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The premise of the study was to develop and optimize multiple unit gastroretentive microspheres of itraconazole
to prolong its localization in the stomach and analyzed using response surface methodology. The emulsion solvent
diffusion evaporation method was used to prepare hollow microsphere of ethyl cellulose and Eudragit RS100 as low-

density shell-forming polymers. The experimental design matrix was prepared using a central composite design to
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study the effect of various process parameters over response variables. The optimized microspheres showed a particle
size of 285.1um, drug entrapment efficiency of 86.8%, buoyancy of 51.1%, and cumulative drug release of 77.80%.
The experimental responses were in good harmony with the predicted values. The compatibility between drug and
excipients was determined by Fourier-transform infrared and differential scanning calorimetry analysis. The results
signify that gastroretentive hollow microspheres are a promising vehicle to extend the retention time of itraconazole
in the upper GI tract, and it can be floated in an acidic medium for a prolonged period.

INTRODUCTION

Candida spp. are harmless commensals or normal
occupants of the mucosal surface and become opportunistic
pathogens in those individuals who are immunologically weak
and immunocompromised (Rohilla ez al., 2018). Since the 1980s,
the incidence of invasive fungal infection due to Candida spp.
increases by nearly 500% (Gajra et al., 2015).

Itraconazole comes under triazole category of an
antifungal agent having broad-spectrum activity used for the
treatment of superficial and systemic fungal infections. Many
fungal infections require systemic antifungal therapy for their
successful treatment (Boogaerts et al., 2001; De Beule and Van
Gestel, 2001).
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As per the Biopharmaceutics Classification System,
itraconazole is having low solubility and high permeability, i.e.,
it belongs to class II, a highly lipophilic molecule. It is a weakly
basic drug (pKa value = 3.7) having pH-dependent dissolution
(Abuhelwa et al., 2015). Thus, it has a narrow absorption window
and has a need of an acidic environment for adequate dissolution
and sufficient absorption of drug. These characteristics make oral
absorption of itraconazole difficult (Dominguez-Gil Hurle ez al.,
2006).

The oral route is most convenient, well-known, and
commonly used route for drug delivery. The development of
stomach-specific oral drug delivery is a challenging work as rapid
gastrointestinal transit can decrease the drug absorption at its
absorption site which reduces the efficiency of the administered
dose (Tadros, 2010). A site-specific drug delivery is a recent focus
of research efforts for drug release in a certain region. Therefore,
gastric retention time can be lengthen by gastroretentive drug
delivery systems which retain it in the gastric region for a
prolonged period, to improve the oral bioavailability of the
basic drugs (Farooq et al., 2017; Nila et al., 2014). Above all the
various gastroretentive techniques, floating drug delivery system
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is the most important to maintain the drug in the gastric region
for a longer period. Hollow microspheres, a type of floating drug
delivery systems, with properties such as high specific surface
area, low density, and good flowability, have attracted attention
toward it (Wang et al., 2007).

The response surface methodology is renowned
approach in support of experimental designing and optimization
of pharmaceutical formulations with minimum experimentation.
Based on the design of experiments, it generates significant
polynomial equations to validate the statistical design (Mishra
et al., 2016; Shah and Pathak, 2010). The polynomial models
can be used to envisage the correlation between input data and
response variables by summarizing experiential data (Chaibva
and Walker, 2012). Central composite design (CCD) is one of
the techniques in response surface methodology, which allows
the minimum number of experimental runs and picks the optimal
composition for accomplishing the desired goal (Hao et al., 2012).

In this study, gastroretentive hollow microspheres were
formulated for itraconazole, a poorly water-soluble drug having
a narrow absorption window by employing emulsion solvent
diffusion evaporation method for prolonged buoyancy to retain
the delivery system at its absorption site to increase its rate and
extent of absorption. The formulation variables were optimized
by employing CCD. The selected independent variables, such as
ratio of polymers and concentration of polyvinyl alcohol, were
measured for their resultant effect on responses such as particle
size, entrapment efficiency, buoyancy, and % cumulative drug
release. The hollow microspheres were characterized by X-ray
diffraction study, differential scanning calorimetry (DSC),
micrometric properties, and scanning electron microscopy (SEM).

MATERIALS AND METHODS

Materials

Itraconazole was procured as a gift sample from the
Zydus Cadila Healthcare Ltd., Ahmedabad, India. Eudragit RS100
was obtained as a gift sample from Evonik Degussa India Pvt. Ltd.,
Mumbeai, India. Ethyl cellulose, dichloromethane (DCM), tween
80, and polyvinyl alcohol were obtained from Thomas Baker Pvt.
Ltd., New Delhi. All the remaining reagents and solvents used
were of analytical grade.

Methods

Preparation of microspheres

The emulsion solvent diffusion evaporation method was
used to prepare hollow microspheres (Kawashima ez al., 1992). The
polymer composed of ethyl cellulose (EC) and Eudragit RS100.
Briefly, drug and polymer were dissolved simultaneously in ethanol
and DCM mixture (1:1). Then, the dispersion was added drop-
by-drop into 30 ml polyvinyl alcohol (PVA) solution containing

tween 80 (0.2% w/v), forming oil-in-water (o/w) emulsion, and
stirred on propeller-type mechanical stirrer for 2 hours at 350 rpm
and at a temperature of 40°C maintained throughout the process.
The hollow cavity was formed by evaporation of DCM inside
the polymer droplet. The hollow microspheres were separated by
filtration and then washed thrice with distilled water, followed by
drying at room temperature for 24 hours and storing in a desiccator
(Kawashima et al., 1991; Sato et al., 2003; 2004).

Experimental design

Response surface methodology is a tool to scrutinize
the effect of a wide range of independent variables on response
variables with the collection of statistical and mathematical
techniques. The CCD was adopted to optimize the responses and
to find out optimum process parameters. The ratio of polymers (X)
and concentration of PVA (X,) were considered as independent
variables in the preparation of hollow microspheres. Each factor
was studied at three levels (—1, 0, and +1) as given in Table 1.
The CCD suggested 13 runs, composed of eight factorial points
plus five center points to determine the optimum concentrations of
independent variables.

The response variables selected were particle size (Y)),
drug entrapment efficiency (Y,), percentage buoyancy (Y,), and
percentage cumulative drug release (V). Design-Expert software®™
(version 11.0.0.5, Stat-Ease, Inc., Minneapolis, MN) was used to
perform the statistical analysis. The total runs suggested by the
design matrix were carried out randomly to eliminate the effects of
extraneous or nuisance variables. The design of the experimental
matrix and investigated responses are presented in Table 2.

CHARACTERIZATION OF HOLLOW MICROSPHERES

Particle size analysis

The particle size analyzer (Microtrac S3500, USA)
equipped with a liquid handling system was used to determine the
particle size distribution of the microspheres.

Morphology

The shape and surface morphology of hollow
microsphere were determined using scanning electron microscope
(EVOI18 Zeiss, USA). The samples were prepared by sprinkling a
small amount of formulation on a double-adhesive tape stuck to
an aluminum stub for gold coating using a gold sputter module
to a thickness of ~300 A° under an argon atmosphere in a high-
vacuum evaporator. The gold-coated samples were then scanned,
and micrographs were taken randomly.

Percentage yield

The percentage yield was calculated by taking the
actual weight of dried hollow microspheres by total weight of
all nonvolatile excipients used in the formulation of hollow

Table 1. Levels of process variables.

Levels
Code Process variable
—a -1 0 +1 +a
X Ratio of polymers (EC: Eudragit RS100) 1.68:1 2:1 4:1 6:1 8.6:1
X, Concentration of PVA (%w/v) 0.4 0.5 0.75 1.0 1.1
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Table 2. Central composite design with the effect of process variables on response values.

Concentration of PVA

Particle Size

Entrapment Cumulative drug

Code Polymer Ratio (%wiv) (um) efficiency (%) Buoyancy (%) release (%)
F, 0 0 305.5 90.77 56.72 70.15
F, —1.41421 0 231.8 80.72 58.66 82.40
F, 0 0 284.2 87.82 52.6 71.06
F, 0 0 308.2 88.4 55.59 68.54
F 1 -1 3253 98.27 72.41 67.06
F, 1 1 276.5 86.26 59.17 78.36
F, 0 0 2933 90.11 54.04 71.72
F, -1 1 202.4 79.79 38.98 79.35
F, 0 1.41421 223.8 83.49 45.75 80.63
F, -1 -1 245.5 81.64 61.41 73.62
F, 1.41421 0 383.5 96.43 75.05 70.38
F, 0 0 278.7 86.41 48.22 72.54
F, 0 —1.41421 3742 92.11 71.0 65.14

microspheres (Patel et al., 2006). The percentage yield equation
is given as follows:

. Weight of dried hollow microspheres
%Yield = : ——— x100 (M
Total weight of drug and nonvolatile

excipients

Micromeritic properties

The prepared microspheres were characterized for their
micromeritic properties, such as bulk density, tapped density,
Hausner’s ratio, and Carr’s compressibility index. The tapping
method was adopted to calculate the tapped density (Agrawal
et al., 2017). Graduated measuring cylinder was used to measure
the bulk and tapped densities. The initial volume (bulk) was noted
after pouring the sample into the cylinder, and after 100 tapings,
the final tapped volume was again noted.

The formula of the ratio of weight and their respective
volume was used to calculate the bulk density and tapped density.
Hausner’s ratio and Carr’s compressibility index of microspheres
were computed using the following formula (Garud and Garud,
2012):

. Tapped density
Hausner’sratio=———"_——"_"— 2
Bulk density

Carr’s compressibility ~ Tapped density — Bulk density

) = %100
index (%) Tapped density

©)

Solubility study

The saturation solubility of the drug in a given solvent
was determined using shake-flask method. The excess amount
of drug was placed in simulated gastric fluid (SGF, 50 ml, pH
1.2). The mixture was placed on a mechanical shaker at room
temperature for 24 hours (Maghraby and Alomrani, 2009). The
samples were then filtered through a nylon syringe filter (0.45 um)
and analyzed using UV spectrophotometer (Cary 5000, Varian,
Australia) at 258 nm.

Percentage of drug content and entrapment efficiency

The percentage of drug content and entrapment
efficiency was computed by determining the proportion of the
drug that got entrapped in microspheres. For this, a known amount
of drug containing microspheres was dissolved in methanol by
ultrasonication (Gaur et al., 2014; Jagtap et al., 2012; Sato et al.,
2004). The samples were filtered through a 0.45-pm nylon filter to
remove shell debris. After appropriate dilution, the samples were
assayed for drug content and entrapment efficiency at 262 nm using
UV-visible spectrophotometer (Cary 5000, Varian, Australia).

Weight of drug in microspheres
% Drug Content = - - %100 4)
Weight of microspheres

Actual drug content

% Entrapment Efficiency = x100 (5)

Theoretical drug content

In vitro Buoyancy study

The buoyancy of hollow microspheres was determined
using United States Pharmacopoeia (USP) paddle-type dissolution
apparatus agitated by a paddle at 100 rpm. The amount of
microspheres (100 mg) were weighed accurately, and then spread
over the surface of 200 ml dispersing medium consist of simulated
gastric fluid (pH 1.2) containing 0.5%w/v tween 80 at 37°C + 0.5°C
(Sato et al., 2004; Umamaheswari et al., 2002). After 10 hours, the
floating and settled portions were collected separately, dried, and
weighed. The buoyancy of the hollow microspheres was represented
by the following equation:

Weight of hollow microspheres
%Buoyancy = ; %100 (6)
Total weight of hollow and

settled microsphere

In vitro drug release

The in vitro drug release from microspheres was carried
out using USP paddle-type apparatus. The microspheres equivalent
to 30 mg of drug were packed into dialysis membrane and
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immersed in dissolution medium consisting of 900 ml simulated
gastric fluid (pH 1.2) containing 0.5% w/v tween 80 having a
paddle rotation speed of 100 rpm at 37°C + 0.5°C temperature.
The samples were withdrawn at suitable time intervals up to 10
hours, filtered through a 0.45 um membrane filters, and analyzed
UV spectrophotometrically at 258 nm. Sink conditions prevailed
during the dissolution studies. All the experiments were carried
out in triplicate.

Kinetics of drug release

The data obtained from in vitro analysis were fitted to
various mathematical models to determine the mechanism of drug
release (Costa and Lobo, 2001; Dash et al., 2010) such as zero-
order kinetics (percentage release vs. time), first-order kinetics
(log percentage release vs. time), Higuchi’s model (percentage
release vs. square root of time), and Korsmeyer—Peppas model
(log cumulative percentage drug release vs. log time).

Fourier-transform infrared spectroscopy analysis

Fourier-transform infrared (FT-IR) analysis was
performed to determine the possibility of any chemical interaction
between drug and excipients. For this, the samples were reduced
to a fine powder, mixed with KBr, and placed it over the powder
sample holder. The spectrum scan was done in frequency range of
4,000-400 cm—1 using a FT-IR spectrophotometer (IR Affinity,
Shimadzu, Japan).

Differential scanning calorimetric analysis

The thermal analysis of samples was done using
differential scanning calorimeter (DSC 25, TA instruments, CA).
Samples of 2.5-5 mg were placed into an aluminum pan and raised
the temperature at a constant rate (10°C minute™!), from 30°C to
300°C under nitrogen atmosphere.

X-ray diffraction study

The X-ray diffraction analysis was performed using
X-ray diffractometer (Rigaku Miniflex-1I X-ray diffractometer,
Japan). The powder diffractometer sets for the continuous scan
with an angle range of 10°-70° 26 and step size of 0.04° 26.
The analysis was carried out on itraconazole, polymers empty
the hollow microspheres, and itraconazole loaded the hollow
microspheres.

RESULTS AND DISCUSSION

Preparation and optimization of hollow microspheres

The hollow microspheres are multiple unit drug delivery
systems and are the most efficient form of delivery systems as
they can be extensively distributed throughout the stomach and
may provide efficient release of drugs at the target site. Floating
hollow microspheres were prepared by emulsion solvent diffusion
evaporation method. Using above technique, the polymeric
microsphere was prepared with an internal spherical hollow cavity
produced by diffusion and subsequent evaporation of solvent
mixture. The ethanol present in polymer droplet diffused out into
water; thus, polymer-drug mixture was solidified at DCM droplet
(Gupta et al., 2014), which got evaporated on stirring at 40°C +
5°C (Sato et al., 2003). The effect of independent variables such as

the ratio of polymers and concentration of surfactant was studied
on the physicochemical properties of the hollow microspheres such
as particle size, entrapment efficiency, buoyancy, and cumulative
drug release employing experimental CCD. In response surface
methodology, various empirical models are fitted to experimental
data which depend on the experimental design. In this study, the
CCD was selected as an experimental design, as it adequately
describes the interaction between the factors with the least
number of experiments. The preliminary studies were conducted
to ascertain the levels of independent variables for optimization
(Bezerra et al., 2008, Liu et al., 2014).

The Design-Expert software computed the statistical
parameters, and it indicated that all responses generated using
experimental design were best fitted into various polynomial
models. The observed responses, i.c., particle size (Y,) and
entrapment efficiency (Y,), were fitted best into linear and 2FI
response surface model, respectively (p-value 0.0003 for Y,
and p-value < 0.0001 for Y,), whereas percentage buoyancy
(Y,) and percentage cumulative drug release (Y,) are fitted best
into quadratic response surface model (p-value 0.0007 for Y,
and p-value 0.0006 for Y,) with no transformations of data. The
polynomial equations for all dependent variables are as follows:

Y, (um) = 287.15 + 46.05X, — 38.07 X, €
Y, (%) = 87.8631 + 5.66466 X, - 3.25632 X, — 2.54 X X, (®)
Y, (%) = 53.434 + 6.79612 X + -8.92236 X, + 2.2975 X X, +
5.55487 X2+ 1.31488 X2 )
Y, (%) = 70.802 — 3.06861 X, +4.86702 X, + 1.3925 X X, +
2.784 X2 +1.0315 X2 (10)

The above polynomial equations indicated the correlation
between process variables and responses. Table 3 represents the
effect of factors on responses and their associated p-values. Any
model was considered to be significant if the p-value < 0.05 at
95% confidence level. The positive and negative signs depict the
synergistic effect and antagonistic effect, respectively, which is
having a relative impact of each factor on the responses.

Table 4 shows the result of analysis of variance analysis
on models, and the summary statistics indicated that the response
surface model developed for all response variables is significant,
having p <0.05 with non-significant “lack of fit” (» > 0.05), which
ensures the reliability of applied model. The reliability of models
was denoted by higher R, values and good agreement between
predicted R, and adjusted R,. In addition to the above, adequate
precision measures the signal-to-noise ratio, and the higher values
of'adequate precision (>4) signify that models are fitted to navigate
the design space.

A three-dimensional response surface model analysis
graphs were generated for the optimization of hollow microspheres
by response surface methodology. The three-dimensional response
surface plots for all the responses are presented in Figure 1. The
response surface plot of particle size illustrates the interaction and
effect of investigated variables as shown in Figure 1(a). The polymer
ratio and concentration of PVA had a pronounced effect on particle
size. The particle size decreases with the increase in the concentration
of PVA, which reduces the interfacial tension more efficiently, and
polymers become more uniformly dispersed in aqueous phase by
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Table 3. Summary of factor effect and associated p-values for all responses.

YI Y2 Y3 Y4
Factors
Effects p-values Effects p-values Effects p-values Effects p-values
X +46.05 0.0005 +5.66 <0.0001 +6.79 0.0012 —3.068 0.0021
X, —38.07 0.0020 —3.25 0.0004 —8.92 0.0002 +4.86 0.0001
XX, —2.54 0.0137 +2.29 0.2512 +1.39 0.1732
X? +5.55 0.0053 +2.78 0.0052
X +1.31 0.3765 +1.03 0.1820
Table 4. Detail Summary of statistical analysis of response surface models.
Model Lack of fit
R;;Ez:_se F-value p-value R Adjusted R? Predicted R?  Adeq. Prec. C.V. Std. dev.  F-value  p-value
Y, 21.14 0.0003 0.8087 0.7705 0.6041 13.47 9.05 25.99 6.11 0.0507
Y, 44.24 <0.0001 0.9365 0.9153 0.8348 21.00 1.89 1.66 0.808 0.5977
Y, 18.45 0.0007 0.9295 0.8791 0.6795 12.76 6.37 3.67 1.55 0.3327
Y, 19.55 0.0006 0.9332 0.8854 0.6736 12.72 251 1.84 1.99 0.2578

stabilization of polymer droplets. The polymer ratio had a positive
effect on particle size. The EC has a marked effect compared to
Eudragit RS100, which could be related to the viscosity of polymer
resulting in high interfacial tension and increased particle size,
whereas Eudragit RS100 formed the compact structure as compared
to EC (Fartyal et al., 2011; Pandav et al., 2014).

Figure 1(b) represents the response surface curve of
entrapment efficiency. The entrapment was directly proportional
to polymer concentration and inversely proportional to the
concentration of PVA. The microspheres prepared with a higher
ratio of EC showed high drug entrapment compared to Eudragit
RS100. This may be due to hydrophobic nature of EC, which
encapsulates a larger amount of drug as compared to Eudragit
RS100 and increases the matrix-forming potential of polymer
with drug and decreases the drug diffusion to the external phase.
Due to this, the maximum amount of drug was forced to reside in
the microspheres formed, resulting in high percentage entrapment
(Nouretal.,2015). However, the entrapment efficiency was reduced
with an increase in the concentration of PVA. This is possibly due
to smaller size microspheres formed at higher concentration.

The effect of process variables on buoyancy can be
measured as shown in Figure 1(c). The in vitro buoyancy of
microspheres can be correlated to low density and insolubility of
polymers in the simulated gastric fluid (pH 1.2). As reported by
Sato et al., the buoyancy of particles depends on their density and
size. The size of microspheres exhibited an inverse relationship
to the microsphere density. Hence, the buoyancy of microspheres
increased with an increase in particle size, which can be directly
related to the increase in the ratio of polymers and inversely related
to the increase in the concentration of PVA. The microspheres
prepared with a high concentration of PVA were smaller in size
and less dense than those prepared with a lower concentration of
PVA. The density of EC is 0.4 g/cc, which is lower than Eudragit
RS100 (Rowe et al., 2006), so the particles having a higher ratio of
EC are less dense and more buoyant compared to Eudragit RS100.

Figure 1(d) illustrates the combined effect of independent
variables on the cumulative release of itraconazole. The response

surface curve inferred that on increasing the relative fraction of
Eudragit RS100, the percentage cumulative drug release increases
to some extent as compared to the increase in the proportion of
EC. In general, an increase in polymer concentration increased
the diffusion path of drug which decreases the overall drug release
from the polymer matrix. In contrast with the above statement,
larger droplets facilitate a rapid penetration of dissolution medium
which indirectly indicates more interconnected pores that help in
drug dissolution and facilitate the drug diffusion from the polymeric
matrix (Raut et al., 2013; Raghuvanshi et al., 2016). The extent
of drug release was predominantly dependent on PVA levels as it
increases the wettability of particles and better solvent penetration
(Pachuau and Mazumder, 2009). Typically, the formulation made
with higher PVA and Eudragit RS100 levels and lower EC level
exhibited a high percentage cumulative drug release. Hollow
microspheres with desired parameters were accomplished by
desirability approach using numerical optimization tool of Design-
Expert software. The goal was to obtain the optimum values of
the independent variables. Optimization was performed by setting
constraints such as maximum particle size, buoyancy, cumulative
drug release, and in range entrapment efficiency. The Design-Expert
software provided four solutions; the solution with the highest
desirability was selected for optimized formulation. The optimized
values of parameters obtained were the ratio of polymers (X)) of 6:1
and the concentration of PVA (X)) of 1.0% w/v. The results for the
final optimized concentration are tabulated in Table 5.

Characterization of hollow microspheres

The data of particle size analysis show that the average
size of dried microspheres ranged from 202.4 to 383.5 pum
(Table 2). Depending on the concentration of PVA and ratio of
polymers, the formulations F; and F,, showed the smallest and
largest size of microspheres, respectively. SEM analysis was
performed to study the surface morphological and shape of
microspheres. Figure 2 shows the scanning electron microscope
images of hollow microspheres. It could be concluded from the
figure that the microspheres had a smooth spherical surface having
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Figure 1. Response Surface Curve for (a) Particle Size, (b) Entrapment Efficiency, (¢) Buoyancy, and (d) Cumulative Drug Release.

Table 5. Observed, predicted values, and percentage prediction error for the responses at optimized concentration.

Y, Y, Y, Y,
X /X,
! Observed  Predicted %Error Observed  Predicted %Error Observed  Predicted %Error Observed  Predicted %Error
6:1/1.0 285.1 295.126 -3.39 86.8 87.731 -1.06 61.1 60.475 1.2 78.66 77.808 1.095

pores on them through which dissolution medium could permeate
into the drug-polymer matrix and facilitate the diffusion of the
drug molecule.

The percentage yield for microspheres was found to
be in the range of 46.38%—-87.33% as given in Table 6. During
microsphere formation, the product yield was affected by the
polymers sticking to the wall of the beaker and blades of the
stirrer and agglomerate formation. The percentage yield was
found to be independent on the ratio of polymers. It decreased
with an increase in the concentration of PVA; the reason may
be loss of small particles during filtration and washing (Jagtap
et al.,2012). The flow properties of the microspheres were studied
as Carr’s compressibility index and Hausner’s ratio. The Carr’s
compressibility index was in the range of 09.09%-20.05%,
whereas the Hausner’s ratio for all formulations was in the range of
1.04—-1.25, which indicated good-to-excellent flow characteristics

(Sinko, 2006). This would help in the handling of microspheres
during processing.

The equilibrium solubility of itraconazole was carried
out in distilled water and SGF (pH 1.2) at room temperature. It
was recorded to be ~1 ng/ml in distilled water and 3.35 + 0.03
pg/ml in simulated gastric fluid (pH 1.2). The solubility was
significantly increased in acidic solution. As shown in Table 6, the
drug content increased with the increase in the concentration of
emulsifier. The highest drug content was obtained at high polymer
ratio and low concentration of PVA. The in vitro release profile
of optimized batch is shown in Figure 3. It can be observed from
the plot that 78.66% of the drug was released in a dissolution
medium consisting of SGF pH (1.2) within 10 hours. To determine
the mechanism of release kinetics from hollow microspheres, the
release rate data were subjected to various kinetic models for the
goodness of fit.
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Figure 2. SEM images of hollow microspheres showing (a) general appearance; (b) single spherical microsphere; and (c) surface

morphology.

Table 6. Yield, drug content, and Micromeritic properties (mean + SD).

Formulation code Yield (%) Drug content (%) Bulk density (g/cm®)  Tapped density (g/cm®) Hausner’s ratio Carr’s compressibility index (%)

F, 66.66 + 0.62 14.95+0.91 0.238 + 0.008 0.286 +0.010 1.20 % 0.002 16.66 = 0.30

F, 70.62 +0.76 13.39 + 0.44 0366 +0.012 0.419£0.014 1.14+0.003 12,50 £0.22

F, 62.12£0.72 14.57 +0.48 0.22+0.016 0.260 = 0.018 1.18 % 0.002 1538 £0.17

F, 60.6+0.51 14.67 +0.36 0.24 £ 0.009 0.288 +0.014 1.240.007 16.66 +0.47

F, 84.84+0.81 16.31+0.57 0.355+0.015 0.391 £ 0.020 110+ 0.004 15.14£0.38

F, 55.55+0.43 14.32+£0.39 0.226+0.015 0.235+0.016 1.04 % 0.002 03.99 +0.167

F, 65.51+0.68 14.34£0.28 0.258 £ 0.024 0.315 £0.023 1220018 18.09 = 1.30

F, 62.72 +0.56 13.24 +0.36 0.185+0.017 0.219 +0.022 1.18 0.006 15.78 +0.38

F, 46.38 £ 0.56 13.86 £0.47 0.214+0.021 0.275 £0.035 125+0.014 20.05 =+ 0.824

F, 85.13+0.72 13.55 +0.36 0.196 +0.010 0.234+0.015 1.20 £ 0.005 16.68 + 1.30

F, 87.33£0.93 16.00 = 0.59 0.205 £ 0.008 0.227 £0.012 1.11 +0.002 09.97 £0.216

F, 5939 +0.52 14.32+0.34 0.220£0.010 0.260 = 0.017 1.18 + 0.004 15.38 = 0.365

F, 83.47 +0.54 15.29 +0.49 0.134 £ 0.008 0.147 £0.011 1.1+0.003 09.09 £ 0.307
9 Figure 4 depicts the FT-IR spectra of itraconazole
50 which showed characteristic peaks occurred at 3,127, 3,068,
& 20 2,963, 2,877, 2,822, 1,702, 1,654, 1,613, 1,462, 1,451, 1,425, and
418 cm™'. The absorption bands between 2,800 and 3,200 cm™
: 60 represent the stretching of alkane, aromatic rings, and amine
¥ 50 groups. The sharp peak occurred at 1,702 cm™' may be due to C=0
g 40 group, and the peaks at 1,613 and 1,425 cm™' may be arise due
% 30 to C=N and C-N bonds, respectively. All the characteristic peaks
20 of itraconazole were present without any new peak formation in
© 10 the spectrum of the physical mixture and optimized batch, thus
0 indicating the compatibility between drug and polymers with no

0 2 4 6 8 10 12 chemical interaction.

Time (hour) DSC thermograms of itraconazole, EC, Eudragit RS

Figure 3. In vitro release profile of optimized batch.

The R? values of release kinetic models were found to be
0.863,0.962, 0.985, and 0.978 for zero-order, first-order, Higuchi’s
square root, and Korsmeyer—Peppas models, respectively. The
results indicated that the in vitro drug release of itraconazole from
hollow microspheres was best described by Higuchi’s release
equation, indicating the release of drug from the insoluble matrix
by the diffusion-controlled process.

100, physical mixture of drug and excipients, and optimized batch
are presented in Figure 5. In the case of itraconazole, a sharp
endothermic peak was observed at 167.85°C, which corresponded
to the melting process. Thermograms of ethyl cellulose showed
broad endothermic peaks at 56.77°C and 184.14°C and Eudragit
RS100 showed peaks at 65.46°C and 184.89°C, respectively,
which correspond to melting process and thermal decomposition
of polymers. A physical mixture of drug and excipients showed
endothermic peaks at 63.48°C, 165.98°C, and 186.5°C; a slight
decrease and broadening of the peak of itraconazole by 1.8°C were
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Figure 4. FTIR spectra of Itraconazole; Eudragit RS100; Ethyl cellulose;
Physical mixture, and Optimized batch.
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Figure 5. DSC of Eudragit RS 100; Ethyl cellulose; Itraconazole (ITR); Physical
mixture (PM), and Optimized batch (Opt).

attributable to the presence of low-melting amorphous excipients,
whereas a slight increase in endothermic peaks of polymers was
attributed to the high-melting crystalline drug. In the case of DSC
curve of optimized batch, a small blunt endothermic peak of
itraconazole was observed at 160.31°C and further decreased by
5.67°C which may be due to reduction in the crystallinity of drug
by its solubilization in the polymer matrix. The DSC thermogram
of physical mixture signifies that drug had no interaction with
polymers used in the formulation as no new peak appeared in it.
The overlay of X-ray diffraction data is listed in
Figure 6. The diffractogram of itraconazole showed a peak with
a maximum intensity of 10,033.3 at 20 value of 20.46°. The other
important peaks are observed at 20 values of 14.58°, 17.58°, and
23.58°, and their corresponding peak intensities are 4,223, 7,466,
and 6,320, respectively. The physical mixture of itraconazole and
polymers showed the slight hump of polymers, whereas the peaks
of itraconazole were also apparently visible. The diffractogram of
drug-loaded hollow microspheres showed a characteristic peak
at an angle of 20.34° with peak intensity 5,160 corresponding to
itraconazole. The diffraction pattern of the pure drug showed a

i Mw batch
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N b Eudragit RS100
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2 Theta (deg.)
Figure 6. X-ray diffractograms of Itraconazole; Eudragit RS 100; Ethyl
cellulose; Physical mixture, and Optimized batch.

Intensity

Itraconazole

T 1
60 80

remarkable difference from drug-loaded microspheres (optimized
batch), and the former showed relative sharp peaks due to high
degree of crystallinity of itraconazole. The decrease in peak
intensity of the diffraction pattern of itraconazole-loaded hollow
microspheres confirmed the change of drug from crystalline to
amorphous form.

CONCLUSION

The results of this study emphasized that response
surface methodology with CCD is a very useful statistical
technique to determine the effect of selected independent variables
on the dependent variables. Gastroretentive hollow microspheres
were prepared successfully using the emulsion solvent diffusion
evaporation technique as per design matrix. The SEM results
showed that microspheres were spherical having pores on its
surface which enhance the floating ability of the particles. The
method of preparation was found to be reliable and inexpensive.
The results of optimization revealed that the ratio of polymers
and concentration of PVA have a significant effect over response
variables such as particle size, entrapment efficiency, buoyancy,
and percentage cumulative drug release. The low density of
microspheres showed well in vitro floating ability and drug release
profile. Hence, floating microspheres of itraconazole prolonged
the retention time in the stomach, which can ultimately result in
improved bioavailability at a much lower dose. The feasibility of
the optimization procedure in developing hollow microspheres
can be demonstrated by close agreement between the observed
responses and predicted values of the optimized formulation.
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