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Abstract: Bilayer/multilayer tablets have been introduced to formulate incompatible components
for compound preparations, but they are now more commonly used to tailor drug release. This
research aimed to formulate a novel gastro-retentive tablet to deliver a combination of a fixed dose
of two drugs to eliminate Helicobacter pylori (H. pylori) in the gastrointestinal tract. The bilayer
tablets were prepared by means of the direct compression technique. The controlled-release bilayer
tablets were prepared using various hydrophilic swellable polymers (sodium alginate, chitosan, and
HPMC-K15M) alone and in combination to investigate the percent of swelling behavior and average
drug release. The weight of the controlled-release floating layer was 500 mg, whereas the weight
of the floating tablets of pantoprazole was 100 mg. To develop the most-effective formulation, the
effects of the experimental components on the floating lag time, the total floating time, T 50%, and the
amount of drug release were investigated. The drugs’ and excipients’ compatibilities were evaluated
using ATR-FTIR and DSC. Pre-compression and post-compression testing were carried out for the
prepared tablets, and they were subjected to in vitro characterization studies. The pantoprazole layer
of the prepared tablet demonstrated drug release (95%) in 2 h, whereas clarithromycin demonstrated
sustained drug release (83%) for up to 24 h (F7). The present study concluded that the combination of
sodium alginate, chitosan, and HPMC polymers (1:1:1) resulted in a gastro-retentive and controlled-
release drug delivery system of the drug combination. Thus, the formulation of the floating bilayer
tablets successfully resulted in a biphasic drug release. Moreover, the formulation (F7) offered
the combination of two drugs in a single-tablet formulation containing various polymers (sodium
alginate, chitosan, and HPMC polymers) as the best treatment option for local infections such as
gastric ulcers.

Keywords: pantoprazole; clarithromycin; immediate-release layer; controlled-release floating layer;
floating drug delivery

1. Introduction

In oral drug delivery systems, sustained-release (SR) dosing forms are essential for
enhancing patient compliance, lowering side effects, and boosting pharmaceutical bioavail-
ability. When it comes to drugs having a small window of absorption in the upper GI tract,
the short and erratic stomach emptying interval may impede SR systems from delivering a
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full release of the drug to its absorption site. To address this disadvantage, gastro-retentive
(GR) technologies have been introduced. The absorption of drugs in the proximal GI tract
is improved by GR delivery systems because they can remain in the stomach for prolonged
periods compared to the conventional dosage forms [1]. GR systems can be divided into ex-
pandable, floating, mucoadhesive, and high-density systems based on the gastric retention
strategy. In effervescent floating systems, it is feasible to generate floatation by creating
gas and trapping air inside the polymer matrix; however, there may be a delay before the
system floats [2].

A gastro-retentive drug system with a continuous residence in the stomach is essential
for drug molecules that function in the stomach, possess an absorption window in the upper
GIT, and have a degradation tendency in the intestinal or colonic surrounding [3]. This
method can also be used to progressively bring pharmaceuticals into the small intestine
window, lowering dosing frequencies by extending drug activities, weakening drug of
the inactivation in the lower GI tract, and reducing the drug’s effects on the flora of the
lower intestine [4]. A floating drug delivery approach is the most promising among the
gastro-retentive dose forms because it does not interfere with the GIT’s motility, and several
of these floating dosage forms are available on the market [5,6]. A biphasic delivery
method uses a composite bilayer tablet with two separate release layers in an effort to give
medication at various rates or concurrently release two drugs. This has several advantages,
including the ability to combine two poorly compatible pharmaceuticals into one system,
the ability to release two drugs with appropriate release profiles at the same time, the ability
to boost therapeutic efficacy through a synergistic effect, the ability to reduce the dosing
unit burden, and the ability to improve patient compliance [7].

Multilayer tablets have recently been proposed to improve the compatibility of differ-
ent compound characteristics in a single dose, hence ameliorating the efficacy and patient
compliance by reducing the dose load [8]. Furthermore, the layered tablet technique can
modulate the release profiles [9]. One layer, for example, is designed for immediate re-
lease, while the others are for prolonged release. The instant-release layer is designed
to disintegrate rapidly and transiently post-oral administration, delivering enough drug
concentration for immediate action. In contrast, the controlled-release layer is disintegrated
slowly in the gastrointestinal tract to preserve a constant blood level. Polymers have
played an important role in designing controlled drug delivery systems. Polymer-based
delivery provides safe passage for pharmaceuticals and delivers the drug at the target site.
Polymers such as chitosan, alginate, and HPMC gain more importance in drug delivery
due to their biodegradability and biocompatibility. In the current study, these polymers
were used alone and in combination to design the bilayer floating tablets of clarithromycin
and pantoprazole.

Helicobacter pylori (H. pylori) are Gram-negative bacteria that grow in microaerophilic
environments and have 4-6 polar flagella. They are found abundantly on the mucosal
surface of the stomach and are able to penetrate the mucosal layer to continue developing.
H. pylori infection is frequent in young people in underdeveloped nations, with a global
prevalence of more than 50% [10]. In developed countries, H. pylori are linked to gastritis
(which can progress to stomach ulcers and gastric cancer), malnutrition, chronic diarrhea,
and underlying illnesses such as enteric infections (cholera and typhoid fever) [11]. To
treat H. pylori infections, antibacterials such as amoxicillin, metronidazole, tetracycline,
and clarithromycin are routinely utilized with bismuth salts and proton pump inhibitors.
However, side effects and antibiotic resistance cause several individuals to fail to respond
to treatment [12].

Clarithromycin is a macrolide antibacterial that causes the inhibition of protein syn-
thesis by binding to the 50s sub-units of the ribosomal microorganism. Clarithromycin is a
drug of choice for treating ulcers and lower and upper GIT bacterial infections. Due to its
stability in acid pH and efficient absorption in the stomach, this antibiotic is an alternative
for eliminating H. pylori compared to other macrolides [13]. A sustained drug delivery
system is suitable for achieving the maximum amount of drug release in a slow manner
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while minimizing the fluctuation of the drug concentration in the plasma. Clarithromycin
has a relatively long clearance half-life (3.3 to 4.9 h), which is appropriate for developing a
sustained drug delivery formulation [14].

Pantoprazole, a proton pump inhibitor (PPI), is responsible for inhibiting the potas-
sium/hydrogen ions of the ATPase enzyme at the gastric parietal cell secretory surfaces.
This effect inhibits the baseline and provokes stomach acid secretion, regardless of the stim-
ulus. Pantoprazole’s antisecretory impact persists longer than 24 h due to its irreversible
binding to the (H+, K+)-ATPase enzyme, which requires new enzymes to be produced to
continue acid secretion. The recommended dose of pantoprazole for treating GERD, gastric
ulcer, and duodenal ulcer is 45 mg per oral route and is prescribed for 8 to 12 weeks. It is
desirable for floating drug delivery systems because it acts locally and has a half-life of 1 to
2 h. These properties of clarithromycin and pantoprazole are considered suitable candi-
dates for gastro-retentive floating drug delivery systems. Previously, Jain et al. prepared
and evaluated bilayer tablets of pantoprazole and clarithromycin using various grades of
HPMC [15]

The present study aimed to investigate the feasibility of designing and applying a
bilayer tablet strategy as an immediate- and extended-release formulation of pantoprazole
and clarithromycin, respectively. This study used natural, biodegradable, and biocompati-
ble polymers, chitosan, alginate, and HPMC, to control the swelling, floating, and in vitro
release of the drugs. The formulation and preparation were conducted, and the in vitro
release of the prepared bilayer floating tablets were examined, followed by release kinetics
studies.

2. Results and Discussion
2.1. Drugs’ and Excipients” Compatibility

The ATR-FTIR and DSC studies were conducted to investigate the probable inter-
actions between the drugs and excipients used in the bilayer tablet formulations (F1-F7)
(Figure 1). The pantoprazole characteristic peaks were found at 1715.3 N-H bending vibra-
tion, 1590.8 (C-N vibrations) aromatic primary, 1463.2 sulfur compound (sulfonyl chloride),
and 1042.7 (O-H bending and C-O stretching vibration primary alcohols) [16], whereas the
characteristic peaks of clarithromycin were found at 3744.1 cm~! alcohol O-H stretching,
2961.4 cm ! carboxylic acid O-H stretching, 1544.2 cm ™! nitro compound N-O stretching,
1462.2 alkane C-H bending, and 1012.1 cm~! primary alcohol C-O stretching [17]. The
characteristic peaks of clarithromycin and pantoprazole were found in all the formulation
combinations with a slight shift in wavenumber, showing no chemical incompatibility.
The results showed that the formulation of the bilayer tablets of pantoprazole and clar-
ithromycin (F1-F7) had all the characteristic peaks of pantoprazole and clarithromycin and
the characteristic peaks were preserved, indicating that the formulations were safe for use
and no physical/chemical incompatibilities were observed. It was found that the drugs,
pantoprazole and clarithromycin, and the excipients used in the preparation of the bilayer
tablets were compatible and safe for use.

The DSC thermograms of the pure drugs (pantoprazole and clarithromycin) along
with the optimized formulation (F7) are shown in Figure 2. An endothermic peak at 131 °C
was observed for pure pantoprazole and 230 °C for clarithromycin, corresponding to their
melting points. There was no significant difference in the thermograms of the pure drugs
and formulations, suggesting that there is no interaction between the drugs and excipients
used in the formulation of the tablets.
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Figure 1. FTIR spectra of (a) clarithromycin, (b) pantoprazole sodium, (c) F1, (d) F2, (e) F3, (f) F4,
() F5, (h) F6, and (i) F7.
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Figure 2. DSC thermograms of (a) pantoprazole, (b) clarithromycin, and (c) formulation F7.
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2.2. Flow Behavior

The flow behavior of powders is of utmost importance in the formulation of tablets.
The flow behavior has a role in the elegance and smooth finishing of the final product.
The ideal finished product exhibited a good flow behavior of the powder. The ideal flow
properties of the powder were investigated by subjecting the formulation of the tablets to
pre-compression studies. The value of Hausner’s ratio, Carr’s index, tapped density, bulk
density, and the angle of repose were evaluated for the formulated tablets. The results of
the floating tablets” immediate- and sustained-release layers are shown in Tables 1 and 2.
All three formulations of the immediate-release layer of pantoprazole were analyzed. The
compressibility index value ranged between 6.944% and 8.298%; Hausner’s ratio ranged
between 1.075 and 1.09; the angle of repose ranged from 29.47 0 to 29.70 0 (Table 1). The
flow parameters were also observed for a slow-release floating layer of clarithromycin
HCL. The compressibility index values ranged between 8.432% and 14.80%; Hausner’s ratio
ranged between 1.092 and 1.174; the angle of repose ranged from 29.4 0 to 30.5 6 (Table 2).
All the formulated tablets exhibited values within the acceptable limits of the United States
Pharmacopeia [18]. It was shown that all the formulations had good flow behavior and
lied within the specified acceptable limits per the USP guidelines, 2019, which is important
for tablet preparations.

Table 1. Instant-release layer (F1 IR-F3 IR) of pantoprazole and sustained-release layer (F1 FL-F7 FL)
of clarithromycin flow characteristics.

E Bulk Density Tapped Density Compressibility Index , . Angle of Repose
Layer-IR (mg/cm?3) (mg/cm?) (%) Hausner’s Ratio ©)
F1IR 0.862 £ 0.021 0.940 £ 0.036 8.298 £ 0.0122 1.09 +0.031 29.47
F2 IR 0.868 + 0.007 0.937 £ 0.028 7.364 + 0.0115 1.08 + 0.034 29.62
F3 IR 0.871 £ 0.030 0.936 £ 0.023 6.944 + 0.025 1.075 £ 0.078 29.70
F1FL 0.797 £ 0.023 0.921 + 0.005 13.46 +0.018 1.156 + 0.012 29.71
F2FL 0.783 £ 0.082 0.919 £ 0.014 14.80 & 0.0115 1.174 + 0.043 29.42
F3 FL 0.819 £ 0.029 0.899 £ 0.070 8.899 £ 0.0173 1.098 + 0.056 30.14
F4 FL 0.833 £ 0.018 0.961 £ 0.037 13.32 + 0.0015 1.154 £ 0.041 30.53
F5FL 0.784 £ 0.031 0.865 £ 0.009 9.364 £ 0.052 1.103 + 0.032 30.02
F6 FL 0.850 £ 0.023 0.941 £ 0.011 9.671 £ 0.001 1.107 £ 0.019 30.31
F7 FL 0.847 £ 0.016 0.925 £+ 0.081 8.432 £ 0.026 1.092 £ 0.063 30.13
Data are shown as the mean = the standard deviation; n = 3.
Table 2. Post-compression tests of the formulated tablets.
E Code Thickness Hardness Weight Uniformity Friability Drug Content (%)
(mm) (N/cm?) (mg) (%) Clarithromycin ~ Pantoprazole
F1 275+£0.1 68 +1.2 599.1+24 0.73 £0.02 982 +13 1005+ 1.5
F2 2.68 £0.3 69+ 04 601.7 £3.1 0.79 £ 0.05 99.1+£11 979 +£14
F3 2.65£0.1 68 1.1 598.3 £3.2 0.64 £ 0.04 98.7 £ 14 993 £17
F4 2.73+£0.2 73+09 604.1 £1.6 0.58 £ 0.09 100.1 + 1.6 98.1+13
F5 2.69£0.3 75+13 602.8 £1.9 0.79 £ 0.05 979+138 99.8 £1.2
Fé6 270 £ 04 71+12 600.5 £ 1.1 0.72 £0.04 99.6 £ 1.5 98.5 £ 1.6
F7 2.68 £0.3 72+12 602.3 £2.0 0.63 £ 0.07 100.7 £ 1.1 974 +138

Data are shown as the mean =+ the standard deviation; n = 3.

2.3. Post-Compression Studies

The floating tablets were prepared by a single-punch tableting machine. In the case
of the immediate-release layer of pantoprazole, the formulation F2-IR was selected as
an optimized formulation compared to the other formulated tablets. The criteria for
the selection of the IR layer were the in vitro disintegration period and in vitro drug
delivery. The fabricated immediate layer was further processed with a controlled layer of
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clarithromycin. The prepared bilayer tablets were subjected to the following physical and
chemical tests.

2.3.1. Hardness

The hardness of the optimized bilayer tablets was evaluated by a hardness tester
(Erweka TB 24 Apparatus, Germany). The hardness value of the optimized formulated
tablets ranged between 67 and 71 N (Table 2). These values were in an acceptable range
and exhibited enough strength to withstand any breakage during handling, transportation,
and storage [18].

2.3.2. Uniformity of Weight

An analytical balance was used for the measurement of the weight uniformity of the
formulated tablets. Randomly, 10 tablets were selected from the batch, and the weight
was measured and averaged. The value of the weight uniformity for the optimized tablets
ranged between 598 and 605 mg (Table 2). The values were very close to each other,
indicating that the prepared tablets showed weight uniformity.

2.4. Uniformity of Drug Content

UV-visible spectroscopy was used for the determination of the content uniformity
of pantoprazole, whereas the HPLC method was used for clarithromycin HCI. The drug
content value of pantoprazole ranged from 97.3-100.5%, whereas the drug content value of
clarithromycin ranged from 97.9-100.7% (Table 2). The formulated tablets showed results
within an acceptable range (BP standards). The official limits of the drug contents approved
by the BP standards range between 85 and 115% (BP Pharmacopeia, 2009) [19,20].

2.4.1. Dimensions

The diameter of the formulated optimized bilayer tablets was evaluated using a vernier
caliper (Table 2). Dies of 15 mm diameter were used for the formulation of the bilayer
floating tablets. The diameter of the formulated tablets was 15 mm. The thickness of
the formulated tablets was also evaluated using a vernier caliper. The thickness of the
formulated tablets ranged between 2.65 and 2.75 mm. The closeness of the values of the
formulated tablets showed a uniform thickness.

2.4.2. Friability

A friability test was performed on all prepared formulated tablets. The formulated
tablets showed that the results lied within the limits (Table 2). The friability test of the
formulated tablets was less than 1%, which is in accordance with the value of the official
BP, 2020. These results indicate that the prepared tablets exhibited no splitting, breaking, or
cracking, which ensured that the prepared tablets were strong enough to withstand wear
and tear [21].

2.4.3. Tablet Floating Capacity

Gastro-retentive floating tablets were prepared to float over the surface of the gastric
medium for an extended period of time without altering the gastric emptying time. In a
floating drug delivery system, early stomach emptying of the dose form can be minimized.
The density of the floating tablets must be less than the density of the gastric contents
(1.004 g/mL) [22]. This can be achieved by enhancing the total time of floating and
minimizing the lag time for floating.

A 0.1 N HCl solution was used to assess the floating lag time and overall floating time
of the prepared tablets. The floating lag time of the formulated tablets ranged from 12 s
(F4) to 1 min and 38 s (F6). The total floating time of the formulated tablets ranged from
15 h (F5) to 24 h (Table 3). The results indicate that all prepared tablets showed a minimum
floating lag time and retained good floating effects.
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Table 3. The floating characteristics of the formulated tablets.

E Codes Floating.Lag Time Total Floating Duration

(min:s) (h)
F1 0:24 +0.17 18
F2 0:16 £ 0.13 17
F3 0:43 £ 0.10 18
F4 0:12 £ 0.06 18
F5 0:39 £0.15 22
F6 1:38 £ 0.14 23
F7 1:01 £ 0.14 24

Data are shown as the mean =+ the standard deviation; n = 3.

2.5. Swelling and Erosion Studies

The swelling and erosion profiles of polymers such as HPMC-, chitosan-, and alginate-
based floating tablets were used to construct a correlation with the drug release attributes
and release mechanisms. The density of the formulated floating tablets was low compared
to the density of the gastric fluid in the stomach (1.004 g/cm3). The HCI solution (0.1 N)
was used for the evaluation of the swelling test. The formulated tablets were immersed in
gastric fluids, travelled to the surface of the fluid medium, and swelled upon hydration
by using gel-forming polymers. The prepared formulations exhibited a percent swelling
value ranging from 58% to 87% (Figure 3). The addition of sodium alginate, chitosan, and
HPMC in formulation F7 showed increased water uptake and, hence, a higher swelling
index. The maximum swelling index of 87% was exhibited by formulation F7, containing
sodium alginate, chitosan, and HPMC in the same ratio of 1:1:1. A thick gel-like barrier
layer was formed with the maximum percent swelling that retarded and increased the
diffusion path length for the drug molecules. The formation of a viscous gel layer further
retarded the drug release [23].

Swelling %

90
85
80
75
70
65
60
55
50

mF]
mF2

mF3
mF4
mFS
mF6
i mF7
F1 F2 F3 F4 F5 | F6 F7

Figure 3. Percent swelling of formulations (F1-F7). Data are expressed as the mean + SD; n = 3,
one-way ANOVA followed by the post hoc Tukey test (p < 0.05), F1 vs. F7 (p < 0.05).

The polymers used in the formulation of tablets results in swelling of the tablets. The
result of the scanning electron microscope (SEM) showed that micropores were formed as a
result of water absorption (Figure 4).
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Figure 4. SEM images of F7.

The formulated tablets exhibited a % swelling for 12 h. The combination of polymers
used in the formulation of the tablets exhibited maximum dissolution medium uptake.
The tablets formulated with the combination of sodium alginate, chitosan, and HPMC
exhibited a maximum amount of medium uptake. The lower side of the tablet comes in
contact with the dissolution medium, as opposed to the upper side. After a specific time
interval, the formulated tablet sank completely into the medium and allowed both surfaces
to have a percent swelling. Similar results with chitosan were also obtained by Naseem
et al., 2022. The prepared formulation (F7) containing a combination of polymers (chitosan,
sodium alginate, and HPMC, 1:1:1) exhibited a maximum amount of swelling and water
uptake; the reason might be that all the polymers are hydrophilic in nature and absorb the
maximum amount of water, resulting in attaining the maximum amount of the percent
swelling followed by erosion [24].

2.6. In Vitro Release of Drug

The Type-I1 USP dissolution apparatus was used for the evaluation of the pantoprazole
and clarithromycin drug release profiles. The study was conducted for a time period
of 24 h, and the formulated floating tablets exhibited a controlled-release behavior. The
study found that pantoprazole was released up to 95% in 2 h. This was due to the use of
super disintegrant Primojel®. The release of clarithromycin was observed at 83% in 24 h.
The immediate release of clarithromycin in the gastric medium demonstrated the rapid
degradation of the drug and is not suitable for the gastric treatment of H. pylori. Therefore,
a combination of polymers was used in the clarithromycin layer, which resulted in drug
release over 24 h. The data obtained from this study showed a significant difference in
the release of the drug at 24 h (Figure 5a,b) (ANOVA; p < 0.05). The difference in the %
release of different formulations was observed between 2 and 10 h. This was due to the
difference in the % swelling of the floating tablets during this time. The control rate of the
drug release from the floating tablets was achieved with the addition of suitable polymers,
i.e., HPMC, chitosan, and alginate. Chitosan, when used alone, resulted in an initial burst
release of clarithromycin; this is attributed to the partially protonated amine groups of
chitosan in the dissolution medium (pH 1.2-2.2). The electrostatic repulsion of the cationic
group and high matrix swelling allowed the uptake in the dissolution medium. Chitosan,
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when combined with alginate and coming in contact with the dissolution medium, swelled
and formed a gel layer. The release of the drug was controlled by this gel layer, which acted
as a barrier to the drug release. The drug has to pass through this gel layer (barrier) before
entering the dissolution medium. As the process of dissolution continues, the thickness
of the gel layer increases, which results in a decrease and more controlled drug release.
These results are in accordance with the previous studies conducted by Thapa and Jeong,
2018 [25]. The hydration property of sodium alginate is responsible for modifying the
drug release from the floating tablets. Sodium alginate at a pH below three is converted to
alginic acid, which has the ability to swell upon hydration, and the drug release depends
on diffusion through the polymer matrix. These factors control the release of drugs and
also influence the release mechanism [26]. The study showed that a higher diffusion path
length and swelling contributed to a lower cumulative percentage release of the drug.

100
e ag
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g 60 i
& 30 —i—F3
g2 40
Fi
£ 3 )
E 20 ——F3
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Figure 5. The release profile of (a) pantoprazole and (b) clarithromycin.

2.7. Release Kinetics of Drug

The obtained data were subjected to the different kinetic models to evaluate the release
pattern of the drug (Table 4). The data were fit to different kinetic models. The power law
equation was better suited to our data. The value of “n’ obtained from the formulated
transdermal patches ranged between 0.49 and 0.61. The value of “n” for the formulated
tablets showed that most of the formulations exhibited anomalous non-Fickian transport,
whereas F3 and F6 exhibited quasi-Fickian diffusion. The value of n suggests that the rate
of water uptake into the tablet and the drug release was controlled by diffusion through

the gel layer and the swelling/erosion process.
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Table 4. Values for the release exponent and linearity in kinetic models (Korsmeyer—Peppas kinetics).

Zero-Order 1st-Order Higuchi Hixon-Crowell Korsmeyer-Peppas
F. Cod
ode K+ SD R? K +SD R? K+SD R? K+ SD R? K +SD RZ
F1 113 £0.113 0976 1.32+£0.132 0534 229+0.132 0954 15440134 0992 0.143+£0.034 0975 061
F2 1.32£0.119 0987 1.13+£0.167 0643 1.43+0243 0954 1.34+0232 0978 0.162+0332 0981 0.1
F3 1.14 £0.142 0967 1.19+0.132 0623 154+0423 0976 1.65+0.154 0989 0.045+0343 0970 049
F4 117 £0.114 0976 1.32+£0.176 0554 1.24+1254 0945 1.234+0234 0978 0.065+0.123 0984 0.515
F5 128 +£0.128 0979 1.28+£0.121 0525 23240034 0976 1.54+0.245 098 0.056+0.045 0981 0.535
F6 126 £0.126 0987 119+0.134 0643 154+0.132 0923 12540254 0987 0.112+0234 0980 049
F7 118 £0.229 0983 1.32+0.122 0.648 1.13+0.124 0987 15440165 0.990 0.054+0316 0982 0.553

2.8. Stability Studies

Stability is one of the important parameters for pharmaceutical dosage forms. Stability
studies were performed for the formulation F7 containing chitosan, alginate, and HPMC
in a ratio of 1:1:1 at 40 °C for three months. The results of the stability study are shown in
Table 5. It was found that no significant difference in drug content, floating behavior, and
in vitro release was observed at Month 0 and after three months.

Table 5. Stability studies of formulation F7.

Evaluation Parameters

Time Drug Content % Drug Release
(Month) FLT (s) TFT (h)
Cln Ptz Cln Ptz
0 1007 +11 974 +18 60 >24 99.4 97.3
1 995+£13 971£14 58 >24 99.3 96.5
2 993+09  96.6 1.1 55 >24 98.7 95.2
3 991+£15 96.2+21 59 >24 99.1 96.4

Note: clarithromycin (Cln), pantoprazole (Ptz), floating lag time (FLT), and total floating time (TFT).

3. Conclusions

A bilayer gastro-retentive tablet of pantoprazole sodium (instant layer) and clar-
ithromycin HCI (controlled layer) was prepared successfully. Primojel was used in the
instant layer, and a combination of polymers was used for the controlled layer formulation.
The formulation F7 containing chitosan, sodium alginate, and HPMC polymers (1:1:1)
exhibited a maximum amount of percent swelling (87%) as compared to other formulations.
Pantoprazole was released up to 95% in 2 h, whereas clarithromycin exhibited 87% drug
release from the controlled layer of the formulated tablets in a time period of 24 h. The use
of polymers results in the formation of micropores in the matrix, which controls the release
of drugs. The present study concluded that the use of chitosan, sodium alginate, and HPMC
in the formulation of bilayer floating tablets has the ability to produce controlled drug
delivery for 24 h in the stomach. Moreover, these formulations offer the combination of two
drugs in a single tablet formulation and can be the best treatment option for local infections
such as gastric ulcers. The current study is limited to in vitro characterization, swelling,
floating, and release behavior. In vivo studies using animal models are recommended for
future studies.

4. Materials and Methods
4.1. Materials

Clarithromycin HCI and pantoprazole sodium (Sigma-Aldrich, Chemie, Germany)
were the model drugs used in this study. HPMC-K-15M, PVP-K30, chitosan, sodium algi-
nate, sodium bicarbonate (NaHCQO3), and sodium starch glycolate (primojel) (Dow Chemi-
cal, Michigan, United States) and Avecil (Microcrystalline cellulose) PH-102, magnesium
stearate, talc powder, and HCI (Sigma Aldrich, Germany) were used for the formulation
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of the bilayer floating tablets. Distilled water was prepared in ADDL using a distillation
apparatus. All the chemicals used in the study were of analytical grade.

4.2. Formulation of Gastro Floating Bilayer Matrix Tablets
4.2.1. Preparation of Immediate-Release Layer of Pantoprazole Sodium

A super disintegrant (Primojel®) was used to prepare rapidly dissolving pantoprazole
tablets. The direct compression method was used to prepare 100 mg tablets (Table 6). The
ingredients were passed through a 40 mesh to remove the large granules. The ingredients
(drug and other excipients) were mixed geometrically in a clean and dry environment.
Magnesium stearate and talc were added, appropriately mixed using a polyethene bag,
and analyzed for pre-compression and post-compression tests. A single-punch tableting
machine (Erweka, Germany) with a flat round punch (15 mm diameter) was used for the
compression of the pantoprazole sodium formulations (Table 6) [27].

Table 6. Ingredients of the immediate-release layer of pantoprazole sodium.

Ingredients F1IR F2 IR F3 IR

(mg) (mg) (mg)
Pantoprazole sodium 40 40 40
Sodium starch glycolate (Primojel) 05 10 15
Avicel 102 44 39 34
Magnesium stearate 05 05 05
Talcum powder 06 06 06
Total weight 100 100 100

4.2.2. Sustained-Release Layer of Clarithromycin

The drug was mixed with varying amounts of inactive ingredients of sodium alginate,
chitosan, and HPMC K15 (F1 CR-F7 CR) and passed through a sieve with a 40-mesh screen
to obtain the ingredients uniformly. The physicochemical properties of the formulations
were improved with the addition of talcum, magnesium stearate, NaHCOj3, avicel PH 102,
and PVP K30 (Table 7). PE was used to mix the ingredients for 5 min and passed through a
sieve of 40 mesh. A single-punch machine with a flat round punch (15 mm diameter) was
used to compress the formulations [28].

Table 7. Ingredients of the slow-release floating layer of clarithromycin.

Ingredients (mg) F1CR F2 CR F3 CR F4 CR F5 CR F6 CR F7 CR
Clarithromycin HCl 250 250 250 250 250 250 250
Chitosan 150 — — 75 — 75 50
HPMC K15M — 150 — 75 75 — 50
Sodium alginate — — 150 — 75 75 50
NaHCO3 30 30 30 30 30 30 30
PVP K30 20 20 20 20 20 20 20
Talcum powder 10 10 10 10 10 10 10
Magnesium stearate 10 10 10 10 10 10 10
Avicel 102 30 30 30 30 30 30 30
Weight/tablet 500 500 500 500 500 500 500

4.3. Preparation of Bilayer Tablets

The pre-formulated mixed powder of a fast-release layer of pantoprazole was com-
pressed in a single-punch tableting machine (Erweka, Germany). The weight of the pre-
pared layer was measured at 100 mg, and the pressure of the machine was maintained
slightly lower as compared to the actual pressure. The tablets of the pantoprazole sodium
instant layer were prepared separately, and the same procedure was used for the prepa-
ration of the clarithromycin layer of the controlled-release tablets (500 mg). These layers
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were compressed on top of each other as bilayer tablets. The compression parameters were
modified to the desirable limit to withstand the appropriate hardness of the tablets, and
the tablets were named as F1-F7, containing both the instant layer of pantoperazole and
the controlled layer of clarithromycin, and were evaluated for further studies [29].

4.4. Pre-Compression Studies
4.4.1. Angle of Repose

The friction or resistance to the movements of particles can be predicted using the
angle of repose by the funnel technique. The lower end of the funnel was placed over the
heap of powder. From the top of the funnel, a specified weighed amount of powder was
poured freely and slowly. A cone-like structure was formed on the surface. The cone-like
structure’s diameter was calculated [30].

4.4.2. Bulk Density

When the powder is poured into a container, the bulk density is defined as the ratio of
the known mass to the bulk volume covered by the powder. First, the powder was weighed
accurately using an analytical balance, and then, it was poured into a graduated cylinder.
The bulk volume was recorded, and the bulk density was computed (Equations (5) and
(6)) [31].

Bulk density = bulk mass / bulk volume 1

0=m/V )

4.4.3. Tapped Density

The graded cylinder was mechanically tapped to obtain the final capacity in order to
quantify the tapped volume. The value for the tapped density was determined by the mass
of the specified powder to the final tapped volume. The tapped density was determined by
placing the weighed amount of powder in the graduated cylinder and, then, tapping until
it reached the minimum value, then this process was repeated three times, and the reading
was recorded and calculated as the mean + SD (Equations (7) and (8)) [32].

Tapped density = powder mass/tapped volume (©)]
o =m/Vy 4)

4.4.4. Carr’s Compressibility Index

The propensity of the powder was calculated with the data of Carr’s compressibility
index. This technique is also referred to as Carr’s index and is often utilized for the
evaluation of the flow behavior of powder. The compressibility index was calculated using
Equation (3) [33].

Compressibility index = density(tapped) — density(bulk)/density(tapped) x 100  (5)

4.4.5. Hausner’s Ratio

Hausner’s ratio is related to the compressibility index. Hausner’s ratio is also used for
the evaluation of the flow property of a powder. Hausner’s ratio is non-measurable and
can be calculated using Equation (4) [34].

Hausner’s ratio = density(tapped)/density(bulk) (6)

4.5. Post-Compression Study
4.5.1. Hardness Test
Appropriate hardness is necessary to tolerate mechanical forces during the processing,

handling, transportation, and storage of tablets. The hardness of each formulation was
tested using a hardness tester (Erweka TB 24 Apparatus, Langen, Germany). For each



Gels 2023, 9, 43

13 0f 18

batch, a total of 5 tablets were randomly sampled for hardness. The results obtained were
calculated as the mean + SD.

4.5.2. Weight Variation

An analytical balance (M Series, BEL Engineering, Monza, Italy) was used for the
weight variation of the formulated tablets. Randomly, ten tablets were chosen, and each
was weighed separately. The individual weights of the tablets were taken, and the average
weights of the tablets were calculated. The results are presented as the mean + SD [35].

4.5.3. Tablets’ Dimensions

A vernier caliper (Insize, Digital) was used to evaluate the dimensions of the for-
mulated tablets. Randomly, five tablets were selected and individually measured in the
assessment of the tablets” dimensions (thickness and diameter). The results collected were
averaged as the mean + SD [35].

4.5.4. Friability

The drum of a friability testing device (Erweka TA3R, Germany) was filled with a
sample of 10 tablets following the USP specifications, and the apparatus was run for 4 min
at 100 rpm. The tablets were weighed once more, and the amount of weight reduction
was calculated based on Equation (9). The test was repeated three times, with the findings
represented as the mean + SD [8].

% Friability = (W1 — W2)/W1 x 100 @)

4.5.5. Floating Lag Time and Floating Time

The amount of time it takes for a tablet to begin floating after being dissolved in
stomach fluid is known as the floating lag time [36]. A tablet was placed in a beaker
containing 900 mL of 0.1N HCl to measure the floating lag time, and the amount of time it
took the tablet to reach the medium’s surface was timed. Six tablets had their floating lag
time evaluated independently. The mean and standard deviation of the floating lag time
were calculated [37]. Floating time refers to how long tablets stay afloat in the medium.
A tablet was placed in 900 mL of 0.1N HCI in the vessel of a USP dissolving Type II
apparatus to evaluate the floating duration. The vessel was operated at 100 rpm at 37 °C
to replicate the stomach environment. The time was measured for six tablets used in this
experiment by a stopwatch. The data’s mean and standard deviation were calculated. [38].

4.6. Characterization of Drug and Excipients

This study was carried out to evaluate the compatibilities of the drug—-excipient used
in the formulation of the tablets.

4.6.1. Attenuated Total Reflectance/Fourier Transform Infrared Spectroscopy

The attenuated total reflectance/Fourier transform infrared spectroscopy (ATR-FTIR)
spectra of the drug and excipients were individually recorded and compared with the
spectra of the formulations. The formulated tablets were crushed, and the powder was
subjected to ATR-FTIR spectrophotometry (Perkin Elmer, Waltham, MA, USA) [32]. The
sample was placed on zinc selenide and scanned directly without further processing. The
FTIR spectra were scanned between 4000 and 500 cm . Three ranges were taken for each
sample, and the results were averaged.

4.6.2. Differential Scanning Calorimetry Analysis

The Perkin Elmer JADE DSC equipment was used to obtain DSC thermograms for
the medication and formulation (F7). A sample of pure substances (3-5 mg) was weighed,
sealed in a typical aluminum pan, and then, put on the apparatus for analysis. At a scanning
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rate of 10 °C/min from 0 to 300 °C, the sample’s thermal behavior was examined. The
outcomes were averaged after each sample, conducted in triplicate.

4.7. Drug Content Uniformity
4.7.1. Drug Content of Clarithromycin

The drug content uniformity of clarithromycin was analyzed by the HPLC method.
The chromatographic system used for the investigation was a Shimadzu (Kyoto, Japan),
equipped with a UV—visible detector.

Procedure for Evaluating Drug Content

In a beaker, 100 mL of distilled water was taken, and 4.5 g of KH,PO4 was added.
The mobile phase was comprised of methanol: buffer (65:35), and the pH was maintained
at 4.0 using ortho-phosphoric acid. A C18 column (4.6 mm x 250 mm, 5u) was utilized.
The flow rate was set at 1 mL/min for 15 minutes with the injection volume adjusted to
20 L. The wavelength was adjusted at 210 nm. The retention time of clarithromycin was
4.1 min. A volumetric flask was filled with powder containing 100 mg of clarithromycin
after a total of six tablets from each formulation were crushed with a pestle and mortar.
Then, methanol was added to a volumetric flask, sonicated for 2 min, and the final volume
attained with the addition of methanol. The known concentration of 1 mg/mL was de-
gassed and filtered. The filtrate (5 mL) was incorporated into a 50 mL volumetric flask,
and the mobile phase was introduced to make the final volume and concentration of
0.1 mg/mL. From each formulation, a 20 pL volume was injected into the chromatogram
individually. The major peaks of the chromatogram were selected and measured, and
the percentage of clarithromycin concentration was calculated (Equation (10)) [38]. This
method was validated and used for the quantification of clarithromycin in pure, as well as
matrix floating bilayer tablet form.

% Drug = sample peak area / standard peak area x 100 8)

4.7.2. Drug Content of Pantoprazole

UV-visible spectrophotometry at a wavelength of 286 nm was used to assess the uni-
formity of the drug content of pantoprazole. Randomly, six tablets were selected from the
formulation and crushed in a pestle and mortar. The crushed powder (600 mg) comprising
40 mg of pantoprazole was put in a 0.1 N HCl solution (pH 1.2) in a 10 mL volumetric flask.
The volumetric flask was sonicated for 2 min to achieve efficient dissolution. Then, the drug
solution (1 mL) was diluted with 0.1 N HCI to make the concentration at 0.016 mg/mL. The
same technique was employed for the preparation of standard drug solutions (Equation
(11)) [39]. The method used for quantifying pantoprazole was validated and used for the
pure drug from floating bilayer tablets.

% Drug content = sample absorbance/standard abs x 100 )

4.8. Swelling and Erosion Studies

Three tablets were weighed and added to the dissolution media. The USP dissolve
equipment II (Erweka GmbH, Langen, Germany) was used to measure the absorption
and swelling percentages of the tablets under the same circumstances as the drug release
study described in Section 4.10. At various times, the tablets were gently removed from
the medium (0.5, 1, 2, 4, 6, 8, 12, and 24 h). The excess liquid from the tablet surfaces was
wiped off using filter paper and, then, weighed and dried in a drying oven at 60 °C until
reaching a constant dry weight. Equations (12) and (13) were used to the compute water
intake and swelling rate:

(vw;Ni—.vw) £100 (10)

% water uptake =
i
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(Wi —Wd)
Wi
where Wi represents the initial weight of the tablet, Ww its wet weight, and Wd its dry

weight; mean values with the standard deviation are displayed.

% swelling index = x 100 (17)

4.9. SEM Analysis

A floating tablet at 12 h was taken, dried, and subjected to scanning electron mi-
croscopy for surface morphological analysis (Carl Zeiss, GmbH, 73447 Oberkochen, Ger-
many). The dried tablet was fixed with a carbon stub. The prepared studs were analyzed
directly under a scanning electron microscope. Images of the specified portion were taken.

4.10. In Vitro Release of Drug

The Dissolution USP Apparatus I (basket method) was used to assess the drug release
using 900 mL of a 0.1 N HCI solution (pH 1.2) as the dissolution media for the sink at
37 £ 0.5 °C and 100 rpm. At predetermined intervals, aliquots (5 mL) were collected,
filtered through 0.45 m filters (Nylon, Whatman, Maidstone, UK), and an equal volume of
fresh solvent replaced. As previously mentioned, clarithromycin and pantoprazole were
quantified using HPLC and UV spectroscopy. The results are then given as the mean =+ SD.

4.11. Release Kinetics
4.11.1. Zero-Order Kinetics

The zero-order kinetic equation or model was carried out to investigate the kinetic
profiling of the prepared formulations (F1-F7). The zero-order kinetics was carried out
using the following equation:

W=kl x t (12)

where W represents drug release, k1 represents the zero-order-kinetic constant, and t
represents the time for drug release.

4.11.2. First-Order Kinetics

The first-order kinetics equations or model was first proposed by Gibaldi and Feldman
(1967) and later by Wagner (1969). The first-order kinetics was carried out using the
following equation:

In (100 — W) =1n 100 — k2t (13)

where W represents the release of the drug, k2 represents the first-order kinetics constant,
and t represents the time for drug release.

4.11.3. Hixon—Crowell Model

The Hixon-Crowell model was used for the first time by Hixon-Crowell in 1931. This
method was carried out for evaluating the kinetic profiling of the prepared formulations
(F1-F7). The Hixon-Crowell model was carried out using the following equation:

(100 —W)1/3=100(1/3) — k3t (14)

where W represents the release of the drug with respect to time, k3t represents the relation-
ship of the surface volume to Hixon-Crowell, and t represents the release of the drug with
respect to time.

4.11.4. Higuchi Model

This method was first used by Higuchi. The Higuchi method was used for the
evaluation of the prepared formulations (F1-F7). The Higuchi model was carried out using
the following equation:

W =Kkt x 1/2 (15)
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where W represents the release of the drug, k4 represents the Higuchi rate of dissolution
constant, and t represents the release of the drug.

4.11.5. Korsmeyer-Peppas model

The optimized bilayer tablets were selected for release kinetics using non-linear re-
gression to fit the dissolution data into the Korsmeyer-Peppas model (Equation (14)) [36]:

Mt/Moo = Kt® (16)

where Mt/Mco is the cumulative fraction (percentage) of the medication released at time t,
k denotes the release constant, and n denotes the release exponent.

n = 0.5 denotes mere Fickian diffusion release; 7 = 1.0 denotes just relaxation (Case
II transport); 0.5 n 1.0 denotes anomalous transport controlled by both mechanisms; n-
values greater than 1.0 denote Super Case II transport. Mt/M = kO t is a specific instance
of the Korsmeyer-Peppas model with n = 1.0, where kO indicates the zero-order release
constant [40].

4.12. Stability Studies

A stability study for the formulation (F7) was performed according to the ICH recom-
mendations at 40 °C/75 £ 5% RH using a stability chamber (Thermolab TH 90s, Maharash-
tra, India) for three months. The drug content, floating behavior, and in vitro drug release
profile of the prepared tablets were evaluated.

4.13. Statistical Analysis

Triplicate results were gathered, computed, and averaged (mean SD) in this inves-
tigation. IBM’s SPSS Version 16 software (Chicago, IL, USA) was used for the statistical
analysis. The significance level was set at p = 0.05. The statistical method for the study was
one-way ANOVA /post hoc analysis along with Tukey’s honestly significant difference test.
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