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ABSTRACT

The current work aimed to develop promising floating sustained release systems for alfuzosin
hydrochloride (ALF) utilizing sublimation technique. Gastroretentive tablets were prepared by direct
compression and subsequent sublimation of the loaded sublimable agents. Polyethylene oxide WSR N-60K
(PEO) or Carbopol 934 (CP) were used as release retarding polymers. Camphor or menthol were used as
sublimable agents at concentrations of 3%, 6%, 9% or 12% w/w. FTIR and DSC were performed to check
possible drug-excipients incompatibility. The tablets were evaluated for appearance, hardness, friability,
density, floating characters, and in-vitro drug release. The drug release percentages after 0.5h (Qo.sn) and 8h
(Qsn) were estimated. Based on estimation of the desirability values, the best-achieved formula (F1) was
morphologically evaluated via SEM. The gastroretentive tracking of the magnetite-loaded F1 tablets was
performed via MRI in healthy human volunteers. FT-IR spectra and DSC thermograms confirmed drug-excipients
compatibility. PEO- and CP-based systems exhibited acceptable physicochemical characteristics regarding their
appearance, hardness and friability. They exhibited low bulk density values (< 1 g/cm®) allowing them to float
spontaneously (zero lag times), for at least 8h. Significantly higher (p<0.0001) Qo.sh Were revealed with CP-based
tablets. No significant difference (p=0.3529) was elucidated between Qs values of the corresponding CP-based
and PEO-based tablets. Following sublimation, SEM micrographs of F1 confirmed the presence of a low bulk
density porous matrix. The gastroretentive potential of F1 was suggested for at least 5 h in healthy human
volunteers. F1 is a promising gastroretentive system for ALF.

Keywords:
Alfuzosin hydrochloride, Floating porous tablets, Sustained release, Sublimation, Gastroretentive tracking, Magnetic resonance
imaging
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1. INTRODUCTION

Sublimation phenomenon is the change of the
substance state from solid to gas, upon heating at
ordinary atmospheric pressure, without passing through
the liquid state®. It is an endothermic process that
requires energy to overcome the attractive forces
between molecules allowing their escape into the vapor
phase. Sublimation occurs at temperatures and pressures
below a substance's triple point?3. There are numerous
applications for sublimation such as separation and
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purification purposes, freeze-drying (lyophilization) of
thermolabile substances and preparation of samples for
cryo-scanning electron microscopy (SEM) analysis?.
Furthermore, sublimation has been recently contributed
to the great progression in the design of floating
gastroretentive drug delivery systems. It was utilized as
a buoyancy achieving technique alone* or in a combi-
nation with other approaches®. Herein, the developed
matrices are heated in an oven to permit vaporization
of the incorporated sublimable agents. This result in
developing highly porous systems with extremely low bulk

| Faculty of Pharmacy, Mahidol University, Thailand is licensed under CC BY-NC-ND 4.0. To view a copy of this license, visit
W@ https:// www.creativecommons.org/licenses/by-nc-nd/4.0/

432



density that allows them to float over the gastric fluid
for a long period of time. Camphor (a crystalline
ketone) and menthol (a monocyclic terpenoid) are the
most prominent sublimable agents utilized for this
purpose as they easily sublimate at low temperature®. It
was reported that I-menthol possessed better buoyancy
characteristics with regard to floating lag time and total
floatation time than camphor’.

Alfuzosin HCI (ALF) is a selective a
adrenergic-receptor blocker approved by FDA for the
symptomatic treatment of benign prostate hyperplasia
(BPH). It affects the tone of the prostate smooth muscles
via relaxation rather than affecting the prostate size
that in order relief BPH accompanied symptoms®. ALF
possessed a narrow absorption window, a short bio-
logical t12 (3.8 h) and a low oral bioavailability (25%)
under fasting conditions. Interestingly, the latter is
approximately increased twice under fed conditions.
This might be attributed to the avoidance of the first pass
metabolism a long with prolonging the gastric residence
time allowing for more drug absorption®. On the basis
of the aforementioned, scientists were prompted to
develop gastroretentive systems loaded with ALF such
as mucoadhesive floating beads®, floating pellets®,
floating tablets!! to improve its oral bioavailability as
well as to sustain its rate of drug release.

In a previous study, the authors of the current
work developed and optimized low density gastrore-
tentive chitosan sponges'?. Herein, Polyethylene oxide
WSR N-60K (PEO) and Carbopol 934 (CP) were
investigated as release retarding polymers. Along with,
camphor and I-menthol were explored to develop low
density tablets following the adoption of sublimation
technique. The gastroretentive potential of the best
achieved tablet was evaluated in healthy human
volunteers via Magnetic resonance imaging (MRI). The
superiority and safety of the latter technique to the
traditional X-ray'®* and Y-scintigraphy* was proved.
MRI possesses the merits of the higher resolution along
with the prevention of subject exposure to the ionizing
radiations?®.

2. MATERIALS AND METHODS
2.1. Materials

Alfuzosin Hydrochloride (ALF) was donated as
a gift from Eva Pharma Co. (Giza, Egypt). Carbopol
934 (CP) was provided by Pharco Pharmaceutical Co.
(Alexandria, Egypt). Polyethylene oxide WSR N-60K
(PEO), camphor and ferric oxide (magnetite) were
provided by Sigma-Aldrich Chemical Co. (St. Louis,
MO). L-menthol and magnesium stearate and talc were
acquired from EI Nasr Pharmaceutical Co. (Cairo,
Egypt). All other chemicals were of pure analytical
grade and were used as obtained.
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2.2. Methods
2.2.1. Drug-excipients compatibility studies

The compatibility of pure ALF with PEO, CP,
I-menthol, camphor and their physical mixtures with
ALF (1:1 w/w ratio) was investigated via FT-IR and
DSC studies.

2.2.1.1. Fourier Transform Infrared spectroscopy (FT-IR)

FT-IR spectral analysis was performed to verify
the possible chemical interactions between ALF and
the investigated polymers and sublimable agents. The
samples were mixed with potassium bromide and
compressed to prepare thin disks. Then, using a FT-IR
spectrophotometer (IR Affinity-1, Shimadzu, Kyoto,
Japan), the disks were scanned over the spectral region
4000-400 cm'* 28,

2.2.1.2. Differential Scanning Calorimetry (DSC)

DSC analysis studies of the samples were
performed to assess the compatibility, and the degree
of drug crystallinity in the physical mixture. Using a
differential scanning calorimeter (DSC-60, Shimadzu,
Kyoto, Japan), four milligrams samples were heated
over a temperature range of 50-400°C with 10°C/min
rate and under 30 mL/min nitrogen purge.

2.2.2. Development of ALF-loaded floating tablets

Design-Expert® Ver. 7.0 (Stat-Ease Inc.,
Minneapolis, Minnesota) was employed to construct a
22x4* full factorial design for the investigation of the
influence of three independent variables; type of
polymer (A), type of sublimable agent (B) and sub-
limable agent concentration (C) on the physicochemical
characteristics of the developed tablets. The investigated
responses were tablet hardness, friability, density,
floating behavior and drug released percentages after
0.5h (Qosh) and after 8h (Qsn) as dependent variables.
Two polymers and two sublimable agents, each in four
concentrations, were used to develop 16 formulae, in
triplicates: as shown in Table 1.

ALF-loaded tablets were prepared by the direct
compression method®. A multi-step mixing process was
utilized to assure drug homogeneity within the tablet
matrix. The polymers and the sublimable agents were
separately pulverized using a glass mortar and pestle.
The powdered samples were sieved and mixed with the
drug for 10 min in a glass mortar. The mixtures were
further lubricated with talc and magnesium stearate for
3 min. Finally, 150 mg of each mixture was compressed
using tablet press machine (Royal artist, Bombay, India)
equipped with 10 mm flat-faced punches. Finally, the
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compressed tablets were put in an oven at 50°C for 24 h
to allow complete sublimation, as confirmed via the
tablet weight testing.

2.2.3. In-vitro assessment of ALF-loaded tablets
2.2.3.1. Visual inspection

Tablets were visually inspected, before and
after sublimation, for their appearance, physical
integrity and possible structural deformity.

2.2.3.2. Hardness

Hardness (crushing strength) of the developed
tablets (n=3) was measured after sublimation using
hardness tester (Dr. Schleuniger Pharmatron Tablet
Tester 8M, Switzerland). The average values were
calculated and expressed in Kg/cm?. Tablets should not
be too hard to allow their proper dissolution. By the
same token, the tablets should not be too soft to avoid
their premature disintegration or breaking during
processing and transportation!’. A hardness value
between 5 to 10 kg/cm?is convenient and desirable.

2.2.3.3. Friability

Friability of tablets was determined using
friabilator test apparatus (ERWEKA, Langen, Germany).
According to BP specifications, a sample of tablets
corresponding as near as possible to 6.5 g were exposed
to rolling and repeated shocks resulting from their free
falls within the apparatus that was rotated at 25 rpm for
4 minutes'®. Then, they were flicked and re-weighted.
The percentage loss in tablet weight expresses its
friability and calculated from equation (1).

% Friability = Winitial - Wrinat / Winitia X 100 (1)

2.2.3.4. Density

The thickness (height) and the diameter of the
developed tablets (n=3), after sublimation, were
measured using a tablet micrometer (KT-mitutoyo,
Mainland, China) and the average values were
calculated. Density could be then determined* via
equation (2) as follows,

D =W/ [(M/2)*>x 1t x h] (2)
where, W is the tablet weight, M is the tablet diameter,
7 is the circular constant, and h is the tablet thickness.

2.2.3.5. In vitro drug release studies

A USP Dissolution Apparatus, type II (Hanson
Research SR8PLUS, Chatsworth, CA), was employed
to perform the in vitro release studies of ALF from
the developed tablets, in triplicates, at 37+0.5°C. The
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dissolution medium was 0.1N HCI (pH 1.2, 500 mL)
and the rotation speed of 50 rpm*°. At specified time
intervals (0.5, 1, 2, 4, 6 and 8h), a volume of 3 mL was
withdrawn from the medium, filtered through a
cellulose acetate membrane (0.45 pum). The released
percentages of ALF were determined spectropho-
tometrically at 244 nm using UV-visible spectropho-
tometer (SPECORD 210 Plus, Analytikjena, Germany).
To keep a constant volume of the dissolution medium,
an equal volume of the fresh dissolution medium was
replaced at each sampling time. The release profile for
each system was obtained via plotting the released
percentage of ALF versus time.

Different kinetic models (first order, zero order
and Korsmeyer-Peppas) were applied to the drug release
data to detect the best fitting model having the highest
correlation coefficient, so that the mechanism through
which the drug was released could be revealed?.

2.2.3.6. Assessment of the floating behavior

The floating behavior of the tablets was
observed and recorded, in triplicates, during the
conductance of the in vitro drug release studies. The
time consumed for tablet emergence on to the surface of
the dissolution medium was referred to as the floating
lag time whereas, the time during which the tablets
remained buoyant was set as the total floatation
duration?3,

2.2.4. Selection of the best achieved floating tablets

Four model variables (hardness, friability,
density and Qosy) were implemented to compare
different formulae. The analysis of variance (ANOVA)
test was used to statistically analyze the obtained data.
Based on the numerical optimization and the desirability
values, the best achieved formula was promoted for
further investigations.

2.2.5. Characterization of the best achieved floating
tablets

2.2.5.1. Structural observation of the best achieved
tablets

Scanning electron microscope (Electron
Optical Laboratory, Tokyo, Japan) was used to explore
the morphologic and structural nature of the best
achieved ALF-loaded tablets. Transverse sections of
tablets, before and after sublimation, were treated with
gold for 2 minutes under an argon gas vacuum before
inspection®,

2.2.5.2. Gastroretentive tracking of the best achieved
tablets via MRI
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2.2.5.2.1. Evolution of magnetite-loaded tablets

Ferric oxide (magnetite) is a well-known MRI
negative contrast agent that is utilized for the
visualization and estimation of the gastroretentive
potential of various dosage forms?. Magnetite is
considered the preferable one for such purpose due to
its safe use in food industry and its low cost. For the
obvious detection of the tablet in the stomach without
interference either with the ingested food or the intra-
gastric gases, only 15 mg of PEO was replaced with
magnetite?,

2.2.5.2.2. Subject admission

The study protocol was approved by the
research ethics committee for clinical studies (Faculty
of Pharmacy-Cairo University), approval code (PI 975).
Four healthy young male subjects were called to
collaborate in the studies after giving an informed
written consent. The exclusion criteria were reported in
our previous work??,

The enrolled volunteers passed several physical
examinations as well as laboratory evaluations. They
were instructed that taking medications or dietary
supplements should be avoided for at least seven days
prior to the launching of the studies.

2.2.5.2.3. Gastric MRI scanning

All subjects were instructed to fast overnight.
Low calorie meals were provided before taking the
magnetite-loaded dosage forms. According to Tadros
and Fahmy??, Coronal T2 and axial T2 MRI scanning
were performed prior to (0 h; as a reference) and at
specified time intervals after the dosage administration
(1, 3 and 5 h) using a 1.5 Tesla closed MRI Toshiba
equipment (Tokyo, Japan). This would allow the
depiction of the dosage form position in the stomach
and the determination of its potential to remain there.
For obvious gastric visualization, additional 200 mL of
water were provided to the subjects before each MRI
scan.

3. RESULTS AND DISCUSSION
3.1. Drug-excipients compatibility studies
3.1.1. Fourier Transform Infrared spectroscopy (FT-IR)

The FT-IR spectra of the polymers (PEO and
CP) and their physical mixtures with ALF were depicted
in Figure 1A while the FT-IR spectra of the sublimable
agents (camphor and I-menthol) and their physical
mixtures with ALF were shown in Figure 1B. As noted
and illustrated in our previous work?, ALF showed a

Pharm Sci Asia 2021; 48(5), 432-449

characteristic N-H vibration peak at 3370 cm?,
aromatic and aliphatic C-H vibration at 2932 cm?,
C=0 vibrations at 1603, 1655 and 1495 cm™ and C-O
vibration at 993 cm™. In addition, the following peaks
were revealed in the fingerprint region at 1238 cm*, 871
cm?tand 633 cm™.,

PEO possessed characteristic peaks at 3433
cm? due to the alcoholic hydroxyl group stretching
vibration, at 2869 cm™ and 1463 cm™* due to the vibrations
of the C-H bond and at 1260 cm™ and 1091 cm'* due to
the asymmetric and symmetric vibrations of C-O-C
groups, respectively?*?*, CP showed a characteristic
broad peak at 3000-1940 cm! referring to the O-H bond
stretching and intra-molecular hydrogen bonding, a
peak at 1700 cm™ due to carbonyl stretching vibrations,
a peak at 1250-1200 cm™ due to bending of C-H of
methylene, a prominent peak at 1157 cm indicating C-
C vibration?, and bands between 1460-1400 cm™ caused
by C-0 and O-H bending vibrations. Camphor showed
a characteristic peak at 1739 cm? due to the ketonic
carbonyl group stretching?® while I-menthol had a
characteristic peak at 3293 cm™ corresponding to the
hydroxyl groups stretching vibrations?’-28,

The permanence of the characteristic peaks of
ALF, polymers and sublimable materials in the physical
mixtures could confirm their physicochemical compa-
tibility.

3.1.2. Differential scanning calorimetry (DSC)

The DSC thermograms of the polymers (PEO
and CP) and their physical mixtures with ALF were
illustrated in Figure 2A, while the DSC thermograms of
the sublimable agents (camphor and I-menthol) and
their physical mixtures with ALF were portrayed in
Figure 2B. As noted and illustrated in our previous
work!2, The DSC thermogram of drug showed an
endothermic peak at 236°C corresponding to its melting
temperature. The sharpness of the peak could confirm
the crystalline nature of ALF°.

CP exhibited an endothermic broad peak
between 70 - 330°C, referring to glass transition and
dehydration. It is worth to note the further rise in
temperature would cause polymer degradation®®. PEO
possessed a single broad endothermic peak between 65
and 72°C, referring to its melting temperature and an
exothermic peak at 182°C?°,

On the other hand, I-menthol and camphor
absorb the heat for volatilization during heating cycles,
they did not show regular melting peaks; L-menthol
exhibited a broad endothermic irregular peak with an
onset at 182°C and an endset at 225°C whereas camphor
showed an irregular endothermic peak with an onset at
177°C and an endset at 216°C corresponding to their
thermal decomposition®.

The persistence of the characteristic ALF peak
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Figure 1A. FT-IR spectra of PEO (a), ALF-PEO physical mixture (b), CP 934 (c), ALF-CP physical mixture (d).
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Figure 1B. FT-IR spectra of menthol (e), ALF-menthol physical mixture (f), camphor (g) and ALF-camphor physical mixture (h).
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in the DSC thermograms of ALF-excipient physical
mixtures could ascertain their physical compatibility
and the permanence of the drug in the crystalline state.

3.2. In-vitro assessment of ALF-loaded tablets
3.2.1. Visual inspection

The developed PEO- and CP-based tablets had
good appearance, homogeneous texture and thickness
and kept their physical integrity showing no cracks
either before or after sublimation.

3.2.2. Hardness

Hardness results of the developed PEO-based
tablets (F1-F8) and CP-based tablets (F9-F16) are
represented in Table 1. The 3D response surface plots
revealing the effect of the independent variables;
polymer type (A), sublimable agent type (B) and sub-
limable agent concentration (C) on tablet hardness were
illustrated in Figure 3(a). The derived equation for the
determination of hardness would be;

Hardness = +5.54 +0.074 * A+ 0.056 * B + 0.31
*C[1] + 0.10 * C[2] - 0.032 * C[3] 3)

The polymer type (A) displayed a positive
significant impact on tablet hardness (p=0.0321). CP-
based tablets showed higher crushing strength values
than PEO-based ones.

These findings were in line with those reported
by Kasperek et al., who found that Avicel PH 102-based
papaverine tablets had better mechanical resistance and
improved hardness, compared to Avicel PH 101-based
ones.

In contrast, the sublimable agent concentration
(C) possessed a negative significant impact on tablet
hardness (p<0.0001). It was observed that increasing the
concentration of the sublimable agent caused a decrease
in tablet hardness. This could be attributed to the higher
tablet porosity, resulting from the evaporation of higher
amounts of the sublimable agents. Additionally, the
increase in the sublimable agent concentration was
accompanied with a decrease in the polymer concen-
tration and this could also affect tablet hardness. Similar
findings were reported by Kim et al.® for itraconazole
gastroretentive tablets and by Oh et al.* for metformin
gastroretentive tablets. It was revealed that the increase
in the amount of camphor in the matrix tablets was
accompanied by a decrease in their crushing strength
after sublimation. On the other hand, sublimable agent
type (B) had no significant impacts on tablet hardness
(p=0.0803). This pattern was similarly reported by
Kamboj et al.®2, who revealed the absence of significant
differences in the hardness values of sublimable metfor-
min tablets that were prepared using either ammonium
bicarbonate or camphor as sublimable materials.
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3.2.3. Friability

Friability results of the developed tablets were
found to be matched with hardness results, Table 1. The
3D response surface plots indicating the effect of the
independent variables; polymer type (A), sublimable
agent type (B) and sublimable agent concentration (C)
on tablet friability were illustrated in Figure 3(b). The
derived equation for the determination of friability
would be,

Ln(friability+0.01) =-2.50 + 1.33* A - 0.020 *
B +0.27 * C[1] - 0.44 * C[2] + 0.66 * C[3] 4

The polymer type (A) possessed a positive
significant impact on tablet friability (p=0.002). CP-
based tablets showed higher friability percentage values
than PEO-based ones. However, the sublimable agent
type (B) and the sublimable agent concentration (C)
displayed non-significant influences on tablet friability
(p=0.9512 and p=0.5419, respectively). According to
Kamboj et al*?, the friability percentages of ammonium
bicarbonate-based and camphor-based sublimable
metformin tablets were non-significantly different,
regardless of the sublimable agent concentration.

3.2.4. Density

All the developed tablets showed lower bulk
density values than that of the gastric fluid. The results
varied from 0.71 g/cm? (F8) to 0.91 g/cm? (F1), as shown
in Table 1. It would be expected that the developed
tablets could have good buoyancy characteristics due to
such low bulk density values. The 3D response surface
plots revealing the effect of the independent variables;
polymer type (A), sublimable agent type (B) and sub-
limable agent concentration (C) on tablet density were
illustrated in Figure 3(c). The derived equation for the
determination of tablet density would be,

Density = +0.83 +0.018 * A-0.021 * B + 0.079
*C[1] +0.026 * C[2] - 0.021 * C[3] (5)

The polymer type (A) possessed a positive
significant influence on tablet density (p=0.0006); PEO-
based tablets exhibited significant lower bulk density
values than CP-based ones. According to Oh et al.*, this
could be due to the slight increase in the thickness of
PEO-based tablets after sublimation comparing with
CP-based ones; causing a decrease in their bulk densities.

In contrast, the sublimable agent type (B) and
the sublimable agent concentration (C) had negative
significant impacts on tablet density (p=0.0001 and
p<0.0001, respectively). The tablets which were
prepared with I-menthol exhibited significant lower
bulk density values than those prepared using camphor.
It could be deduced that larger pores could be created
after menthol sublimation, compared to those created
after camphor sublimation resulting in a lower bulk
density®. On the other hand, increasing the sublimable
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Figure 5. A photograph taken during in vitro drug release studies of F1in 0.1 N HCI.

agent concentration was accompanied with a decrease
in tablet density. This could be returned to the higher
porosity resulted from evaporation of a higher amount
of the sublimable agent. Additionally, the increase in the
sublimable agent concentration would be accompanied
with a decrease in polymer concentration resulting in
a larger thickness of the tablet that would aid in
decreasing its density’.

3.2.5. Invitro drug release studies

The In vitro drug release studies were
conducted in 0.IN HCI at 37+0.5°C, as previously
reported for the development of ALF-loaded gastrore-
tentive dosage forms!!2, Figure 4(A) showed the in
vitro release profiles of ALF from PEO-based tablets
(F1-F8; a) and CP-based tablets (F9-F16; b) in 0.1 N HCI.

Table 1 showed that all the developed tablets
had promising sustained drug release profiles. The drug

released % after 0.5 h (Qosn) ranged from 7.01% (F1) to
15.30% (F14) while those released after 8 h (Qgn) varied
from 66.90% (F5) to 79.51% (F1). Figure 4(B) shows 3D
response surface plots which were used to reveal the
impact of the independent variables; polymer type
(A), sublimable agent type (B) and sublimable agent
concentration (C) on Qosh (a) and Qsn (b). The obtained
equations for the determination of Qosh and Qgsn would
be;

Qosn=+1040+0.83* A[1]-247* Al2] +0.28* B (6)

Qsh=+7325+0.98* A+0.023*B-0.74 * C[1] -
0.35*C[2] +0.40* C[3] @)

The polymer type (A) displayed a positive
significant impact on Qosh (p<0.0001). However, it had
no significant impact on Qs (p=0.4309). CP-based
tablets exhibited initial fast drug release that could be
attributed to the absorption of the maximum amount of
water by CP at the first two hours, allowing for the
release of high drug percentages®. Similar findings

444



were reported by Varma et al.*®, for CP-based diltiazem
hydrochloride hydrophilic matrices. It is worth to note
that the sublimable agent type (B) and the sublimable
agent concentration (C) had non-significant impacts on
Qosh (p=0.5615 and p=0.8455, respectively) or Qsn
(p=0.9849, and p=0.9712, respectively); suggesting that
drug release from the tablets was controlled only by
polymer nature, rather than the density or porosity of
the tablets. Comparable results were reported by Oh et
al.* for metformin tablets and Saab et al.*® for
sulbutamol sulfate tablets.

Among the investigated kinetic models,
Korsmayer-peppas was the best-fitting model for drug
release data since it revealed the highest correlation
coefficient (r?) values. The release exponent (n) values
ranged from 0.45 to 0.89, suggesting the predominance
of the non-Fickian (anomalous) diffusion. It could be
inferred that both diffusion and erosion drug release
mechanisms are involved?.

3.2.6. Assessment of the floating behavior

Excellent floating characteristics were observed
for all tablets, Figure 5. They displayed zero floating lag
time and prolonged floating durations for at least 8 h.
This could be attributed to the large no. of pores which
were created after menthol/camphor sublimation. This
allowed the tablet matrix to have a low bulk density and
a porous structure®®. A similar pattern was noted by
Kim et al.>. It was revealed that the sublimation of
camphor decreased the density of itraconazole gastro-
retentive tablets by generating pores in the tablet
matrices and hence, they showed zero floating lag
times. In a parallel line, Oh et al.* showed that the
sublimable metformin tablets had zero floating lag times
and were able to float for more than 24 h.

3.3. Selection of the best achieved floating tablets

The values of hardness, friability, density and
Qosh Were subjected to polynomial analysis. The main
effects model was utilized for the analysis of all the
dependent variables except friability where it utilized
the reduced main effects model. Table 2 showed
ANOVA results that clarified the significance of the
utilized models. This could be revealed through the
displayed large F values. There is a probability of 0.35%
only that noise could cause such large values®-,

In addition, it was observed that the R? values
were close to unity (0.8915, 0.5812, 0.9717 and 0.8822),
indicating a good correlation between the anticipated
and the investigated values. The acceptable differences
(< 0.20) between the predicted R? and the adjusted R?
could also confirm the above suggestion®-4°, Moreover,
the low values of the coefficient of variation (C.V.)
percentages (2.14%, 4.56%, 1.71% and 15.88%) and the
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standard deviations (0.12, 1.21, 0.01 and 3.71x10?®)
along with the large adequate precision values (> 4)
reflected the precision and adequacy with which the
experiments were conducted as well as the potential of
the investigated models to express the design space*!.

Numerical optimization was applied to the set
constrains so that the friability and Qo.s»were intended
to achieve minimum values; the hardness was targeted
to attain maximum values; while the density was
designed to be lower than 1 g/cm®. Based on the
estimated desirability values, the optimum system
could be selected. The highest desirability value (0.876)
was achieved with F1 (PEO-based tablets containing
camphor; 3%, w/w). The predicted values for friability
(0.03%) and Qosn (7.51%) and hardness (5.72 Kg/cm?)
values were close to the experimental results, Table 2.
Consequently, F1 was promoted for further investi-
gations.

3.4. Characterization of the best achieved floating
tablets

3.4.1. Structural observation of the best achieved tablets

Representative scanning electron micrographs
of ALF-loaded PEO-based floating tablets (F1) before-
(a) and after-camphor sublimation (b) were presented in
Figure 6.

Before sublimation, the tablet showed a non-
porous and dense structure. Following camphor sub-
limation, it showed a highly porous structure with wide
pore diameters of several micrometers. Such porous
structure was responsible for the excellent floating
characteristics of the tablets.

3.4.2. Gastroretentive tracking of the best achieved
tablets via MRI

The best achieved floating tablets (F1) were
loaded with magnetite. Magnetite is a negative contrast
agent that could influence the magnetization of the
surrounded tissues, giving rise to an intense T2 signal
permitting the clear visualization of tablets in the
stomach?>2L,

Figure 7 illustrates the magnetic resonance
images of a subject in both the axial [A] and coronal [B]
views. Prior dosing (0 h), the stomach was free from any
magnetite-loaded medication. Up to 5 hours post-
dosing, the magnetite-loaded tablets were detected as
floating matrices over the gastric fluids in relatively
unstable gastric positions. It is worth to note that a
gradual increase in the size of the tablets was observed
in all subjects. This was followed by tablet fragmen-
tation and erosion. Hassling results were reported by
Tadros and Fahmy? for lornoxicam-loaded sponges
and Abd EI-Aziz et al.*2 for ALF-loaded sponges.
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Figure 6. Scanning electron micrographs of the optimized formula (F1) before sublimation (a) and after sublimation (b).




Pharmaceutical Sciences Asia

Figure 7. Magnetic resonance images of a subject in axial [A] and coronal [B] views, at various time intervals up to 5 hours.
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4. CONCLUSIONS

Auspicious low-density floating ALF-loaded
PEO- and CP-based gastroretentive tablets were
successfully developed following the sublimation of
camphor and I-menthol. The developed tablets exhibited
acceptable physicochemical properties and possessed
excellent floating characteristics and were able to
sustain the rate of ALF release for at least 8 hours. The
highest desirability value (0.876) was achieved with F1
(PEO-based tablets containing camphor; 3%, w/w) with
respect to minimum friability (0.03%), minimum Qosn
(7.51%) and maximum hardness (5.72 Kg/cm?) values.
Furthermore, it had a porous structure, low bulk density
(0.91 g/cm?®) and possessed excellent floating character-
ristics with respect to zero floating lag time and prolonged
floating duration (> 8 h). MRI of the magnetite-loaded
F1 floating tablets revealed the in vivo gastroretentive
potential of this system for at least 5 hours.
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