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a b s t r a c t

This work aimed at obtaining an optimized itraconazole (ITZ) solid oral formulation in terms of palat-
ability and dissolution rate by combining different polymers using hot melt extrusion (HME), according
to a simplex centroid mixture design. For this, the polymers Plasdone® (poly(1-vinylpyrrolidone-co-vinyl
acetate) [PVP/VA]), Klucel® ELF (2-hydroxypropyl ether cellulose [HPC]), and Soluplus® (SOL, polyvinyl
caprolactam-polyvinyl acetate-polyethylene glycol) were processed using a laboratory HME equipment
operating without recirculation at constant temperature. Samples were characterized by physicochem-
ical assays, as well as dissolution rate and palatability using an e-tongue. All materials became homo-
geneous and dense after HME processing. Thermal and structural analyses demonstrated drug
amorphization, whereas IR spectroscopy evidenced drug stability and drug-excipient interactions in
HME systems. Extrudates presented a significant increase in dissolution rate compared to ITZ raw ma-
terial, mainly with formulations containing PVP/VA and HPC. A pronounced improvement in taste
masking was also identified for HME systems, especially in those containing higher amounts of SOL and
HPC. Data showed polymers act synergistically favoring formulation functional properties. Predicted best
formulation should contain ITZ 25.0%, SOL 33.2%, HPC 28.9%, and PVP/VA 12.9% (w/w). Optimized
response considering dissolution rate and palatability reinforces the benefit of polymer combinations.

© 2018 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
Introduction

Advantages of oral solid formulations are clear: high stability,
dose accuracy, low production, and transportation costs, besides
patient compliance.1 Still, unsatisfactory physicochemical proper-
ties may compromise drug bioavailability. It is estimated that 75%
of drug candidates to give rise to new medicines are poorly water
soluble.2 Such low solubility negatively affects pharmacokinetics,
causing high rates of failure in clinical trials, which has considerably
reduced the number of innovative medicines that reaches the
market over the years.3 Other challenge for oral delivery is the
unpleasant taste of drugs, which adversely influences patient
compliance, especially when dealing with children and elderly.4

Most active pharmaceutical ingredients present bitter taste. Thus,
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considering the wide variety of bitter receptors on the tongue,
camouflaging drugs unpleasant taste is not a trivial task.5

Hotmeltextrusion (HME) isa technological process fordeveloping
solid dispersions that has been capable of improving dissolution rates
ofmanypoorlywater-soluble drugs.6,7 Remarkable advantages of this
technique include avoidance of organic solvents, possibility of
continuous manufacturing, easy processing scale-up, and entrudate
uniformity due to the high shearmixing capacity. Indeed, such a high
mixing capacity provides a high drug-polymer interaction degree
and, with the adequate formulation, bitter taste can be masked as
polymers interact with tongue taste receptors masking the drug.5

Despite all these advantages, a still limited number of HME
pharmaceutical products are available on the market, around 15
products.8 A possible explanation is the complexity of experimental
variables involved in the development of products by HME, which
may compromise overall process robustness (mainly, the use of
different temperatures throughout extrusion course and sample
residence time into the system). Additionally, small fluctuations in
hts reserved.
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formulation composition can cause important changes in their
properties. Evidently, all these factors raise quality issues, espe-
cially in large-scale production.9

Quality-by-design tools such as mixture designs are useful to
rationalize the experimental work in order to establish the opti-
mum formulation composition by determining a design space in
which the components can fluctuate without impairing their
functional characteristics, thus facilitating the scale-up process.
Better yet, such approach also allows finding regions in the
experimental spacewhere the levels of formulation factors possibly
provide the best performance.10

Therefore, thiswork evaluated a simplexcentroidmixture design
experiment as a tool for predicting thebest polymer combination for
HME of a bitter insoluble drug. The goal was to obtain the best
formulation for HME with improved characteristics, specifically,
palatability and dissolution rate, by simply selecting the better
suited excipients, while maintaining the most simple process
parameters: constant temperature and no recirculation. For this,
itraconazole (ITZ) was selected as drug model, because it is a BCS II
compound possessing a pronounced bitter taste and promising re-
sults when processed by HME.11-14 The hydrophilic polymers Plas-
done® S-630, Klucel® ELF, and Soluplus® were chosen to improve
drug dissolution through different solubilization mechanisms.

Experimental

Material

ITZ (lot 00569488, 99.5%) was provided by Roche (Basel,
Switzerland). The polymers Plasdone S-630 (lot 0001810863, poly(1-
vinylpyrrolidone-co-vinyl acetate) [PVP/VA], average molecular
weight ¼ 47 kDa) and Klucel ELF (lot 40915, 2-hydroxypropyl ether
cellulose [HPC], averagemolecular weight¼ 40 kDa) were donated by
Ashland Specialty Ingredients, whereas Soluplus ([SOL] lot
844143368EO, polyvinyl caprolactam-polyvinyl acetate-polyethylene
glycol, average molecular weight ¼ 118 kDa) was donated by BASF
(Ludwigshafen, Germany). All other chemicals and solvents were of
analytical grade.
Table 1
Summary of the Formulation Compositions and the Extrusion Parameters

Formulation Composition (% w/w) Te

SOL HPC PVP/VA

FA 75 0 0 17

FB 0 75 0 17

FC 0 0 75 17

FD 37.5 37.5 0 17

FE 0 37.5 37.5 17

FF 37.5 0 37.5 17

FG 25 25 25 17
HME Extrudates

Extrudates were prepared by HME combining ITZ with 3
polymers (PVP/VA, HPC, and SOL) following a simplex centroid
mixture design without constraints (in detail in section Design of
Experiment). For this, ITZ concentration was fixed at 25% w/w in
each sample (Table 1). Physical mixtures of each formulation were
prepared using a mortar and were then extruded using constant
temperature without sample recirculation in a Pharma Mini HME
(ThermoScientific). Extrusion parameters, temperature and rota-
tion speed, were set with the purpose of obtaining an adequate
extrusion flow and translucent extrudates without darkening
(Table 1). Extrudates were milled in a knife mill and the fractions
were separated using sieves with different mesh. After separation,
a powder fraction having a size ranging from 180 to 125 mm,
which was the fraction with the best yield, was selected for
further tests.
Characterization Assays

Drug Determination
A spectrophotometric method using a UV-VIS Lambda XLS

spectrophotometer (PerkinElmer) set at 255 nmwas developed for
ITZ determination in formulations and in dissolution rate experi-
ments. Analytical method was validated. Selectivity against poly-
mers was evaluated and no statistical interference with excipients
was detected (Student t-test, p ¼ 0.07). Linearity correlation coef-
ficient (CC) was 0.9984 with slope different from zero and residues
randomly distributed without tendency.
Morphological Analysis
Morphological characteristics of the individual compounds,

physical mixtures, and extrudates were assessedwith a stereoscope
(Laborana/SZdSZT, China) and with a scanning electron micro-
scope (JSM-7001F; Jeol, Akishima, Japan), in which the samples
were previously metallized with gold.
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Table 2
Aspect and Drug Content of the Formulations

Formulation Aspect Drug Content (% w/w ± SD)

FA Slightly yellowish and translucent 103.0 ± 1.9
FB Opaque 90.3 ± 0.4
FC Slightly yellowish and translucent 103.5 ± 0.4
FD Slightly opaque 100.9 ± 0.5
FE Slightly opaque 104.6 ± 0.4
FF Slightly yellowish and translucent 93.1 ± 0.3
FG Slightly yellowish and translucent 99.0 ± 0.1
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Thermal Properties
Differential scanning calorimetry (DSC) curves were obtained

from a DSC-60 (Shimadzu, Kyoto, Japan). Approximately 3 mg of
each sample was placed in aluminum-sealed pans and analyzed
under nitrogen atmosphere (flow rate of 50 mL/min) at a heating
rate of 10�C/min from 30�C to 300�C. Tests were performed on
individual compounds, physical mixtures, and extrudates. ITZ
original crystalline form percentage (%OCF) in the HME systems
was calculated based on melting enthalpy following the equation:

%OCF ¼ (DHHME/DHITZ) � 100, where DHHME is the fusion
enthalpy of ITZ in HME system and DHITZ is the fusion enthalpy of
ITZ raw material.

Molecular Studies
The FTIR spectra were recorded on an IRAffinity-1SFTIR spec-

trophotometer (Shimadzu) between 4000 and 400 cm�1 at an
optical resolution of 4.0 cm�1, totaling an average of 40 scans. Tests
were carried out on individual compounds, physical mixtures, and
extrudates recorded with crystalline KBr. CC between physical
mixtures and HME systems was calculated using an Essential FTIR®

software (EUA).15 A peak deconvolution analyses of ITZ CeH stretch
envelop in the range 3050 to 2750 cm�1 were performed using
PeakFit 4.0 software considering pseudo-Voigt single shaped ab-
sorption bands.16

Structural Analyses
X-ray powder diffraction (XRPD) analysis was performed using a

Miniflex diffractometer 600 (Rigaku, Tokyo, Japan) equipped with a
high-speed scintillation detector and a graphite monochromator
(l ¼ 1.5418 Å). Diffraction patterns were obtained at angles
between �5� and 60� (q � 2q). Tests were carried out on the in-
dividual compounds, physical mixtures, and extrudates.

Dissolution Test
ITZ dissolution profiles were obtained for raw material and

extrudates in a dissolutor Ethik model 299 (Brazil) using 900 mL of
HCl 0.1 mol/L maintained at 37�C, and apparatus 2 (paddle) oper-
ating at 75 rpm.17 Samples of 5 mL were withdrawn and immedi-
ately replaced by fresh dissolution medium at 5, 10, 15, 20, 30, 45,
60, 90, and 120 min. After filtration through 0.45-mm membranes
(PES Millipore, Beijing, China), samples were diluted 1:5 (v/v) with
HCl 0.1 mol/L and taken to spectrophotometer for ITZ content
quantification following the method described in the section Drug
Determination. Experiments were performed in quadruplicate
using samples containing the equivalent to 100 mg ITZ.

Dissolution profiles were evaluated using dissolution efficiency
at 30 min (DE30).18 Data were analyzed by 1-way ANOVA followed
by Tukey post-test using IBM SPSS Statistics 22 version. Significance
level was fixed at 0.05. Normality of data were tested and showed
parametric behavior.

In Vitro Taste-Masking Evaluation (Astree E-tongue)

The taste masking provided by the formulations was evaluated
applying the Astree e-tongue system equippedwith an AlphaM.O.S
sensor set #2 composed by 7 sensors, that is, ZZ, AB, GA, BB, CA, DA,
and JE (Alpha M.O.S, Toulouse, France). The software reduces the
data received from the 7 sensors using multivariate statistic algo-
rithms. For all samples, the individual principle components with
more information (PC1 and PC2) were used to create a 2-
dimensional map, namely principal component analysis (PCA).
The assay was performed using equivalent amounts of 100 mg ITZ
of each extrudate dispersed into 50 mL of distilled water, gently
shaken for 30 s and filtered using fiber glass of 1 mm. Acquisition
times were set at 120 s at 25�C. Ten replicates were measured and
the average values between 100 and 120 s were used to build a 2-
dimensional map (PCA). Relative SD was computed for measuring
replicates of a single sample for each sensor. Based on the repeat-
ability of measurement (relative standard deviation ¼ 0.47 to 1.51),
the method was considered fitted for the study.19 Distances be-
tween extrudates and placebo and between extrudates and un-
processed drug were calculated as indicative of formulation taste-
masking power.

Design of Experiment

Responses from dissolution profile (DE30) assays and taste-
masking evaluation (distance from placebo) were modeled ac-
cording to a simplex centroid mixture design, in which the selected
polymers were combined as described in Table 1.20 The best fitting
mathematical model was selected for each response. Specifically,
results were fitted using polynomial functions of PVP/VA, HPC, and
SOL contents with stepwise multiple regression analyses. Model
validation was performed using ANOVA and coefficients of deter-
mination (r2) at p <0.05.20 An additional response surface from
both responses was built considering the formulation conditions to
maximize dissolution and palatability properties of ITZ HME
(optimized response), in which the 2 responses were adjusted with
the same importance. The optimized response was calculated from
the geometric mean. All calculations and the contour diagrams
were drawn using Design-Expert® Software version 8.

Results and Discussion

Characterization Assays

Processing temperature used to obtain the extrudates was
170�C, which is above ITZ melting peak (168�C) and glass transition
of the polymers (130�C, 110�C, and 70�C for HPC, PVP/VA, and SOL,
respectively), providing the proper miscibility between drug and
polymers. All samples demonstrated in these conditions appro-
priate extrusion behavior with continuous flow, drug content
(assay > 90%), and uniformity (0.1% � SD � 1.9%; Table 2).

Systems containing HPC showed translucent aspect as soon as
they left the equipment die, but became opaque few seconds later,
suggesting drug recrystallization, except for quaternary system
(FG), which had a reduced amount of HPC (25%w/w) and preserved
the translucent aspect after cooling. All other samples exhibited a
translucent aspect (Table 2).

Figure 1 presents the microscopical aspects of physical mixtures
and HME formulations. In physical mixtures, each component can
be individually identified (the crystalline ITZ and amorphous
polymers), whereas in HME systems only one phase is observed.
HME process generated homogeneous products with a consider-
able change in samples aspect, suggesting the drug is immersed
into the polymer in a high level of dispersion. The opaque aspect of
the HPC system (FB) is noticed as a binary system, contrasting with
the translucent aspect of others extrudates. All extrudates showed a
dense aspect without pores (Fig. 1).



Figure 1. Optical microscopy (25�) and scanning electron microscope (30�) micro-
graphs of physical mixtures and HME systems (FA, FB, FC, FD, FE, FF, and FG).

L.F.B. Malaquias et al. / Journal of Pharmaceutical Sciences 107 (2018) 286-296 289
Following thermal analysis, ITZ raw material and all physical
mixtures generated an endothermic peak at 168�C, which corre-
sponds to the drug melting.21 This peak was vanished for the ma-
jority of extrudates, indicating the disappearance of the original
crystalline form (Fig. 2). Nevertheless, in the binary and ternary
systems with HPC (FB and FD), ITZ melting peak remained detect-
able, presenting a minor shift to a lower temperature and a marked
reduction in the expected enthalpy. Crystallinity degrees of these
samples were 35.6% and 8.0%, respectively (Fig. 2). Thermal profiles
of FB and FD support morphological results, denoting the presence
of crystalline material in these samples.

Diffractograms of ITZ rawmaterial, polymers, and extrudates are
shown in Figure 3. ITZ presented a typical crystalline profile
whereas polymers assumed an amorphous behavior. All HME for-
mulations, including formulations FB and FD, displayed a
completely amorphous XRPD profile, which would indicate a high
amount of drug in the amorphous form. Considering, however, that
DSC can be more sensitive and specific than XRPD in determining
drug/excipient interactions, once minor disturbances at drug-
excipient interface causes detectable changes in thermal events of
the samples,22,23 it may be assumed ITZ is solubilized into the
polymers in a molecular level after HME processing, except in the
binary and ternary systems with HPC, namely FB and FD.

CC of FTIR spectra was calculated comparing HME systems and
its physical mixtures and, except for formulation FB, all samples
demonstrated CC above 0.85, which indicated no significantly
destructive interaction.15 For formulation FB, however, CC value
was 0.70. Spectral differences can be observed between samples
with different drug homogeneity.24 Morphological analysis has
already suggested a decrease in matrix homogeneity in FB, which
can explain the lower CC value observed for this formulation. Be-
sides, the FB extrudate preserved all functional groups of the drug
and the polymer, which demonstrates the stability of this sample.

Polymer-drug interactions were investigated based on CeH
band absorption of ITZ in the range of 3050 to 2750 cm�1. CeH
absorption assignments involved in hydrophilic sites of ITZ as well
as absorption peak assignments associated with hydrophobic sites
of ITZ are shown in Figure 4.25 The sum of absorption peak areas
from hydrophilic ITZ region decreased at the following order: FB >
FE > FD > FG > FF > FA > FC. Opposite behavior was observed from
hydrophobic ITZ region, which obeyed the following sequence: FC
> FF > FG > FA > FD > FE > FB.

Results indicated the drug interacted with each polymer in a
different manner. The most hydrophilic polymer, HPC, caused strong
absorption intensity in ITZ hydrophilic sites and weak absorption in-
tensity on drug hydrophobic sites. This behavior contrasted to that
found for PVP/VA samples, which presented weak absorption in-
tensities for ITZ hydrophilic sites and high absorption intensities for
hydrophobic sites. SOL, in its turn, appeared to interact less intensively
with ITZ. Because the intensity of IR is mainly governed by the dipole
moment of absorbing bond,26 it is plausible to assume the increase in
absorption intensity is a result of a dipole enhancement caused by ITZ
and the different polymer interactions.

Moreover, the peak belonging to CeOeC stretch (ether group,
1203 cm�1) was weakly detected in physical mixtures of formula-
tions FC, FE, and FF and was completely absent in their respective
HME samples. Such systems have PVP/VA in common, which has
already reported to produce H-bonding interactions with other
drugs in solid dispersions produced by HME.27 These interactions
may favor the drug miscibility, improving the translucent aspect
observed in samples with PVP/VA in binary system. No other
changes regarding the stretches of polymer bonding were noted.



Figure 2. DSC analysis of ITZ raw material and HME systems (FA, FB, FC, FD, FE, FF, and FG). Drug melting peak is highlighted.
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Dissolution Tests

HME process was capable of improving ITZ dissolution rate,
being more than 80% of the drug dissolved in 30 min versus around
5% of ITZ raw material dissolved over the same period of time
(Fig. 5). Formulations FG and FF presented an outstanding
performance with DE30 around 90%, distinguishing from the other
formulations. FA showed the slowest drug dissolution profile with a
DE30 of 59%, but still far superior to ITZ as supplied (DE30 ¼ 1.3%).
The inferior dissolution rate of FA can be correlated to the lower
degree of drug-polymer interaction observed by FTIR. No
significant differences in drug dissolution were identified among
formulations FB, FC, FD, and FE.
The experimental mixture design performed led to a predictive
equation for ITZ DE30 using a special cubic mathematical approach
(Table 3). Themodel was validated by ANOVA, multiple CC, and lack
of fit. All predictive equation terms showed p <0.05, except PVP/
VA.HPC which exhibited p ¼ 0.77. According to this equation, the
positive signs of the terms refer to an increase in DE30, and the
magnitude of the coefficients indicates the contribution of each
component of the mixture to this response.

The fitted model for DE30 showed a positive contribution of
all polymers and a significant interaction within their combi-
nation (Table 3). Individually, PVP/VA and HPC improved ITZ
dissolution, showing higher coefficients than SOL. Relevant in-
teractions between SOL and each of the other 2 polymers



Figure 3. XRPD patterns of ITZ and polymers as supplied, and HME systems (FA, FB, FC, FD, FE, FF, and FG).
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Figure 4. FTIR fitting simulation obtained from experimental data of the ITZ absorption CeH bands in the range 3050 to 2750 cm�1 for ITZ raw material and HME systems (FA, FB,
FC, FD, FE, FF, and FG) (a). The proportional areas of each peak from hydrophilic sites of ITZ (b), namely 1,2,4 triazole (No 1), 1,3 dioxolone (No 2), and piperidine ring (No 3); and from
hydrophobic sites of ITZ (c), namely CeH stretching from aromatic ring (No 4), asymmetrical and symmetrical stretching from CH2 (No 5) and asymmetrical stretching from CH3 (No

6), were assigned in the ITZ molecule (d).
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potentiated the ITZ dissolution. Still, when the 3 components
were mixed with ITZ, dissolution was also improved, as it can be
seen by the high coefficient of this factor, demonstrating a
relevant synergistic contribution of each polymer in the disso-
lution of the drug.

A contour diagramwas drawn using the refinedmodel as shown
in Figure 6. The darker areas represent the formulation composi-
tions that produced the best DE30 results. The darker areas of the
graphic occur in the center, where there is a more equivalent dis-
tribution of the 3 polymers. Good dissolution results were also
achieved close to the vertices of the diagram containing PVP/VA
and HPC polymers, which show these materials, individually,
significantly contribute to the ITZ dissolution.

Differences in drug-excipient interaction based on polymer
characteristics as pointed out by FTIR spectra may be the starting
point to explaining extrudate differences in dissolution perfor-
mance but certainly should not be the only one. Because drug is
mostly or totally in amorphous state, ITZ release fromHME systems
will strongly depend on the polymers' solubilization mechanisms.
PVP/VA and HPC produce hydrophilic matrices that are rapidly
solubilized and erode as soon the wetting starts, whereas SOL
matrices undergo a gradual formation of a surface gel layer in
which the drug diffuses.28 Micellization is also reported as a solu-
bilization mechanism of SOL.29 In the present study, these different
mechanisms act together to improve ITZ dissolution and may be
the reasonwhy the combination of the polymers has led to a better
drug dissolution.30

In Vitro Taste-Masking Evaluation

E-tongue sensors imitate taste bud on human tongue by initi-
ating changes in electric potentials that can be compared to phys-
iological action.31 This in vitro assay presents a high correlation
with human sensory test and is until 100 times more sensitive for
bitter taste than human panel.32 The electric potentials generated
by the samples, which correspond to the physiological taste, are
recorded by a computer system in a 2-dimensional chart containing
the signal distances between the drug, formulations, and placebo. A
successful taste masking is achieved when the formulation signals
are far from drug and close to placebo.

According to the results presented in Figure 7, Astree e-tongue
was capable of identifying taste difference between extrudates and
unprocessed ITZ. Additionally, differences between the extrudates
themselves were observed, which corroborates with the physico-
chemical findings. Based on the PCA chart (Fig. 7), no formulation
completely masked ITZ taste, because there was no overlap of
placebo and extrudates. Nevertheless, FA and FB HME are closer to
placebo than the other formulations.

The predictive equation for distance from placebo was adjusted
to a special cubic model in which all terms showed p < 0.05



Figure 5. ITZ raw material dissolution profile compared with HME samples (FA, FB, FC, FD, FE, FF, and FG), together with the corresponding mean values of the DE30 and the SD in
parentheses. Significant DE30 differences were identified among samples in the dashed square.
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(Table 3). Contour diagram of formulation distance from the pla-
cebo are shown in Figure 6. Regions containing larger amounts of
SOL and HPC (darker areas) presented significant improvement in
palatability. Palatability improvement provided by formulations
containing SOL has already been reported before.33

The taste-masking ability of extrudates could be related to drug
dispersion into polymeric matrix and to sample dissolution
behavior. Better results of taste masking achieved by HME systems
containing SOL could be explained by the capacity of this polymer
to form micelles, in which the drug is isolated inside the structure,
less available to activate electric potential in Astree e-tongue.34

Moreover, the ability of taste masking of FB extrudate could be
related to the presence of drug in crystalline form, as suggested by
Table 3
Mixture Design Statistical Parameters Including the Predictive Equation for the Model Ba

Fitted Model DE30

Special Cubic

p Value <0.0001
r2 0.84
Predictive equation ¼ þ 56.3 SOL þ75.7 PVP/VA þ 73.1 HPC þ 82.4 SOL.PVP/VA þ 5

SOL.HPC þ 3.7 PVP/VA.HPC þ 269.2 SOL.PVP/VA.HPC
morphological characterization and thermal analysis, as well as to
the high drug-polymer interaction as observed by FTIR analysis.

Prediction of the Optimized Formulation

Experimental designs are useful to reduce the development
time of products. Ideal formulations can be predicted regarding a
required performance using less experimental effort and appro-
priate statistical approach. In this sense, optimized response
considering DE30 and distance from placebo was calculated (Fig. 6).
The gray area represents formulation compositions that maximize
ITZ dissolution and palatability characteristics. Optimized response
assumes values �0.8.
sed on DE30 and Distance From Placebo Responses

Distance from Placebo

Special Cubic

<0.0001
0.99

7.3 ¼ þ 353 SOL þ 390 PVP/VA þ 313 HPC þ 366 SOL.PVP/VA þ 68
SOL.HPC þ 982 PVP/VA.HPC � 2223 SOL.PVP/VA.HPC



Figure 6. Contour diagrams for DE30 and distance from placebo. Experimental points are assigned and dark areas show the regions with better response. A contour diagram for the
optimized response considering both DE30 and distance is shown.
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Figure 7. Two-dimensional PCA chart (PC1 and PC2) of taste-masking evaluation of HME extrudates using Astree e-tongue.
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The diagram area highlighted in gray was close to the center,
which corresponds to the presence of the 3 polymers in formula-
tion, reinforcing the benefit of combining these materials. Within
the limits of the gray area, polymer concentrations fluctuate
interdependently. As a result, SOL can vary in the concentration
range of 42% to 12% (w/w); HPC in the range of 43% to 20% (w/w);
and PVP/VA can fluctuate from 6% up to 22% (w/w). Thus, predicted
best formulation indicated in Figure 6 by the white X should
contain the following composition (w/w): ITZ 25.0%, SOL 33.2%,
HPC 28.9%, and PVP/VA 12.9%.
Conclusion

The use of mixture design, allied with microscopy techniques,
DSC, XRPD, and FTIR, identified drug-excipient interactions of solid
mixtures composed of ITZ produced by HME using the polymers
SOL, PVP/VA, and HPC. An optimum formulation composition could
be selected for the model drug ITZ, which enhanced the drug
dissolution rate and masked the bitter taste. This could be achieved
using simple process parameters as constant temperature and
single step without sample recirculation. Data obtained demon-
strated proper experiment design might be useful in selecting the
best excipient combination for a specific desired formulation
performance.
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