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ABSTRACT
Febuxostat is a xanthine oxidase inhibitor used in the management of gout. However, its poor aqueous solubility
and limited gastric residence time reduce its oral bioavailability. Gastroretentive polymeric microballoons offer a
promising strategy to prolong gastric retention and provide sustained drug release. The present study aimed to
formulate and evaluate Febuxostat-loaded polymeric microballoons using Eudragit S100 and HPMC K100 to
improve gastric retention and sustain drug release. Polymeric microballoons were prepared by solvent
evaporation/emulsion diffusion technique using varying concentrations of Eudragit S100 and HPMC K100. The
formulations were evaluated for particle size, entrapment efficiency, percentage buoyancy, and in-vitro drug
release. Surface morphology was examined using scanning electron microscopy (SEM). The UV analytical
method exhibited good linearity at 315 nm with a regression coefficient of 0.993. Among all formulations F11
showed better results. The optimized formulation demonstrated desirable particle size distribution, high buoyancy,
and sustained drug release characteristics. SEM analysis confirmed spherical hollow microballoons responsible
for prolonged floating behaviour. Febuxostat-loaded polymeric microballoons successfully prolonged gastric
residence time and provided controlled drug release, indicating their potential as an effective gastroretentive drug
delivery system for gout therapy.
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2. Materials and Methods®3

1. Introduction'*s

Gout is a chronic metabolic disorder characterized
by elevated serum uric acid levels and deposition of
monosodium urate crystals in joints. Febuxostat is a
selective  xanthine oxidase inhibitor widely
prescribed for long-term  management of
hyperuricemia and gout. Despite its therapeutic
effectiveness, Febuxostat exhibits poor aqueous
solubility, which limits dissolution and oral
bioavailability. Furthermore, rapid gastrointestinal
transit may reduce drug absorption in the upper
gastrointestinal tract where absorption is optimal.
Gastroretentive drug delivery systems (GRDDS)
have gained considerable attention due to their
ability to prolong gastric residence time and improve
absorption of drugs exhibiting a narrow absorption
window. Polymeric microballoons are hollow
microspheres capable of floating on gastric fluids,
thereby maintaining prolonged gastric retention and
sustained drug release. Such systems improve
bioavailability, reduce dosing frequency, and
enhance patient compliance.

The present investigation focuses on the formulation
and evaluation of Febuxostat-loaded polymeric
microballoons using Eudragit S100 and HPMC
K100 to develop a sustained-release gastroretentive
delivery system.

2.1 Materials

Febuxostat was used as the model drug. Eudragit
S100 and HPMC K100 were employed as release-
retarding polymers. Span 80 served as surfactant,
while methanol and liquid paraffin were utilized
during formulation development.

2.2 Analytical Method

The maximum absorption wavelength (Amax) of
Febuxostat was determined using UV-visible
spectrophotometry and was found to be 315 nm.

A calibration curve was prepared over
concentrations ranging from 2-12 pg/mL,
demonstrating linearity with a regression coefficient
0f 0.993.

2.3 Solubility study

Solubility studies were performed to estimate the
solubility of drug in various solvents

Table 1: Solubility of drug in various solvents:

Solvents Solubility (ng/ml)
CCL4 0.09

Distilled water 0.03

Methanol 0.86

Ethanol 0.58

DMSO 1.29

0.1 NHCL 4.06

PH 4.5 acetate buffer 1.9
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PERCENTAGE DRUG RELEASE PROFILES OF F1-F5
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2.4 Preparation of Polymeric Microballoons®

Microballoons were prepared using the solvent
evaporation method. Febuxostat was dissolved in
methanol and dispersed into liquid paraffin
containing Span 80 under controlled stirring.
Continuous stirring facilitated solvent evaporation
and formation of hollow microballoons.

2.5 Formulation Design

Table 2. Composition of Febuxostat Polymeric
Microballoons

Formul | Dr | Amo | Amo | Amou | Stirrin
ation ug | unt unt nt of | g
code (m | of of surfac | speed(
g) | Eudr | HP tant rpm)
agit MC | (ml)
S K
100 100
(mg) | (mg)
F1 10 | 500 100 |1 500
0
F2 10 | 300 | 500 |1 300
0
F3 10 | 500 |300 |1 500
0
F4 10 | 100 | 300 |1 500
0
F5 10 | 300 |[300 |1 300
0
F6 10 | 300 |[500 |1 500
0
F7 10 | 100 | 300 |1 500
0
F8 10 | 100 | 500 |1 500
0
F9 10 | 300 |[300 |1 300
0
F10 10 | 300 100 |1 700
0
F11 10 | 300 |[500 |1 500
0
F12 10 | 500 |[300 |1 700
0

PERCENTAGE DRUG RELEASE OF FEBUXOSTAT

Time in hrs

—8—F11 a—F12 F13 Fl4 —8—F15

F13 10 | 300 500 |1 700
0

F14 10 | 100 300 |1 300
0

F15 10 | 100 100 | 1 500
0

2.6 Evaluation Parameters!3-2

Prepared formulations were evaluated for:

e  Particle size
Percentage yield
Drug entrapment efficiency
In-vitro buoyancy
In-vitro drug release

e Surface morphology by SEM
3. Results and discussion:
3.1 Calibration Curve
The developed UV spectrophotometric method
showed satisfactory linearity over the concentration
range studied with a correlation coefficient of 0.993,
indicating suitability for quantitative estimation of
Febuxostat.

STANDARD PLOT OF FEBUXOSTAT

Absorbance

concentration (pg/ml)

3.2 Solubility Studies

Solubility studies revealed maximum solubility of
Febuxostat in carbon tetrachloride, followed by
ethanol and phosphate buffer pH 6.8, confirming its
poor aqueous solubility.

3.3 Formulation Optimization
Fifteen formulations were prepared using varying
polymer concentrations and stirring speeds. The
formulations demonstrated significant differences in
particle size, entrapment efficiency, buoyancy, and
drug release characteristics.

Invitro Drug Release of Formulations (F1-F5)

21-25
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These formulations show that, the
influence of polymer concentration on
early phase drug release.

Lower polymer levels allow faster
hydration and diffusion, resulting in
comparatively higher initial % drug
release.

The release pattern gradually increases
with time, indicating controlled but
moderately sustained delivery.
Microballoons integrity and buoyancy
contribute to uniform drug diffusion
through 12 hrs study.

Among these formulations, the release rate
reflects the balance between polymer
viscosity and matrix stability.

Invitro Drug Release of Formulations (F6-F10)

F15)

These formulations demonstrate enhanced
sustained-release behavior due to higher
levels of Eudragit/HPMC polymers.
Increased polymer viscosity forms a
thicker diffusion barrier, slowing the
release rate compared to earlier
formulations.

The gradual rise in drug release over time
indicates strong gel formation and
controlled diffusion.

These formulations show improved gastro-
retentive  properties, contributing to
prolonged drug availability.

Differences between F6-F10 highlight the
effect of polymer ratio adjustments on long
release efficiency.

PERCENTAGE DRUG RELEASE PROFILES OF F6-F10

Invitro Drug Release of Formulations (F11-

These formulations show the strongest
sustained-release characteristics due to
maximum polymer content.

High polymeric density restricts water
penetration, resulting in slower but more
consistent drug release.

These formulations maintain
microballoons stability for an extended
period, ensuring prolonged buoyancy.

Drug release progression over 12 hrs.
reflects a highly controlled diffusion
mechanism.

F11-F15 represents the most sustained
formulations, ideal for long-duration
gastro-retentive delivery applications.

Table 3: Various parameters evaluated for
repared formulations

No  of | Percent | Drug Invitro
formulat | age entrap buoya
ions yield ment ncy
efficien
cy

Lag Floati

time ng

(s) time

(h)

F1 85.7% | 40.0 14 9
F2 84.4% | 76.0 12 11
F3 87.8% | 79.0 18 10
F4 82.0% | 41.0 15 12
F5 82.9% | 58.0 14 11
F6 91.1% | 43.0 17 9
F7 86.0% | 62.0 19 12
F8 88.6% | 60.5 20 11
F9 85.4% | 38.0 13 12
F10 76.0% | 83.0 15 10
F11 92.2% | 79.0 17 12
F12 85.7% | 60.0 11 11
F13 90.0% | 90.0 10 12
F14 80.0% | 40.0 14 9
F15 70.0% | 21.0 16 12

The optimization study evaluates how
variations in polymer concentration and
formulation composition affect percentage
yield, drug entrapment, buoyancy, and drug
release of microballoons.

Percentage yield values ranging from 70%-
92% indicate efficient production, with
higher yields observed in formulations
containing optimal polymer ratios that
enhance microballoons formation.

Drug entrapment efficiency shows
significant variability, suggesting that
polymer viscosity and drug-polymer
interaction strongly influence
encapsulation performance.

In-vitro buoyancy parameters, including
lag time and floating duration, reveal that
most formulations achieve rapid floatation
and prolonged gastric retention.

Floating times 9-12 hrs confirm stable
microballoons structure and adequate
density for gastro-retentive delivery.

The in-vitro drug release values
demonstrate sustained-release behavior,
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with optimized formulations showing
higher release due to improved polymer
swelling and diffusion characteristics.

e  Overall, the combined evaluation of all
parameters helps identify the most efficient
formulation that balances buoyancy,
entrapment efficiency, and controlled drug
release for effective gastro-retentive
therapy.

e From all the above results it can be
concluded that F 11 formulation showed
better results and stable formulation

3.4 Particle size analysis
The optimized formulation showed a particle size of
be 330.8 nm and zeta potential value of —25 mV
indicating the FI1 formulation is stable. The
optimized formulation exhibited a zeta potential of
approximately —25 mV, indicating adequate surface
charge and colloidal stability. The negative zeta
potential suggests the presence of ionized functional
groups on the particle surface, contributing to
electrostatic repulsion between particles and
minimizing aggregation.
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3.5 Morphological Characterization

Scanning electron microscopy revealed discrete
spherical microballoons with smooth external
surfaces and hollow internal cavities. The hollow
nature of the particles contributed significantly to
floating behavior and prolonged gastric retention.

z"fd/ v AN

4. Drug release Kinetics and mechanism:

The drug release kinetics and mechanism of the
optimised formulation (F11) were evaluated using
various  mechanical models.The correlation
coefficient R? values indicates that the formulation
followed Zero order kinetics (R?=0.9993)
suggesting a concentration-independent release
pattern. The Higuchi model (R?>=0.9987). with n
value of 0.898 further conformed as a non-fickian
(anomalous) diffusion mechanism indicating that
the drug release occurred through a combination of
diffusion and erosion process.

Zero-order plot (R? = 0.9993)
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Korsmeyer-Peppas (n = 1.0688, Rz = 0.9987)
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5. Discussion

The polymeric microballoons demonstrated
excellent floating properties due to their hollow
structure.  Increased  polymer  concentration
enhanced entrapment efficiency and prolonged drug
release.  Formulations  containing  balanced
concentrations of Eudragit S100 and HPMC K100
exhibited superior sustained-release characteristics.
Among all formulations, F9 showed the highest drug
entrapment efficiency (95.67%), F7 demonstrated
maximum buoyancy (96.45%), and F12 exhibited
the highest cumulative drug release (98.89%). These
findings confirm the effectiveness of polymeric
microballoons as gastroretentive carriers.

6. Stability studies:

Stability studies were performed for optimized
formulation F11.The drug content and invitro drug
release values indicate that the formulation was
stable after 3-month time.

6. Conclusion

The study successfully developed Febuxostat-
loaded polymeric microballoons using Eudragit
S100 and HPMC K100 through a solvent
evaporation technique. The prepared formulations
exhibited satisfactory particle size distribution, high
drug entrapment efficiency, prolonged buoyancy,
and sustained drug release. SEM analysis confirmed
the formation of hollow spherical structures
essential for gastroretentive performance.

The optimized formulations demonstrated the
potential to improve gastric retention, enhance oral
bioavailability, reduce dosing frequency, and
increase patient compliance. Therefore, Febuxostat-
loaded polymeric microballoons represent a
promising gastroretentive delivery system for the
long-term management of gout.

References:

1. Deshpande V, Patil S. Formulation of
hollow microspheres for gastroretentive

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

drug  delivery. J Pharm  Invest.
2015;6(2):88-95.

Reddy M, Rao K. Microballoons of anti-
ulcer drug using HPMC and Eudragit. J
Drug Deliv Tech. 2016;12(4):300-7.
Banerjee S, Singh P. Calcium alginate
microballoons for gastric delivery. Asian J
Pharm. 2015;9(1):45-52.

Chauhan A, Patel M. Optimization of
floating microballoons prepared by solvent
diffusion. Indian J Pharm  Sci.
2017;79(5):756-62.

Kiran T, Ramesh B. Eudragit S100
microballoons for prolonged buoyancy. J
Appl Pharm Sci. 2018;8(6):120-8.

Gupta A, Verma R. Microspheres for
sustained release of hydrophobic drugs. Int
J Pharm Tech. 2013;4(4):533-41.

Sahoo S, Panda S. Gastroretentive hollow
microballoons of HPMC K15M. J Pharm
BioSci. 2019;7(2):101-9.

Kumar A, Thomas L. Sustained-release
microballoons: formulation and evaluation.
J Pharm Res. 2017;11(3):140-7.

Khatun M, Pal T. Floating microballoons of
antihypertensive drug. Int J Drug Dev Res.
2016;8(2):55-63.

Jain S, Tiwari A. Porous microballoons by
spray drying for gastric retention. J Pharm
Sci Lett. 2014;5(1):89-97.

Dixit R, Bora D. Eudragit microballoons
for improved oral bioavailability. J Control
Release Tech. 2015;5(2):44-51.

Naidu P, Raju P. Anti-diabetic drug
microballoons for improved buoyancy.
Indian J Novel Drug Deliv. 2016;8(3):139—
45.

Mukherjee S, Halder G. Polymeric
microballoons for gastroretentive release. J
Pharm Sci Tech. 2013;3(4):199-207.
Shekhar S, Sharma P. Double-emulsion
microballoons for solubility enhancement.
Int J Pharm Dev. 2018;9(1):33-40.

Mehta A, Patel J. Floating microballoons of
diclofenac sodium. J Pharm Drug Deliv.
2017;12(1):56-63.

Kumar M, Bansal S. Microspheres of
febuxostat for prolonged gastric residence.
Int J Pharm Investig. 2016;6(4):210-18.
Yadav R, Jangde R. Anti-inflammatory
drug microballoons: optimization and
evaluation. Int J Pharm Sci Rev Res.
2015;30(1):120-8.

Ali S, Hussain M. Floating microballoons
of ciprofloxacin for gastric retention. J
Pharm Innov. 2014;4(2):76-84.

Sravani B, Reddy M. Ethyl cellulose
microballoons for gastroretentive release.
Int J Pharm Chem Res. 2018;7(3):220-7.

IJDDT, Volume 16 Issue 57s, 2026

Page: 885



Formulation and Evaluation of Febuxostat Loaded Polymeric Microballoons as a Gastro Retentive Drug

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Delivery System

Upadhyay P, Tiwari H. Anticancer
microballoons by thermal evaporation. J
Pharm Nanotech. 2019;5(1):1-8.

Sawant K, Deshmukh S. Glipizide hollow
microballoons for improved dissolution.
Asian J Biomed Pharm Sci. 2017;7(61):10—
17.

Prasad G, Kumar N. Eudragit floating
microballoons for controlled release. Int J
Pharm Sci. 2018;10(2):409—15.
Bhattacharya A, Roy S. Microballoons of
metoprolol succinate: formulation and
evaluation. J Drug Deliv Sci Tech.
2014;24(5):662-70.

Jadhav P, Patankar R. Optimization of
floating microballoons using polymer—
surfactant ratios. Res J Pharm Tech.
2016;9(4):420-7.

Ramesh B, Lingam M. Solubility-enhanced
microballoons for poorly soluble drugs. Int
J Pharm Sci Res. 2017;8(7):3000-9.

Joshi R, Patel H. Low-density
microballoons using solvent diffusion. J
Pharm Adv Res. 2013;4(3):128-34.

Harika P, Kiranmayi M. Floating
microspheres for antibiotic gastric delivery.
Int J Pharm Sci Lett. 2019;9(1):80-7.
Shreya B, Choudhury R. HPMC/Eudragit
microballoons for dual control release. J
Pharm Res Dev. 2018;10(6):525-33.
Naveen K, Sudha R. Dual polymer
microballoons for enhanced entrapment. J
Glob Trends Pharm Sci. 2017;8(4):4552—
60.

Wang J, Han X, Wanpeng W. Preparation
and evaluation of choline salt capsules of
febuxostat. Int J Pharm Sci Res.
2016;7(12):5050-8.

Patel D, Desai J. Fast-dissolving tablets of
febuxostat using superdisintegrants. J
Pharm Sci Tech. 2015;5(3):154-60.

Rao K, Srinivas M. Solid dispersions of
febuxostat using PVP K30. Indian J Pharm
Sci. 2014;76(2):150-8.

Sharma S, Mishra K. Febuxostat
nanosuspension for improved dissolution. J
Pharm Invest. 2016;46(4):348-55.

Ahmed A, Siddiqui N. pB-cyclodextrin
complexes of febuxostat. Int J Drug Deliv
Tech. 2017;7(1):40-6.

Kumar R, Reddy M. Sustained-release
febuxostat tablets using hydrophilic
polymers. J Pharm Sci Res. 2015;7(9):720—
7.

Priyanka T, Latha S. Polymeric
nanoparticles of febuxostat. Int J Pharm
Pharm Sci. 2018;10(3):112-20.

Basha S, Ahmed M. Preformulation
compatibility of febuxostat. ] Pharm Anal
Res. 2016;5(2):89-96.

38.

39.

40.

Gupta S, Roy A. Solid lipid nanoparticles
of febuxostat. Int J Pharm Sci Review.
2017;44(1):100-7.

Meera K, Devi T. Febuxostat solubility
enhancement using mixed hydrotropy.
Indian J Res Pharm Biotechnol.
2014;2(6):1430-7.

Sameera P, Kumar Y. Mucoadhesive tablets
of febuxostat for gastric retention. J Pharm
Tech Res. 2019;11(1):45-52.

IJDDT, Volume 16 Issue 57s, 2026

Page: 88 6



