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Purpose: Bupropion is an antidepressant drug that facilitates weight loss. It is a highly
water-soluble drug that needs multiple dosing, so it is considered a potential candidate for
oral controlled-release dosage form. The aim of this research was to formulate and evaluate
satiety-inducing swellable floating bupropion tablets by direct compression targeting depres-
sion associated with eating disorders. Various combinations of natural and semi-synthetic
hydrogels were selected to achieve maximum swelling and remaining buoyant in the
stomach. This synergistically enhances weight loss by increasing satiety.

Methods: An [-optimal mixture design was conducted to establish the optimal quantitative
composition of tablets. Friability, floating lag time, swelling index after 4 and 8 hours, along
with the percent of bupropion released at 1 and 8 hours were selected as dependent variables.
The optimized formulation was characterized by physicochemical properties, thermal stabi-
lity, and chemical interaction. In vivo radiographic evaluation of gastric residence besides,
the oral bioavailability relative to marketed Wellbutrin® sustained-release tablets were
investigated using human volunteers.

Results: The optimized formulation (73.3 mg xanthan, 120 mg glucomannan, 8.4 mg
tamarind kernel powder, 78.3 mg HPMC K15M) was achieved with the overall desirability
equals 0.782. In vivo radiographic study showed that formulation was retained for >8 hours
in the stomach. Compared with the marketed BUP tablets, the C,,,x was almost the same
with a significant increase (p =0.004) for T ax.

Conclusion: Using combinations of these hydrogels would be promising gastroretentive
delivery systems in the control of bupropion rate release with enhanced floating and swelling
features.

Keywords: gastroretentive drug delivery, natural hydrogels, HPMC, depression, eating
disorder

Introduction

Bupropion (BUP) is a norepinephrine and dopamine reuptake inhibitor that mar-
keted for depression treatment. Multiple research revealed that bupropion is able to
improve hyperphagic-depressed individuals and overweight or obese patients with
depression.! Although BUP required several daily dosings for therapy, besides its
inconvenience of C.-related adverse effects that are dose-dependent. Thus,

a persistent challenge needed for formulating a controlled-release delivery system
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to improve compliance and tolerability. Oral controlled-
release delivery systems aim to significantly prolong the
gastric residence time of dosage forms in the region of the
stomach to release drug at the desired rate.
Gastroretentive drug delivery system is one such exam-
ple that could be retained in the stomach for a long time to
release the drug in a sustained manner at the absorption
site.® Floating drug delivery system is considered one of
the most practical approaches that have been recently
studied.*> In this system, the bulk density of the dosage
form is less than that of the gastric fluids, which enables
the drug to stay buoyant in the stomach for a longer period
time without being influenced by the rate of gastric empty-
ing. The drug is released gradually at the desired rate, and
then the residual system is eliminated from the stomach
after the drug release.” In an effervescent floating system,
hydrophilic polymers are combined with gas-generating
agents such as sodium bicarbonate. Sodium bicarbonate
is used to liberate CO, gas upon contact with the gastric
fluid that improves the buoyancy of this system while the
hydrophilic polymers could control the drug-release rate.®
This research accounts for the possible use of swellable
hydrophilic polymers as combinations of natural polysac-
charides [xanthan gum, glucomannan, tamarind kernel
powder (TKP), and chitosan] and semi-synthetic hydrogel
[HPMC K15M]. The advantage of these combinations is
to get the maximum gel-forming, swelling and remaining
buoyant in the gastric fluid of the stomach with
a controlled-release rate. Therefore, they are expected to
increase the satiety feelings enhancing the weight loss
effect of BUP. Researchers have recently interested in the
use of biopolymers due to their broad superiority over
synthetic polymers. Polysaccharide gums are the most
widely used materials because of naturally abundant, bio-
compatible/degradable, and nonimmunogenic properties.’
Apart from successful dosage form preparation and
optimization of the novel drug delivery systems with few
experiments, design of experiment (DoE) was tailored as
an economical approach. This is achieved by optimizing
the composition of pharmaceutical formulations using the
statistical experimental designs and desirability function as
an efficient way to select the optimized formulation.® The
optimal mixture designs generally are intended to predict
the responses for all suggested formulations of the mixture
and to identify the optimal proportions for each of the
included factors. The I-optimal mixture design was pre-
ferred because it reduces the average variance of predic-
tion over the region of experimentation. [-optimal designs

mainly focus on prediction and give better precision in the
measurement of the coefficients.”'”

The objective of this study is to develop and evaluate
swellable gastroretentive floating tablets of BUP using
different combinations of natural and synthetic hydrophilic
polymers targeting the treatment of comorbid depression
with obesity and/or eating disorders. The optimized for-
mula could provide a predictable bioavailability of BUP
by prolonging the release and maximizing the swelling

index.

Materials and Methods

Materials

Bupropion HCI and Wellbutrin® 150 mg sustained-release
tablets (reference; Batch no A529170 )(GlaxoSmithKline,
Cairo, Egypt), xanthan gum and chitosan (Formurex
Pharmaceutical company, California, USA), Konjac gluco-
mannan powder (Hubei Yizhi Konjac Biotechnology Co.,
Ltd, Yichang, China), Tamarind Kernel Powder (Sciyu
Biotech Co., Ltd, Xi’an, China), HPMC K15M, and Sodium
bicarbonate (El-Kahera Pharmaceuticals, Cairo, Egypt). Talc,
Magnesium stearate, and other reagents and solvents were all
pharmaceutical grade and used as received.

Formulation of BUP Floating Tablets
Experimental Design

An [-optimal mixture design using Design Expert® software
(Version 7, Stat-Ease Inc. Minneapolis, MN, USA) was
employed to study the effect of different variables on their
corresponding responses. In this design, five independent
variables were used to form 280 mg total mixture powders
of swelling polymers: Xanthan gum (A), Glucomannan (B),
TKP (C), Chitosan (D) and HPMC K15M (E). Lower and
upper constraints on the relative amount of each excipient
were determined based on the preliminary trials as shown in
Table 1. According to the followed I-optimal mixture
design and constraints used in this design, 19 different
formulations were chosen included four formulations for
measuring the lack of fit. Five formulations were performed
twice in two separate replicates to estimate the pure experi-
mental error so that a total of 24 runs were generated as
shown in Table 2.

Preparation of BUP Floating Tablets

Twenty-four batches were prepared. Each batch weights 500
grams with a fixed proportion of BUP to mixtures of swel-
lable polymers (150:280 mg per each tablet). This mixture is
then mixed with fixed amounts of Avicel 102 and sodium
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Table | The I|-Optimal Mixture Design for Formulation of
Swellable Floating Bupropion Tablets Using Mixture of at Least
Three Gel-Forming Polymers: Factors and Responses

Factors (Independent Levels (mg) | Total

Variables) R Mixture
Low | High

A: Xanthan Gum 0 120 280 mg

B: Glucomannan 0 120

C: TKP 0 120

D: Chitosan 0 80

E: HPMC KI5M 0 80

Responses (Dependent
Variables)

Desirability Constraints

Y,: Friability (%) 0%< Y, <0.7%, in range

Y,: FLT (sec) Minimize
Y3: Sla, (%) Maximize
Y4 Slgn (%) Maximize
Ys: Release (%) after | hour Minimize

Y¢: Release (%) after 8 hours 50%< Y, <60%, target =55

Abbreviations: TKP, tamarind kernel powder; HPMC, hydroxypropyl methylcel-
lulose; FLT, floating lag time; Sl4,, swelling index after 4 hours; Slg,, swelling index
after 8 hours.

bicarbonate (50 and 60 mg per each tablet, respectively).
Finally, magnesium stearate (5 mg) and purified talc (5 mg)
were later added per each tablet. The mixed powders were
screened through a 40-mesh sieve (425 pum) and finally
compressed into 11 mm concave tablets each of 550 mg by
using a single-punch tablet compression machine under con-
stant pressure to obtain 90 tablets for each formula.

In vitro Evaluation of BUP Floating Tablets
Determination of Pre-Compression Parameters
Bulk density, tapped density, Carr’s index, Hausner’s ratio,
and Angle of repose were done in triplicates for each
powder mixture."'

Determination of Post-Compression Parameters
The prepared BUP floating tablets were subjected to
weight variation, thickness, diameter, hardness, friability,
and uniformity of drug content according to the United
States Pharmacopeia (USP) 35.'2

In vitro Floating Ability

The test was carried out in triplicate by putting each of the
tablets in a USP type-II dissolution apparatus (Copley,
USA) with 900 mL of 0.1 N HCI (pH 1.2). The paddle
speed was adjusted at 50 rpm, and the temperature was set
at 37 +0.5°C. Their physical state was observed for

12 h. The in vitro buoyancy was measured for all formula-
tions by investigating floating lag time (FLT) and total
floating duration.

In vitro Swelling Study

The weighed tablets (designated as W;) were placed indi-
vidually in a glass beaker, containing 200 mL 0.1 N HCI at
37 £0.5°C. At regular 1 h time intervals until 8 h, the
tablets were removed and reweighed (W,) after removing
the excess surface liquid by a filter paper, and then
returned back to the beaker.!* The swelling Index (SI)
was then calculated using the following equation:

Swelling Index % (SI) = W, — W, /W, = 100 (1)

where W,: the initial weight of the tablet; W the
weight of the swollen hydrated tablet at time t. The experi-
ment was performed in triplicates; mean values and stan-
dard deviation were calculated.

In vitro Release Study

The release of BUP from tablets was performed using USP
type-1I apparatus. The temperature was maintained at 37°C
with a paddle stirrer at 50 rpm. The dissolution medium
used was 900 mL of 0.1 N HCI (pH 1.2). One tablet was
kept in the dissolution vessel without much disturbance.
At each predetermined time interval (0, 0.5, 1, 2, 3, 4, 5, 6,
7, and 8 h), a precisely measured sample of the dissolution
medium was removed and was replaced by an equal quan-
tity of freshly prepared media. Absorbance of BUP in
withdrawn samples was measured at 252 nm using a UV
spectrophotometer. All dissolution runs were performed in
triplicates. The results were expressed as the percentage of

the cumulative amount of drug as a function of time.'*

Statistical Analysis of the Mixture Design
Design-Expert V.7 software was used to develop and eval-
uate the formulation variables for each response. Six
responses were selected; Friability % (Y,), floating lag
time (Y,: FLT), Swelling index after 4 hours (Yj3: Sly,),
Swelling index after 8 hours (Yy4: Slg;,), as well as Percent
of drug released after 1 h (Ys) and 8 h (Y¢). Each response
was analyzed individually and fitted to linear, quadratic
and special cubic models using linear regression.
Analysis of variance (ANOVA) was carried out to
estimate the significance of model and term. Probability,
p-values, (p <0.05) denoted significance. The statistical
parameters used in the evaluation and selection of the
best fit model were the p-value of the model, lack-of-fit
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Table 2 A) Experimental Runs, Independent Variables and Their Responses Using [-Optimal Mixture Design of Swellable Floating

Bupropion Tablets and B) Predicted and Observed Values for the Six Responses of Optimum Formula

A)

Formula | A(mg) | B(mg) | C(mg) | D(mg) | E(mg) | Y\ (%) Ya(sec) | Ya(%) Yo (%) Ys (%) Yo (%)

FTI 0 120 120 0 40 0.32 £0.19 24.79 +0.26 262.11 +5.88 196.85 +4.57 74.97 £1.09 100.18 +1.59
FT2 0 120 120 40 0 0.49 £0.23 16.63 +0.25 348.06 4.6 238.04 +5.44 84.475 +1.24 99.81 +£3.79
FT3 80 60 60 40 40 0.85 +£0.03 30.43 £0.17 214.62 +3.06 237.72 £3.01 36.24 +2.12 77.67 £2.65
FT4 80 80 40 40 40 1.26 £0.3 28.73 £0.19 229.67 +6.53 270.95 £5.51 35.055 +£3.08 77.9 £3.15
FT5 80 40 80 40 40 0.54 +£0.02 27.46 £0.19 187.56 +7.8 201.48 +5.62 37.725 £2.98 78.04 £3.2
FTé 80 40 40 60 60 0.62 £0.3 40.18 +0.16 182.37 +5.46 238.49 +431 26.475 +3.66 65.59 £3.43
FT7 80 40 40 40 80 0.46 £0.12 32.2 £0.78 140.4 +4.27 212.89 +4.17 18.18 +4.26 54.66 £2.81
FT8 80 40 40 80 40 0.65 +£0.25 28.69 +0.54 22435 +5.71 254.09 +5.15 34.645 +£3.88 74.9 £3.01
FT9 80 40 40 80 40 0.62 £0.18 29.23 t1.16 220 +5.21 251 +4.8I 33.995 14.11 74.5 £3.92
FIO 80 80 80 0 40 0.48 +0.04 60.85 +1.89 206.89 +2.88 21234 3.4 42.585 +3.08 90.03 £5.4
FTI1 80 80 80 0 40 0.57 £0.24 57.62 £0.4 202 +5.74 219 +4.54 4].15 £2.18 88.3 +3.08
FT12 80 80 80 40 0 0.93 £0.28 43.42 +1.53 290.84 +7.95 265.54 £6.3 48.275 1.6l 97.65 £2.07
FTI3 100 0 100 40 40 0.28 +£0.06 28.11 £1.06 133.68 +4.22 153.25 +3.75 31.195 £2.61 78.61 £2.09
FT14 100 100 0 40 40 2.93 +0.19 20.13 £2.13 268.95 +5.12 334.43 +4.4| 18.245 +2.83 57.64 £2.58
FTI5 100 100 0 40 40 3.08 +0.15 20.4 +£1.06 265 +4.52 337 +4.22 18.705 +3.7 58.01 £2.77
FT16 100 60 60 0 60 0.61 £0.36 32.55 +£1.32 154.98 +4.06 215.06 +4.42 22.83 +4.79 61.21 £3.15
FT17 100 60 60 0 60 0.59 £0.11 33.49 +£0.96 156.9 £5.65 217 +4.76 23.1 £3.57 61.4 +3.83
FT18 100 60 60 60 0 1.41 £0.18 21.02 £1.95 290.41 +3.75 267.85 +3.77 38.425 £4.79 83.02 £3.11
FT19 120 0 0 80 80 0.71 +£0.04 170 £2.21 130 £3.48 241.52 +3.39 6.92 +2.04 42.53 +4.08
FT20 120 120 0 0 40 3.21 +£0.04 25.97 £0.49 259.45 +5.57 340.3 +4.92 12.995 +1.63 455 +4.4
FT21 120 120 0 40 0 5.56 0.6 18.7 £0.47 343.4 +3.72 383.5 +3.69 24715 +1.35 71.52 £2.5
FT22 120 0 120 0 40 0.24 £0.19 55.47 £1.2 97.12 £5.58 125.88 +4.34 28.095 +2.07 79.75 £2.69
FT23 120 0 120 0 40 0.23 +£0.09 59.57 £1.7 100 4.9 127 +£3.72 27.795 +1.96 80 £2.98
FT24 120 0 120 40 0 0.34 £0.12 33.55 £0.47 174.07 +5.07 162.08 +4.58 33.615 £2.72 84.52 +3.75
B)

Predicted values 0.7 1.595 213.589 298.178 11.897 55
Observed values 0.67 3.1 200.896 291.546 14.062 54231
Residual* 0.03 —1.545 12.693 6.632 —2.165 0.769

Notes: Data are represented as mean +SD. *Residual value =predicted value — observed value.
Abbreviations: FT, floating tablet; A, xanthan; B, glucomannan; C, tamarind kernel powder (TKP); D, chitosan, E, HPMC KI15M; Y, friability; Y, (FLT), floating lag time; Y3
(Slap), swelling index after 4 hours; Y, (Slgp,), swelling index after 8 hours; Ys, percent of drug released after | hour; Y, percent of drug released after 8 hours; SD, standard

deviation.

test p-value, coefficient of determination (R?), adjusted R?,
predicted R?, adequate precision, and predicted residual
sum of squares (PRESS).'> Also, the graphical presenta-
tion of the effects of combined independent variables on
simultaneous prediction for each response was presented.
Desirability was determined for selecting the optimized
formula that was subjected to additional evaluation.

Optimization of the Obtained Data
The optimization was performed using the statistical pro-
gram according to the fixed constraints listed in Table 1. The
study aims to obtain an optimized floating gastroretentive
tablet formula that has a minimum floating lag time and
maximum swelling index with modifying the release profile.
The suggested optimized formula was then prepared
and assessed in triplicate to verify the validity of the

measured optimal formulation factors and predicted
responses provided by the software. The difference
between both expected and observed responses is known
as the residual. The smaller the residual of the optimized
batch, the more validity of the design.

Evaluation of the Optimized BUP Tablet

Formula

According to the USP 35, the optimized BUP FT was
subjected to post-compression parameters. Also, the
kinetics of drug release was analyzed according to zero-
order, first-order, Higuchi, and Korsmeyer-Peppas
models.'® DDSolver, which is an add-in program for
Microsoft Excel was used to model and compare drug-
release profiles. The model with the highest coefficient of

determination was considered to be the best fitting one.'”
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Differential Scanning Calorimetry (DSC)

Samples (3—4 mg) of BUP, polymers, and physical form of
optimized formula were loaded into an aluminum pan.
Powder samples were analyzed by using a differential scan-
ning calorimeter (DSC60 TA-60 WS, Shimadzu, Japan)
with a heating rate of 10°C/min over a temperature range
of 25-300°C. The system was purged with nitrogen gas at

the rate of 100 mL min~' to maintain an inert atmosphere.

Fourier Transform Infrared Spectroscopy
(FTIR)

To investigate any possible interactions between the drug,
FTIR
recorded over a range of 4000450 cm ' for the drug,

polymers and other excipients. spectra were
excipients, and the physical form of BUP in samples of
optimized formula. They were mixed with 500 mg of IR
grade potassium bromide powder and then compressed
into a disc under pressure.

In vivo Studies
In vivo Radiographic Study
To view and track the in vivo gastroretentive behavior of the
optimized formulation, in vivo buoyancy study was per-
formed by the incorporation of barium sulfate (radio-
opaque agent). The amount of the drug (50 mg) was replaced
with barium sulfate and other ingredients were kept constant.
The study protocol was reviewed, approved (PI2333-31/12/
2018), and conducted following the guidelines of the
Research Ethics Committee, Faculty of Pharmacy, Cairo
University (REC-FOPCU). The study was supervised under
the guidance of a radiologist.

Two healthy human volunteers (Males) of 26 yr and
31 yr having heights 160175 cm weighing 6065 kg were
subjected to abdominal X-ray imaging after giving
informed written consent as per declarations of Helsinki
(Brazil 2013). The volunteers were given a low-calorie
meal after overnight fasting. Half an hour later each
subject was administered a barium sulfate-labeled tablet
with 200 mL of water. X-rays were carried out initially
and then at various intervals (0.5, 2, 5, 8, 10 hours) oral
post-administration of tablet). During the period of study,
volunteers were allowed free access to only water.'® The
study was fully explained to the volunteers before start-
ing the study, and the informed consent forms were
signed by each volunteer as per declarations of Helsinki
(Brazil 2013).

Pharmacokinetic Study in Human

Volunteers

Experimental Design and Sample Collection

An in vivo study was conducted to compare the pharma-
cokinetic parameters of BUP from the optimized tablet
(test product) and the commercially available, sustained-
release Wellbutrin® tablets containing 150 mg (reference
product), after single oral administration. The protocol and
informed consent form were approved by REC-FOPCU
(PI 2333). Six male healthy human volunteers were
recruited in the study. The study was fully explained to
the volunteers before starting the study, and the informed
consent forms were signed by each volunteer as per
declarations of Helsinki (Brazil 2013).

Two treatments, two periods, randomized, and cross
over design was carried out. A 1-week washout period
separated the two periods. The volunteers were randomly
allocated to one of the two groups of equal size. The
volunteers fasted for at least 10 h with free water access
1 h before the scheduled time for dosing. Treatments were
given with about 240 mL of water. They were only agreed
to take water after 2 h and a standard meal was given after
4 h from the administration of treatments.

The study was supervised by a physician who was also
responsible for both the safety of the volunteers and sam-
ples collection. Samples of venous blood (5 mL) were
collected into heparinized blood tubes via the indwelling
cannula immediately prior to oral dosing and at the pre-
determined time intervals of 1, 2, 3, 4, 5, 6, 8, 24, 48 and
72 h after dosing. The plasma samples were obtained by
centrifuging the samples at 3500 rpm for 10 min, and this
was frozen at —20°C in labeled tubes until further analysis.

Sample Preparation

About 50 pL torsemide (from a stock solution of concentra-
tion 100 ng/mL) was added to each sample (0.5 mL plasma)
as an internal standard. BUP and torsemide were extracted
using ethyl acetate (4 mL), and vortexed for 2 min, then
centrifuged for 5 min at 5000 rpm (cooling centrifuge,
TGL-20 MB). The supernatant was transferred to other
vials filtered through 0.22-lm Millipore filter, then evapo-
rated to dryness using vacuum concentrator (Eppendorf
Vacufuge plus, Germany).

LC-MS/MS Assay of BUP

A validated LC-MS/MS method for analyzing plasma BUP
concentrations was employed using LC-MS/MS system
(Shimadzu®™, Japan) coupled with a triple quadrupole

Drug Design, Development and Therapy 2020:14
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detector (API-4500, AB Sciex, Foster, CA, USA). The
mobile phase was composed of 80% acetonitrile, 20%
0.01 M ammonium formate and 0.1% formic acid in
water. The chromatographic separation was performed on
Sunfire C18 column (4.6 x 50 mm i.d., 5 pym diameter;
Agilent, CA, USA). The injection volume was 10 pL and
the flow was isocratic with a rate of 1.0 mL/min. The
method has been validated in terms of the selectivity,
linearity, precision, accuracy, carryover, extraction recov-
ery, and stability.

Statistical Analysis of the Pharmacokinetic Results

A non-compartmental pharmacokinetic model was applied
to analyze the pharmacokinetic parameters of BUP after
the oral administration of two treatments by using the PK
solver program.'® These parameters included Peak BUP
concentration (C,.x, ng/mL) and time to reach (T .y, h.),
elimination rate constant (K, h™'), terminal half-life (t,,,
h.), area under the plasma concentration—time curve from
time zero to the last observation time point (AUC(o_72), ng
h/mL) and infinity (AUCy ), ng h/mL). IBM SPSS
Statistics 20 (Armonk, NY, USA) was employed for ana-
lysis of all statistical differences in data by using a one-
way ANOVA test for the established pharmacokinetic
parameters, and P-value <0.05 was statistically significant.
Nonparametric Kruskal-Wallis test was performed to com-
pare the T,,,x data obtained from two treatments.

Results and Discussion
Formulation of BUP Floating Tablets

The gastroretentive floating tablets were prepared by
a single compression technique using combinations of
floatable and swellable polymers with sufficient gelling
properties, such as xanthan gum, glucomannan, pulverized
TKP, chitosan, and HPMC K15M. Magnesium stearate
and purified talc were added in the formulations as Iubri-
cants. Sodium bicarbonate dissolves in gastric medium and
generates gas while Avicel 102 slowly swells to increase
tablet volume that helps to mediate floating time together
with strong gel-forming polymers.?’

In vitro Evaluation of BUP Floating Tablets
Determination of Pre-Compression Parameters

Pre-compression parameters for the powders of various
formulations showed results within specified limits.”' The
percentage of Carr’s index was found to be in the range of
10.961 to 18.133 and the Hausner ratio was in the range of
1.123 to 1.221. These values suggest that the powder blends

have a range of good to fair flow characteristics and com-
pressibility. Results also were expressed in the range for
angle of repose (22.43 £1.48 to 29.25 +0.71°C), confirming
the good flow property of powders, data not shown.

Determination of Post-Compression Parameters
All floating tablets were expected to have the same weight
and size, but different colors due to the difference in the
type and concentration of polymers used in the dosage
form. Tablets with high glucomannan concentrations
tended to yellow while those with lower glucomannan
concentrations were whitish color. Also, tablets with high
TKP concentrations tended to brownish color. All tablets
were smooth at both sides with a rounded concave shape
and no cracks on tablets were observed for any formula.
The mean thickness of BUP FTs ranged from 5.272 to
5.934 mm, while the mean diameter was 11.0 £0.0 mm.
Mean hardness lies within the range of 3.25-8.03 kg/cm?
and it indicates good strength of the floating tablets to with-
stand physical abrasion. All formulations complied with the
pharmacopoeial standard of +5% of the labeled claim for
weight variation. The percentage of average drug content
ranged from 97.03% to 101.16% of the labeled claim."*
All BUP FTs did not break or show any capping,
cracking or chipping during the friability test. All formula-
tions showed acceptable tablet friability results (less than
0.93%, FT12) except for FT4, FT14, FT15, FT18, FT20
and FT21, whereas, they showed an increase in friability
percentage (>1%) as shown in Table 2.

In vitro Floating Ability

Floating lag time (FLT) indicates the time consumed until
the complete floating of the tablet formula on the surface
of 0.1N HCI solution. The short FLT and flotation main-
tained the formulation in the upper GIT by prohibiting
them from translocating to the lower GIT, providing suffi-
cient time for a slow drug release from the dosage form.
Thus, in vitro floating behavior of floating formulations is
crucial to study. The dosage form was considered floated
after the tablet completely floated on the test solution.

In this study, sodium bicarbonate was used as a gas-
forming agent in an optimum concentration of 60 mg to
deliver the shortest possible FLT (within a minute) and
floating duration of more than 12 hours. So that after the
contact with acidic aqueous media, carbon dioxide is gener-
ated and entrapped within gelling hydrocolloid, causing
density reduction of the system. As the density of the tablet
decreases below 1 g/mL, the tablet becomes buoyant. The
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floating lag time of BUP FTs ranged from 16.63 +0.25 sec
for FT2 to 170.00 £2.21 sec for FT19 as shown in Table 2.

All prepared formulations exhibited good total floating
times (more than 12 h) due to their contents of polymers
with high viscosity that forms strong gel matrices that
preserve tablet integrity. This matrix traps gas bubbles to
keep the tablets floating for a long time and enhance tablet
buoyancy and slow dissolution rates.*> Also, none of the
formulations disintegrated visually in 0.1N HCI (pH 1.2)
and they remained firm and intact throughout the test. In
vitro floating ability of different BUP floating tablets after
12 hours is shown in Figure 1.

The formulations containing the highest concentration
of glucomannan had shorter FLT than the formulations
containing the highest concentration of TKP with assum-
ing the concentration of other combining polymers was
fixed. This can be demonstrated when comparing (FT4 vs
FT5), (FT14 and FT15 vs FT13), (FT20 vs FT22 and
FT23) and (FT21 vs FT24). It can be explained because
formulations containing the highest concentration of glu-
comannan could swell and form a high viscous matrix
structure that was enough strong for gas bubble entrap-
ment when contact with aqueous media and this causes
tablet floating. Alternatively, the formulations containing
the highest concentration of TKP had a weak gelling and
swelling behavior the matrix layer that allowed the gas
bubbles responsible for imparting buoyancy to escape.?

Chitosan-based formulations had shorter FLT than the
corresponding formulations based on HPMC KI15M

assuming the same concentration of other combining poly-
mers. This can be established when comparing (FT2 vs
FT1), (FT8 and FT9 vs FT7), (FT12 vs FT11 and FT10),
(FT18 vs FT16 and FT17) and (FT24 vs FT22 and FT23).
Chitosan has high swelling capacity, rapid hydration and
gel formation at acidic dissolution media (pH 1.2) as
a result of its cationic nature and the amine groups on
chitosan are protonated in the acidic environment.>* The
swelling of chitosan leads to the formation of a dense
matrix layer that could efficiently entrap the gas bubbles,
resulting in short FLT.

In vitro Swelling Study

Swelling is an important characteristic of polymer that
ensures buoyancy of the matrix tablet and control the
drug release. Swelling behavior shows the rate at which
the tablet absorbs water from the aqueous media and
swells.?®> Once the hydrophilic polymer matrices contact
with the aqueous media, they build up a gel layer around
the tablet core that controls the drug release. After forming
this gel layer, the hydrophilic polymer matrices were no
longer directly exposed to the aqueous solution. Therefore,
the degree of swelling dramatically reduced. Meanwhile,
this gel served as a buffer zone between the dry region of
the tablet and the gastric environment, which also created
channels for further water penetration.”® As shown in
Figure 2, the water uptake of the prepared matrices
depends on the type and concentration of polymer used.
The swelling mechanisms have been related to the

Figure | In vitro floating ability of FT4 (A), FT6 (B), FT9 (C), FT14 (D), FT20 (E), and FT23 (F) after 12 hours.

Abbreviation: FT, floating tablet.

Drug Design, Development and Therapy 2020:14

submit your manuscript

2747

Dove


http://www.dovepress.com
http://www.dovepress.com

Teaima et al

Dove

450 -
=400 { I~
< 350 - S ====FT1
3 300 i
2 250 - 2 i
o 200 GTs
g 150 - i FT5
£ 100 | m===FT6|
» 50 -
0 , g : :
0 2 4 6 8
Time (hours)
450 -
400 -
& 350 - ——FT13
% 300 - - BLIS
T 250 - Vi FT15
> 200 - e G
£ 7 » —FT17
3 150 4 §4F P
S 100 - y
P 5 .
0 , ; , ;
0

2 _ 4 6
Time (hours)

—FT7
FT8
FT9
FT10
FT11
—t— FT12
5350 N ——FT19
% 300 g FT20
B 250 | ) = FT21
g 200 P FT22
= 150 ———FT23
g 100 - - = = e FT24
@ s Y7
0 T T T T
0

4 6
Time (hours)

Figure 2 Swelling profiles of all BUP floating tablets with different swellable polymer combinations.

Note: Each point represents the mean values of three tablets +SD.
Abbreviations: BUP, bupropion; FT, floating tablet; SD, standard deviation.

hydrophilicity of polymers.?” The swelling index is used to
characterize the hydrophilicity of formulations and the
swelling ability of the polymers. The high swelling
index, viscosity, and gel-forming behavior of glucomannan
were displayed in the previous study.?® Also, it is estab-
lished that the hydrophilic and swellability properties of
the polymers affect the FLT.* We can conclude that the
swelling and gel-forming properties of glucomannan were
stronger than that of TKP polymer. This can be also
revealed when comparing (FT4 vs FT5), (FT14 and FT5
vs FT13), (FT20 vs FT22 and FT23) and (FT21 vs FT24).
Hence, as the amount of glucomannan was increased, the
FLT decreased and swelling index increased, indicating
that a high concentration of glucomannan is desirable to
achieve minimum FLT and maximum swelling profile.
Swelling index was higher for those tablet formulations
containing chitosan than for those containing HPMC
KI15M. This is due to the highly hydrophilic properties
of chitosan as a result of the existence of hydroxyl and
amino groups in the structure that have the ability to

interact with water molecules.*®

In vitro Release Study

The release of drug from the formulation plays an important
role in the drug delivery and in determining the therapeutic
effect of the medication. An in vitro drug-release study is

important to design and test the in vivo activity of drug
delivery systems.?! In vitro drug-release studies were done
to examine the suitability of using different hydrophilic
swellable polymers as a matrix for intra-gastric floating
drug delivery. Drug release study was conducted in acidic
medium (0.1 N HCI) since our objective was to formulate
a gastroretentive dosage form. The release study was per-
formed in 0.1 N HCI (pH 1.2) at 37 +0.1°C at 50 rpm.**
Release profiles of BUP from different FTs were presented
by plotting the percent cumulative amount of drug released
in 0.1 N HCI (pH 1.2) against time. The release pattern of
a formulation prepared using combinations of natural and
synthetic polymers usually generates better results as it
follows various mechanisms of release. The effects of dif-
ferent amounts and combinations of polymers on drug-
release properties are presented in Figure 3.

The formulations without xanthan in their composition
(FT1 and FT2), were not successful in giving sufficient
strength to achieve controlled drug release and reached
about 90% release in 2 h. This finding indicates the gel-
forming ability and high viscosity of the strong matrix
layer formed by xanthan that could lead to a reduction of
the effective diffusion coefficient of the drug resulting in
a decreased drug release into the dissolution medium.**-**

The release pattern of formulations with the highest
concentration of glucomannan was slower than the
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Figure 3 Release profiles of BUP from different swellable floating tablets and commercial Wellbutrin® tablet (Well.).

Note: Each point represents the mean values of three tablets +SD.

Abbreviations: BUP, bupropion; FT, floating tablet; Well., Wellbutrin® commercial tablet; SD, standard deviation.

formulations with the highest concentration of TKP in the
assumption that the concentration of other combining
polymers was fixed. This is owing to the high viscosity
and gel-forming ability of glucomannan that formed strong
and viscous gel gradually. This gel provides a strong pro-
tective matrix for controlling the release process.®

It seems that HPMC K15M-based formulations were
able to control the release of the drug to a higher extent
than that of chitosan-based formulations. This finding
could be attributed to the high viscosity and density of
HPMC K15M matrix that forms a rigid gel upon contact
with aqueous media so that it could control the delivery of
the highly water-soluble drug. Moreover, the higher
amounts of HPMC show a relatively slower erosion rate
of the gelled layer.*®

Statistical Analysis of the Mixture Design
I-Optimal Mixture Design has been used as an experimen-
tal design to analyze the influence of independent variables
the of the
Experimental design was applied for different concentra-

on properties drug delivery system.
tions of polymers to determine their effect on Friability %
(Y1), Floating lag time (Y,: FLT), Swelling index after 4

hours (Y3: Slyy), Swelling index after 8 hours (Yy4: Slgy),

as well as Percent of drug released after 1 h (Ys) and 8
h (Yy).

Model Fitting and Evaluation for the
Responses: Y|, Y5, Y3, Y4, Y5, and Y

The statistical analysis from the Design-Expert® software
indicated the quadratic model for both Y, Y,, Y5, and Y,
and the linear model for Y3, and Y as the best model. The
sequential p values were <0.0001 for all responses except
Y5 (0.0003), indicating the significance of the model. The
lack-of-fit was insignificant for the six models with
p values of 0.8991, 0.4985, 0.107, 0.3203, 0.0644, and
0.3019 for Y1, Ys, Y3, Y4, Ys, and Y, respectively. The
selected models also showed high R? values proving
strong correlation, good agreement between the adjusted
R? and the predicted R?, and an adequate precision more
than 4 indicating high signal-to-noise ratio, ie, adequate
signal. ANOVA analysis revealed that linear mixture com-
ponents have a significant effect on each response with
(p-value <0.05). Box-Cox plots were checked for any
suggested data transformations. Square root transformation
was suggested for Y; and Y,, while power transformation
was suggested for Y3 and Y,4. No outliers were found for
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any of the six models. Responses (Y5 and Yy) had no
transformations.

Polynomial equations in terms of coded factors for the
measured responses are used as the predictive model for
interpretation purposes. The coded equations are shown in
equations (2, 3, 4, 5, 6, and 7).

VY1 = +4.614+ 0.46B 4+ 1.25C — 4.88D — 2.85E
— 0.334B — 9.554C + 4.364D — 2.424E
— 1.51BC + 11.08BD + 3.85BE + 4.21CD
+4.63CE + 10.27DE ©)

VY= +6.644 +9.01B — 5.38C — 2.84D — 14.55E
+2.264B + 45.194C — 0.714D + 24.944F
+42.22BC — 37.35BD — 25.05BE — 41.39CD
— 11.97CE + 149.45DFE

A3)

(13)"® = +60.074 4 189.18B + 61.96C + 149.4D
— 46.08E (4)

(Y3)"® = +112.064 + 170.87B + 4.91C + 127.87D
+37.50E

6))

Ys = —3.094 + 113.15B 4+ 11.52C + 78.39D — 152.21E
— 126.44B + 115.554C — 78.794D + 129.384E
+127.75BC — 98.05BD + 51.52BE + 32.87CD
+278.93CE + 282.16DE

Q)

Yo = —136.214 + 302.508B — 47.81C + 94.69D
— 119.55E — 75.604B + 728.56AC + 326.424AD
+ 328.714F + 5.23BC — 322.63BD — 238.83BE
—70.57CD + 359.86CE + 339.59DFE

Q)

The magnitude and sign of the coefficients of the terms
in the polynomial equations are used to deduce the effect
of their respective terms.

Equation (2) illustrates the effect of the relative propor-
tion of the five studied factors on friability response (Y).
The main effect of chitosan (D) provides the largest potent
antagonistic on Y with a coefficient of (—4.88) as a result
of the high binder efficiency of chitosan and its role for
matrix formation that previously reported.®’

Equation (3) illustrates the effect of the relative propor-
tion of the five studied factors on FLT response (Y,). The
main effect of glucomannan (B) provides the largest potent
synergistic influence on (Y,) with a coefficient of (+9.01).
This could be due to the presence of an abundant hydroxyl

group on the saccharide units in the glucomannan struc-
ture. As a result, glucomannan could absorb water and
show an outstanding property of rapid swelling and high
gelling capacity, which is beneficial to the buoyancy abil-
ity of formulations.*°

Equation (4) illustrates the effect of the relative propor-
tion of the five studied factors on Sl (Y3). The main
effect of HPMC K15M (E) provides the only antagonistic
influence on (Y3) with a coefficient of (—46.08) possibly
due to the neutral cellulose groups.*

Equation (5) illustrates the effect of the relative propor-
tion of the five studied factors on Slg;, (Y4). All indepen-
dent variables (xanthan gum, glucomannan, TKP, chitosan,
and HPMC K15M) had significant positive coefficient
values (+112.06, +170.87, +4.91, +127.87, and +37.50),
respectively, on (Y4). The main effect of glucomannan
provides the largest potent synergistic influence on swel-
ling index percentage at 4 and 8 h due to the high swelling
index, viscosity, and gel-forming ability of glucomannan
that previously approved.®=?

Equation (6) illustrates the effect of the relative proportion
of the five studied factors on the drug release % after 1 h (Ys).
The main effect of HPMC K15M (D) provides the largest
significant antagonistic influence with a coefficient of
(—152.21). 1t is explained because HPMC hydrates rapidly
on the outer surface of the tablet to form a protective gel
layer which is critical to prevent wetting and rapid drug release
from the matrix;*' however, the release was generally depen-
dent on the other combined polymers. Additionally, the inter-
action between xanthan and HPMC K15M (AD) had a potent
antagonistic effect on (Ys) with a coefficient of (—78.79)
which is attributed to the intermolecular hydrogen-bonding
between them could occur.*?

Consistently, Equation (7) demonstrates the effect of
xanthan gum and HPMC K15M on the drug release %
after 8 h (Yy) as they had the large significant negative
coefficient values (—136.21, and —119.55), respectively.
This is attributed to the rigid matrix layer of floating
tablets containing a higher amount of xanthan and
HPMC K15M, in addition to the slow erosion rate of the

gel layer from these tablet matrices.**°

Optimization of the Obtained Data

After applying constraints (Table 1), the Design Expert®
v.7 software suggested an optimized formula to be pre-
pared whose overall desirability was 0.782. The optimum
formulation was 73.3 mg xanthan (A), 120 mg glucoman-
nan (B), 8.4mg tamarind kernel powder (C), 0 mg
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chitosan (D), 78.3 mg HPMC K15M (E). The predicted
responses of the suggested formula and corresponding
actual experimentally observed values were small demon-
strating the validity of the optimization process as shown
in Table 2. The contour plot represented in Figure 4
suggesting the optimization of the formulation and the
possible predicted values for all responses from the model.

Evaluation of the Optimized BUP Floating

Tablet Formula

Physical Characterization of Optimized Formula

The aforementioned procedure resulted in tablets with 11.0
+0.0 mm diameter and 5.41 +£0.2 mm thickness. The
average weight was 556.1 +£2.8 mg (n =10). Also, the
drug content uniformity of the optimized BUP tablet for-
mula was within the acceptance limit (102.4 £1.5%) and
exhibited an average hardness of 7.8 +£0.1 kg (n =6).
Concerning the release kinetics, criteria for selecting the
most appropriate model were based on best fit indicated by
the value of the regression coefficient (R%) near to 1. The
coefficient (R?) of optimized BUP FT indicated that the

A: Xanthan (mg)
201.787

Design-Expert® Software
Component Coding: Actual
All Responses

I1AOOO

0.000

X1 = A: Xanthan
X2 = B: Glucomannan
X3 = C: TKP

Actual Components
D: Chitosan = 0
E: HPMCK = 78.213

Peppas power law equation had the best fit to the experi-
mental data (R®> =0.997). The value for release exponent
(n) was 0.642, which indicates a non-Fickian diffusion
mechanism and that drug release was governed by both
diffusion and matrix erosion.

Consequently, these findings confirmed the competence
of the I-optimal mixture design to select the optimized
formula, which was able to achieve the desired bioavail-
ability and optimum buoyancy with maximum swelling
index.

Differential Scanning Calorimetry (DSC)

DSC is a tool used to examine the melting behavior of materi-
als and to investigate the crystalline or amorphous nature of
the drug within the developed formulations. It can be used to
identify the melting temperature, heat of fusion, glass trans-
mission and material purity or interaction. The incompatibil-
ities were detected by appearance, shift or disappearance of the
corresponding peaks. As demonstrated in Figure 5, the DSC
thermogram of pure BUP-HCI has one main prominent sharp
endothermic melting peak at about 222.83 C° (Tm, 213.9

A: Xanthan Gum (mg)
201.787

A: Xanthan Gum (mg)
201.787

201.787
B: Glucomannan (mg)

Friablity (%)
A: Xanthan Gum (mg)
201.787

0 201.787

C: TKP (mg)

201.787

A: Xanthan Gum (mg)
201.787

Prediction 11.8973)

=

B: Glucomannan (mg)

201.787
C: TKP (mg)

201.787 201.787
C: TKP (mg) B: Glucomannan (mg)

0

Swelling Index after 4 h (Sl 4h.) (%)
A: Xanthan (mg)
201.787

Floaing lag time (sec)
A: Xanthan Gum (mg)
201.787

Friabity 0 23]

0

201.787 201.787 501 787
B: Glucomannan (mg) C: TKP (M9) g: Glucomannan (mg)

Swelling Index after 8 h (Sl 8h.) (%)

0 201.787 201.787

Release after 1h. (%)

C: TKP (mg) B: Glucomannan (mg)

201.787
C: TKP (mg)

Release after 8h. (%)

201.787
B: Glucomannan (mg)

Overlay Plot

0 201.787

C: TKP (mg)

Figure 4 Contour diagram of relationship between three variables, (A) xanthan, (B) glucomannan, and (C) TKP, with actual components of chitosan (D) and HPMC KI5M

(E) to simultaneous prediction of all responses.
Abbreviations: TKP, tamarind kernel powder; HPMC, hydroxypropyl methylcellulose.
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Figure 5 Thermogram DSC of optimized BUP floating tablet (Opt. FT), drug, xanthan, glucomannan, TKP, and HPMC KI5M.
Abbreviations: DSC, differential scanning calorimetry; BUP, bupropion; Opt. FT, optimized bupropion floating tablet; TKP, tamarind kernel powder; HPMC, hydroxypropyl

methylcellulose.

onset to 2322 °C) with melting enthalpy (AHgs) =
326.92,116.8 J/g indicating its pure crystalline form.

Thermogram of xanthan gum was characterized by two
thermal events: the first endothermic centered at about
81.42°C, attributed to the loss of water associated with the
hydrophilic groups of the polymer, and the second exothermic
centered at about 282.7°C, corresponding to the thermal degra-
dation of xanthan. Meanwhile, broad peaks were observed at
97.84°C, and 112.84°C from the DSC thermogram of pure
glucomannan, and TKP, respectively, representing that the
melting transition of powders. The melting endotherm of exci-
pients is a broad peak demonstrating an excipient with compo-
nents of multiple thermal characteristics.

Also, DSC thermograms of HPMC KI15M exhibited
two broad endothermic peaks; the first peak was at about
72°C and the second peak was at about 237.80°C. It was
stated that the thermal analysis of cellulose exhibits an
endothermic effect above 100°C.**

The sharp endothermic peak of BUP was not changed in
the thermogram of optimized formula and the drug remained
in its intact crystalline form confirming the absence of inter-
action between the drug and excipients used in the formula-
tion. For further confirmation, the compatibility of the drug
with excipients would be investigated by the FTIR.

Fourier Transform Infrared Spectroscopy (FTIR)

IR spectroscopy was done to investigate the chemical inter-
action between drug and excipients. The FTIR spectrum of
pure Bupropion HCI showed the peaks at 1693 cm™' for
ketone (C=O stretch), 1558 cm ' for amide (N-H Out of
plane), 1458 cm ™' for aromatic (C-C stretch), 1238 cm™ ' for

alkyl halides (C-CI), and 902 cm ' for dialkyl amine
(R,NH).

All excipient spectrums showed a similar wideband
observed between 3030 —3700 cm " that could be attributed
to O-H stretching as well as the bands at between 2875 and
2935 cm ! that could be referred to stretching of aliphatic
hydrocarbon (C-H) groups. The FTIR spectra of xanthan
1415.75,
1065 cm™', whereas for glucomannan, the peaks were
detected at 1728.22, 1647.21, 875.68, and 806.25 em L.
The FTIR spectrum of TKP displayed main peaks at
1662.64, 1415.75, 1076.28, and 1029.99 cm™'. The FTIR
spectrum of HPMC displayed characteristic bands at about
1647, 1377, and 1064 cm ™.

The binding fingerprints of BUP-HCI were observed

gum showed absorption peaks at 1616.35,

unchanged in the FTIR spectrum of the optimized formula,
indicative of no changes in the chemical structure had
been occurring during the preparation process (Figure 6).

In vivo Studies
Radiographic Study
In vivo X-ray study was carried out on healthy human
volunteers to find the gastric residence time of the opti-
mized FT. The radiographic images revealed that the opti-
mized tablet could remain buoyant for 8-10 h and its
location in the stomach was continuously changed as
a function of time, suggesting that the optimized FT did
not adhere to the gastric mucosa as shown in Figure 7.
This difference in buoyancy time from in vitro studies may
be due to the introduction of a high-density radio-opaque agent
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Figure 6 FTIR spectra of optimized BUP floating tablet (a), drug (b), xanthan (c), glucomannan (d), tamarind kernel powder (e), and HPMC KI5M (f).
Abbreviations: FTIR, Fourier transform infrared spectroscopy; BUP, bupropion; HPMC, hydroxypropyl methylcellulose.

(4.48 g/em®) for radiographic examination and/or the waves of
the migratory motor complex in the gastrointestinal tract.
Additionally, the migratory myoelectric complex in the sto-
mach may greatly accelerate the migration of floating tablet
from the stomach through the small intestine. The migration of
the myoelectric complex has been reported to occur in normal
individuals about every 2 hours.**

Pharmacokinetic Study

Figure 8 represents the average plasma concentration-time
profiles after single oral administration of both marketed
Wellbutrin® sustained-release oral tablet and the optimized

floating tablet. Different pharmacokinetic parameters were
computed by fitting plasma concentration-time profiles to
noncompartmental analysis as shown in Table 3.
One-way ANOVA test was performed to compare the data
0f Crpax, AUC(g_72), AUC ¢, K¢ and T, obtained from two
treatments, while nonparametric Kruskal-Wallis test was
applied to analyze the T, data. Results revealed that the
mean peak drug concentration of optimized FT Cy,y (9.116
+2.821 ng/mL) was comparable with that of the commercial
product Wellbutrin® SR (10.931 £2.002 ng/mL) and no sta-
tistically significant difference (P >0.05) was detected.
Moreover, there was no significant difference (P >0.05) in
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Figure 7 X-ray radiographic images indicating the position of optimized floating tablet (BaSO4-loaded) in the abdomen of a human volunteer at different time intervals
(hours).

Note: The location of the tablet is represented with an arrow.
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Figure 8 Average plasma concentration-time profiles after single oral administration of both optimized bupropion floating tablets (Opt. FT) and commercial Wellbutrin® SR
tablets to human volunteers.

Note: Each point represents mean +SD (n=6).
Abbreviations: Opt. FT, optimized floating tablet; SR, sustained release; SD, standard deviation.
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Table 3 A) Mean Pharmacokinetic Parameters with ANOVA Analysis of BUP Obtained After Oral Administration of Wellbutrin® SR

and Optimized FT to Six Human Volunteers

A) Mean Pharmacokinetic Parameters
Chax (ng/mL) | AUCo_73) AUC .. K (1/h) T2 (h) Tmax
(ng.h/mL) (ng.h/mL)
Wellbutrin® 10.931 +2.002 226.864 £79.512 297.71 £131.042 0.024 +0.004 30.067 +7.068 3.167 +0.408
Optimized FT 9.116 £2.821 217.15 £89.31 277.957 +87.451 0.023 +0.007 32.707 +12.852 | 5 #0
B) ANOVA table of pharmacokinetic parameters
Statistical One-way ANOVA Independent-
test samples Kruskal-
Wallis test of
Tmax
Null H,: The means of parameters are the same for two treatments. No difference in the
hypothesis The alternative hypothesis here is that two treatments’ means differ medians of T,
across categories of
P-value (The significance level is 0.05)
treatment.
Chax (ng/mL) | AUCg_7; (ng.h/ [ AUC(q.) (ng.h/ Ke (1/h) Tin (h) Tmax
mL) mL)
Optimized | Commercial | 0.228 0.846 0.772 0.856 0.669 0.004 (Reject the
FT null hypothesis)

Note: Data are presented as mean +SD (n=6).

Abbreviations: ANOVA, analysis of variance; BUP, bupropion; SR, sustained-release; FT, floating tablet; C, ., peak plasma concentration; AUC, area under the curve; K,
elimination rate constant; T, time to reach maximum peak; h, hours; SD, standard deviation.

the terminal elimination rate constant, AUC 7, value, and
AUC o ) value between the two formulations.

The mean time to reach the peak concentration (T ,ax)
was a statistically significant difference (p <0.05) among
the two treatments. Compared to the marketed product, the
relative bioavailability (F) was found to be 96% referring
to AUC(_72). Therefore, the optimized floating tablet
exhibited the same extent of the commercial tablet with
an advantage of the delay in T,,.

Conclusion

The present research proposed a novel formulation using
a combination of natural and synthetic polymers to
develop a gastroretentive swellable floating tablet of
bupropion. This formulation was optimized to have
with
a controlled drug-release profile. The optimized tablets

excellent  buoyancy, maximum  swelling
had xanthan (73.3 mg), glucomannan (120 mg), tamar-
ind kernel powder (8.4 mg), chitosan (0 mg), HPMC
KI15M (78.3 mg) as gel-forming polymers. The in vitro
data were validated by in vivo radiographic imaging and
in vivo bioavailability study. Thus, the optimized swel-

lable floating tablets of bupropion may be a potential

candidate for use in cases of depression comorbid with
eating disorders.
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