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ABSTRACT:  The real challenge in the development of an oral drug delivery system is not only to sustain the drug release but also to 

extend the presence of the dosage form within the gastrointestinal tract until all the drug is completely released at the desired period of 

time. Lansoprazole is used for anti ulcer drug delivery. It is used to improve bioavailability and therapeutic efficacy of the drugs by 

using floating microsphere. When compared to other dosage forms it mainly treated diseases associated with the stomach. The 

retention of drug delivery systems will be resided in the stomach for longer time. Invitro release dynamics of anti ulcer drug model 

lansoprazole from drug loaded beads in different media has been carried out for the evaluation of the drug release mechanism. These 

are the controlled. Many gastroretentive dosage forms are available, comprising tablets, capsules, pills, laminated films, floating 

microspheres, powders etc. Hollow microspheres are gaining curiosity due to their wide ranging applicability in directing of drugs to 

the stomach. They distribute uniformly over the gastric fluid to avoid the vagaries of gastric emptying and release the drug for 

prolonged period of time. The purpose of this review is to bring together the recent literature with respect to the method of preparation 

and various other parameters affecting the performance and characterization of floating microspheres. 

Keywords: Floating Microsphere, Lansoprazole, Gastro Intestinal Tract, Oral Drug Delivery System .  

INTRODUCTION: 

The oral route of medication administration is the one that is most frequently employed among the many drugs delivery methods. Due 

to its ease of administration, patient acceptability, and cost effectiveness, it is thought to be the most natural, unpredictable, and safe 

treatment option. Most of the time, the gastrointestinal tract's physiology exhibits significant variability, which results in uncertain 

bioavailability and non-reproducible therapeutic effects. The drug must have good absorption throughout the gastrointestinal tract 

(GIT), ideally by passive diffusion, in order for oral controlled release drug delivery systems to function well. There are numerous 

factors that can affect how well a drug is absorbed from the digestive system. Some medications are only or only to a certain extent 

absorbed in a certain portion of the GIT. The "absorption window" for these medications is presummated. However, with "narrow 

absorption window" medications, the drug released in the area anterior to and immediately surrounding the absorption window is the 

only one that is available for absorption. Again, after leaving the absorption window, the drug is released and is either not absorbed at 

all or just absorbed very little. Lesser bioavailability follows this occurrence, which significantly cuts down the period that is available 

for drug absorption after it. Other challenges stem from physiological variations, such as short gastric. The process of drug absorption 

from the digestive system is intricate and influenced by a variety of factors. It is commonly accepted that the length of time a 

medicine spends in contact with the small intestinal mucosa influences how much of the gastrointestinal tract it absorbs. 
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Gastro-retentive dosage forms are designed to be retained in the gastric region for prolonged time and release entrapped drug and 

there by enable sustained and prolonged input of the drug to the upper part of the GIT thus ensuring its optimal bioavailability. They 

not only prolong the dosing intervals, but also increase the patient compliance beyond the level of existing controlled release dosage 

forms. Various approaches have been designed to improve period of retainment of oral dosage form in the stomach viz. floating 

system, swelling and expanding system, bio-adhesive system, high density system and other delayed gastric devices. Because floating 

medication delivery systems have a lower bulk density than gastric fluids, they stay buoyant in the stomach for longer periods of time 

without influencing gastric emptying rate. The medicine is released slowly and at the desired rate from the system while it is floating 

on the gastric contents. As a result, the stomach retention period was increased, and the fluctuations in plasma drug concentration 

were better controlled. Floating microspheres are non-effervescent drug delivery devices that are gastro retentive. Floating 

microspheres are also known as hollow microspheres, micro balloons, or floating micro particles. In a strict sense, floating 

microspheres are spherical empty particles without a core. These are free-flowing particles that range in size from 1 to 1000 

micrometers. They float on gastric fluid that has a density less than one. As a result of this trait, stomach transit is slowed. The drug is 

slowly delivered at the desired rate, leading in enhanced stomach retention and lower volatility in plasma drug concentration.  

The most suggested method of medication delivery for pharmaceuticals, encompassing a range of disorders that have been 

successfully treated, is oral drug administration due to its possible benefits, including tablet delivery mechanism, patient compliance, 

convenience, and cost effectiveness. Oral drug absorption is influenced by a number of variables, including medication solubility, 

mucosal permeability, and the stability of the gastrointestinal tract environment. The goal of efforts to get around these limitations has 

been to better understand the physicochemical, biochemical, metabolic, and biological barriers that limit overall medication 

bioavailability using a variety of pharmaceutical technologies and drug delivery systems. New drug delivery technologies are 

changing medical research, development, and the establishment of R&D focused pharmaceutical firms in order to maintain the pace 

of global advances. The benefits of innovative drug delivery systems (NDDS) in this area are numerous, including enhanced 

therapeutic. 

Floating microspheres 

Floating microspheres are a particular class of gastroretentive drug delivery device developed using a noneffervescent method. Solid 

particles that are roughly spherical and range in size from 1 to 1000 um are known as floating microspheres. For floating 

microspheres, the names microballoons, hollow microspheres, and floating microparticles are interchangeable. Typically, the 

microspheres are naturally biodegradable synthetic or protein powders that flow freely. Small size results in a high surface to volume 

ratio for microspheres. According to the formal definition, floating microspheres are spherical, empty particles without a core. Their 

specific density must be smaller than one in order to float on gastric juice. Delayed transit through the stomach is a result of this 

characteristic. Slowly and at the desired rate, the medication is released resulting in decreased changes in plasma drug concentration 

and improved stomach retention. Solid biodegradable microspheres with a medicine dissolved or scattered throughout the particle 

matrix have the potential to release drugs under regulated conditions for an extended period of time in the stomach. The most  recent 

advancements include gelucire floating granules, polystyrene floatable shells, and microbeads made of eudragit, cellulose acetate, and 

acrylic resins. 
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Advantages of floating microspheres:  

1. Bioavailability increases, in spite of first pass effect, because fluctuations in plasma drug concentration are avoided, and a desirable 

plasma drug concentration is maintained by continuous drug release.  

2. They are measured greater when compared to single-unit floating dosage forms, because microspheres release drugs uniformly and 

there is no risk of dose dumping. 

 3. Enhanced absorption of drugs that solubilise only in stomach.  

4. Site-specific drug delivery to the stomach can be achieved.  

5. Avoidance of gastric irritation, due to sustained release effect.  

6. Better therapeutic effect of short half-life drugs can be achieved. 

 

Mechanism of Floating Microsphere: 

The outer layer of the floating microspheres contains polysaccharides, polymer ydrates, and forms a colloidal gel barrier that regulates 

the movement of the drug and the gastric fluid into and out of the microspheres. As a result, they communicate with the stomach's 

acid after dosage type administration. This membrane lowers the air molecule's bulk density, allowing it to swim over the stomach 

fluid surface, and this causes the air molecule to become trapped inside of it. In most situations, less stomach fluid is necessary for the 

flotation of the floating dosage type. The following approach describes the drug release mechanism from microspheres. 

1. Erosion 

2. Diffusion 

3. Osmosis  

Erosion: Some covers can be made to deteriorate gradually over time, releasing the medicine that is enclosed in the particle.  

Diffusion: Water diffuses into the interior of the particle when it is exposed to aqueous fluids in the GIT. Drug solutions dissolve and 

disperse across the release coat to the outside as a result. 

Osmosis: When water is permitted to enter a particle under the proper circumstances, an osmotic pressure can develop inside the 

particle. Through the coating, the medication is compelled from the particle and into the surrounding material. 
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Drug release kinetics from Microspheres 

The process through which a drug exits a drug product and is subjected to absorption, distribution, metabolism, and excretion 

(ADME) before becoming available for pharmacological action is known as drug release. It is recognised as a critical component in 

the development of pharmaceuticals. It can be used as a proxy for bioequivalence testing under specific circumstances. The use of a 

generic equation to quantitatively translate the dissolution curve in the function of some other parameters linked to pharmaceutical 

dosage forms simplifies the quantitative interpretation of the result obtained in the dissolution assay. In other circumstances, such as 

zero order kinetics, that equation can be inferred from a theoretical understanding of the process The following is the method of 

investigation used to look into the Kinetics of Release from Controlled Release: 

• Statistical approach [two-way analysis of variance, or ANOVA]. 

• Methods that are model dependant [zero order, first order, Higuchi, and Korsmeyer-Peppas models] 

CHARACTERIZATION OF FLOATING MICROSPHERES: 

Hollow microspheres are evaluated by their micromeritic properties for instance tapped density, compressibility index, particle size, 

true density and flow properties etc. 

1. Micromeritics The micromeritics characteristics of microspheres, such as particle size, angle of repose, compressibility index, 

and Hausner's ratio, have been studied. 

A). Particle size: The microspheres' particle sizes were assessed optically, and the mean microsphere size was estimated by counting 

200–300 particles with an ocular micrometer that had been calibrated. The distribution of microspheres of various sizes within each 

batch is determined by screening in a mechanical shaker for 15 minutes while using a nest of standard sieves (ASTM). The following 

formula is used to determine the particle size distribution and determine the average particle size of hollow microspheres. 

Mean particle size = Σ (mean particle size of the fraction × weight fraction)/Σ (weight fraction) 

B). Bulk Density: The mass of the powder divided by the bulk volume is known as bulk density. A 10gm sample of granules that had 

been precisely weighed was put into a 25 ml measuring cylinder. Without moving the cylinder, the volume occupied by the granules 

was measured, and the bulk density was estimated using the equation (results expressed in gm/cm3). 
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                               Bulk density =Weight of sample/Volume of sample 

C. Tapped density: A 10 gm sample of powder that had been precisely weighed was put in a 25 ml measuring cylinder. 100 times, 

the cylinder was dropped from a height of one inch, at 2-second intervals, onto a hard hardwood platform. The final volume was 

measured, and the following equation (with values stated in gm/cm3) was used to determine the tapped density.  

                                     Tapped Density=       Mass of microsphere 

                                                            Volume of microsphere after tapping  

D. Carr’s index (%): The Carr's index is widely used to determine how easily a powder flows. A Carr index of more than 25% is 

regarded as a sign of poor flowability, whereas one of less than 15% is regarded as a sign of high flowability. The blend's flow 

property is dependent on the compressibility index. The compressibility of a powder can be determined by the Carr's index. The 

formula is used to calculate it. 

 

Carr′s index (%) = [(Tapped density − Bulk density)/ Tapped density] × 100 

                                                        

Table 1: Carr's index as an indication of powder flow. 

Carr’s index  Type of Flow  

5-10 Excellent  

12-16 Good 

18-21 Fair  to passable 

23-35 Poor 

33-38 Very poor 

>40 Extremely poor  

 

E. Angle of repose (θ):  The substance's ability to flow is indicated by the angle of repose. The funnel has been modified such that its 

stem is 2.5 cm above the horizontal surface. The funnel's tip was only brushed by the height of the pile because the sample powder 

was allowed to flow out of it. By drawing a boundary around the pile's perimeter and averaging its three diameters, the diameter of the 

pile was calculated. Calculating the angle of repose requires (Values as given in Table 2). 

                                                           θ = tan-1 h/r 

Where, θ is angle of repose, h is height of the pile; r is the radius of the pile. 

 

                                                    Table 2: Relationship between angle of repose (θ) and flowability    

Angle of Repose(θ) Flowability  

<25 Excellent 

25-30 Good 

30-40 Passable  

>40 Very Poor  

 

F. Hausner’s ratio: 

The Hausner‟s ratio is an indication of the compressibility of a powder. It is calculated by the formula,  

                              Hausner′s ratio = (Tapped density/Bulk density)× 100 

A powder's capacity to flow is typically determined by the Hausner's ratio. More than 1.25 Hausner's ratio is seen as a sign of poor 

flowability. The observations for calculating the flow properties were noted. 
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2. Percentage yield: 

By dividing the actual mass of the product by the sum of all the non-volatile ingredients employed in the creation of floating 

microspheres, the percentage yield of buoyant microspheres was computed. This calculation is represented by the following formula. 

 

% yield = (actual weight of floating microspheres / weight of drug taken + total polymer weight) ×100 

 

3. Drug entrapment efficiency (DEE): 

By repeatedly crushing the microspheres and extracting with aliquots of 0.1N HCl, the amount of drug entrapped was calculated. The 

extract was poured into a volumetric flask measuring 100 ml, and the remaining volume was filled with 0.1N HCl. The mixture was 

filtered, then a spectrophotometer is used to measure absorbance against the proper blank. The following formula was used to 

determine how much medication was trapped in the microspheres: 

DEE = (amount of drug actually present/theoretical drug load expected) × 100 

5. In vitro Buoyancy/ Floating behavior: 

A USP dissolving test equipment II, as described in the USP I, was used to investigate the floating behaviour of microspheres. 50 mg 

of the microspheres are dispersed over the surface of 900 ml of 0.1 N HCl that also contains 0.02 percent Tween 80 as a surfactant. 

The dissolving medium was kept at 37°C while being stirred by a paddle that rotated at 100 rpm. The floating and settling sections of 

the microspheres were separately collected after 12 hours. We filtered, dried, and weighed the microspheres. The following equation 

was used to compute the percentage of floating microspheres:  

Percentage Buoyancy = Wf / Wf + Ws 

Where, Wf and Ws are the masses of the floating and settled microparticles. 

 

Applications of floating microspheres:  

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

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

These are summarized as follows. 

 

1. Sustained Drug Delivery: 

Since the HBS system may stay in the stomach for extended periods of time, it can release the medicine gradually. These technologies 

can therefore be used to get around the problem of short GRT that is present with an oral controlled release formulation. These 

systems have a bulk density of 1, which allows them to float on the contents of the stomach. 

2. Site specific drug delivery: 

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

intestine e.g. riboflavin, furosemide. By targeting slow delivery of drug to the stomach, desired therapeutic level could be achieved. 

3. Absorption enhancement: 

Potential candidates for formulation as floating drug delivery systems include medications with low bioavailability due to site-specific 

absorption from the upper section of the GIT. This would maximise their absorption. 

4. Maintenance of constant blood level: 

These systems provide an easy way of maintaining constant blood level with an ease of administration and better patient compliance. 

5. Hollow microspheres of non-steroidal anti-inflammatory drugs are very effective for controlled release, and reduce the major side 

effect of gastric irritation. 

6. Floating microspheres are particularly useful for delivering both insoluble and sparingly soluble medicines. It is well recognised 

that as a medication's solubility declines, the amount of time available for drug dissolution reduces, and as a result, transit time 

becomes an important factor influencing drug absorption. Hollow microspheres may help weakly basic medications that are poorly 
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soluble at an alkaline pH avoid the possibility that solubility will become the rate-limiting stage in release by limiting such 

pharmaceuticals to the stomach. The gastroretentive floating microspheres will improve the bioavailability of the active ingredient by 

modifying the active agent's absorption profile. 

Marketed products of FDDS: 

                                               

Table 3: List of drugs explored for various floating dosage forms. 

Dosage form Drugs 

Microspheres Aspirin, Ibuprofen 

Granules Diclofenac sodium, Indomethacin, 

Capsules Diazepam, Furosemide, L-Dopa 

Tablets/Pill Amoxycillin Trihydrate, Ampicillin 

 

Evaluation of Floating microspheres of Lansoprazole: 

Particle size and surface morphology analysis 

An optical microscope was used to examine the particle size of the prepared Microspheres. Before being measured, the Microspheres 

were suspended in deionized water and sonicated for 1 minute with an ultrasound instrument. 

Surface and shape analysis by Field Emission Scanning Electron Microscopy 

Field Emission Scanning Electron Microscopy at 10 kV was used to examine the shape and surface features of Microspheres. Excess 

samples were removed and coated with gold for 20 seconds after being placed on an aluminium stub with adhesive tape. The metal 

stub was then vacuum-sprayed for 20 minutes in an E-1010 ion sputter. The materials were evaluated using a Field Emission 

Scanning Electron Microscope after 20 minutes. 

Differential Scanning Calorimetry 

DSC is a thermal analytical technique in which the difference in the amount of heat required to raise the temperature of a sample and 

a reference is measured as a function of temperature. Throughout the experiment, the sample and reference are kept at nearly the same 

temperature. Lansoprazole (5 mg) was heated in sealed aluminium pans at a rate of 10oC/min under nitrogen environment (60 

ml/min) from 30°C to 300°C. As a reference, an empty aluminium pan was used. 

Entrapment Efficiency 

The concentration of the integrated material (such as active chemicals, medicines, etc.) detected in the formulation above the original 

concentration utilized to manufacture the formulation is characterised by the Entrapment Efficiency (EE percent). The Microspheres' 

entrapment effectiveness was measured spectrophotometrically. Lansoprazole Microspheres (10 mg) were dissolved in 10 ml of 

Methanol and stored overnight. 1 ml of the supernatant was collected and diluted to 10 ml with Phosphate Buffer (pH 7.4) before 

being measured at 223 nm with a UV-Visible spectrophotometer. Eq.1 was used to compute the percent entrapment effectiveness of 

the Microspheres based on the absorbance. 

% Entrapment efficiency = observed drug content  × 100 

                                  Initial drug content 
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In vitro Buoyancy studies 

Floating lag time and total floating duration were used to estimate in vitro buoyancy. In a 100ml beaker containing 0.1N HCl, the 

microspheres were inserted. The time it took the microspheres to rise to the surface and float was measured as floating lag t ime (FLT), 

and the total amount of time they stayed afloat on the dissolving medium was measured as Total Floating Time (TFT). 

%Buoyancy=Qf/ (Qf+Qs) X 100 

 

Where Qf and Qs are the weight of the floating and settled microspheres respectively. 

In- vitro drug release study 

The release pattern of the medication from microsphere formulations generated by the ionotropic gelation technique was studied in 

vitro. The Microspheres pill was placed in the dialysis bag, which had already been soaked and rinsed multiple times with distilled 

water. This was placed in 100ml of phosphate buffer solution (pH 6.8) and held at 37oC with continual agitation on a magnetic stirrer. 

At each interval, the entire sample was extracted and the same values were replaced with buffer. The samples were then 

spectrophotometrically analyzed between 200 and 400 nanometers using medium as a blank. 

CONCLUSION: 

The design and development of a gastro-retentive drug delivery system based on a non-effervescent method proved successful. 

Lansoprazole floating microspheres were created and optimized in this work. In simulated GI fluids, the microspheres were discrete, 

spherical with a core hollow hole, and demonstrated sustained drug release patterns. It was finally concluded that floating 

microspheres of lansoprazole proved to be the potential candidate for effective and safe drug delivery which is sustained and also 

extended for more than 12 hours which reduces frequency of dosing. 
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