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Abstract— Oral Conventional dosage forms provide no control over the release of the drug from the dosage form, resulting in variations in
plasma drug levels; gastric emptying and gastric resident time are two other important factors that have a significant impact on the therapeutic
efficacy of the drug and cause changes in the drug's retention time. As a result, floating microspheres are one of the most reliable and innovative
approaches among all gastro-retentive drug delivery systems for overcoming these issues. Floating microspheres are gaining popularity due to
their wide range of applications in drug delivery to the stomach, where they experience activity and are distributed uniformly over the gastric
fluid to prevent gastric emptying fluctuations and increase drug liberationThe creation of novel controlled and delayed-release oral formulations
is also made possible by this system, which furthers the advancements in pharmaceutical expansion. In summary, the current review states that
the gastro-retentive drug delivery system is governed by the physiology of the intestinal gastric tract and its components. The purpose of this
study is to shed light on contemporary research on topics such as the significance of floating microspheres in novel drug delivery systems,
production techniques, floating microsphere differentiation, and new scientific developments in creating floating microspheres with various drug

classes.

Index Terms— Floating microspheres, FDDS, GRT and GRDDS.

INTRODUCTION

INTRODUCTION

One key benefit of dose forms that remain in the stomach for longer than conventional dosage forms is the ability to delay and
adjust the time until the stomach empties.The process of creating controlled-release devices to improve absorption and
bioavailability is challenging. Getting the dosage form to stay in the right part of the gastrointestinal tract is one of these barriers.
The gastrointestinal system's ability to absorb drugs is a complex process that is impacted by numerous variables. A medication's
absorption in the digestive system is known to be influenced by the amount of time it spends in touch with the mucosa of the
small intestine. Therefore, a critical factor for medications that are only partially absorbed is small intestinal transit time.
Information about stomach emptying, motility patterns, physiological factors, and formulation elements that influence stomach
emptying are all included. An overview of the fundamentals of human physiology is also given. Gastroprotective systems can
effectively prolong the duration of medications in the stomach, since they can stay in the gastric area for a number of hours. In
addition to increasing bioavailability and decreasing medicine waste, prolonged stomach retention also improves solubility for
medications that are less soluble at high pH. Furthermore, it can be used to provide drugs to the stomach and proximal small
intestine. [6]

The absorption window can be enhanced by controlled medication delivery, as illustrated in Fig. In the high pH environment of
the GIT, prolonged stomach retention increases the solubility of medications, decreases residual waste, and improves
bioavailability. This covers uses for small intestine and stomach local delivery.
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Table 1 : Conventional V/s Gastro retentive drug delivery system

Relative parameters Conventional drug delivery Gastro retentive drug
system delivery system

Toxicity High toxicity risk extremely low toxicity risk

Patient compliance Poor patient compliance Enhanced patient compliance

Drugs with poor It is not appropriate to administer | Ideal for administering medications

solubility and high pH medications to the small intestine | to the tiny intestinal area with a
region with a limited absorption | limited window for absorption.
window.

Drugs acting locally Not very beneficial for medications | Very  beneficial effects of

acting in the stomach with quick absorption medications that operate locally in

the stomach
Dose dumping No chance of dumping a dosage Dose dumping potential

[7]

APPROACHES TO GASTRIC RETENTION:

Several ways have been explored to increase the gastric retention time (GRT) of a dose form in the stomach, using a range
of principles. These are shown in fig. 2.
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FLOATING SYSTEMS

Low-concentration systems that are sufficiently buoyant to allow the stomach to pass over the contents of the stomach are known
as floating systems. Increased gastroretention time and less variations in plasma medication concentrations result from the
system's gradual release of the desired rate as it flows above the stomach contents.

BIO/MUCOADHESIVE SYSTEMS

The bio/mucoadhesive system binds to the surface of the gastric epithelial cells or to mucins to extend the drug delivery system's
gastric residence duration in the stomach. Three major groups of polymer binding to the mucous or epithelial surface can be
distinguished:

. Hydration-mediated compliance
. Bond-mediated compilation
. Receptor-mediated synthesis .

SWELLING AND EXPANDING SYSTEMS
These are DFs that stop the pylorus from leaving the body after swallowing. The DF stays in the stomach longer as a result.
Because of their propensity to pass through the pyloric sphincter, these systems are also referred to as "plug type systems."

HIGH-DENSITY SYSTEMS

These systems, which have a density of roughly 3 g/cm3, can stop the abdominal cavities from gradually contracting. The lower
abdomen may support such systems once the density reaches a threshold of 2.6-2.8 g/cm3. Coated pellets are examples of
aggregates with a high density. Heavy inert materials including iron powder, zinc oxide, titanium dioxide, and barium sulphate
make up the coating.

INCORPORATION OF PASSAGE DELAYING FOOD AGENTS

Fatty acids and other edible excipients, including myristic acid salts, change the shape of the stomach when it is constricted,
slowing down the rate of gastric emptying and extending the release. Chain lengths of saturated fatty acids C10—C14 are the main
cause of the delay in stomach emptying following a fatty diet.

ION EXCHANGE RESINS

lon exchange resins attach to a negatively charged drug residue after being loaded with bicarbonate. To stop the carbon dioxide
from escaping too quickly, the resultant beads are subsequently sealed inside a semi-permeable membrane. lons exchange
between chlorides and bicarbonates occur when it reaches the stomach's acidic environment. Carbon dioxide is released into the
membrane as a result of this reaction, creating a transient layer of resin beads that, in contrast to the unbleached beads, raise above

the contents of the stomach.
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OSMOTIC REGULATED SYSTEMS

It has a biodegradable capsule with an inflatable floating support and an osmotic pressure-controlled medication delivery
mechanism. The intragastric osmotically regulated medication delivery device is left behind after the capsule in the stomach
rapidly dissolves. A defective hollow polymer bag with a liquid within that gasifies to inflate the bag at body temperature is
formed by the inflatable support inside. The osmotically active compartment and the drug store are the two halves of the osmotic
controlled medication delivery device.[2]

POLYMERS USED IN HOLLOW MICROSPHERES

The production of microspheres has been studied using a variety of materials, both biodegradable and nonbiodegradable;
these materials include semisynthetic and natural polymers. Polymers that are hydrophilic or hydrophobic can be used to
create microspheres.

Hydrophilic polymers These consist of cellulose derivatives, such as HPMC and DEAE cellulose, gelatin, agar, egg albumin,
starch, and chitosan.

Hydrophobic polymers These include acrylic acid esters, PMMA, polylactic acid, ethyl cellulose, and others.

Biodegradable adhesives These substances likewise gradually leave the administration site, however this happens in reaction to a
chemical reaction like hydrolysis. Examples include polycaprolactone (PCL), polylactic acid (PLA), poly glycollic acid (PGA),
and a number of general classes, including polyanhydrides and polyorthoesters.

Hydrophobic Non-Biodegradable Polymers These substances are removed or retrieved undamaged from the administration site,
and they are inactive in the environment of usage. Examples include polyethylene (PE), polyvinyl chloride (PVC), ethylene
cellulose (EC), polyethylene vinyl acetate (EVA), polyether urethane (PEU), Acrycoat, Eudragit S, and others.

Hydrogels When these polymers come into contact with water, they swell but do not disintegrate. Similar to hydrophobic
polymers, hydrogels are inert, can be removed whole from the administration site, and work by creating a barrier that limits the
pace at which medications can be transported and released. For instance, polyacryl amide, cross-linked polyvinyl alcohol (PVA),
cross-linked polyvinylpyrrolidone (PVP), and polyhydroxy ethyl methyl acrylate (PHEMA).

Soluble polymers are uncross-linked polymers with a moderate molecular weight (less than 75,000 Daltons) that dissolve in
water. As molecular weight increases, the rate of dissolution lowers. These substances can be combined with hydrophobic
polymers or used alone to create devices that gradually degrade. Examples include copolymers of methacrylic acid, hydroxyl
propyl methyl cellulose (Methocel), uncross linked polyvinyl alcohol or polyvinyl pyrrolidone, and polyethylene glycol (PEG).[8]

POTENTIAL DRUG CANDIDATES FOR GRDDS

+¢ The short window in the gastrointestinal tract when levodopa and riboflavin are found

.Chlordiazepoxide, cinnarizine, and calcium supplements are examples of substances that are mostly absorbed from the stomach
and upper portion of the gastrointestinal tract.Medication that acts locally in the stomach, like misoprostol and antacids;
medication that breaks down in the colon, like metronidazole and ranitidine HCI

* Medication that disrupts common colonic bacteria, such as amoxicillin trihydrate

DF comes in two forms: low-density, which gives gastric fluid buoyancy, and high-density, which stays intact in the stomach's
bottom.

* Slow GIT motility caused by concurrent medication or excipient delivery; * Bioadhesion to abdominal mucosa

* A larger-scale inflammation or spread that prevents DF from passing through the pyloric sphincter

CLASSIFICATION OF FLOATING DRUG DELIVERY SYSTEM

The two formulation variables—effervescent and noneffervescent systems—are used to categorise floating drug delivery systems.
a) Effervescent floating dose forms These are the matrix types of systems that are made with a variety of effervescent
substances, such as calcium carbonate, sodium carbonate, citric acid, and tartaric acid, as well as swellable substances, such as
methyl cellulose, HPMC, and chitosan-based polymers [9]. They are designed to release CO2 when it comes into touch with the
acidic stomach contents and become trapped in the enlarged hydrocolloids, giving dosage forms like famotidine and amlodipine
besylate, which are depicted in figure no. 1 (a), buoyancy.

b) Non-effervescent floating dose form These dosage forms employ hydrocolloids of the gel-forming or swellable cellulose
type, polysaccharides, and matrix-forming polymers such as polycarbonates, polymethylacrylate, and polystyrene25. The drug
and gel-forming hydrocolloid are combined to create the formulation. When the dosage form is taken orally, it expands when it
comes into contact with stomach contents and achieves a bulk density of less than one [10]. Due to air trapped in the swelling
gel-like structure, which serves as a reservoir and permits continuous drug release via the gelatinous bulk, the dosage form's
buoyancy was achieved. Medication like levodopa and famotidine, which are depicted in figure 1b[5]
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ADVANTAGES OF FLOATING DRUG DELIVERY SYSTEM-
The following are some benefits of gastroretentive systems:
+ Acidic chemicals, like aspirin, irritate the stomach wall when they come into touch with it;
* Antacids and ferrous salts, which are drugs that are absorbed through the stomach, benefit as well. Thus, aspirin and other
medications of a similar kind may be administered with the aid of the Hydrodynamic Balance System (HBS) formulation.
» When using prolonged-release floating dosage forms, including tablets or capsules, the drug will dissolve in the stomach liquid.
After the stomach is emptied, its contents dissolve in the gastric fluid, which makes them accessible for small intestine absorption.
Consequently, it is predicted that a drug will be fully absorbed from floating dosage forms if it remains in the solution state, even
at the colon's alkaline pH.
* For drugs that act locally in the stomach, the use of gastroretentive systems is beneficial. Antacids, for example.
*Poor absorption is expected when there is a lot of digestive movement and a brief transit time, as in some types of diarrhoea. In
some cases, maintaining the drug in the stomach in a floating form may help to improve the reaction.[6]

MECHANISM OF FLOTATION OF MICROSPHERES

The gel formers, polysaccharides, and polymers in microspheres hydrate when they come into contact with stomach fluid,
creating a colloidal gel barrier that regulates the rate at which fluid enters the device and, in turn, the release of drugs. The gel
layer is kept intact by hydrating the nearby hydrocolloid layer as the dosage form's outer surface dissolves. The inflated polymer
traps air, which reduces density and gives the microspheres buoyancy. However, in order to properly achieve buoyancy, a
minimal amount of stomach content is required.[8]

METHOD OF PREPARATION OF FLOATING MICROSPHERES

Gastro retentive floating microspheres can be created using a variety of developing procedures. Nonetheless, many scientists
throughout the world have used the solvent evaporation and ionotropic gelation techniques extensively to investigate the various
aspects of floating microspheres. Selecting the best technique is crucial for the effective trapping of active ingredients when
creating floating controlled release microspheres. The type of medication, the polymer, and the intended purpose all influence the
fabrication procedure choice.

The characteristics of the materials and the process engineering elements have a significant impact on the microspheres' properties
and the controlled release rate that results.

1.Solvent evaporation technique

Many pharmaceutical companies use this method extensively to achieve a regulated release of medication. Using an agitator, this
method entails emulsifying an organic solvent (often methylene chloride) with dissolved polymer and dissolved/dispersed
medication in an excess of aqueous continuous phase. The emulsifier's concentration in the aqueous phase influences the size and
form of the particles.

The stirring rate is decreased and the organic solvent evaporates at the proper temperature under atmospheric or reduced pressure
after the required emulsion droplet size is reached. The medication is trapped in solid polymeric microparticles that are produced
by the dispersion phase solvent's subsequent evaporation. Filtration, centrifugation, or lyophilization are the methods used to
extract the solid microparticles from the suspension.There are essentially two types of emulsion solvent evaporation systems:
water-in-oil (w/o0) and oil-in-water (o/w).

Active
Principle
Potymer Organic
‘,’_ Solvent
v 9,4 9%
Continuous 5 00° 0 o
Phase
O/W Emulsion Evaporation Recovery of

microspheres

2.0il in water emulsion solvent evaporation technique

The medication and the polymer used in this procedure should both be insoluble in water, and the polymer needs a solvent that is
water immiscible. This approach involves dissolving the polymer in an organic solvent, either alone or in combination, such as
dichloromethane, chloroform, or ethyl acetate. A surfactant or emulsifying agent is used to dissolve or distribute the medicine into
a polymer solution, which is then emulsified into an aqueous phase to create an oil-in-water emulsion. Once a stable emulsion has
formed, the organic solvent is removed by swirling continuously or by raising the temperature under pressure. The size and shape
of the embryonic microspheres are determined by the elimination of the solvent.

Polymer precipitation at the o/w interface has been seen as a result of the embryonic microspheres' quick solvent clearance. This
causes a cavity to form in the microspheres, giving them a hollow structure that allows them to float.Because it is easier to make
and requires less cleanup after use, oil-in-water emulsion is more commonly utilised than water-in-oil.

3.0il-in-Oil Emulsification Solvent Evaporation Technique

This method of emulsifying oil in oil (or water in oil) is sometimes called non-aqueous emulsification solvent evaporation. To
create a homogenous drug—polymer dispersion, the drug and polymers are codissolved at room temperature in polar solvents as
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ethanol, dichloromethane, acetonitrile, etc. while being vigorously stirred. With oil-soluble surfactants like Span present, this
solution is gradually added to the dispersion medium made up of light and heavy liquid paraffin.
Using an overhead propeller agitator, the system is agitated for two to three hours at room temperature and 500 revolutions per
minute (rpm) to guarantee full solvent evaporation. Decanting the liquid paraffin and filtering the microparticles through a
Whitman filter paper separates them. They are then cleaned three times with n-hexane, allowed to air dry for twenty-four hours,
and then placed in desiccators for storage. The most widely used non-ionic surfactant is Span 60. Span 60, which has an HLB
value of 4.3, stabilises droplets and stops them from coalescing by settling at the interface between the dispersion medium and the
dispersed phase.

4.lonotropic Gelation Method

This process creates a gel matrix by cross-linking the polyelectrolyte in the presence of counter ions. This method has typically
been used to encapsulate a large number of medications. Certain anions are present in the chemical structure of polyelectrolytes,
like sodium alginate, which have the ability to coat the drug core and function as a release rate retardant. These anions combine
with polyvalent cations and induce gelation to form a meshwork structure. Using a syringe, drop drug-loaded polymeric solution
into the aqueous solution of polyvalent cations to create microspheres.

The cations produce a three-dimensional lattice of ionically cross-linked moieties when they diffuse into the drug-loaded lymeric
droplets. After being created and allowed to remain in the original solution long enough for internal gelification, the microspheres
are filtered out. In the creation of floating microspheres, natural polymers like alginates are frequently utilised to enhance drug

trapping.[9]

—

£ } —Syringe with needle

—— Drug + Polymeric solution

. 4— Cross linking agent

Microspheres

EVALUATION OF FLOATING MICROSPHERE

Particle size:-:-
The microspheres' particle sizes were quantified using an optical microscopic technique, and a calibrated ocular micrometre was
used to measure 100 particles in order to determine the mean microsphere size.

Bulk density:-

The mass of powder divided by the bulk volume is known as the bulk density. A precisely weighed 10-gram sample of granules
was put into a 25-milliliter measuring cylinder. Using the formula, the bulk density was determined (values stated in gm. /cm3)
after the volume occupied by the granules was measured without disturbing the cylinder.

Bulk Density = Weight of Sample / Volume of Sample

Tapped density:-

Tapped densities can be computed using the tapping method. Using a tapped density device, the volume of the weighed quantity
of microspheres was calculated after 100 and 1000 taps.

Tapped Density = Weight of Sample /Tapped Volume

Compressibility Index and Hausner Ratio:-

The compressibility index and Hausner ratio were computed using the following formulas based on the bulk density and tapped
density values:

% Compressibility Index = tapped density — bulk density / Tapped density x 100

Hausner Ratio = Tapped Density / Bulk Density.

Angle of Repose:-

The angle of repose (0) of the microspheres, which measures resistance to particle flow, was determined as..........
Tan 0 =h/r

Thus = tan-1 h/r.

Here, 0 represents the angle of repose.
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h represents the pile's height.
R represents the pile's radius.
Table 4: Carr's Index as a Measure of Powder Flow
Carr's Index: Flow Types
5-15 Excellent
12-16 Good
18-21 Moderate to passable
23-35 Poor
33-38 Very Poor
>40 Incredibly Poor

Table 5: Relationship between flow ability and angle of repose (0)

Angle of Repose Flow ability
<25 Excellent

25-30 Good

30-40 Acceptable

>40 Very Poor

Percentage yield:-

In order to determine the percentage yield of floating microspheres, the actual weight of the product was divided by the total
amount of all non-volatile components employed in their creation. This result is shown by the following calculation.

% yield = (Actual weight of product/Total weight of drug and Excipients) x10

Drug entrapment efficiency (DEE):-

The microspheres were crushed and repeatedly extracted using aliquots of 0.1N HCI to quantify the amount of drug contained.
After transferring the extract to a 100 ml volumetric flask, 0.1N HCI was added to adjust the volume. A spectrophotometer was
used to test the absorbance of the filtered solution against a suitable blank. Using the following calculation, the amount of
medication trapped in the microspheres was determined.

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

Swelling studies:-

The molecular properties of swelled polymers were calculated by swelling studies. A variety of advanced techniques, such as H1
NMR imaging, confocal laser scanning microscopy (CLSM), cryogenic scanning electron microscopy (Cryo-SEM), light
scattering imaging (LSI), and dissolving apparatus, can be used to determine swelling investigations.Using a dissolution
equipment, the swelling studies were computed using the following formula..

Swelling Ratio = Weight of wet formulations /Weight

Scanning Electron Microscopy (SEM):-
The SEM method was used to determine the surface morphology. Using double-sided sticky tape, the microcapsules were placed
directly on the SEM sample slab in this instance, and under low pressure, they were covered in gold film.

In-vitro buoyancy:-

A USP XXIV dissolution apparatus type 11 holding 900 ml of 0.1 N hydrochloric acid with 0.02% tween 80 was covered with 300
mg microspheres. A paddle that rotated at 100 rpm for 12 hours was used to stir the medium. The microspheres' settled and
floating parts were collected independently. After drying, the microspheres were weighed. The ratio of the mass of the
microspheres that stayed afloat to the overall mass of the microspheres was used to compute the buoyancy percentage.

Buoyancy (%) = W/ Wf+Ws x 100
where Wf and Ws are the weights of the microspheres that are floating and settled, respectively..

In-vitro drug release studies:-

The USP dissolving device at a specific speed is utilised for these kinds of investigations. The temperature of the distilled water
and dissolving fluid is kept at 37+10C. Samples are taken out periodically and subjected to spectrophotometric analysis. To keep
the washbasin condition stable, the capacity was refilled with the same quantity of freshmedium. [2]

APPLICATIONS OF FLOATING MICROSPHERES

1. Drugs that have so-called absorption windows, such as antibiotics, antiviral, antifungal, and quinolone agents (sulphonamides,
quinolones, penicillins, cephalosporins, aminoglycosides, and tetracyclines), can be transported by floating microspheres. These
drugs are only absorbed from very specific locations on the GI mucosa.

2. Non-steroidal anti-inflammatory medication hollow microspheres decrease the main adverse effect of stomach irritation and are
highly effective for regulated release. Patients suffering from rheumatism, for instance, benefit greatly from floating indomethacin
microspheres.

3. Drugs that are insoluble or sparingly soluble can be delivered particularly well by floating microspheres. It is well known that
when a drug's solubility declines, less time is available for drug dissolution; hence, transit time becomes a crucial factor
influencing drug absorption. Because hollow microspheres confine weakly basic medications to the stomach, they may prevent
the possibility of solubility being the rate-limiting step in release for medications that are poorly soluble at an alkaline pH. For
medications like verapamil hydrochloride that are effectively absorbed through the stomach, positioned gastric release is helpful.
The active agent's absorption profile will be advantageously changed by the gastroretentive floating microspheres, increasing its

bioavailability.
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4. By releasing drugs locally, hollow microspheres can significantly enhance stomach pharmacotherapy. This results in high drug
concentrations at the gastric mucosa, eliminating Helicobacter pylori from the stomach's sub-mucosal tissue and enabling the
treatment of duodenal and stomach ulcers, gastritis, and oesophagitis.[1]
CONCLUSION
Drug absorption in the gastrointestinal tract is a very unpredictable process, and the duration of drug absorption is increased by
maintaining the dosage form in the stomach. With their ability to precisely control the release rate of a target medicine to a
specific region, floating microspheres as gastroretentive dosage forms have a huge impact on healthcare. In order to effectively
manage a variety of diseases, optimised multi-unit floating microspheres are anticipated to give physicians a new option for a
formulation that is more affordable, secure, and bioavailable.. These methods also offer enormous prospects for building new
controlled and delayed release oral formulations, thereby expanding the horizon of future pharmaceutical discovery. Furthermore,
new breakthroughs in pharmaceutical research will undoubtedly present significant opportunities for establishing novel and
effective techniques in the creation of these potential drug delivery systems. [9]
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