tablets. These tablets have accurate internal 

porosity, regulated density and complex geometries 

all aimed at enhancing gastric retention [165].  

• Stimuli-responsive (or) triggered floating 

systems: systems which are capable of responding to 

such factors as gastric pH, ionic strength, 

temperature or even have magnetic guidance as it 

was mentioned previously. More comes as a result 

of this ability proper retention and discharge [160].  

• Magnetic floating system: The article by 

the 2024 special issue presented a proof of concept 

involving floating systems in vivo which are 

controlled using magnetism. This is an indication of 

a future in which floating systems are coupled with 

there is the possibility of an active guidance, such as 

magnetics, to improve the reliability of retention 

[157].  

• To biological peptides vaccines: The 2025 

review suggests that instead of simply targeting, one 

can target small molecules; floating gastro-retentive 

systems are possible to achieve delivery of larger 

molecules that require being that is stored or stuck 

up in the stomach region [160].  

• Combination system: combination floating, 

bio-adhesive and swelling/expandable systems are 

all combined dosage form in order to address the 

shortcomings of single-mode methods [166].  

• Better assessment and imaging: With 

imaging methods such as MRI and ACB, and 

gastric-specific to watch how things are in the 

stomach, and to make our designs accordingly 

[167].  

• Individualized (or) patient specific design: 

Dissimilar patients can be in the form of gastric 

motility and whether they either have or have not, it 

is of importance to model by using modelling to 

come up with floating systems that are specifically 

designed to different sub-populations [168].  

• Regulatory and commercial translation: put 

more of an emphasis on the move-of-concept to 

reality commercial products. This involves taking a 

keen consideration of safety concerns such as the 

possibility of stomach irritation and so on a 

guarantee that we do not over-retain- as well as a 

guarantee that our manufacturing processes are 

reproducible and cost-effective [165]. 

 

Table 1.4 Marketed drugs based on FDDS[14, 27] 

Brand name Active pharmaceutical 

ingredient 

Type of FDDS Features 
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CHALLENGES AND LIMITATIONS 

Unpredictability of gastric retention period 

The gastric retention time (GRT) variability is a 

major issue that faces floating drug delivery systems 

(FDDS). [16]. GRT can be defined as the durability 

of the medication in the stomach before proceeding 

to the small intestine, and it may vary very much in 

one individual to another, and even with the same 

individual at other times. Several factors are 

involved here especially whether a person has eaten 

or is fasting. For instance, when food is present--

particularly that which is high in fat or calories can 

slow down the emptying of the stomach and be 

longer-retention [167]. On the other hand, when 

there is fasting, the migrating myoelectric complex 

(MMC) is activated, resulting in faster generates 

fewer toxins that settle in the stomach and reduces 

residence period on the system [169]. It is also 

dependent on body posture; standing on the feet or 

lying on the left side is known to lengthen things in 

the stomach, and lying on the right side or flat to 

hasten up emptying [170]. The nature of the dosage 

form itself is also important, larger, low-density 

systems are more likely to larger ones are forced 

back further through the pylorus, and smaller or 

denser ones are forced out of it at a faster rate. 

Individual differences such as age, sex and some 

medical disorders (such as diabetic gastro paresis or 

hypothyroidism) and may influence also, as well, 

the movements and emptying of the stomach [167]. 

Also, changes in pH of the gastric fluid and fluid 

volume may alter the degree of buoyancy of a drug 

and its release [164]. All these physiological and 

personal reasons make him feel as he does gastric 

retention time is also a rather difficult parameter to 

predict and this may cause unstable drug release, 

unpredictable absorption, and inferior therapeutic 

results in FDDS [16].  

Effect of food and posture  

Interaction of food and posture has a significant 

influence on the duration of stay of drugs in the 

stomach and floating delivery systems (FDDS) are 

applied [16]. It can make or break the whether or not 

there is food in the stomach stay of the dosage form. 

Upon eating, the emptying of the stomach becomes 

slower due to the volume of the food and viscosity 

to the stomach contents, so that the FDDS may rise 

and hover with more time [167]. This leads to a 

slower absorption of the drug and increased 

absorption [16]. Fatty, calorie-dense or thick meals 

have an additional effect prolong this retention time 

[167]. On the other hand, when you are fasting then 

the stomach gets emptied faster through the 

migrating myoelectric complex (MMC) aiding in 

the removal of undigested food, which makes the 

dosage form leave the stomach earlier than he wants 

it [169]. It also depends on the time, such as when to 

use FDDS, which is directly after eating a meal 

better as a retentive agent when taken either before 

or too long after the meal [167]. Besides, your 

posture can make a difference the speed with which 

the stomach is emptied: made to lie on his left or sit 

Madopar® HBS Levodopa+Benserazide Floating capsule. Prolonged release and enhanced 

bioavailability  

(treatment of parkinsonism 

diseases). 

Valrelease® Diazepam Floating capsule. Sustained release of 

benzodiazepine. 

Topalcan®  Aluminium 

hydroxide+Magnesium 

hydroxide 

Floating oral 

suspension. 

Antacid of gastric retention; 

supresses reflux. 

Almagate 

Flatcoat® 

almagate Floating oral 

suspension.  

Low density acid neutralization 

system. 

Cifran OD® Ciprofloxacin HCL Floating tablet Gastro-retentive controlled release 

antibacterial tablet. 

Conviron® Ferrous sulphate Floating capsule Improves the absorption of iron by 

retention in the stomach. 

Cytotec® Mesoprostol Floating tablet  Extended gastric retention to 

cushion gastric mucosa. 

Amoxicillin 

FDDS(R&D) 

Amoxcillin trihydrate Floatingmicrospher

es/ tablet 

Applied to the eradication of 

H.Pylori 

Phazyme® Simethicone  Effervescent 

floating 

dispensation  

Floating antifoaming gastric 

discomfort treatment. 
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up, the floating system is usually repelled at the 

pylorus, where this retention is stimulated, and lying 

on the right side or in the supine position accelerates 

the emptying, lessening the duration of time spent in 

the stomach [170] So, what you eat and the position 

you take can actually influence the floating 

behaviour, drug release rate and the final efficacy of 

the drugs when delivered through FDDS [16]. 

Complexity in formulation  

Designing floating drug delivery systems (FDDS) is 

not that easy due to the number of manipulations 

one will need to deal with physicochemical and 

physiological conditions in order to achieve the 

desired buoyancy and controlled drug delivery [16]. 

The design must make sure that the density is less 

than that of gastric fluid to remain afloat, all at the 

same time being powerful enough to cope with the 

motions in the stomach [171]. The selection of the 

appropriate polymers and excipients is important-

hydrophilic agents such as hydroxyl propyl 

methylcellulose (HPMC), Carbopol and ethyl 

cellulose are commonly utilized in the treatment of 

swelling, gel development and drug release [172]. 

Added to this, solubilizers such as sodium 

bicarbonate are also added to give gas and aid in 

floating though their quantities must be moderate to 

prevent absorption or fracture of the dosage form 

too early [173]. The choice of the drug also creates 

an additional complexity as it is an added issue only 

such which are resistant to the acidic condition of 

the stomach, possess a small absorption area in the 

that are viable are those that are upper 

gastrointestinal tract or should be locally active in 

the stomach [174]. Keeping weight, density, and 

floating lag time constant throughout manufacturing 

is also another challenge [175]. On top of that, 

achieving it takes a lot of to come up with a reliable 

release profile that does not compromise on 

buoyancy, stability, or patient satisfaction 

formulation testing [176]. Thus, the complexity of 

FDDS formulation is due to the necessity to 

combine buoyancy, stability, and controlled release 

properties into a single dosage form without 

compromising its reproducibility and scalability 

effectively [177].  

Regulatory issues and scale up 

Moving big is one of the greatest challenges in the 

successful development and scale up and regulatory 

hurdles commercialization of floating drug delivery 

system (FDDS) [178]. The transition between the 

lab and large-scale production, it is not easy to 

maintain such properties as buoyancy, density, 

floating lag time, and drug release rates across big 

batches [179]. The system can have effects on its 

functionality even in small alterations in formulation 

or processing [180]. Another layer of addition is 

added by incorporation of gas generating agents, 

polymers and low-density materials complexity to 

manufacturing, reliable gas entrapment and 

mechanical stability only can be achieved through 

meticulous mixing, compression, and coating 

processes control [177]. To add to that, the 

performance of in-vivo of the variability of FDDS is 

caused by various physiological states, including the 

intake of food and gastric motility it difficult to 

come up with a stable in-vitro-in-vivo correlation 

(IVIVC) [174]. Regulative, proving is difficult the 

safety, efficacy and reproducibility of FDDS under 

different physiological conditions requires extensive 

clinical tests and bioavailability procedures [181]. 

FDDS does not operate in a similar manner as 

traditional oral dosage forms, additional testing may 

be required to exhibit constant gastric retention and 

release regulation [182]. All these, plus the large 

development costs, absence of standardization 

guidelines and variability can delay the product 

approval and entry of the market [183] between 

batches. As a result, despite the fact that FDDS is 

not related to analytic statistics, even analytic 

statistics can be used to compute it. Therefore, 

although FDDS is not an analytic statistic, even 

analytic statistics can be applied to calculate it have 

profound therapeutic value, few formulations have 

passed to market with the complexity of the 

situation scaling up problems and regulatory 

demands [179]. 

 

FUTURE PERSPECTIVES  

Combination with nanotechnology and stimuli-

reactive system 

The future of floating drug delivery systems (FDDS) 

is bright particularly with the prospective exciting 

developments that are the results of hybridizing 

them with nanotechnology and stimuli-responsive 

systems. This combination can really increase their 

precision, productivity, and agility [184]. We can 

design nano- through the use of nanotechnology 

floating systems which not only help the drugs to 

stay longer in the stomach, but also release the drugs 

in a controlled and selective intervention on the 

molecular level [185]. Small carriers, such as 

nanoparticles, liposomes and Nano spheres can 

increase the drug solubility, stability, and 

absorption, and reduce the frequency with which the 

patients should take their medication and lessening 

side effects [186]. Such new systems may be 

programmed to respond to certain can be caused in 

the body, e.g. pH variations, temperature, enzyme 
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activity, etc. so the drug can be released precisely 

when and where it's needed [187]. As an example, 

pH-sensitive polymers provide a release of 

medication in the stomach acidic surrounding, and 

materials which are sensitive to temperature may 

change their release depending on or enzymes local 

conditions [188]. Other advancements could also be 

made by the combination of nanotechnology and 

FDDS which could result in dual drug delivery, real 

time monitoring, and even smart gastric systems 

which can dynamically change the way they release 

medication [189]. Also, along with the progress in 

3D printing and biopolymer engineering, the future 

promises us more customised and programmable 

FDDS designs meeting the needs of the individual 

patients [190]. All in all, using nanotechnology and 

stimuli-responsive mechanisms together with FDDS 

is a prospective way to go next generation gastro-

retentive systems that provide enhanced therapeutic 

efficacy, accuracy, and compliance in the patient 

[184].  

Application of intelligent and biodegradable 

polymer 

The use of biodegradable and smart polymer in 

floating drug delivery system (FDDS) is a 

breakthrough excitement move in a safer, more 

efficient, and environment-friendly medical 

solutions [191]. Biodegradable polymer materials 

such as poly-lactic acid (PLA), poly-glycolic acid 

(PGA) and poly-capro-lactone (PCL), and their 

combinations copolymers, decompose in the body 

into harmless by products [192]. This means there's 

no need for surgical resection, which contributes to 

the reduction of the toxicity risk in the long term 

[191]. Such materials both furnish a slow 

andgradual absorption of medication, as well as 

maintain the required buoyancy during prolonged 

gastric retention [176]. Intelligent or smart polymers 

can respond to certain physiological cues on the 

other end, including pH, levels, temperature, 

enzymes or ionic strength [193]. This enables them 

to regulate drug delivery with real-time basis 

concerning the surrounding conditions [194]. 

Indicatively, pH-sensitive polymers are capable of 

releasing medication more improve in the acidic 

condition of the stomach, and thermo- and enzyme-

responsive polymers are capable of doing so adapt 

their discharge of release to local biological 

conditions [188]. The combination of 

biodegradability and responsiveness is associated 

with increased patient safety and adherence as well 

as facilitated, targeted, and controlled programmable 

drug delivery [195]. With prospects on the future, 

such innovative polymers will be crucial in the 

future developing environmentally friendly, smart, 

and customized FDDS that can make medications 

more efficient and efficient at the same time 

minimizing side effects [193]. 

Individualized medicine model 

The theory of personalized medicine of floating 

drug delivery systems (FDDS) is a promising 

intervention that is concerned with tailoring drug 

therapy to the individual physiological and genetic 

characteristics of an individual patient [196]. Factors 

such as gastric motility, pH levels, gastric volume, 

and stomach emptying rate can be affected since 

they can vary among different individuals and the 

traditional FDDS may not provide similar results in 

all everyone [151]. Having adopted the concept of 

personalized medicine, we can customize the 

formulations on the basis of certain patient-related 

information such as age, sex, illnesses and 

metabolism levels to improve the duration of the 

drug remains in the stomach and its release [197]. 

Due to the development of 3D printing and 

computational modelling, one can make tailor-made 

FDDS that have fine control over the shape, density 

and composition of the dose forms in their material 

form, and make them float properly and form the 

medication to be released as it is necessary [198]. 

Further, real-time monitoring of stomach can be met 

by the use of bio sensors or smart materials the 

conditions, where adaptive drug release is possible 

according to the body feedback [199]. This new 

direction is able to improve boost therapy response, 

reduce side effects, enhance compliance in patients 

by giving the appropriate dose at the opportune time 

and place [200]. Thus, the combination of FDDS 

and personalized medicine has the potential to 

achieve oral drug delivery and provide customized, 

accurate and efficient therapeutic choices [201].  

 

CONCLUSION 
Floating Drug Delivery System (FDDS) is making 

waves as a revolution to the problems encountered 

through conventional methods of oral delivery of 

drugs. They act by increasing the duration of stay of 

the drugs in the stomach, enhancing in how readily 

the body takes them, and in permitting that they be 

discharged at will in the place where they are 

needed. By using clever FDDS can be formulated 

with the use of techniques including polymers, gas-

generating agents and lightweight materials 

retention in gastrointestinal fluids, therefore, making 

the levels of therapeutic drugs longer lasting. 

Several factors enter into consideration as far as the 

performance of these systems is concerned, such as 

the viscosity of the polymer, the dosage form shape, 
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whether the patient has been fed or not and personal 

patient conditions. This makes it important to fine-

tune these systems to achieve good results.Key 

evaluation methods, such as buoyancy studies, drug 

release tests, and in vivo imaging, are essential for 

determining how effective and dependable these 

systems are 
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