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Abstract

Purpose Gastroretentive drug delivery systems (GRDDS) have attracted interest for enhancement of absorption and bioavail-
ability of some drugs. Itopride hydrochloride (ITOP) is a drug used for treatment of gastroesophageal reflux and other gastric
motility disorders, but is characterized by narrow absorption window and short in vivo half-life. Therefore, it is expected that
its formulation in expanding gastroretentive tablets would increase its gastric residence, thus leading to decreased frequency
of administration and increased patient compliance.

Methods The direct compression method was used for formulation of tablets. Four different hydrophilic polymers (xanthan
gum, sodium alginate, gellan gum, pectin) were screened separately with Avicel 102 and PVP k30 as excipients. The effect
of different factors (polymer type and amount, and excipient amount) on the tablet properties such as hardness, friability,
thickness, diameter, weight variation, swelling, and in vitro drug dissolution was studied. In addition, swelling test, acceler-
ated stability test, and in vivo study were performed on the optimized formulation.

Results Tablets prepared using xanthan gum exhibited favorable properties compared to tablets prepared using the other
gums, however increasing the polymer amount led to increased tablet friability. The selected formulation exhibited obvious
expansion reaching 17.45 mm and lasting for 24 h, coupled with a sustained release behavior. X-ray scans in human volun-
teers suggested the residence of the tablet in the stomach for a period of 6 h in fed state.

Conclusion Successful preparation of directly compressible ITOP expanding tablets was achieved in this study, which is
expected to result in better therapeutic outcome in gastroesophageal reflux.

Keywords Itopride - Gastric residence - Xanthan gum - Expanding - Tablets

Introduction 60% [6-8]. Owing to its high polarity, ITOP does not cause

any CNS-related side effects due to its inability to cross

Gastroretentive drug delivery systems (GRDDS) are modi-
fied release drug delivery systems with increased gastric
residence time in order to improve drug bioavailability
[1-5]. Itopride hydrochloride (ITOP) is a prokinetic agent
that activates gastric motility and improves functional dys-
pepsia by inhibiting acetyl cholinesterase enzyme and exhib-
iting an antagonist effect on dopamine D2 receptor. The
therapeutic dose of ITOP is 50 mg to be taken three times
daily, with elimination half-life 6 h and systemic availability
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the blood-brain barrier, making it superior to other simi-
larly acting drugs [9, 10]. However, it suffers from narrow
absorption window in the stomach and the upper part of the
small intestine, leading to incomplete drug absorption and
fast drug elimination [11-14]. The novelty of our work is
the formulation of ITOP in expanding ablets, since to the
best of our knowledge, no work has been attempted so far to
formulate ITOP in this system. Formulating ITOP in would
probably maximize its absorption, hence enhancing its thera-
peutic effectiveness and increasing patient compliance.
Several approaches have been employed to achieve gastric
retention such as floating, swelling/expanding, bioadhesive, and
other delayed gastric emptying systems. Several studies have
developed different GRDDS of ITOP such as floating micro
balloons [11, 15] and effervescent floating tablets [12, 13, 16].
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Expanding systems represent an example of GRDDS, in
which the expansion inside the stomach occurs either by
unfolding or swelling. Unfolding is caused by mechanical
shape memory, as the polymer and drug are in a folded state
(e.g., inside the capsule), and upon contact with the gastric
fluid, the capsule gelatin dissolves and releases the mechan-
ically expanded configuration [17, 18]. For the swelling/
expanding approach, a wide range of gums have been used
as hydrophilic polymer matrices.

El-Zahaby et al. [19] formulated size expanding gastro-
retentive (GR) tablets of levofloxacin hemihydrate using
low acyl gellan gum (LAGG), sodium alginate (SA), high
methoxy pectin (HM pectin), and xanthan gum (XG). Jadhav
et al. [20] formulated expanding GR tablets of diltiazem
hydrochloride using HPMC and sodium CMC. The utiliza-
tion of hydrophilic polymers in the expanding matrix allows
the diffusion of gastrointestinal fluid through the drug for-
mulation, resulting in swelling of the system to a size which
exceeds the pyloric sphincter, hence causing retention of the
expanded formulation inside the stomach for a prolonged
time. This system is also termed a “plug type system” [21].

The matrix-forming hydrophilic polymers chosen for this
work were XG, HM pectin, SA, and LAGG since they have
been previously used as a GR matrix [19] and owing to their
intricate molecular structure, high tensile strength, and high
erosion-resistant matrix. The soluble salt form of these natu-
rally charged polysaccharides causes higher swelling ability
and lower erosion rate, in addition to their ability to ion-
pair with oppositely charged drugs or excipients, forming a
prolonged release matrix [22]. Regarding XG, it is soluble
in water, and the viscosity of its solution is maintained over
a wide range of pH and temperatures [23]. SA forms a gel
through cross-linking or by pH adjustment [2]. LAGG forms
a gel in presence of ions or high concentration of gums [24,
25]. Regarding pectin, its gelation depends on the type of
pectin polymer, in which HM pectin needs a narrow range of
pH and also the presence of a low amount of soluble solids,
while low methoxy (LM) pectin needs divalent cations [26].
As previously reported, HM pectin can form a gel without
the presence of cross-linker [27]. Therefore, the aim of this
work is to formulate sustained release matrix of ITOP in
an expanding/swelling system using the aforementioned
polymers, to increase its residence time in the stomach and
maximize its absorption.

Materials and Methods
Materials
ITOP was kindly supplied by Mash pharmaceutical Com-

pany, Egypt. HM Pectin (degree of esterification 55-65%)
and LAGG were kindly supplied by CP Kelco, Denmark. SA

(viscosity: 100—400 cps) was kindly supplied by Memphis
pharmaceutical company, Egypt. XG (viscosity:1400-1600
mPas), Microcrystalline cellulose (Avicel 102), polyvi-
nylpyrrolidone (PVP k30), and magnesium stearate were
kindly supplied by EGY PHAR pharmaceutical company,
Egypt. Hydrochloric acid (HCL) and barium sulfate were
purchased from El Nasr Company, Egypt.

Methods
Preparation of Expanding ITOP Tablets

ITOP expanding tablets were prepared using the direct com-
pression method [12, 16], which has the advantages of fewer
processing steps and no involvement of moisture and heat
[28]. Table 1 shows the composition of the different formu-
lations, each formulation contained one type of hydrophilic
polymer along with different concentrations of excipients
(Avicel 102 as diluent, and PVP k30 as binder). Based on
previous studies, the gums were used in concentrations of 45
or 72 w/w% of the total tablet weight [19]. Avicel 102 and
PVP k30 were used in different proportions 100:0, 75:25,
50:50, 25:75, 0:100% w/w [29]. The components of each for-
mulation were mixed by geometric dilution with mortar and
pestle for 15 min till a homogenous mixture was obtained,
and then the mixture was passed through sieve number 20,
and finally magnesium stearate was added as a lubricant.

The powder mixture was manually fed and compressed
using 12 mm flat face punch on single compression machine
at 20 kN (model Karishma Pharma Machines 4040, Mum-
bai, India), based on a preliminary conducted study.

Pre-compression Assessment

Differential scanning calorimetry (DSC) method was used
to detect any physicochemical interaction and incompatibil-
ity between ITOP and the utilized excipients. Samples were
prepared in a drug: excipient ratio (1:1) [30, 31], in which
0.5 g of the drug and 0.5 g of individual excipients (either
pectin, xanthan gum, sodium alginate, gellan gum, Avicel
102, and PVP were weighed, and each mixture was heated
in a platinum pan at a rate of 10 °C/min to a temperature of
300 °C using indium as reference in a nitrogen atmosphere.

In addition, the flow properties of different formulation
mixtures were evaluated for angle of repose, Carr’s index
(C.1.%), and Hausner’s ratio (H.R.%) [13, 32-34].

Post-compression Parameters
Determination of Tablet Friability Percentage (%F), Hardness,
Thickness, Diameter, and Weight Variation For testing tablet

friability percentage, twenty tablets were accurately weighed
after de-dusting and placed in the drum of the friabilator
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Table 1 Composition of Formulation XG SA

LAGG (mg) HM Pectin  Avicel 102 PVP k30 %F Hardness (Kp)

;:xpandiqg ITOP .tablet code (mg) (mg) (mg) (mg) (mg)

ormulations, their hardness,

and %F results Gl — — 400 — 100 — >1 14.45+0.61
G2 — — 400 — 75 25 >1 10.70x+0.46
G3 —_— — 400 —_— 50 50 0.48 17.22+0.50
G4 — — 400 —_— 25 75 0.58 14.48+0.58
G5 — —- 400 — —_— 100 0.60 15.93+0.58
G6 — — 250 —_— 250 —_— 0.75 14.75+0.65
G7 —_ — 250 —_ 187.5 62.5 0.67 15.47+0.67
G8 —_ — 250 —_— 125 125 0.52 17.65+0.48
G9 —_ — 250 —_ 62.5 187.5 0.30 22.39+0.47
G10 —_ — 250 —_ —_— 250 0.20 23.85+0.58
P1 —_— — — 400 100 —_— >1  256+043
P2 —_— — — 400 75 25 >1  295+0.66
P3 — — — 400 50 50 >1  9.40+0.71
P4 —_— —_— —_ 400 25 75 >1 8.43+0.69
P5 —_— —_ —_ 400 _ 100 >1  7.06+045
P6 — — — 250 250 _ >1 10.39+0.82
P7 —_— — —_ 250 187.5 62.5 >1 11.91+0.49
P8 —_— —_— — 250 125 125 0.80 11.26+0.68
P9 — —_— — 250 62.5 187.5 0.73 23.30+0.71
P10 —_— — —_ 250 _ 250 0.50 24.00+0.61
Al —_ 400 —_ —_ 100 —_— >1  3.19x042
A2 —_ 400 —_ —_ 75 25 >1  7.90x0.59
A3 —_ 400 —_ —_ 50 50 0.77 16.93+0.51
A4 _— 400 —_ —_ 25 75 0.71 16.90+0.52
A5 —_— 400 —_ —_ _ 100 0.63 14.80+0.62
A6 —_— 250 —_ —_ 250 _ >1 13.00+0.92
A7 —_— 250 —_ —_ 187.5 62.5 0.62 16.65+0.81
A8 —_ 250 —_ —_ 125 125 0.58 16.24+0.62
A9 —_ 250 —_ —_ 62.5 187.5 0.63 12.15+0.45
A10 —_ 250 —_ —_ _ 250 >1 10.70+0.87
X1 400 — —_ — 100 — >1  3.94+042
X2 400 — _ — 75 25 >1  420+0.26
X3 400 —_— _ — 50 50 >1  5.03+0.32
X4 400 — _ — 25 75 >1 540+0.31
X5 400 _— — _ 100 >1  7.51x0.26
X6 250 _ — 250 —_ >1  5.13+0.40
X7 250 _ — 187.5 62.5 0.60 9.01+0.52
X8 250 _ — 125 125 0.80 10.29+0.43
X9 250 _ — 62.5 187.5 0.35 15.04+0.51
X10 250 _— — — _ 250 0.53 11.05+0.48

*All formulations contained 50 mg ITOP of total tablet weight 550 mg and 1% magnesium stearate as
lubricant. %F friability percentage, XG xanthan gum, LAGG low acyl gellan gum, SA sodium alginate, HM
pectin high methoxy pectin, Avicel 102 microcrystalline cellulose 102, PVP k30 polyvinylpyrrolidone k30

(Copley, UK) at 25 rpm for 4 min, then the tablets were
removed, brushed, and re-weighed for calculation of %F.
Ten tablets of each formulation were assessed for thick-
ness and diameter using Vernier caliper and hardness using a
hardness tester (Copley, UK). The weight variation test was
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performed by weighing ten tablets individually and calculat-
ing the average weight and standard deviation [12, 19].

In Vitro Drug Release Study Selected tablet formulations
were placed in 900 ml 0.1 N HCI as dissolution medium at
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37 °C+0.5 and tested for their drug release profiles using
a USP paddle apparatus type II (SR8 Plus, USA) at 50 rpm
for 24 h. Aliquots of 5 ml were withdrawn at specified time
intervals, filtered, and replenished with 5 ml fresh dissolu-
tion medium. The absorbance of each sample was measured
at A max 258 nm using a UV spectrophotometer after suit-
able dilution, and the cumulative % of ITOP released at each
time interval was calculated [13, 35]. The kinetics of drug
release from the different formulated tablets was determined
through finding whether the release data fitted best to zero,
first order, Korsmeyer-Peppas matrix or Higuchi [13, 15].

Swelling Study Three tablets were initially weighed (W1),
and then each tablet was placed in a beaker containing 50 ml
of 0.1N HCl at 37 °C in a thermostatically controlled water
bath [20, 30], and the weight was recorded at specified time
intervals (0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, and
6 h) or till the complete loss of tablet integrity before 6 h.
The procedure was conducted by removing the tablets from
the test medium and drying between two filter papers to
remove excess surface water then reweighing (W2). The
percent of water uptake was calculated using this equation

% Water uptake = % x 100 €))

The tablets’ shape and integrity were observed during the
experiment to investigate the morphological changes during
tablet swelling. The diameters of the selected tablets were
measured after swelling at time intervals: 6, 8, 12, and 24 h
using a Vernier caliper, to confirm their ability to reside in
the stomach after swelling.

Content Uniformity The content uniformity of the selected
tablet formulation was studied at the end of the compression
step. Three tablets were crushed individually; each tablet
was dissolved in 50 ml 0.1 N HCI and stirred for 10 min,
which was sufficient to dissolve ITOP [12], since its solu-
bility in pH 1.2 is 50 mg/ml. The solution was centrifuged,
and an aliquot of supernatant was diluted and measured for
estimating the drug content percentage [36].

Stability Study The selected formulation was stored in
a closed glass bottle in a stability cabinet at accelerated
conditions (40 °C/75% RH) and evaluated after 3 months
for drug assay and in vitro drug release [37]. The % drug
release before and after storage were compared using four
time points: an early one to exclude dose dumping and inter-
mediate/final time points to assure complete release of the
drug [38]. The difference factor (F1) was calculated to assess
the percent (%) difference at each time point, and the rela-
tive error between the two profiles and the similarity factor
(F2) were calculated to determine the % similarity between
the two dissolution profiles [37, 39—41]. The calculated F1

and F2 values for the two profiles should be less than 15 and
more than 50, respectively, for tablets having similar in vitro
dissolution profiles.

In Vivo Study The in vivo X-ray study was performed on
two healthy male volunteers (of age 43 and 45 years) in
both fasting and fed state at specific intervals 0.5, 1.5, 4,
and 6 h. X-ray photographing technique (Genesis 50, Swit-
zerland) on the abdominal region was used to observe the
position and behavior of the selected expanding tablets and
to verify their residence in the stomach at both erect and
supine postures. The tablets used for the in vivo X-ray study
were prepared by replacing the drug with the same amount
of barium sulfate as a radio opaque material and attempting
the same direct compression procedure [25, 42]. The volun-
teers were instructed not to take any medications 24 h before
starting the experiment. For the fasting state, the volunteers
fasted overnight (about 6 h), then ingested the tablet with
200 ml of water, and no food was allowed during the study
time, with administration of 200 ml of water in need. For
the fed state, high calorie-high fat breakfast composed of
bread, milk, and eggs (900 cal) was given to the volunteers;
then, after 2 h, the tablet was administered with 200 ml of
water, and no food was allowed during the study time, with
administration of 200 ml of water in need. The study was
done under the supervision of a radiologist. PaxeraViewer
software was used to analyze the X-ray images. The protocol
of this study was approved by the research ethics committee
of the faculty of pharmacy, Ain Shams University, approval
number REC-ASU 48, following the ethical standards of the
declaration of Helsinki for human experimentation.

Statistical Analysis Results of the friability, hardness, thick-
ness, diameter, weight variation, in vitro release, swell-
ing, content uniformity, and stability were expressed as
mean + SD. All data were shown to pass the normality test.
One-way analysis of variance (ANOVA) was used for compar-
ison of data to determine their level of significance, followed
by Tukey—Kramer post-test at level of significance p <0.05
using GraphPad Instat program.

Results and Discussion
Pre-compression Assessment

A DSC study was performed on ITOP and the excipients to
elucidate any physicochemical interaction that might affect
the activity of drug. As shown in Fig. 1, the drug showed
a significant sharp endothermic peak at 192.84 °C, corre-
sponding to its reported melting temperature [11, 43]. No
significant changes occurred to the melting peak of ITOP
with pectin gum, LAGG, XG, and Avicel 102, while only

@ Springer
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Fig.1 DSC thermograms of a ITOP, b ITOP:HM pectin gum, ¢ ITOP:LAGG, d ITOP:PVPK30, e ITOP:XG, f ITOP:SA, g ITOP:Avicel 102

a slight non-significant shift in the peak of ITOP occurred
with PVP k30, and SA gum, which may be attributed to
the mixing process, which lowers the concentration of each
component in the mixture, thus resulting in slightly broader
and lower melting points, but not truly representing any
incompatibility [43].

Regarding the powder flow properties, all prepared pow-
der mixtures exhibited good to excellent flow properties,
with angle of repose values ranging from 21.8° to 28.39°,
C.1.% <18, and H.R.% of < 1.25 except for pectin powders
which exhibited only fair flowability, which may be attrib-
uted to the irregular shape of pectin particles resulting in low
particles rearrangement and hence fair flowability [44, 45].

Post-compression Parameters

Determination of %F, Hardness, Thickness, Diameter,
and Weight Variation of Tablets

As shown in Table 1, for the formulations G1-G10 prepared
using LAGG, all tablets displayed %F less than 1% except
for G1 and G2, which may be attributed to the absence of
binder in G1 and its low percent in G2. Concerning formula-
tions P1-P10 prepared using HM pectin, the majority of the

@ Springer

formulations displayed %F > 1%, which may be attributed to
the high percent of gum in (P1-P5) which consolidates by
elastic deformation (temporary deformation) [44], and the
inherent poor compactibility of pectin, with lack of plastic
deformation in direct compression [46]. P6 formulation lack-
ing PVP k30 gave a loosely bound tablet with high %F, and
P7 formulation contained low percentage of binder, which
was not sufficient for the formation of coherent tablets. Only
formulations P§—P10 containing low percentage of pectin
and high percentage of binder were found to be of good
appearance and cohesiveness, with %F less than 1%. For
SA gum containing formulations (A1-A10), the %F results
were > 1% in the formulations containing no PVP k30 (A1,
A6), or low amount of PVP k30 (A2), or no Avicel 102
(A10). The absence of binder or diluent resulted in high fri-
ability, which may be attributed to the high elastic recovery
of alginate matrix associated with capping and lamination
[47]. The remaining SA containing formulations showed
%F < 1%. Similar to pectin containing tablets, XG contain-
ing formulations displayed %F > 1% in the formulations
X1-X5, which could be attributed to the higher percentage
of XG which exhibits low compactibility and brittle frac-
ture behavior during compression [48], and the absence of
PVP k30 in X6 may have hindered the formation of compact
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tablets [48, 49]. The low %F in formulations X7-X10 could
be attributed to the lower percent of XG. The aforemen-
tioned results suggest that Avicel 102 and PVP k30 were
important in enhancing the compression behavior of tablets
and preserving their integrity, hence providing compact tab-
lets with lower friability.

The hardness results of all prepared tablet formulations
ranged from 2.56 to 24 Kp despite being compressed at the
same force, which is attributed to the different percentage
of polymers, binder, and diluent used [32]. All prepared tab-
lets showed uniform thickness and diameter ranging from
(3.90-4.26 mm) and (12.05-12.26 mm) respectively, and the
weight variation for all the prepared tablets was found to be
within the limit of 550 mg + 5% (data not shown).

Based on the aforementioned data, the formulations with
%F exceeding 1% were excluded from further characteriza-
tion experiments.

In Vitro Drug Release Studies

Figure 2 shows the release profiles of ITOP from the differ-
ent tablets’ formulations passing the friability test. From the
data, it was found that the polymer type was the main factor
affecting the drug release from the matrix, which was in the
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following order: LAGG > HM pectin > SA gum > XG. The
fastest release obtained with LAGG tablets (100% release
in less than 6 h) concurred with ElZahaby et al. [19] who
reported similar release profile of tablets containing 60%
w/w LAGG. Moreover, Elmowafy et al. [30] reported that
a formulation containing 62.5%w/w of LAGG was com-
pletely released within 30 min. This was attributed to the
ionization of the polysaccharide in 0.1N HCL which leads
to electrostatic repulsion hindering gel formation along with
tablet disintegration [50]. It was also reported that the high
hydrophilicity of LAGG resulted in instant swelling, high
disintegration tendency, and lower gelling ability [51, 52].

All pectin formulations (P§8—P10) exhibited early disinte-
gration and could not maintain their physical integrity during
the period of the release experiment, which may be attributed
to tablet erosion and disintegration that occurs at pH 1.2 with
low swelling ability of pectin in this acidic medium owing
to the interconversion of carboxylate anion to the carboxyl
group, hence converting it into pectinic acid [53-56].

The SA containing tablets showed sustained release
behavior, approaching 100% release after 20 h, with no
significant difference in the cumulative percent released
of ITOP from the formulations (p > 0.05). The sustained
release nature of the SA matrix was reported before in
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several studies, owing to its swellable nature and forma-
tion of a continuous gel layer [19, 57-59]. The release of
ITOP from XG containing formulations was even more
sustained than SA formulations, as shown by the signifi-
cantly lower (p <0.05) percent of ITOP release from the
former at similar polymer concentration 45%w/w (SA for-
mulations released ~ 88% at 12 h and XG formulations
released ~ 51% at the same time interval). The drug release
from XG matrices is believed to occur by a combination
of two mechanisms: diffusion through the swollen matrix
and disintegration from the eroded matrix layers [60—64].
Table 2 shows the kinetic data of ITOP release from dif-
ferent tablets matrices. From the data, it was observed that
the release data for all tablet formulations except G4 fitted
Korsmeyer-Peppas equation; implying diffusion-controlled
release, in which the water is expected to diffuse into the
tablet’s polymeric matrix, leading to its swelling and con-
sequent diffusion of ITOP through the swollen gel layer
[19, 25, 53, 57].

Table 2 The values of the coefficient of determination for the release
of ITOP from different tablets matrices by fitting into different equa-
tions for release kinetics

Formulation Zero order Firstorder  Higuchi Korsmeyer-
code* (R (RY (RY Peppas
R

G3 0.9149 -1 0.9556 0.9765
G4 N/A** N/A** N/A** N/A**
G5 0.8448 -1 0.8979 0.9197
G6 0.9655 N/A** 0.9824 0.9906
G7 0.9560 N/A** 0.9713 0.9790
G8 0.9661 -1 0.9808 0.9863
G9 0.9945 -0.9737 0.9898 0.9974
G10 0.9889 -0.9699 0.9793 0.9952
P8 0.9271 -0.8907 0.8928 0.9309
P9 0.9325 -0.9476 0.9408 0.9440
P10 0.9892 -1 0.9975 1

A3 0.9249 -0.9460 0.986 0.9890
A4 09115 -0.9935 0.9798 0.9910
AS 0.8834 -0.9962 0.9681 0.9815
A7 0.8821 -0.9931 0.9661 0.9845
A8 0.9003 -0.9961 0.9769 0.9883
A9 0.9052 -0.9898 0.9775 0.9899
X7 0.9859 -0.9386 0.9948 0.9992
X8 0.9933 -0.9483 0.9875 0.9958
X9 0.9889 -0.9669 0.9913 0.9969
X10 0.9919 -0.9609 0.9805 0.9968

*All formulations contained 50 mg ITOP of total tablet weight 550 mg
and excipients and 1% magnesium stearate as lubricant. (G) for formu-
lations containing different amounts of LAGG, (P) for formulations
containing different amounts of HM pectin, (A) for formulations con-
taining different amounts of SA gum, (X) for formulations containing
different amounts of XG. N/A**, non-applicable
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Worthy to note is that we have loaded 50 mg of ITOP
in the tablets, similar to the commercially available tablets.
As shown in Fig. 2, we have achieved almost 100% release
from the tablets over duration of 24 h during their expected
residency in the stomach, which is expected to provide clini-
cally meaningful results. Interestingly, other authors who
have formulated ITOP in microballons [11] and effervescent
floating tablets [12, 16] have also achieved almost 100%
release over a period of 24 h.

Based on the aforementioned results, the formulations
prepared using SA (A3-A9) and xanthan gum (X7-X10)
were selected for further characterization.

Swelling Study

As shown in Supplementary 1, 2, and Fig. 3, all formula-
tions containing SA or XG displayed a swelling behavior
(presented by % water uptake). SA-containing tablets were
hydrated at low pH and formed a gel matrix due to inter-
molecular binding, which led to an increase in their weight
upon contact with the medium [65]. Visual inspection
showed that the morphology of the gel around the tablet
matrix was neither viscous nor adhesive but tough and rub-
bery texture which is in agreement with Sriamornsak et al.
[57]. The swelling of XG-containing tablets proceeded till
6 h, while in SA-containing tablets, the swelling took place
till 3.5 h for tablets A4—A9 and till 4 h for tablet A3, after
which they lost their integrity. SA-containing tablets were
distorted upon swelling, forming a cracked laminated tablet
due to the pressure build up in acidic media and rupture of
surface which encouraged tablet erosion [26], as demon-
strated in Fig. 3.

On the other hand, for XG-containing tablets, rapid swell-
ing occurred which was attributed to the formation of a gel
layer with no lag time, through hydration of XG particles,
preventing the tablet disintegration [66—68], coinciding with
the results of other authors [62, 66, 69]. The in vitro drug
release was inversely correlated with the swelling behavior
of the XG-containing formulations, which was also previ-
ously reported by other authors [30]. As shown in Fig. 3,
XG-containing tablets maintained their shape and integ-
rity. The water uptake study showed that XG formulations
exhibited more swelling percentage than SA formulations at
similar polymer concentration 45%w/w, as SA formulations
reached ~ 116%w/w at 3.5 h and, on the other hand, XG
formulations ~ 245%w/w at the same time interval. There-
fore, the SA-containing tablets were excluded from further
characterization.

Based on the previous results, formulation X7 containing
XG (45%w/w) in addition to Avicel 102: PVPK30 3:1 was
selected for further analysis, since it exhibited sustainment
of drug release accounting for 58.53% at 12 h and 94.37%
in 24 h and maintained the physical integrity of the matrix
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Fig.3 Swelling percentage of ITOP expanding tablets at pH 1.2 for a SA and b XG containing tablets, with representative morphology of tablets

showing cracking in the former, and maintenance of integrity in the later

throughout the whole 24 h duration, which met our target
compared to its counterparts. Using the same procedure
and conditions of the swelling test, X7 tablet diameter was
measured initially and at 6, 8, 12, and 24 h after immersion
in 0.1N HCL, and they were found to increase progressively
from 12.01 £0.15 mm at 0 h to 16.66 +£0.33, 17.08 +0.46,
17.57+0.54, and 17.45+0.54 mm at 6, 8, 12, and 24 h
respectively, while still maintaining their integrity. This was
advantageous in our case, since it was reported by other
authors that a diameter of about 12—-18 mm could achieve
gastric retention for several hours by hindrance of the pas-
sage through the pyloric sphincter and allowing the retention
of the drug formulation inside the stomach [17, 70].

Stability Study and Content Uniformity

To indicate the stability of the selected formulation (X7)
under accelerated storage conditions, drug assay and in vitro
release tests were performed after storage for 3 months at
40 °C/ 75% RH. The assay results before (T)) and after sta-
bility were 100.06 +2.39 and 98.82 + 1.17%, respectively,
which proved the stability of formulation, shown by the
insignificant change in drug content (p >0.05), and which
also complied with USP 42, in which the drug content
should be within 90-110% of the label claim.

For the in vitro release test, four selected points in the
release profile were selected and compared with the original
profile (USP42), as shown in Fig. 4. The difference fac-
tor F1 was calculated to be 4.58%, indicating no significant
difference between the compared profiles, and the similar-
ity factor F2 was calculated to be 68.28%, indicating high
similarity between the two profiles, which further indicates
the stability of the formulation.

In Vivo Study

The X-ray radiographic technique has been used in many
GRDDS studies to determine the gastric residence time of
tablets despite its inability to give detailed images of the
body, owing to its ability to track the position of tablets with
time [42, 71, 72]. The study was carried out on volunteers
in fed and fasting state, and from the X-ray radiographic
images in Fig. 5, it is demonstrated that the residence time
varied from the fasting to the fed state. In the fasting state, the
selected tablet formulation X7 was observed in the stomach
at 0.5 h and appeared in the small intestine after 1.5 h and
then disappeared at 4 h. The rapid emptying of the tablet
from the stomach at the fasted state may be attributed to the
sweeping wave evacuating the upper GIT through migrating

120
100 /I
30 —

60

% of itop. released

20

0 5 10 15 20 25 30
Time (h)

—@— X7 before storage —&— X7 after storage

Fig.4 Comparative release profiles of formulation X7 before and after
accelerated stability storage
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motor complex (MMC) pattern occurring every 1.5-2 h [42,
73]. On the other hand during the fed state, the selected tablet
formulation X7 was observed in stomach at 0.5, 1.5, 4, and
6 h, which could be attributed to the slower gastric motility
in fed state comparing to fasting state, as the presence of
food delayed the evacuation of the stomach hence enhanced
the gastric residence of selected formulation [74-76]. The
X-ray photographs demonstrated that the tablets increased
in size after 4 h, and at 6 h, the tablets appeared to be in the
expanded form. These results were in agreement with Meka
et al. [42] who reported that the tablets appeared in the small
intestine after 3 h and disappeared at 6 h in the fasted state,
while they remained in the stomach for 6 h in the fed state.
This expansion caused by the swelling of the matrix in con-
tact with the gastric fluid is assumed to help in the plugging
of the pyloric sphincter and in preventing the tablets’ passage
to the small intestine, hence leading to the increased retention
time of tablets in the stomach [70]. It is worthy to note that
regarding gastric emptying rate, it was proven to depend on
the dosage form itself and the state of the stomach (fed or
fasted state). The reported gastric emptying time ranges from
2 min to 2 h. The GIT motility involves two modes: the first
one is called inter-digestive motility which takes place dur-
ing the fasting state to evacuate the upper GIT, and the sec-
ond one is the digestive motility which occurs during the fed

@ Springer

state. The GIT motility during the fasting state is controlled
by a pattern called migrating motor complex (MMC), which
is a pattern of movement and silence controlled by motilin
hormone and subdivided into four phases. The presence of
food stops the MMC cycle and starts the digestive phase,
and the food intake with an oral dosage form is known to
increase its gastric retention. However, a factor of paramount
importance is the size of the dosage form, in which the gas-
tric residence time is directly proportional to the size of the
dosage form. As the size increases the gastric residence time
increases, since the relatively large size prevents the dosage
form from passing through the pyloric sphincter. However,
as observed from the results, despite the swellability of the
tablets, the gastric retention was only physiological and not
attributed to the swelling of the tablets, as it was not achieved
in the fasting state.

While the results of this study suggest that expanding tab-
lets could be promising delivery system for itopride, further
optimization studies are still needed, especially in terms of
establishing tablet compression profile, testing the swelling
ability of the selected formulation across a pH range, and to
further prepare tablets from xanthan gum of different molec-
ular weights and viscosity values. Moreover, the inclusion of
experimental controls in the in vivo study such as adminis-
tration of tablets prepared without xanthan gum could have
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highlighted the gastric retention ability of the formulation.
Moreover, since the in vivo study was only conducted on two
volunteers for the proof of concept, a more extensive clinical
study will be attempted in the future, to assess the retention
as well as the pharmacokinetic parameters of the selected
itopride tablet formulation and its therapeutic efficacy in
treatment of gastroesophageal reflux.

Conclusion

An expanding matrix tablet of itopride was successfully pre-
pared using the direct compression technique using hydrophilic
matrix composed of xanthan gum, displaying high swelling
ability in vitro, with high storage stability, and can be a prom-
ising dosage form for drugs with narrow absorption window.
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