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ABSTRACT

Background: Febuxostat (FBX) a non-purine, xanthine oxidase inhibitor that is commonly indicated for the treatment of chronic
gout. Yet, it is suffering from limited application as it belongs to The BCS 11 class that exhibit poor solubility. The aim of this study
was to explore the impact of complexation between Febuxostat (FBX) and Sulfobutylether beta-cyclodextrin (SBE-B-CD) on
physicochemical properties of FBX and its dissolution behavior. Methods: Different batches of inclusion complexes were
formulated using various drug to polymer ratios (1:1, 1:3, and 1:5). The complexes were formulated with SBE-B-CD via four
different techniques (physical mixture, kneading method, solvent evaporation and freeze drying). The inclusion complexes were
examined by Fourier transformation infrared spectroscopy (FTIR), Scanning electron microscopy (SEM), Differential scanning
calorimetry (DSC), and Particle size analysis. The dissolution of different formulated FBX complexes was also studied. Results:
The FTIR and DSC results suggested that FBX was incorporated inside the core of SBE-BCD to give inclusion complexes. In
comparison to the other techniques, inclusion complex produced by freeze drying using SBE-BCD (1:5 ratio of drug to polymer)
produced significantly higher Inclusion Efficiency (IE %). Moreover, the FBX- SBE-B-CD inclusion complex displayed higher
aqueous solubility compared with free FBX, suggesting its potential application in pharmaceutical formulations. Conclusion:
Freeze drying technique had successfully formed a binary system complex between FBX and SBE-BCD with better dissolution
behavior. For further improvement of inclusion efficiency, investigation of a ternary complex system is highly recommended in
future studies.

Keywords: Febuxostat, Sulfobutylether beta-cyclodextrin, Complexation, Freeze drying, Gout

INTRODUCTION classification system (BCS), FBX is considered as a BCS
class 11 drug that exhibits poor water solubility (0.0183

Febuxostat (FBX) a non-purine, xanthine mg/ml) % and high permeability, where the dissolution

oxidase inhibitor that is commonly indicated for the rate of FBX is the rate limiting step in its absorption®.
treatment of chronic gout . The chemical structure of Although, the oral route for administration of FBX has
FBX was shown in Figure 1a and its IUPAC name is [2- shown high acceptance, it has demonstrated less oral

(3-cyano-4-(2methylpropoxy)-phenyl)-4-methylthiazole
-5-carboxylic acid]?. According to the Biopharmaceutics
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OH

R=(H)31.0m 0r(C4HgSOyNa*) 1, , m=6.0-7.1

Figure 1. Chemical structure of (a) FBX and (b) SBE-BCD.

bioavailability because of its short biological half-life
with significant fluctuations in plasma concentrations °.
Various approaches represented by solid dispersion 8,
addition of cosolvents 7, complexation & and size
reduction ° have been implemented to overcome the
solubility challenges of poorly water soluble drugs.
Recent studies have tried to enhance the solubility of
FBX through its formulation into inclusion complexes °,

nanocrystals 1, and self-microemulsifying'?> and
nanosponge drug delivery systems?3,
Cyclodextrins (CDs) are cyclic oligo-

saccharides consisting of glucopyranose units connected
by 1, 4-glycosidic linkages as shown in Figure (1b). The
outer surface of CDs is hydrophilic, and the inner central
cavity is hydrophobic, enabling them to form complexes
with both hydrophilic and hydrophobic drug molecules
14 So, it can improve the drug solubility, dissolution and
bioavailability, mask the bad smell of drugs as well as
reduce side effects by minimizing the dose > %6, CDs
were used in many pharmaceutical forms as micelles,
vesicles, hydrogels and nanoparticles’. The natural
parent B-cyclodextrin (BCD) has constrained the
complexation with the hydrophobic active moieties
only®®, Further, modifications in the parent CDs have
widened the use of modified CDs towards improving the
properties of different active pharmaceutical ingredients
(APIs) due to their advantages such as high efficiencies,
amorphous nature °, low cost, and low toxicity 2.

The modified BCD such as SBE-BCD appeared
to be more water-soluble and less nephrotoxic than the
unmodified BCD 2. Therefore, the basis of this study
was to improve the solubility of FBX using four different
techniques named previously to formulate inclusion
complex with SBE-BCD which as far as we know has not
been studied before. Then the prepared formulations
characterized by FTIR, DSC, SEM, and particle size
analysis. Finally, an in vitro dissolution study of the
inclusion complexes was conducted to verify the
solubility enhancement of FBX.

MATERIAL AND METHODS

Febuxostat (M. wt.: 316.37) was kindly donated
as a gift by Eva Company for Pharmaceutical industries,
Cairo, Egypt. Captisol®, Sulfobutly Ether, 7, sodium salt
B-cyclodextrin (SBE-BCD, M.wt= 2163, purity 99.98%)
was supplied from Cydex Inc, USA. Disodium hydrogen
phosphate, Sodium dihydrogen phosphate and Methanol
in analytical grade were purchased from EL-Gomhoria
Company, Egypt. Distilled water was used during the
studies.

Phase solubility Study

The solubility studies for FBX were performed
according to the method introduced by Higuchi and
Connors 22, Briefly, a known excess weight of FBX (30
mg) was added to screw capped vials containing 10 ml
aqueous solution of different molar concentrations of
SBE- BCD ranging from (0 to 13.5mM). These vials
were allowed to be mechanically shaken in water bath
shaker at 37°C 0.5. Aliquots were withdrawn from vials
each 24 hours, filtered with a hydrophilic cellulose
acetate sterile syringe filter (pore size 0.45 pm, diameter
25mm) and the clear filtrates were analyzed for FBX
concentration using UV spectroscopy at Amax 315 nm
that was obtained by scanning 2. The withdrawal process
was repeated every 24 hours till equilibrium was
reached. Phase solubility diagram was obtained by
plotting the curve between FBX solubility against SBE-
BCD concentrations used. Value of stability constant
(Kst) was determined by using the following equation:?

St-S0
KL= so(Lt—(St—50))
Preparation of FBX inclusion complexes with SBE-
pCD

Inclusion complexes of FBX were prepared in
three different molar ratios (1:1, 1:3 and 1:5) by Four
different methods namely physical mixture, kneading,
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Table 1. Composition of FBX/SBE- BCD inclusion complexes

Preparation method SBE- BCD molar ratio

FBX molar ratio Formulae code

1
Physical mixture 3
5

w

Solvent evaporation

w -

Kneading

w

Freeze drying

Fbl
1 Fb2
Fb3

Fb4
1 Fb5
Fb6

Fb7
1 Fb8
Fb9

Fb10
1 Fb11l
Fbl12

solvent evaporation and freeze drying methods as shown
in Table (1). The Kneading method is the most common,
low cost, and simple method used to prepare the
inclusion complexes. Also, solvent evaporation method
is quite simple and economic and is considered
alternative to the spray drying technique ?*. The freeze-
drying technique produces a porous, amorphous powder
with a high degree of drug-CD interaction 2.

Physical mixture technique

The technique relied on the idea that the
selected molar ratios of FBX and SBE- BCD were
properly blended in a ceramic mortar using a pestle for
30 minutes stirring to ensure complete homogeneity. The
resulting mixtures were sieved through a sieve size (150
pm) and subsequently stored in an airtight container for
further characterization 2.

Kneading technique

A specified and accurately weighed quantity of
SBE- BCD in the selected molar ratios was added to the
mortar and small quantity of water was added while
triturating to get slurry like consistency. Then an
accurately weighed quantity of FBX was slowly
incorporated into the small parts into the slurry with
continuous trituration. Trituration was continued for 1
hour. The increase in viscosity of the mixture was
considered as a sign for the formation of the complex.
Finally, the mixture was dried in an oven at 45°C until
complete dryness. The prepared inclusion complexes
were stored in an airtight container for further
characterization 7.

Solvent evaporation technique

This technique was achieved by dissolving
equivalent weight according to selected molar ratios of
the SBE- BCD in a glass beaker containing distilled water
using hot plate magnetic stirrer till a clear solution was

obtained. The drug weight according to predecided molar
ratio was added to the SBE- BCD solution, and then the
FBX- SBE- BCD system was left on stirrer (24-48 hr.).
The clear solutions were separated and kept at 40°C in
incubator till complete evaporation of solvent and dry
powder were obtained and stored in airtight container for
further characterization %,

Freeze drying technique

Inclusion complexes of FBX with SBE- BCD in
different molar ratios were prepared using freeze drying
method. In this method, the specified quantity of SBE-
BCD as calculated was transferred in a glass vial
containing 10 ml of distilled water. Then the
corresponding quantity of FBX was added and stirred at
a hot plate magnetic stirrer for (24-48 hr.), and then clear
solutions were separated. The obtained solutions were
lyophilized immediately after preparation according to
the following steps. The collected solutions were placed
in glass vials and frozen for 24 hours at -70 °C in an ultra-
cold deep freezer. Thereafter, the samples were freeze
dried using a lyophilizer Christ Alpha 1-2 LD (Osterode
am Harz, Germany) for 24 hrs to yield a dry powder
and stored in an airtight container for further
characterization 2.

Inclusion efficiency estimation

The drug content in the prepared inclusion
complexes was determined quantitatively by using UV
spectrophotometer at 315 nm. For all the prepared
inclusion complexes, accurately weighed amount of
inclusion complex (30 mg) was added in 30 ml of
ethanol, mixed thoroughly for 24 hr to extract the
complexed FBX at ambient temperature, and then the
solution was filtered by using 0.45 pm membrane filters
and measured. while this measurement providing only
the amount of complexed FBX for inclusion complex
prepared by freeze drying and solvent evaporation, it
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provided the total FBX amount (complexed and
uncomplexed) for inclusion complex prepared by
kneading and physical mixture. For kneaded inclusion
complex and physical mixture (30 mg) weighted
precisely and washed with methanol for 20 min. and
before measurement, the solutions were filtered to
remove any SBE- BCD from the solution (this providing
only the amount of uncomplexed FBX) . Appropriate
dilutions were made to analyze drug content by using UV
spectrophotometer (UV- 1700, Shimadzu, Japan) at
315nm. Inclusion efficiency was calculated by the
following equations: 3!
%Inclusion efficiency = (Total FBX content - amount of
uncomplexed FBX) / Total FBX content *100.

The suitable FBX- SBE- BCD molar ratio for
each technique was selected on the basis of inclusion
efficiency determination and the selected formulations
were subjected for the following characterization.

Characterization of inclusion complexes

The following studies were done to ensure the
formation of FBX- SBE- BCD inclusion complex on
(Fb3, Fb6, Fb9, and Fb12) and to detect the best
technique to prepare efficient inclusion complex.

Fourier Transform Infrared (IR) spectroscopy

Infrared (IR) spectra for the chosen samples
were obtained at room temperature using a Shimadzu
infrared spectrophotometer (FTIR Shimadzu 8400S, Lab
Wrench). Samples were prepared in KBr disks (ratio 1:9)
by means of a hydrostatic press. The scanning range was
400 to 4000 cm 1. The spectra were collected with a
resolution of 4 cm™ using a mercury cadmium telluride
(MCT) detector.

Differential scanning calorimetry (DSC)

The thermal behavior of the samples was
examined using Shimadzu differential scanning
calorimeter (DSC- 50). The measurement was carried out
at according to the following conditions. The detector
type was DSC-50 detector with Aluminum sealed pan
cell. Sample was placed in the pan, then the temperature
elevated from room temperature (20-22°C) to 300°C
with temperature elevation rate 10°C/minute.

Particle Size and Polydispersity Index (PDI)

The selected samples were examined for
particle size and polydispersity index by using a Malvern
Zetasizer 300 HSA (Malvern Instruments, UK) at 25°C.
The samples were dissolved in water. The dilution was
performed whenever it necessary. PDI (as an indication
of particle size homogeneity) was also investigated.

Surface morphological study
The External morphology of the selected
formulae was studied by scanning electron microscopy

(JSM 6100, JEOL, Japan). The sample was mounted
onto the stubs using double-sided adhesive tape and
which was coated with gold palladium alloy (150-200
A?) using fine coat ion sputter.

In vitro dissolution studies

In vitro release studies of FBX drug and FBX -
SBE- BCD inclusion complexes prepared were carried
out in distilled water, 0.1 N HCL and Phosphate Buffer
pH 6.8 dissolution media using USP dissolution
apparatus 1l (paddle method). Dissolution studies were
carried out using an accurately weighted amount of
selected formulae equivalent to 40 mg plain FBX in 900
ml media at 37°C+0.5°C at a rotation speed of 75 rpm.
At preselected time intervals 5 mL samples were
withdrawn, filtered immediately and replaced with 5 mL
of pre-thermo stated fresh dissolution medium.
Quantitative determination was performed by UV
spectrophotometer at 315 nm for the releases quantity of
FBX. Each measurement was performed in triplicate and
graph of percent drug released versus time was plotted %7.

RESULTS AND DISCUSSION

Phase solubility Study

Figures 2, 3 represented the phase solubility
diagram of FBX in aqueous solution of SBE-BCD
different concentrations. The solubility of FBX increased
linearly with the increasing concentration of SBE-BCD
over the studied concentration range (0-10.5 mM), which
could be classified as AL-type ?’. According to Higuchi
and Connors the stoichiometric ratio of SBE-BCD was
estimated to be 1:1 as the slope of curve is less than unity
(0.0251). The linear host guest correlation coefficient
values obtained was R?= 0.9983 for FBX-SBE-BCD
which was detected using linear equation of standard
curve y = 00251x + 0.0411. The inclusion stability
constant (K1) was calculated to be 16129 M’
suggesting the formation of a stable inclusion complex
corresponding to the report that recorded drug-CD
association constant (K1.1) between 200 and 5000 M is
fit for improving the solubility and stability of poorly
soluble drugs *2. Inclusion Complexation of the drug in
SBE-BCD enhanced the solubility of the drug to a
marked extent up to 5-6 folds. Thus, SBE-BCD could
significantly improve the water solubility of FBX.

Inclusion Efficiency estimation:

Figure 4 revealed the difference in the
inclusion efficiency with the variant preparation
methods. The Inclusion Efficiency (%IE) of FBX- SBE-
BCD inclusion complex at all the molar ratios was found
for physical mixture ranged from (0.5 to 6%), and for
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Figure 2. Phase solubility diagram for FBX-
SBE-BCD (37°C).

kneaded mixture ranged from (0.86 to 18%), while the
inclusion efficiency of solvent evaporation inclusion
complex ranged from (1 to 25%) and for freeze dried
inclusion complex ranged from (2 to 32%) according to
molar ratios of (1:1 to 1:5). Results showed that all
inclusion complexes prepared by various methods in
molar ratio 1:5 of FBX to SBE-BCD provided higher
IE% with significant difference (p < 0.05) than those
prepared in molar ratio 1:1.

Characterization of solid inclusion complex:
Fourier Transform Infrared Spectroscopy

Infra-red is one of the tools that give reliable
information about possible interactions among drug and
the used excipients in the prepared formulae. This
interaction can be observed through the change in
positions of the main characteristic bands which are
specific for certain functional groups in the compound %,

Figure (5) showed the IR spectra for FBX, SBE-
BCD and different formulated inclusion complexes of the
drug. The characteristic stretching peaks of FBX were
2962.66 cm™ and 2873.93 cm™ (alkane - C H group),
2546.04 cm™ (hydroxyl), 2233.87 cm™ (C=N nitrile
stretch), 1681.93 cm™ (C=N stretching of thiazole ring)
and 1276.88 cm™ (ether) as shown in figure 5. FT-IR of
SBE- BCD showed characteristic peaks at 3417.86 and
2939.52 cm™?, because of the O—H and C—H stretching
vibrations and C-O stretching at 1412 cm™. In addition,
peaks at 1651.07, 1161.15 and 1041.56 corresponding to
H-O-H bending of water molecules attached to CD, C-
O, and C-O-C stretching of glucose units, respectively.
The FTIR of physical mixture (Fb3) was established as
superimposition Of bands of pure drug and SBE-BCD,
which indicates the obscurity of inclusion complex in
this technique. Fb6 spectrum showed that most of the
characteristic peaks of drug were missing (signals at
2962.66, 2546.04 and 1276.88 cm™) and some signals
have low intensity (e.g., 2873.9, 2229.7and 1681.93
cm™), while Fb9 showed some peaks of drug were
missing (signals at 2962.66 and 1276.88 cm™) and some

¥ =0.0251x+0.0411
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S W §
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Figure 3. Phase solubility diagram for
FBX/SBE-BCD (37°C).

signals have low intensity (e.g., 2546.04, and 2229.7
cm™). Fb12 spectra showed peaks of drug are missing
(signals at 2962.66, 2546.04, 1681.92 and 1276.88
cm™?). Fb6 &Fb12 spectra showed more inclusion
complexes formation than Fb9 as they showed more
absence of most characteristic peaks of pure drug. FTIR
of complexes prepared by kneading, freeze drying and
solvent evaporation techniques revealed smoothening of
peaks of FBX which might indicate physical interaction
between FBX and SBE- BCD. The disappearance of H-
O-H peak of CD in inclusion complexes could be
referred to replacement of H20O molecules inside CD
cavity by FBX and formation of inclusion complexes.
According to literature, it could be suggested that
hydrophilic portion of FBX consisting of -OH groups
might have complexed with —OH in CD molecule
through hydrogen bonding while hydrophobic parts in
drug structure comprised of aromatic, tertiary carbon
probably have made a physical interaction with C—-O-C,
C=C groups present in CDs. peaks were attenuated and
shifted due to inclusion complex formation between drug
and CDs and incorporation of lipophilic groups within
CD cavity %

3s A
30 A
25 A
20 A
15 A
10 4

Inclusion Efficiency %

> O
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Figure 4. Inclusion efficiency % of FBX with SBE-BCD
inclusion complexes.
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Figure 5. FTIR Spectrums of a) FBX, b) SBE- BCD, ¢) Fb3 d) Fb9, e) Fb6 and f) Fb12.

Differential scanning calorimetry (DSC)

Firstly, DSC was used to describe the thermal
behavior of FBX either in pure or complex form.
Generally, the inclusion complexation when studied with
DSC describes the absence of the endothermic peak or a
shift to different temperatures. The comparison between
the thermograms is illustrated clearly in Figure (6). The
DSC thermogram of FBX was characterized by a sharp
endothermic peak at 209.3 °C, corresponding to its
melting point. The SBE-BCD exhibited a distinctive
broad peak at 99.69 °C, which was identified as a water
molecule loss. Thermograms of Fb3 and Fb9 revealed
endothermic peaks of SBE-BCD at 86.03 and 84.77 °C,
respectively, and a low-intensity endothermic peak of the
drug at 207.16 °C due to dilution factor. Fb6, and Fb12
showed a sharp fusion endothermic peak at 114.78, and
156.45 °C of CD polymer and the complete absence of a
pure drug fusion peak is indicative of complete
entrapment of all drug molecules in inclusion
complexation with CD derivative 3.

Particle Size and Polydispersity Index (Pdl)

Particle size analysis found out of all prepared
complexes to be in nano range. The particle size of pure
FBX was found to be 2.7333 pm. The mean particle size
of all prepared inclusion complexes was ranged from

326.6 + 0.85 to 1272 = 0.78 nm as shown in table (2).
Results revealed that the size of the nanoparticles could
be related to the FBX Inclusion efficiency (IE %). These
results were also in agreement with results recorded by
Abd El-Gawad, et al .*® that was showed the particle size
of Econazole-HP-B-CyD inclusion complex formed by
kneading method was 269.33 +9.02 nm with IE% of
80.83 £3.09 %, while Econazole-HP-BCD inclusion
complex formed by freeze drying method was showed
particle size 288.33 +7.64 nm with IE % of 75.89 +1.71
%. PDI assessing is very important as it is considered the
reflection of size distribution which represents the size
homogeneity between particles 3. The polydispersity
index was in the range of 0.353 + 0.09 to 0.776 £ 0.01
for FBX- SBE-BCD inclusion complexes. As mentioned
in reports, PDI is preferred to be less than 0.5 %7, so Fb12
was a good PDI of 0.353 + 0.09. The results were
satisfactory for homogenous particle distribution as they
did not show a significant difference (p >0.05) compared
with PDI of 0.5.

Zeta potential is an indicator of the presence of
the charge on the surface of nanoparticle, thereby
indicating the degree of stability. Formulation stability is
possible when the zeta potential value is nearby —30 or +
30mv 3%, The Zeta potential for the prepared inclusion
complexes was ranged from (— 14.2 to — 23.3 mV).
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Figure 6. DSC thermogram of A) FBX, B) SBE-BCD, C) Fb3 D) Fb9, E) Fb6 and F) Fb12.

Surface morphological study

SEM images revealed the formation of
inclusion complexes for our formulae. SBE-BCD
microphotographs showed hollow spherical particles
with large side distribution (Figure 7A). While pure
FBX appeared as discrete particles, rectangular needle
shaped, indicating its crystalline nature (Figure 7B). The
FBX-SBE-BCD physical mixture showed particles of
SBE-BCD surrounded by FBX particles and a
comparable morphology with pure components
occurring separately, revealing no apparent interaction
between both components in the solid state (Figure 7C).

On the contrary, a strong change in the original
morphology and shape of both FBX and SBE-BCD
particles was observed in all prepared inclusion
complexes, indicating that the morphology was
influenced by the selected method of preparation. The
morphology of inclusion complex prepared by kneading
technique (Figure 7D) showed the loss of sphericity,
smooth surface, and reduced size of the SBE-BCD
particles. FBX and SBE-BCD particles were observed to
be irregularly shaped and tended to form aggregates, and
it was difficult to discern between the two types of
particle. This behavior could be explained by the partial

solubilization of both components during the kneading
process . The micrograph of inclusion complex
prepared by solvent evaporation technique (Figure 7E)
also revealed the formation of undifferentiated particles
with a tendency to form tiny aggregates clearly different
from those of the raw materials as well recorded by
Agrawal, et al, 2008 “°.

Finally, the Freeze dried inclusion complex
showed porous, amorphous pieces of irregular and small
size with a lamellate feature (Figure 7F). Only the freeze
drying technique allows us to obtain a real inclusion
complex. This result was in full agreement with a study
previously conducted by Mazzacuva et al, 2011 4

In vitro dissolution studies

The dissolution profiles for the plain FBX, Fb3,
Fb6, Fb9 and Fb12 in phosphate buffer PH 6.8, 0.1N HCI
and water are presented in Figures (8, 9, and 10). It was
evident from the data that Fb12 served a better
dissolution profile and drug release than plain FBX over
the period 120 mins in all the dissolution media. The
plain FBX didn't achieve complete dissolution during
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Table 2. Percent Inclusion efficiency, particle sizes and polydispersity index and zeta potentials of the Febuoxstat / SBE-BCD

inclusion complexes

ZP (mV) PDI Particle size (nm) IE. % Formulae

-23.31£3.1 0.776+ 0.01 1272 +0.78 6% +1.6 Fb3
-17+2.4 0.669+ 0.02 781.3+0.85 25% £ 2.1 Fbé
-18.8+3 0.655+ 0.04 943.7+0.65 18% + 1.36 Fbo

-14.2+1.8 0.353+0.09 326.6 £0.42 32% +2.36 Fb12

Figure 7. Scanning electron micrographs of SBEB-CD (A), FBX (B), C) Fb3 D) Fb9, E) Fb6 and F) Fb12.

120 min time period and only 7.9 +1.6% to 50.8 +1.3%
of the FBX dissolved in all the dissolution media.
However, the physical mixture (Fb3) increased the
dissolution of FBX 25.6 + 1.52
% t0 56.3 + 1.3% due to the solubilization and surfactant
like effect of SBE-BCD, which improves wetting and
dissolution properties of drug by reducing interfacial
tension between hydrophobic drug particles and
dissolution medium “2.

The kneading mixture (Fb9) showed more
improvement in FBX dissolution 41.5 + 1.3% t0 68.2 +
2.1% than showed by physical mixture, which is in
accordance with the physicochemical characterization.
The improvement in dissolution of FBX is attributable to
drug carrier contact and formation of stable complex
caused by shear mixing, mechanical treatment, and
higher wetting effect of the carrier *.

The inclusion complexes prepared by Freeze
drying (Fb12) and solvent evaporation (Fb6) provided
noticeable increase in FBX dissolution 48.9 + 1.6% to
91.6+2.1 % and 45.2 + 1% to 84.6 + 2.3%, respectively.
The higher dissolution rate could be attributed to
disappearance of crystallinity of drug and conversion to
soluble inclusion complexes that was proved above by
FTIR, DSC, and SEM. In phosphate buffer PH 6.8 Fb12
showed 91.6 + 1.3% of FBX release after 120 minutes
with a significant difference (p < 0.005). The advantage
of being amorphous provides soluble inclusion complex
with higher dissolution rate as well recorded by
Lankalapalli S. et al., 2018 4. From the previous results
freeze dried inclusion complex of FBX- SBE-BCD will
be subjected to further studies to provide inclusion
complex ternary system.
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Figure 9. Graphical representation of % Cumulative drug release versus sampling
time of plain FBX, Fb3, Fb6, Fb9 and Fb12 in phosphate buffer PH 6.8.
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Figure 9. Graphical representation of % Cumulative drug release versus
sampling time of plain FBX, Fb3, Fb6, Fb9 and Fb12 in 0.1 N HCL.
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Figure 10. Graphical representation of % Cumulative drug release versus sampling time of plain FBX, Fb3, Fb6, Fb9 and
Fb12 in water.
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CONCLUSION

The study has proved the significant effect of

inclusion complex with sulphabutyl ether f Cyclodextrin
on improving the dissolution of Febuxostat. Freeze
drying technique showed the best inclusion efficiency of
drug. The FBX-SBE-BCD (1:5) complex showed
promising results as a binary system complex which
recommends it for further in vitro and in vivo study.
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