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ABSTRACT

The present study aimed to formulate and evaluate ibuprofen-loaded floating micro-balloons for enhanced
gastroretentive drug delivery. Ibuprofen, a non-steroidal anti-inflammatory drug with a short half-life and upper
gastrointestinal absorption window, was selected as a suitable candidate for developing a floating drug delivery
system. Floating micro-balloons were prepared using the solvent evaporation (emulsion diffusion) technique with
polymers such as ethyl cellulose and Eudragit RS100. The prepared formulations were evaluated for particle size,
percentage yield, drug entrapment efficiency, in-vitro buoyancy, surface morphology, and drug release behavior.
The results indicated that polymer concentration significantly influenced formulation characteristics. The
optimized formulation (F6) exhibited high entrapment efficiency (~83.5%), excellent buoyancy (~88.9%), and
sustained drug release up to 12 hours. In-vitro release studies demonstrated a controlled release pattern, and kinetic
modeling revealed that drug release followed the Korsmeyer—Peppas model, indicating a non-Fickian diffusion
mechanism. The developed floating micro-balloons showed excellent gastroretentive properties, prolonged gastric
residence time, and improved drug release profile compared to conventional dosage forms. Thus, this system
represents a promising approach for enhancing the oral bioavailability and therapeutic efficacy of ibuprofen.
Further in vivo studies are required to confirm its clinical performance.
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1. INTRODUCTION

Oral drug delivery remains the most preferred route
of administration due to its convenience, patient
compliance, and cost-effectiveness. However,
conventional dosage forms often suffer from
limitations such as rapid gastric emptying,
incomplete drug absorption, and fluctuating plasma
drug levels, particularly for drugs with a narrow
absorption window or poor solubility in intestinal
fluids'. Gastroretentive drug delivery systems
(GRDDS) have emerged as an effective strategy to
overcome these limitations by prolonging the
residence time of dosage forms in the stomach,
thereby enhancing drug bioavailability and
therapeutic efficacy?.

Among various GRDDS approaches, floating drug
delivery systems (FDDS) have gained significant
attention due to their ability to remain buoyant in
gastric fluids without affecting gastric emptying
rate. These systems possess a lower density than
gastric contents, allowing them to float and release
the drug in a controlled manner over an extended
period. This prolonged gastric retention improves
drug dissolution, reduces dosing frequency, and
minimizes plasma concentration fluctuations®.
Floating microspheres or micro-balloons represent a
promising multiple-unit system that offers uniform
distribution in the gastrointestinal tract and reduces
the risk of dose dumping compared to single-unit
systems?®.

Floating micro-balloons are hollow, spherical
particles prepared using techniques such as solvent
evaporation or emulsion diffusion, typically
employing polymers like ethyl cellulose and
Eudragit®. These systems exhibit excellent
buoyancy, high drug entrapment efficiency, and
sustained drug release characteristics. Recent
advancements have shown that floating micro/nano-
balloons can significantly enhance drug
bioavailability and therapeutic outcomes by
maintaining the drug in the stomach for prolonged
periods’.  Additionally, multiple-unit floating
systems provide better reproducibility and reduced
inter-subject variability in drug absorption?®.
Ibuprofen, a widely used non-steroidal anti-
inflammatory drug (NSAID), is characterized by a
short biological half-life (approximately 2—3 hours)
and frequent dosing requirements. It is primarily
absorbed in the upper gastrointestinal tract, making
it a suitable candidate for gastroretentive drug
delivery  systems®.  However, conventional

formulations of ibuprofen may cause gastric
irritation and exhibit variable bioavailability due to
rapid gastric transit. Therefore, developing a floating
drug delivery system for ibuprofen can enhance its
therapeutic efficacy, reduce dosing frequency, and
potentially minimize gastrointestinal side effects'®.
In recent years, studies have demonstrated that
ibuprofen-loaded floating systems, including
microspheres and nanoballoons, exhibit improved
buoyancy, sustained drug release, and enhanced
anti-inflammatory activity compared to
conventional formulations'!. These systems can
maintain drug release over extended durations (up to
12-24 hours), thereby improving patient compliance
and therapeutic outcomes'2. Hence, the formulation
of ibuprofen-loaded floating micro-balloons
represents a promising approach for achieving
controlled drug delivery and  improved
gastroretentive performance.

The present study aims to formulate and evaluate
ibuprofen-loaded floating micro-balloons using
suitable polymers and techniques to enhance gastric
retention and sustain drug release, thereby
improving the overall therapeutic effectiveness of
ibuprofen.

2. MATERIALS AND METHODS

2.1 Materials

Ibuprofen was obtained as a gift sample from a
reputed pharmaceutical industry. Polymers such as
Ethyl Cellulose and Eudragit RS100 were procured
from commercial suppliers. Polyvinyl alcohol
(PVA), dichloromethane, ethanol, and other
analytical grade reagents were purchased from
standard chemical suppliers and used without further
purification'>. Double distilled water was used
throughout the study.

2.2 Method of Preparation of Floating Micro-
balloons

Ibuprofen-loaded floating micro-balloons were
prepared using the solvent evaporation (emulsion
diffusion) method. Accurately weighed quantities of
ibuprofen and polymer (Ethyl Cellulose/Eudragit
RS100) were dissolved in a mixture of ethanol and
dichloromethane. The resulting organic phase was
slowly poured into an aqueous phase containing
0.5% w/v PVA under constant stirring at 800—1000
rpm using a mechanical stirrer.

The system was maintained at room temperature to
allow evaporation of the organic solvents, leading to
the formation of hollow micro-balloons. The formed
micro-balloons were collected by filtration, washed
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with distilled water, and dried at room temperature
for 24 hours'.

2.3 Experimental Design

A factorial design approach was employed to
optimize formulation variables such as:

. Drug-to-polymer ratio
. Stirring speed
. Concentration of stabilizer (PVA)

The prepared batches were evaluated for particle
size, entrapment efficiency, buoyancy, and drug
release characteristics to identify the optimized
formulation'®.
2.4 Characterization of Floating Micro-balloons
2.4.1 Particle Size Analysis
Particle size of micro-balloons was determined
using optical microscopy. Approximately 100
particles were measured, and the mean particle size
was calculated's.
2.4.2 Percentage Yield

Practical Yield

E——— 1]}
Theoretical Yield

Percentage Yield =

2.4.3 Drug Entrapment Efficiency
Accurately weighed micro-balloons were crushed
and dissolved in a suitable solvent. The solution was
filtered and analyzed spectrophotometrically at
Amax of ibuprofen (= 221 nm). Entrapment
efficiency was calculated as'”:

Entrapment Efficiency (%)

Actual Drug Content

~ Theoretical Drug Content
x 100

2.4.4 In-vitro Buoyancy Study
The buoyancy of micro-balloons was evaluated in
simulated gastric fluid (0.1 N HCL, pH 1.2). Aknown
quantity of micro-balloons was dispersed in the
medium and stirred at 100 rpm. After a specified
time, floating and settled particles were separated,
dried, and weighed's.

Buoyancy (%)

Weight of Floating Micro-balloons
B Total Weight

2.4.5 Surface Morphology

Surface morphology of micro-balloons was
examined using scanning electron microscopy
(SEM) to confirm spherical shape and hollow
structure'®.

2.4.6 In-vitro Drug Release Study

Drug release studies were performed using a USP
Type II (paddle) dissolution apparatus in 900 mL of

0.1 N HCI (pH 1.2) at 37 £ 0.5°C and 100 rpm.
Samples were withdrawn at predetermined intervals,
filtered, and analyzed spectrophotometrically at 221
nm. Equal volume of fresh medium was replaced
after each sampling®.

2.4.7 Drug Release Kinetics

The release data were fitted into various kinetic
models such as:

. Zero-order

. First-order

. Higuchi model

. Korsmeyer—Peppas model

to determine the mechanism of drug release?'.

2.5 Statistical Analysis

All experiments were performed in triplicate, and
results were expressed as mean =+ standard deviation.
Statistical analysis was carried out using appropriate
software to determine significance (p < 0.05)?2.
RESULTS

3.1 Evaluation of Floating Micro-balloons

lil Table 1: Composition of Formulations (F1-F6)

Formulati | Drug: | Polyme | PV | Stirri

on Polym | rUsed | A ng

er (% | Speed

Ratio ) (rpm)

F1 1:1 Ethyl 0.5 800
Cellulo
se

F2 1:2 Ethyl 0.5 900
Cellulo
se

F3 1:3 Ethyl 0.5 1000
Cellulo
se

F4 1:1 Eudragi | 0.5 800
t
RS100

F5 1:2 Eudragi | 0.5 900
t
RS100

F6 1:3 Eudragi | 0.5 1000
t
RS100

3.2 Particle Size, Yield and Entrapment

Efficiency
Table 2: Evaluation Parameters
Formulation | Particle | % %
Size Yield | Entrapment
(nm) Efficiency
F1 145 + 72.5 65.2+1.5
2.1 +1.3
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F2 162 + 78.4 726+12
2.5 +1.8

F3 185+ 82.1 80.4+ 1.6
32 +2.0

F4 150 & 74.3 67.8+1.3
2.0 +1.5

F5 168 & 79.2 749+ 1.4
2.7 +19

F6 192 + 84.6 83.5+1.7
3.5 +22

Entrapment Efficiency of Ibuprofen Micro-balloons

80 -

Entrapment Efficiency (%)
N w B w ()]
o o o o o

-
o
L

F1 F2 F3 F4 F5 F6
Formulations

Figure 1: Entrapment efficiency of ibuprofen-
loaded floating micro-balloons for different
formulations (F1-F6). Values are expressed as
mean £ SD (n = 3).

Entrapment efficiency increased with increasing
polymer concentration. Formulation F6 showed
maximum entrapment (~83.5%), indicating better
drug encapsulation due to higher polymer matrix
density.

3.3 Buoyancy Study

Table 3: In-vitro Buoyancy

Formulation | % Buoyancy (12 hr)
F1 68.4+1.2
F2 75.6+1.5
F3 82.8+1.7
F4 702+1.3
F5 785+1.6
F6 889+19

In-vitro Buoyancy of Floating Micro-balloons

Buoyancy (%)

F1 F2 F3 F4 F5 F6
Formulations

Figure 2: In-vitro buoyancy (%) of ibuprofen-
loaded floating micro-balloons over 12 h. Values
are expressed as mean £+ SD (n = 3).

All formulations exhibited good floating behavior
(>65%). F6 showed maximum buoyancy (=89%),
attributed to its hollow structure and lower density,
confirming suitability for gastroretentive delivery.
3.4 In-vitro Drug Release Study

Table 4: Drug Release Profile (% Cumulative

Drug Release)
Time |F1 |F2 |F3 |(F4 |F5 |Fé6
(hr)

1 182 | 15.6 | 12.8 | 17.5 | 142 | 11.6

2 32.5 1284|242 | 30.8 |265|224

4 554 1 48.7 | 423 | 52.8 | 45.6 | 40.2

6 72.8 | 65.2 | 589 | 70.4 | 63.5 | 56.8

8 85.6 | 784 | 70.2 | 83.2 | 76.8 | 68.5

10 942 | 88.5 | 80.6 | 91.5 | 852 | 78.4

12 98.5 1952|889 974|926 | 85.7

Cumulative Drug Release at 12 Hours

100+

80

60 q

Drug Release (%)

404

201

F1 F2 F3 F4 F5 F6
Formulations
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Figure 3: Cumulative percentage drug release
profile of ibuprofen-loaded floating micro-
balloons in 0.1 N HCI (pH 1.2) over 12 h. Values
are expressed as mean £+ SD (n = 3).

All formulations showed sustained drug release up
to 12 hours.

. F1 exhibited faster release due to lower
polymer concentration

. F6 showed the most controlled release
(~85% at 12 hr)

. Increased polymer concentration slowed
drug diffusion

3.5 Drug Release Kinetics

Table 5: Release Kinetics (Optimized Batch F6)

Model R? Value
Zero-order 0.962
First-order 0.894
Higuchi 0.981
Korsmeyer—Peppas | 0.989

Drug Release Kinetics (F6)

1.04

0.8

0.6 q

R? Value

0.4

0.2

0.0 -

o™

et et .
1e(o,ofd ?\‘5"0‘(3 W

Kinetic Models
Figure 4: Comparison of release kinetics models
for optimized formulation (F6) showing
correlation coefficient (R?) values.
The optimized formulation (F6) followed
Korsmeyer—Peppas model (R* = 0.989), indicating
non-Fickian diffusion mechanism, suggesting both
diffusion and polymer relaxation contributed to drug
release.
3.6 Surface Morphology (SEM Analysis)
SEM analysis revealed that micro-balloons were:

. Spherical in shape
. Hollow internally
o Smooth surface

This confirms successful formation of floating
micro-balloons and explains their excellent
buoyancy behaviour.

4. DISCUSSION

The present study successfully developed ibuprofen-
loaded floating micro-balloons using the solvent
evaporation technique, aiming to enhance gastric
retention and sustain drug release. The formulation
variables,  particularly = polymer type and
concentration,  significantly  influenced  the
physicochemical characteristics and performance of
the micro-balloons.

Particle size analysis revealed that the mean particle
size increased with  increasing  polymer
concentration. This can be attributed to the higher
viscosity of the polymer solution, which results in
the formation of larger droplets during
emulsification. Similar observations have been
reported in gastroretentive microsphere systems,
where increased polymer content leads to larger
particle size and improved structural integrity.
The percentage yield of all formulations was found
to be satisfactory, ranging from 72% to 85%,
indicating the efficiency of the solvent evaporation
method. The gradual increase in yield with higher
polymer concentration may be due to reduced drug
loss during processing and improved encapsulation
efficiency®.

Entrapment efficiency showed a significant increase
with increasing polymer ratio, with the optimized
formulation (F6) exhibiting the highest entrapment
efficiency (~83%). This enhancement can be
explained by the formation of a dense polymeric
matrix that effectively traps the drug within the
micro-balloons, preventing drug diffusion into the
external phase during preparation®. Similar findings
have been reported in floating microsphere systems
using hydrophobic polymers such as ethyl cellulose
and Eudragit®.

The in-vitro buoyancy study demonstrated that all
formulations possessed good floating ability, with
buoyancy values exceeding 65%. The optimized
formulation (F6) exhibited maximum buoyancy
(~89%), which can be attributed to its hollow
internal structure and low density. The formation of
internal cavities during solvent evaporation
contributes to enhanced floating behavior, as
reported in previous studies on  hollow
microspheres?’. The prolonged buoyancy is crucial
for maintaining the dosage form in the gastric
region, thereby improving drug absorption?.

The in-vitro drug release studies revealed that
ibuprofen release from the micro-balloons was
sustained over a period of 12 hours. Formulations
with lower polymer content showed faster drug
release, whereas higher polymer concentration
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resulted in controlled and prolonged release. This
behaviour can be explained by the increased
diffusion path length and reduced porosity of the
polymer matrix, which slows down drug diffusion®.
Such sustained release profiles are desirable for
drugs like ibuprofen, which require prolonged
therapeutic action and reduced dosing frequency*.
Drug release kinetics analysis indicated that the
optimized formulation followed the Korsmeyer—
Peppas model with a high correlation coefficient (R?
~ 0.989), suggesting a non-Fickian (anomalous)
diffusion mechanism. This indicates that drug
release is governed by a combination of diffusion
and polymer relaxation processes®'. Similar release
mechanisms have been reported in floating drug
delivery systems utilizing hydrophobic polymers*2.
Surface morphology studies using SEM confirmed
that the prepared micro-balloons were spherical with
a smooth outer surface and hollow internal structure.
The absence of drug crystals on the surface suggests
uniform drug distribution within the polymer matrix,
which is essential for controlled drug release®*°.
Overall, the results demonstrate that polymer
concentration plays a critical role in determining the
performance of floating micro-balloons. The
optimized formulation (F6) showed superior
characteristics,  including  high  entrapment
efficiency, excellent buoyancy, and sustained drug
release, making it a promising candidate for
gastroretentive drug delivery of ibuprofen.

5. CONCLUSION

The present study successfully demonstrated the
formulation and evaluation of ibuprofen-loaded
floating  micro-balloons as an effective
gastroretentive drug delivery system. The solvent
evaporation technique proved to be a simple,
reproducible, and efficient method for preparing
hollow microspheres with desirable
physicochemical properties.

The optimized formulation (F6), containing a higher
polymer ratio, exhibited superior performance in
terms of particle size uniformity, high entrapment
efficiency, excellent buoyancy, and sustained drug
release over 12 hours. The enhanced floating
behavior ensured prolonged gastric residence time,
which is critical for drugs like ibuprofen that are
primarily absorbed in the upper gastrointestinal
tract. Moreover, the controlled release profile
minimizes dosing frequency and may reduce
gastrointestinal irritation commonly associated with
conventional ibuprofen formulations.

Drug release kinetics confirmed that the system
follows a non-Fickian diffusion mechanism,
indicating a combination of diffusion and polymer
relaxation processes. Surface morphology studies
further validated the formation of spherical, hollow
micro-balloons responsible for effective buoyancy
and controlled drug release.

Overall, the developed floating micro-balloons offer
a promising approach for improving the oral
bioavailability and therapeutic efficacy of ibuprofen.
This gastroretentive system has the potential to
enhance patient compliance and can be further
explored for other drugs with similar absorption
characteristics. Future studies involving in vivo
evaluation and stability analysis are recommended
to establish the clinical applicability of the
developed formulation.
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