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ABSTRACT: Gastro-retentive floating microspheres were developed as a result of the recent ad-
vancements in floating delivery systems for drugs (FDDS), which included the uniform dispersion
of multiparticulate dosage forms along the GIT. This could lead to more consistent drug absorption
and a lower risk of local irritation. Microballoons (MB), a multi-unit extended release with a sphere-
shaped cavity encased in a tough polymer shell, have been developed as a dosage form with excep-
tional buoyancy in the stomach. This preparation for constrained intestinal absorption is made to
float on top of gastric acid, that has a relative density lower than 1.By using enteric acrylic polymers
and the emulsion solvent diffusion method, microballoons are prepared and filled to drug in one’s
outer polymer casings. Enteric acrylic plastics are used to generate microballoons that are drug-
loaded in one’s external polymer casings and dissipate in a solution of dichloromethane and etha-
nol. Cavity development in microparticles seems to be particularly correlated with dichloromethane
evaporation. Microballoons with a drug distributed or dispersed all through the particle-ma-
trix have the potential for a controlled drug release and float continuously for more than 12 hours
in vitro out over the surface of an acidified dissolution medium with surfactant. The drug is released
slowly and at the desired rate as the microballoons glide over the components of the stomach, in-
creasing gastro-retention time and lowering fluctuations in plasma concentration.

KEYWORDS: Gastro retentive drug delivery systems; non-effervescent systems; floating drug de-
livery systems; microballoons; CRDDS

1. Introduction

Traditional oral dosage forms, like capsules and tablets deliver a specific concentra-
tion of the medication in the blood circulation that does not release over time at a constant
rate. By attempting to regulate its own release into the body with smaller and less frequent
doses, a buccal drug delivery offers drug release at a pre-controlled, suitable frequency,
either systematically or locally, for the intended duration of time. This system maximizes
a drug's therapeutic effect.!

1.1. Floating drug delivery system

Davis described a floating system for delivering drugs (1968). These are low-density
structures with enough buoyant force to hover over stomach contents. The drug is re-
leased slowly at a constant rate from the system whereas the structure is floating on the
stomach contents. The residual system is expelled from the stomach after the drug is re-
leased. This improves bioavailability by lowering drug fluctuations, raising GRT, and in-
creasing GRT. There have been many developed floating system which is based on grains,
particles, caplets, tablet devices, sheeting films, beads, and empty microcapsules.2?

It could be divided into two different systems:*>
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1.1.1. Effervescent System

Systems containing volatile liquids (Intragastric floating GRDDS)
Devices for gas production (Intra gastric single layer and bilayered floating tablets,
Multiple unit type floating pills)

1.1.2. Non-Effervescent Systems

Barrier systems based on hydrocolloid gel
System of micro porous compartments

Beads of alginate and pectin

Microspheres that are hollow (Microballoons)

2. Hollow Microspheres / Microballoons:

Microballoons seem to be non-effervescent gastro-retentive drug-delivery structures.
Microballoons (Hollow microspheres) are, strictly speaking, blank spherical particles
without any core. These microspheres were indeed typically free-flowing powders com-
posed of proteins or synthetic materials, with a size of less than 200 micrometres.6

Microballoons are one of the most beneficial buoyant systems because of the core
hollow space within the microsphere, which has the special advantages of multi - input
frameworks and better-floating properties. Among the novel methods used in their prep-
aration are the simple solvent removal method, the emulsification diffusion method, the
single emulsification technique, the twofold emulsification technique, the phase separa-
tion coacervation technique, the polymerization technique, the spray drying and spray
congealing method, and the hot melt encapsulation method. The type of polymer, plasti-
cizer, and solvents used during preparation have a significant impact on the floating prop-
erties and rate of drug release. In the preparation of hollow microspheres, polymers like
polylactic acid, Eudragit® S, as well as hydroxy propyl methyl cellulose cellulose acetate
are used, and drug release can be modulated by optimising encapsulation efficiency and
the polymer-plasticizer ratio.”

To develop a hollow internal structure in hollow microspheres/microballoons filled
with drug in their outer polymeric matrix, innovative techniques including such evapo-
ration of the solvent or solvent diffusion/evaporation are used. The drug and an enteric
acrylic polymer mixture are dispersed in ethanol/dichloromethane solution and poured
into an agitated Poly Vinyl Alcohol (PVA) solution that is thermally controlled at 40°C.
The organic solvent is evaporated from the emulsion after it has formed a stable emulsion
through raising the temperature under stress or by vigorous stirring.? The vapour phase
is created in the hollow inner cavity of a polymer microsphere with drug by both the va-
porisation of dichloromethane with in droplet of dispersed polymer. For more than 12
hours, the Microballoon floats continuously upon that exterior of just an acidified disso-
lution media containing surfactant.®1

3. Microballoons and Hollow Microspheres Flotation Mechanisms:

A gel constitutes once stomach acid and floating microcapsules or microballoons are
brought into contact, moisturizing polymeric materials to create a colloidal gel barrier that
controls the rate of fluid permeability into the device and, consequently, release of the
drug. The gel layer is maintained as the outer surface of the dosage form dissolves by the
moisture of the adjacent hydrocolloid layer. The trapped air in the swollen polymer low-
ers the density of the microspheres and gives them buoyancy. But even so, a negligible
gastric content is needed to achieve appropriate buoyancy."

Table 1: Components needed to prepare Micro balloons >

Components and goal Examples
Cellulose acetate, Chitosan, Eudragit, Acrycoat, Methocel,
Polyacrylates, Polyvinyl Acetate, Carbopol, Agar,

Polymers - control the drugs release rate
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Polyethylene oxide, Polycarbonates, Acrylic resins and
Polyethylene etc.

Solvents - should have high volatile characteristics, allowing
them to quickly separate from of the emulsion, having left
hollow microspheres.

Processing Medium - When the drug liquid solution is
began pouring into it, it is used to harden the drug polymer
dispersed droplets and must not interact with both the
former.

Surfactant - they seem to be stabilisers or dispersants that

also serve to toughen the microspheres. Tween 80, Span 80 and SLS.
Cross-linking agent - used it to cross-link microspheres  Formaldehyde, Glutaraldehyde or by using Di acid chlorides

Ethanol, Dichloromethane (DCM), Acetonitrile, Acetone,
Isopropy! alcohol (IPA), Dimethylformamide (DMF)

Liquid paraffin, Polyvinyl alcohol and Water

chemically such as Terephthaloyl chloride
Hardening agent - aids inside the hardening of n-hexane, Petroleum ether (in case the processing medium is
microspheres constructed inside the processing medium liquid paraffin)

4. Hollow microsphere/micro balloon preparatory techniques:

Various scientific and technological researchers have developed a diiferent methods
for both the advancement of controlled-release microspheres that float. The technique
chosen is determined by the characteristics of a polymer, the drug, and the intended
use.® Several methods, including evaporation of the solvent, ionotropic gel formation,
emulsification, inter-facial polycondensation, and spray drying, are used to create floating
microparticles.'* But even so, a lot of researchers from all over the world have used the
solvent removal method to look into the various vistas of floating microspheres. There are
two types of solvent evaporation techniques: mono and numerous emulsion solvent evap-
oration techniques.’®

4.1. Solvent evaporation method:

Polymers used for the advancement of these mechanisms include Eudragit, HPMC
KM4, and ethyl cellulose, among others. Polymers are combined with drugs and then dis-
solved in ethanol, acetone, or dichloromethane solutions, alone or in combination, to pro-
duce a homogeneous polymer solution. The solution is then continued to pour in to the
100 mL of liquid paraffin and rotated at 1500 rpm. The emulsion is formed and heated for
3 hours at 350°C. The acetone or dichloromethane is entirely disappeared just after for-
mation of a stable emulsion, and the resulting solidified microspheres are filtered using
Filtered through whatmann filter paper. The floating and sustained characteristics are
provided by the hollow microspheres.'¢ (Fig 1).

Process
.. @~ ©© @~ 0@ _'©© O
Formation of emulsion Formation of shell Generation of gas phase Microballoon
Mechanism EtOH CH,CI,
O/W emulsion Rapid diffusion of EtOH Evaporation and Hollow microsphere

diffusion of CH,Cl»

Fig 1: Solvent evaporation method.
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4.2. Emulsion-based solvent diffusion method:

Drop by drop, the ethanol: dichloromethane solution that contains the drug-polymer
mixture is added to the polyvinyl alcohol solution. The aforementioned mixture is
blended at various temperatures for an hour at 1500 rpm.”

The attraction between both the drug and the solvent is stronger inside the diffusion
of emulsion solvents method than between the organic solvent and the aqueous solvent.
Despite the fact that the organic solvent is miscible, the drug is dissolved within it and the
solution is dispersed in the appropriate solvent, resulting in emulsion droplets. The
organic solvent gradually diffuses out of the dispersed phase into the surrounding
aqueous phase, and the aqueous phase diffuses into the droplets, causing the drug to
crystallize.’® (Fig 2).

Polymer precipitation

Drug + polymer in
organic solvent (oil)

Stabilizer
———
solution

Continuous phase
(aqueous)

Solvent diffusion

Magnetic stirrer bar Stabilizer

Fig 2: Emulsion solvent diffusion method

4.3. Solvent diffusion evaporation technique:

Both the emulsion solvent diffusion technique and the emulsion solvent diffusion
technique have been slightly modified in this technique. At room temperature, the drug,
polymers, and 0.1% emulsifier such as PEG are mixed in an ethanol: dichloromethane (1:1)
solution. This solution is gradually added to 80 ml of 0.46% w/w polyvinyl alcohol as an
emulsifier. This is stirred for 1 hour with a propeller agitator to allow the organic solution
to evaporate before being filtered. The best formulation is chosen based on the optimised
results of various processing parameters including such polymer ratio, drug:polymer ra-
tio, stirring speed, and emulsifier concentration as shown in (Fig3).

Organic solution:
Polymer + Drug in "\’:f-'—loﬁw [ — _\f ‘
water non-miscible O S o Solvent
solvent @) o Evaperation

< O
- $ eo— " |l
Stabilizer in water L '®) o

Step 1

Fig 3: Solvent diffusion evaporation technique.
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4.4. Sprayed Drying:

Spray drying is by far the most widely employed particulate forming and drying
method. It is an ideal process because it can achieve the desired distribution of particle
size, bulk density, and particle shape in a single step.0.

To begin, a slurry of polymer is formed inside an appropriate organic volatile solvent
such like dichloromethane, acetone, etc. After spraying the mixture into the drying cham-
ber, a gradient of concentration of the solute forms within the small droplet, with both the
greatest concentration at the droplet surface. This is because the time it takes for the solute
to diffuse is longer than the time it takes for the solvent in the drops to evaporate even
during drying process. Following that, a solid shell forms, which leads to the formation
of microspheres. The solid products are usually separated from the gases using a cyclone
separator, whereas the trace amounts of solvent have been eliminated by evaporation of
the solvent and the product lines are stored for later use.? (Fig 4).

Compressed air

— —

Pump v

Exhaust

Drying chamber ‘_ g,

Fan

Product pail

Slurry

Fig 4: Sprayed drying technique.

5. Physical and chemical characteristics of Hollow Microspheres/Micro balloons:

The solvent removal technique of microcapsules is a complicated task that may be
impacted by the succeeding process variables. 2.

5.1. Stirring rate:

The microparticles - size of the nanoparticles is affected by the agitation speed. The
size of microparticles reduces as stirring speed increases. It is possible that increasing the
stirring speed the polymer's main body is broken up into smaller particles®.

5.2. Preparation’s Temperature:

It has an impact on the permeability and morphologies of microspheres. Lower-tem-
perature microspheres (20 or 30°C) produce highly permeable microspheres with larger
porosity and an irregular surface. Hollow microspheres prepared at 40°C have a higher
roundness and smoother surfaces than empty microparticles prepared at lower tempera-
tures. Because there is no cavity in empty microparticles prepared at higher temperatures
(50°C), they have an elevated evident particulate density and low buoyancy. At 40 degrees
Celsius, the drug and polymers combined to form a shell that was created by the instan-
taneous evaporation of dichloromethane and the diffusion of ethanol into the aqueous
phase?. The particle size decreases as that of the preparatory temperature rises. At ex-
treme temps, the emulsification becomes less thick and much easier to break into smaller
particles with the force of mixing input.?> Microspheres made at high temperatures have
a homogeneous porous structure distribution.
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After their initial drug release, microparticles constituted at extremely high temper-
atures have very slow release rates. Faster solvent evaporation results in a plain surface,
round shape, and lesser encapsulation.

5.3. Admixtures:

It will make the microsphere material's external surface extra resilient and flexible,
preventing from becoming brittle or rupturing under pressure. The drug release from mi-
croparticles significantly increases as the plasticizer concentration was increased?.

5.4. Volume of aqueous phase (Continuous phase):

The particle size is reduced as the capacity of the aqueous medium rises, so the buoy-
ancy rises. The possible advantage of just using high quantities of the aqueous environ-
ment is that the necessary stirring times are reduced. Dichloromethane is 1% w/v miscible
in aqueous, and in higher quantities (400 to 500 milliliters), dispersion into the aqueous
solution and particle solidification took place faster than in smaller volumes (200 millili-
ters) of the outer aqueous phase?.

5.5. Ratio of solvents:

The connecting liquid is essential in the creation of microspheres. Whenever a good
solvent disperses into a poor solvent, causing the drug and polymer to precipitate, a bridg-
ing liquid has to be present to keep the microsphere's spherical shape. Too little connect-
ing liquid can result in irregularly shaped microsparticles, while too much connecting lig-
uid can protect emulsified particles from cementing. As a result, the quantity of dichloro-
methane must be carefully monitored?. The proportion of dichloromethane to ethanol
affects the morphology of the microspheres, so the ratio was optimised to achieve the best
circular morphology. The best results with perfectly circular shape are obtained when the
ethanol to dichloromethane ratio is 2:1%.

5.6. Viscosity and polymer content:

Relatively small microparticles will then constituted as lesser polymer concentrations
as well as it will have a greater external area exposed to the solubilization medium, result-
ing in higher drug release®. The rheology of the medium increases as polymer concentra-
tion increases, resulting in increased surface tension. Snipping efficiency decreases with
increasing viscosity, leading to the formation of bigger particles. The yield of hollow mi-
crospheres decreases as viscosity increases, while mean radius and dosage of a drug load
increase. Solubility and dissolution profiles could be slowed by raising the amount of pol-
ymer in preparations, and particle diameter, external characteristics of microparticles, and
solubilization can be altered by varying the drug-to-polymer ratio..

5.7. Effect of solvent:

Because it is a good solvent for most polymers and drugs, dichloromethane is used
as the polar inner organic denatured alcohol for the manufacture of microparticles. How-
ever, it is discovered that now the microparticles produced by it are not spherical in na-
ture. To address this issue, methanol is combined with dichloromethane in the process of
making microparticles. The resulting microparticles are oval in appearance but doesn’t
have a plain surface. To overcome this issue, scientists skeptically screen various solvents
based on boiling points, including dichloromethane (39.75°C), acetone (56.5 °C), methanol
(64.7 °C), and ethanol (78.4 °C). Because of boiling point increased from DCM to ethanol,
ethanol should be used in place of DCM/methanol for the best results. The majority of
water-soluble drugs as well as water-insoluble polymeric materials are dissolved in etha-
nol which is non-toxic and regarded as a good solvent. Because ethanol has a higher boil-
ing point than other solvents such as dichloromethane, acetone, and methanol, it prevents
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immediate polymer precipitation, and the resulting microspheres are completely round
with a plain surface'.

5.8. Concentration of emulsifying agent:

In addition to preventing drops from crashing into one another and forming agglom-
erates, the emulsifying agent (surfactant) lowers the surface tension between the continu-
ous and dispersed phases. Drops are more probable to collide and fuse to form larger
globules at lower emulsifier concentrations because there is insufficient emulsifier to pro-
tect the whole particle surface. The encapsulation efficiency decreases as the emulsifying
agent concentration increased. As a result, the optimal emulsifier concentration should be
determined.32.

6. Characterization of Microballoons:33
6.1. Micromeritic properties:

Micromeritic characteristics including such particle diameter, flow properties (Angle
of Repose, Hausner's Ratio), and density distinguish floating microspheres. The fixed fun-
nel method is used to calculate the angle of repose, and the compressibility index is cal-
culated by observing the change in volume with a bulk density apparatus.

6.2. Interactions between drugs and excipients:

This is accomplished through the use of Fourier-transform infrared spectroscopy
(FTIR). The DE connection is indicated by the emergence of the newest peak and/or the
vanishing of the existing drug or inactive ingredients peak.

6.3. Scanning electron microscopy (SEM):

A scanning electron microscope is used to examine the texture and inner structure of
the floating multi particulates morphologically (SEM).

6.4. The use of differential scanning colorimetry and X-ray diffraction:

It's indeed crucial to know the physiological state of a drug in multiple unit struc-
tures. As during process, the crystallisation of the drug could alter, and such changes will
affect the release of drug characteristics. The crystalline phase of a drug can be investi-
gated using the X-ray powder diffraction (XRD) technique and differential scanning col-
orimetry (DSC).

6.5. Floating Behavior:

It's indeed crucial to know the physical state of a drug in multiparticulate structures.
As during process, the crystallisation of the drug could alter, and other such changes will
affect the release of drug characteristics. The crystalline phase of a drug could be investi-
gated using the X-ray powder diffraction (XRD) method as well as differential scanning
colorimetry (DSC).

Buoyancy (%) = (Wr/ Ws + Ws) x 100

Where the weights of the settled and floating microspheres, respectively, are Wf and Ws.

6.6. % of drug-related entrapment:

The ability to produce floating microparticles is thoroughly mixed, then suspended
in a small amount of solvent. The suspension was then filtered to completely separate rock
fragments. The drug components were examined, and the following equation was used
to determine the percentage of drug entrapment.

% Drug Entrapment = (Actual drug content /Theoretical drug content) x100
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6.7. Tests for in vitro dissolution:

A USP apparatus and a paddle are typically used for in vitro dissolution tests. With
900 mil simulated gastrointestinal fluid (PH 1.2, no enzymes) as the dissolution medium
and a rotation speed of 50-100 rpm, the drug's in vitro release from microspheres is inves-
tigated at 37°c predetermined time intervals, an aliquot of 5 ml of solution was withdrawn
and replaced with 5 ml of fresh dissolution medium. Any appropriate analysis technique,
such as UV spectroscopy or HPLC, was used to analyse samples at highest wave length.

7. Conclusion:

Micro-balloons seem to be innovative drug delivery systems that are made to float
for an extended period of time over the stomach contents. Floating micro-balloons have
the benefit of remaining buoyant and uniformly dispersed over the gastric fluid, avoiding
variations in gastric acid secretion and allowing the drug to be released for extended pe-
riods of time. Microballoons precisely control the rate of target drug release to a particular
site as gastric retaining pharmaceutical formulations. Floating micro-balloons are espe-
cially promising for the development of a gastro-retentive drug delivery system with ther-
apeutic properties.
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