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ABSTRACT

The objective of this study was to develop and optimize gastroretentive floating tablets of dapsone using
a Quality by Design approach to enhance therapeutic efficacy in leprosy treatment. The tablets were
prepared by direct compression using a 32 factorial design, with HPMC K15M (150—250 mg) and NaHCO;
(15—25 mg) as independent variables. The formulations were evaluated for compression parameters,
floating characteristics, and drug release profiles, with optimization focused on floating lag time (Y1)
and drug release at 12 hours (Y2) as key responses. Further studies assessed release kinetics, formulation
stability, and a comparison with a marketed product. The optimized formulation (RF3), composed of 150
mg HPMC K15M and 25 mg NaHCOs;, exhibited excellent flow properties (Carr’s index: 15.25%, angle
of repose: 26.84°), desirable floating behavior (lag time: 64 seconds, duration: 11.4 hours), and sustained
drug release (98.4% over 12 hours). The drug release followed the Higuchi model (R? = 0.9975)
with a non-Fickian transport mechanism (n = 0.75). Stability studies under accelerated conditions
(40 °C/75% RH for 6 months) confirmed drug content retention of 98.24% and a consistent release profile
(97.4% at 12 hours). Overall, the optimized gastroretentive floating tablet formulation demonstrated
satisfactory in vitro performance and stability, suggesting promising advantages over conventional dosage
forms through extended gastric retention and controlled drug release. While these findings support
the potential of this novel formulation for modified dapsone delivery, comprehensive in vivo studies are
necessary to validate its therapeutic benefits over existing therapies.
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and irregular treatment adherence, particularly in areas

1. Introduction

Leprosy remains a significant global health concern, with
over 200,000 newly detected cases annually, predominantly
in developing regions of Asia, Africa, and South America.
Dapsone, a key component of multidrug therapy (MDT),
faces several limitations when administered orally in tablet
form. However, conventional dapsone tablets are associated
with multiple pharmacokinetic and tolerability issues,
contributing to reduced treatment effectiveness and patient
adherence [1]. Additionally, leprosy imposes significant
economic burdens, with estimated costs ranging from $100
to $150 million annually. These include direct treatment
expenses, productivity losses, and expenditures related
to social rehabilitation [2]. Standard regimens that mandate
dapsone use often result in substantial fluctuations
in plasma drug levels throughout the day, potentially
increasing the risk of toxicity. Moreover, delayed diagnosis

with limited healthcare access, continue to drive disease
transmission in endemic regions [3].
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Fig. 1. Chemical structure of dapsone

Dapsone (4,4-diaminodiphenyl sulfone), shown in Fig. 1,
is one of the oldest and most effective antibiotics used in
leprosy treatment, having been widely adopted since the
launch of leprosy control programs in 1946 [3].
It is a synthetic sulfone with bacteriostatic activity,
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a molecular weight of 248.3 Da, and a log P value of 0.97.
Published data indicate an oral absorption rate of 70—85%
and an elimination half-life of 20—30 hours [4]. In addition
to its antimicrobial effects, dapsone also exhibits anti-
inflammatory activity, making it useful in other dermatological
conditions. However, modern formulation science has
revealed challenges in the physicochemical stability of
dapsone, necessitating improved drug delivery strategies [5].

Gastroretentive drug delivery systems (GRDDS) have
emerged as an innovative approach to improve drug
bioavailability and therapeutic efficacy. These systems
utilize hydrophilic polymers and gas-generating agents
to enable the dosage form to float in the stomach
for prolonged periods, thus enhancing gastric retention
and enabling sustained drug release. This strategy addresses
limitations in traditional formulations, such as erratic drug
release, high dosing frequency, and suboptimal
bioavailability [6].

Despite the extensive research on gastroretentive
systems, dapsone has not been previously formulated
as a gastroretentive floating tablet using a Quality by Design
approach. Current dapsone therapy in leprosy treatment
faces significant challenges, including poor aqueous
solubility, gastrointestinal irritation, variable bioavailability,
peak-related side effects, and poor patient compliance,
particularly in resource-limited settings where leprosy is
endemic [7]. While gastroretentive systems have been
developed for various drugs, the specific combination of
dapsone's physicochemical properties (molecular weight
248.3 Da, log P 0.97, half-life 28 hours) with an HPMC K15M
matrix has not been systematically optimized for sustained
gastric retention. The novelty of this work lies in:
(1) the first application of QbD methodology to dapsone
gastroretentive formulation, (2) the systematic optimization
of the HPMC K15M-NaHCO; combination specifically
for dapsone's unique properties, (3) the development
of a sustained-release system designed to deliver the drug
over 12 hours, aiming to maintain consistent plasma levels
and improve therapeutic efficacy in leprosy management,
and (4) the development of a GRDDS for dapsone that is
scientifically justified, not for extending dosing intervals,
but for optimizing its therapeutic performance
and minimizing dose-dependent toxicity. The rapid progress
in polymer science has ensured that the matrices in use can
be designed to have structural stability as well as the ability
to deliver the drug over 12—24 hours. The floating tablets
showed enhanced stability in gastric condition compared
with the regular formulations and in vitro studies proved
that the drug release characteristics and the floating time
exceeded 12 hours [8].

The objective of the present work is to design and evaluate
gastroretentive floating tablets containing dapsone for the
improved management of leprosy. This would involve
determining the floating characteristics and drug release
profile, assessing the effects of formulation factors on the
performance of the tablets, and the biopharmaceutical
evaluation and setting up of the in vitro correlation. This
research aims to develop strategies for enhancing dapsone
therapy, where existing challenges are addressed,
especially regarding formulation, without compromising
cost and scalability.
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2. Materials and Methods
2.1. Materials

Dapsone (USP grade, 99.9% purity) was procured
from Sciquaint Innovations Private Limited (Pune, India).
Hydroxypropyl methylcellulose (HPMC K15M,
pharmaceutical grade) and sodium bicarbonate (NaHCOs,
analytical grade, 99.5% purity) were obtained
from Research Lab Fine Chem Industries (Mumbai, India).
Polyvinylpyrrolidone (PVP K30, pharmaceutical grade)
and magnesium stearate (USP grade) were sourced from
Merck Limited (Mumbai, India). Microcrystalline cellulose
(MCC PH102, pharmaceutical grade) and talc (USP grade)
were purchased from Sciquaint Chemicals (Pune, India).
All other chemicals and reagents used in the study were
of analytical grade and used as received without further
purification.

2.2. Methods
2.2.1. Calibration Curve of Dapsone

Ethanol was selected as the solvent for determining
dapsone spectral characteristics due to its better solubility
and stability compared to acidic media. A total of 10 mg
of pure dapsone was accurately weighed and transferred
to a 100 mL (100 pg/mL) volumetric flask, dissolved
with ethanol, and made up to the mark. 1.0% ethanol
in sterile water was used for preparing the stock solution
of dapsone at a concentration of 100 pg/mL.
Using the prepared stock solution of 100 pg/mL, a dilution
procedure was performed by withdrawing different
volumes (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mL) of the standard
solution, transferred into six sets of 10 mL volumetric
flasks, and then made up to volume with ethanol, which
led to the preparation of working standard solutions
containing concentrations ranging from 5 to 30 pg/mL.
The absorbance of each solution was measured at Amax
of 293 nm using a Shimadzu UV-1800 spectrophotometer,
as per literature standards [9]. The UV spectrophotometric
method was validated according to ICH Q2 (R1) guidelines.
Linearity was established with a coefficient
of determination (r2) of 0.9971 across the concentration
range of 5—30 pg/mL. Precision studies showed a relative
standard deviation (RSD) < 2% for both intraday and interday
measurements (n = 6). Accuracy was determined by
recovery studies at 80%, 100%, and 120% levels, showing
amean recovery of 98.5-101.2%. The method
demonstrated specificity with no interference from
excipients at the analytical wavelength.

2.2.2. Fourier Transform Infrared (FTIR) Spectroscopy

Fourier Transform Infrared Spectroscopy (FTIR) studies
were conducted using a Perkin Elmer Paragon 1000 FTIR
spectrometer equipped with an attenuated total
reflectance (ATR) accessory. Samples of pure dapsone
and the optimized formulation were measured in the range
of 4000 to 400 cm™' at a resolution of 4 cm™" with
32 cumulative scans. The samples were deposited directly
onto the ATR crystal and analyzed at an ambient
temperature of 25 + 2 °C. The obtained spectra were
evaluated for characteristic absorption frequencies
to identify any possible physical interactions between
the drug and excipients [10,11].



2.2.3. Differential Scanning Calorimetry (DSC)

Differential  Scanning Calorimetry analysis was
performed using a Shimadzu DSC-60 thermal analyser
(Japan). Pure dapsone ranging from 5—8 mg was weighed,
placed in aluminium pans, and subsequently mixed with
appropriate samples as well as physical mixtures.
The samples were heated starting from 25 °C up to 300 °C
with a scanning rate of 10°C/min, with a nitrogen gas flow
rate of 50 mL/min. A reference material in the form
of an empty aluminium pan was also used. Thermal studies
were conducted by DSC in order to determine thermal
properties and possible incompatibilities in terms of peak
temperature, onset temperature, and enthalpy changes
(AH) [12,13].

2.2.4. QbD Approach for Formulation Design

The formulation optimization was performed using
a Quality by Design (QbD) approach employing a 32 full
factorial design. Two independent variables were selected:
X1 (HPMC K15M concentration, 150—250 mg) and X, (NaHCO;
concentration, 15—25 mg), each evaluated at three levels
coded as -1 (low), 0 (medium), and +1 (high). The dependent
variables (responses) studied were Y, (floating lag time
in seconds) and Y, (percentage drug release at 12 hours).
Design-Expert® software (Version 12, Stat-Ease Inc.,
Minneapolis, USA) was used for the experimental design,
data analysis, and optimization process (Table 1 and Table
2) [14]. Quality by Design (QbD) is a systematic
pharmaceutical development approach, emphasizing
product understanding through sound science and risk
management. Critical Quality Attributes (CQAs), such as
floating lag time and drug release at 12 hours, were defined
as measurable properties ensuring desired product quality.
The Design Space represents the validated combination
of input variables (HPMC K15M and NaHCO; concentrations)
providing quality assurance.

Responses were modeled using the following polynomial
equation:

Y =Bo + B1X1 + B2X2 + B12X1Xz2 + B11X12 + B22X22.......... (1)

Where: Y = Measured response, B, = Arithmetic mean
response, By, B, = Coefficients of factors X; and X,, By, =
Coefficient of interaction between X; and X;, By, By, =
Coefficients of quadratic terms X;, X, = Independent
variables.

Table 1. 32 Factorial Design for gastroretentive floating
tablets of dapsone.

Independent Variables

Level (mg)
Label Factors Low ;
Medium High
) (+)
A HPMCK15M 150 200 250
(mg)
B NaHCO; (mg) 15 20 25
Dependent Variables
Y1 Floating Lag Time (seconds)
Y2 % Drug Release at 12 hours
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2.2.5. Preparation of Gastroretentive Floating Tablets

Gastroretentive floating tablets were prepared using
the direct compression technique based on the 32 factorial
design [15]. Nine formulations (RF1—RF9) were developed
with varying concentrations of HPMC K15M (150—250 mg)
and NaHCO; (15—25 mg). Dapsone (100 mg) was first
blended with HPMC K15M and NaHCO; using a mortar
and pestle for 5 minutes to ensure homogeneous mixing.
PVP K30 (10 mg) was added and mixed for 3 minutes,
followed by the incorporation of microcrystalline cellulose
as a diluent. Magnesium stearate (5 mg) and talc (5 mg)
were finally added and blended for 2 minutes [16].
The powder blend was evaluated for pre-compression
parameters before compression using a 10-station rotary
tablet machine (Rimek Mini Press-1) with 12 mm flat
punches. Compression conditions were maintained at 25 + 2°C
temperature and 55% + 5% relative humidity. Each tablet
weighed 450 mg with a hardness of 5—6 kp. Each batch
contained 10 tablets, and three batches were prepared for
each formulation to ensure reproducibility. Prepared
tablets were stored in sealed containers at ambient
conditions (25 + 2°C) away from light until evaluation [17].

2.2.6. Pre-Compression Parameters
2.2.6.1. Bulk Density and Tapped Density

The bulk and tapped densities were measured using
a digital tap density tester (Tyrlon Electrolab ETD-1020,
Mumbai, India). For determination of the bulk density, 10 g
of the accurately weighed powder blend was gently filled
into a 100 mL graduated cylinder. The amount of the powder
taken was determined volumetrically, and the volume
occupied was recorded as the bulk volume (V,) [18]. For
tapped density, the cylinder was mechanically tapped on
the density tester at a tapping rate of 300 drops per minute
to a drop height of 14 + 2 mm until no further change in
volume was observed (about 500 taps). The final volume,
denoted by Vt, is considered. All experiments were done
in triplicate (n = 3) under room temperature (25 + 2°C).
Bulk and tapped densities were calculated using the
following equations [19]:

Bulk density (pb) = Weight of powder (M) / Bulk volume
(Vo) ..(2)

Tapped density (pt) = Weight of powder (M) / Tapped
volume (Vt) 3)

2.2.6.2. Compressibility Index and Hausner Ratio

To evaluate the flow properties of the powder blend,
Carr’s Compressibility Index and Hausner ratio were
calculated based on the bulk and tapped density values
[20]. These parameters were set as per USP standards. All
the tests were performed in triplicates (n = 3) and the data
were represented as mean values [21].

Carr's Index (%) = [(pt - pb) / pt] x 100........... (4)
Hausner Ratio = pt/pb.. ..(5)

Where: pt = Tapped density, pb = Bulk density
2.2.6.3. Angle of Repose

The angle of repose was measured using the fixed
funnel method. A glass funnel was placed with the tip
of 2.5 cm above the graph paper lying on a flat table.
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Table 2. Formulation composition of gastroretentive floating tablets of dapsone.

Sl T R
RF1 100 150 15 10 5 5 165 450
RF2 100 150 20 10 5 5 160 450
RF3 100 150 25 10 5 5 155 450
RF4 100 200 15 10 5 5 115 450
RF5 100 200 20 10 5 5 110 450
RF6 100 200 25 10 5 5 105 450
RF7 100 250 15 10 5 5 65 450
RF8 100 250 20 10 5 5 60 450
RF9 100 250 25 10 5 5 55 450

The powder blend was poured through the funnel in such
a way that the top of the conical heap touched the funnel
spigot [22]. The diameter of the base of the powder cone
was determined and used in calculating the angle of repose
(0). The test was carried out in triplicate (n = 3) under
ambient conditions of a temperature of 25 + 2°C
and a relative humidity of 55 + 5% [23].

Angle of Repose (8) = tan™ " (h/r)ecceeeeececccncnnee 6)

Where: h = Height of powder cone, r = Radius of powder
cone base.

2.2.7. Post-Compression Parameters
2.2.7.1. Weight Variation

Weight variation testing was carried out using the USP
procedure. Twenty samples were taken. Tablet weight was
determined randomly from each batch, using an analytical
balance (Shimadzu AUW220D, Japan) with a least count
of 0.1 mg [24]. The averages and variances were also
determined and then the calculation of the mean weight and
standard deviation was made. The test was carried out in the
environmental chamber at room temperature (25 + 2 °C) and
relative humidity (55 + 5%) [25].

2.2.7.2. Thickness and Diameter

The thickness and diameter of tablets (n = 10) were
measured using a digital vernier caliper (Mitutoyo CD-6" ASX,
Japan) with an accuracy of 0.01 mm. Measurements were
taken at room temperature (25 + 2 °C), and mean values
were calculated along with standard deviation [26].

2.2.7.3. Hardness

The hardness of the tablets was assessed using
the Monsanto hardness tester (procured from Mumbai,
India). Ten randomly chosen tablets in each batch were
tested to determine the force in kiloponds (kp) necessary
to break them. In order to do so, the mean crushing strength
of the sample and the standard deviation were computed.
The studies were performed at room temperature (25 + 2 °C)
and relative humidity (55 + 5%) [27].

2.2.7.4. Friability

The friability test was carried out in a Roche friabilator
(made in Mumbai, India) according to United States
Pharmacopoeia (USP) standards. Twenty tablets (W,),
which had been weighed earlier, were then placed into
the friabilator and subjected to 25 rpm for 4 minutes or

-4 -

100 rotations [28]. The tablets were then removed
and cleaned off by gently brushing to get rid of the dust,
and were weighed again (W.). The percentage friability
was determined by dividing the weight loss after three
cycles of agitation against by the initial weight
of the tablets and expressed in percentage [29].

Friability (%) = [(W1 - W2) / W1] x 100...ccccrsererrurennene (7)
2.2.7.5. Drug Content Uniformity

The United States Pharmacopoeia (USP) sets standard
guidelines for drug content uniformity. Ten tablet samples
were taken randomly, and each of them was pulverized
in a separate container. The weighed amount of each
powdered tablet was accurately placed in a 100 mL
volumetric flask containing 0.1 N HCL [30]. It was then
separated by sonication for 15 minutes, and the solution
was filtered through a Whatman cellulose acetate
membrane filter with a pore size of 0.45 pm.
The concentration of dapsone was determined using
a validated spectrophotometric method at a wavelength
of 293 nm (Shimadzu UV-1800, Japan). The percentage
drug content was calculated by comparing the actual drug
content with the theoretical drug content (100 mg per
tablet) using the following formula [31]:

Drug content (%) = (Actual drug content)/(Theoretical
drug content) x 100 ..(8)

2.2.7.6. Floating Lag Time and Duration

Evaluation of floating characteristics was done with the
help of a dissolution test using USP dissolution apparatus I
(Electrolab TDT-08L, Mumbai, India). This was done by
placing a tablet in 900 mL of 0.1 N HCl solution at 37 + 0.5 °C
with a paddle rotation speed of 50 rpm [32]. The time
taken for the tablet to rise to the surface, up to the time
it floats and the time it remained floating, were measured.
The test was conducted three different times in duplicate
(n = 3) for each formulation [33].

2.2.7.7. In Vitro Drug Release Study

The in vitro drug release experiments were conducted
using USP dissolution apparatus type Il (paddle method)
under non-sink conditions (Electrolab TDT-08L, Mumbai,
India). The weight of each formulation was taken
per tablet by placing one tablet into 900 mL of 0.1 N HCl
maintained at 37 + 0.5 °C while the paddle rotation speed
was 50 rpm. The samples (5 mL) were taken at specified
time points (0, 1, 2, 4, 6, 8, 10, and 12 hours),



and an equivalent volume of the dissolution media was
added back into the dissolution vessel to maintain sink
conditions. The samples were further filtered using
Whatman® filter paper with a pore size of 0.45 pm,
and the concentration of the drug was determined
at a wavelength of 293 nm using a UV spectrophotometer
(UV-1800 Shimadzu, Japan). The drug release profiles were
determined by measuring the cumulative percentage
of the drug released, and the experiments were performed
thrice for each sample (n = 3). The findings are presented
as mean + SD [33,34]. For comparative studies, marketed
dapsone tablets (Brand: Dapsone-100, Generic Pharma Ltd.,
India) containing 100 mg dapsone were used as a reference
standard. Similarity factor (f;) and difference factor (f,)
were calculated using the following equations:

fi={[Zt=1" |Rt- Tt|] / [Zt = 1" Rt]} x 100
f2 =50 x log{[1 + (1/n) It = 1" (Rt - Tt)2]70-5 x 100}...(9)

Where Rt and Tt are the percentages dissolved at time
t for reference and test products, respectively.

The data on drug release were analyzed by multiple
models including zero-order (amount of drug released
vs time), first-order (log percentage of drug remaining
the vs time), Higuchi (amount of drug released vs square
root of time), and Korsmeyer-Peppas models (log amount
of drug released vs log the time). Since the data were
skewed, nature of the data means that its distribution is not
normal, the models were checked to identify the best fit
with the help of the coefficient of determination (R?).
In accordance with the Korsmeyer-Peppas model,
the release exponent (n) was computed to predict
the mechanism of release. The following equations were
used for the purpose of the analysis [35]:

Zero-order: Qt = Qo + Kot

First-order: In(Qt) = In(Qo) + K1t

Higuchi: Qt = KH/t

Korsmeyer-Peppas: Mt/M= = Kt N......ccceeeeeerervrrrnuenne .(10)

Where: Qt = 34 Amount of drug released in time t, Qo =
Initial amount of drug, K,, K;, KH, K = Release rate
constants, n = Release exponent, Mt/M= = Fractional release
of drug.

2.2.7.8. Accelerated Stability Studies

These accelerated stability studies were done
in accordance with ICH Q1A (R2) guidelines. The optimized
formulation was then filled in high-density polyethylene
(HDPE) bottles and exposed to 40 + 2 °C and 75 + 5% RH
in the stability chamber (Thermo Lab, Mumbai, India) for
six months. Samples were taken at 0, 1, 3, and 6 months
of the study, and parameters included physical
characteristics, drug content, floating profile, and in vitro
drug release assessment.
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The parameters of floating lag time, the total duration
of floating, and cumulative percent of drug released were
higher in the modified formulation as compared to the
initial value. All the stability parameters were analyzed for
variances using repeated measures ANOVA followed by
Dunnett’s test at the initial time and other time intervals
(p < 0.05) [36].

3. Results

3.1. Calibration Curve of Dapsone

1.4
y=0.0377x+0.0181
12 R*=0.9971

1

S,
=)

Absorbance
o
2]

.
=

0.2

0 5 10 15 20 25 30 35
Concentration (pg/ml)

Fig. 2. Calibration curve of dapsone in ethanol.

A validated calibration curve for dapsone in ethanol
(Fig. 2) demonstrated excellent linearity over
the concentration range, with a regression coefficient
of determination (rz) of 0.9971, satisfying ICH Q2 (R1)
validation criteria. The regression equation was found
tobe y = 0.0377x + 0.0181, indicating a strong linear
relationship between concentration and absorbance.

3.2. FTIR Analysis

The FTIR spectroscopic analysis was conducted
to evaluate  potential  drug-excipient interactions
in the formulation. The FTIR spectrum of pure dapsone
(Fig. 3) exhibited characteristic peaks at 3739.68, 3661.13,
and 3614.41 cm™' (0O-H/N-H stretching), 3552.50 cm™" (N-
H stretching), 2918.38 cm™' (C-H stretching), 2382.51 and
2311.55 cm™ (5=0 stretching), 1694.21 cm™'
(C=0 stretching), 1452.37 cm™" (C=C aromatic stretching),
1016.42 cm™" (S=0 symmetric stretching), and 878.54 cm™'
(C-S stretching). The FTIR spectrum of the physical mixture
(Fig. 4) exhibited similar characteristic peaks at 3858.49,
3741.18, and 3614.32 cm™' (O-H/N-H stretching), 3555.33
and 3394.18 cm™' (N-H stretching), 2918.16 cm™"' (C-H
stretching), 2380.32 and 2311.52 cm™' (S=O stretching),
1701.13 cm™" (C=0 stretching), 1452.24 cm™' (C=C aromatic
stretching), 1014.97 cm™" (5=0 symmetric stretching), and
878.96 cm™' (C-S stretching). The characteristic peaks of
dapsone were preserved in the physical mixture, with
minor shifts in wave numbers (<10 cm™), suggesting
possible weak physical interactions but no major chemical
incompatibility between the drug and excipients.
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Fig. 3. FTIR spectrum of (A) dapsone and (B) physical mixture (drug + excipients) of formulation DF3.




3.3. DSC Analysis

The DSC thermogram profile was further used
to describe the thermal characteristics and relationship
between the excipients and the medication. Based on Fig. 4,
it was observed that the DSC thermogram of pure dapsone (4A)
showed an endothermic peak centered around 177.73 °C,
which implies that it is a crystalline substance and that the
peak corresponds to its melting point. The DSC thermogram
of the physical mixture has two peaks of endothermic
transition with temperature of 178.99 °C and 189.24 °C,
respectively. The minor shift in dapsone's melting point to
178.99 °C in the physical mixture (Fig. 4B), accompanied by
peak shape preservation, suggests possible weak physical
interactions with excipients rather than major chemical
incompatibility. The observed minor shifts in FTIR peaks
(<10 cm™") and DSC melting point (<2 °C) are within
acceptable limits for pharmaceutical formulations
and typically indicate weak physical interactions such
as hydrogen bonding or van der Waals forces rather than
chemical incompatibility. These minor changes do not
compromise drug stability or formulation integrity,
as evidenced by consistent drug content and release profiles.

3.4. Results of  Pre-compression Parameters

of Gastroretentive Floating Tablets

Pre-compression parameters of all formulations' powder
blends (RF1-RF9) were identified, and Table 3 provides
a summary of the findings. The average bulk density was found
to be between 0.382 + 0.035 and 0.432 + 0.024 g/cm3, while
for tapped density, it was obtained between 0.475 + 0.028
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and 0.508 + 0.021 g/cm3. Carr's index of flow of powder
was established to be within a range of 14.43 + 1.25% and
19.58 + 2.05%, while the Hausner ratio range was 1.17
0.03 to 1.24 = 0.07. The results of the angle of repose
ranged between 25.42 + 2.15° and 30.24 + 2.76°. Thus,
while enhancing the HPMC K15M concentration
in the formulation from RF1 to RF9, it is evident that
the flow properties are gradually affected systematically,
though all the formulations were found to meet the USP
standards for flow. Carr's index was low in formulations RF1
and RF2 (14.43%) and Hausner ratio in formulations RF1 and
RF2 (1.17), but was relatively high in formulation RF9
(19.58 and 1.24, respectively) all of which fell within
the good flow range.

3.5. Results of Post-compression Parameters

The parameters of gastroretentive floating tablets
prepared for post-compression analysis are shown in Tables
4 and 5. The physical characteristics (Table 4) indicated
that all the formulations have acceptable weight variation
in the range of 449.6 + 4.15 to 451.6 + 2.76 mg, and thickness
in the range of 4.12 + 0.15 to 4.24 + 0.19 mm. The diameter
was also consistent throughout all compositions,
representing good die filling (12.01-12.03 mm). Tablet
hardness rose from 5.2 + 0.6 to 6.3 + 0.9 kp with the
enhancement in HPMC K15M percentage, with friability
ranging from 0.62% - 0.41%, proving good mechanical
strength. The drug content and floating characteristics shown
in Table 5 indicated that all the formulations possessed
reasonable drug content ranging from 96.72 + 3.12% to
98.65 + 2.48%.
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Fig. 4. DSC Spectrum of drug dapsone (A) and physical mixture (B).
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Table 3. Pre-compression parameters of powder blends for gastroretentive floating tablets of dapsone.

F. Code Bulk Density (g/cm3) Tapped Density (g/cm3) Carr's Index(%) Hausner Ratio Angle of Repose (°)
RF1 0.421 £ 0.015 0.492 + 0.018 14.43 £ 1.25 1.17 £ 0.03 25.42 £+ 2.15
RF2 0.432 +0.024 0.508 + 0.021 14.96 + 1.68 1.18 + 0.04 26.15 +2.48
RF3 0.428 + 0.018 0.505 + 0.026 15.25 £ 1.92 1.18 £ 0.05 26.84 + 1.94
RF4 0.415 + 0.031 0.495 + 0.019 16.16 + 1.45 1.19 £ 0.03 27.35 +2.67
RF5 0.408 + 0.027 0.489 + 0.023 16.56 + 1.78 1.20 + 0.04 27.92 +2.21
RF6 0.402 + 0.025 0.485 + 0.017 17.11 £ 1.53 1.21 + 0.06 28.45 +2.85
RF7 0.395 + 0.029 0.482 + 0.022 18.05 + 2.14 1.22 £ 0.05 29.16 £ 2.42
RF8 0.388 + 0.033 0.478 + 0.025 18.83 + 1.87 1.23 £ 0.04 29.85+3.18
RF9 0.382 + 0.035 0.475 + 0.028 19.58 +2.05 1.24 £ 0.07 30.24 £ 2.76

Values are expressed in Mean + SD, n =3

Table 4. Physical parameters of gastroretentive floating tablets of dapsone.

F. code Weight Variation (mg)* Thickness (mm) Diameter (mm) Hardness (kp) Friability (%)**
RF1 450.8 + 3.42 4.12 £ 0.15 12.02 + 0.08 5.2+0.6 0.62
RF2 451.2 +2.89 4.15+0.12 12.01 £ 0.11 5.4+0.7 0.58
RF3 449.6 + 4.15 4.14+0.18 12.03 £ 0.09 5.3+0.5 0.65
RF4 450.5 + 3.67 4.18 £ 0.11 12.02 + 0.07 5.6 £ 0.8 0.53
RF5 451.4 +2.94 4.20 £ 0.14 12.01 £ 0.12 5.8+0.6 0.49
RF6 449.8 + 3.85 4.19 +0.16 12.02 £ 0.10 5.7+0.7 0.51
RF7 450.2 + 3.21 4.22 +0.13 12.03 £ 0.06 6.1+0.5 0.44
RF8 451.6 +2.76 4.24+0.17 12.02 £ 0.13 6.320.9 0.41
RF9 450.4 £ 4.12 4.23:0.19 12.01 + 0.08 6.210.6 0.43

Values are expressed in mean + SD, n = 3, *n = 20, **n = 10 tablets used for single test

Table 5. Drug content and floating characteristics of gastroretentive floating tablets of dapsone.

F Code Drug Content (%) Floating Lag Time (seconds) Total Floating Duration (hours)
RF1 96.85 + 2.34 851+6.8 10.2 £ 0.7
RF2 97.42 +2.67 72+5.2 10.8 £ 0.9
RF3 98.26 +2.15 64+ 4.8 11.4 £ 0.6
RF4 97.94 +2.89 94+7.3 11.8 £ 0.8
RF5 96.72 + 3.12 82:6.1 12.2 £ 1.1
RF6 98.65 +2.48 75+5.7 12.8 £ 0.7
RF7 97.16 +2.95 108 + 8.5 13.5+£1.2
RF8 98.48 +2.76 96 + 6.9 14.2 £ 0.9
RF9 97.35+3.24 88:7.4 14.8 £ 1.0

Values are expressed in mean + SD, n = 3.

The floating lag time was measured to range from
64 + 4.8 to 108 + 8.5 seconds, and formulation RF3 recorded
the shortest lag time of floatation (of 64 seconds).
Total floating duration increased as the concentration
of the polymer increased, ranging between 10.2 + 0.7
to 14.8 + 1.0 hours. Formulation RF3 achieved the best
floatation characteristics, where the lag time of the floating
system was 64 seconds and the floating period was 11.4 hours,
with satisfactory mechanical strength and drug content
homogeneity. Statistical analysis using one-way ANOVA
revealed significant differences between formulations for
floating lag time (F = 12.45, p < 0.001), drug content (F = 8.67,
p < 0.01), and floating duration (F = 15.23, p < 0.001).
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3.6. Optimization of Formulation
3.6.1. Effect of Variables on Floating Lag Time (Y1)

The results revealed that both independent variables
impacted the floating lag time of the formulations based
on the quadratic model, as can be observed in Tables 6 and 7.
The regression model was highly significant with an
adjusted R? value of 0.9984 (Table 6) and F statistics
calculated as 1015.92, and the significance was <0.0001.
From the polynomial equation (9), it was clear that the
factor HPMC K15M (A) had an apparent and positive impact
(+ 11.83) on floating lag time, whereas NaHCO; (B) appeared
to have a negative impact (-10.00). From Figures 5A & 5B,
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Table 6. Summary of regression analysis for response variables Y; and Y,.

Resp-onse Model R? Adjusted R? Predicted F-value p-value
Y, Quadratic 0.9984 0.9929 1015.92 < 0.0001
Y, 2FI 0.9995 0.9990 5600.77 < 0.0001

Table 7. ANOVA Results for Response Variables.

Source Sum of Squares df Mean Square F-value p-value Significance

Floating Lag Time (Y3)

Model 1458.035 5 291.611 1015.92 < 0.0001 significant
A-HPMC K15M 840.17 1 840.17 2927.03 < 0.0001 significant
B-NaHCO3 600.00 1 600.00 2090.32 < 0.0001 significant
AB 0.2500 1 0.2500 0.8710 0.4195 not significant
A? 6.72 1 6.72 23.42 0.0168 significant
Drug Release at 12h (Y3)
Model 229.633 3 76.54 5600.77 < 0.0001 significant
A-HPMC K15M 204.17 1 204.17 14939.02 < 0.0001 significant
B-NaHCO3 25.22 1 25.22 1845.00 < 0.0001 significant
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Fig. 5. Response surface and contour plots for gastroretentive floating tablets of dapsone optimization using 32 factorial
design: (B) Three-dimensional response surface plot showing the combined effect of HPMC K15M (150-250 mg) and NaHCO;
(15-25 mg) concentrations on floating lag time (Y, seconds); (A) Two-dimensional contour plot of floating lag time
with optimized region highlighted; (D) Response surface plot depicting the influence of both variables on percentage drug release
at 12 hours (Y3); (C) Contour plot for drug release response showing the optimal formulation space for RF3 (150 mg HPMC K15M,
25 mg NaHCO3).

interaction term AB did not reach the level of significance
at p = 0.4195 as indicated in Table 7. Final regression
equations for floating lag time (y;) in terms of coded

as the concentration of HPMC K15M was increased from 150
to 250 mg, the floating lag time also increased, while
the higher concentration of NaHCO; of 15—25 mg reduced

the lag time. As for the coefficients, A2 and B2 were defined factors:
as statistically meaningful (p < 0.05), indicating a nonlinear Floating Lag Time (Y1) = 82.11 + 11.83A - 10.00B +
relationship between the variables; further, the specified 0.2500AB + 1.83A? + 2.33B? (11)

9.



3.6.2. Effect of Variables on Drug Release at 12 hours (Y2)

The amount of drug released for 12 hours showed a good
relationship with both variables and was appropriately
described with a 2Fl model (Table 6) and had an R? adjusted
value = 0.9995, F = 5600.77, signifying p < 0.0001 as
indicated in Table 7. Upon solving the polynomial equation
depicted in Equation 1 it was evident HPMC K15M, had a
highly significant negative regression coefficient (-5.83)
towards the drug release, while NaHCOs had a positive
regression coefficient (+ 2.05). The response surface and
contour plots (Fig. 5C and 5D) demonstrate that drug
release at 12 hours follows a predictable pattern: higher
HPMC K15M concentrations create stronger matrix barriers,
reducing release rates, while increased NaHCO3; enhances
gas generation, improving drug dissolution and release
kinetics. The results also revealed a significant interaction
between the two predictors (AB) = 0.0001, which showed
that the impact of a particular factor on drug release
depends on the level of the other factor.

The model was good at predicting, with a R? predicted
value of 0.9990.

Final regression equations in terms of coded factors:

Drug Release at 12 hours (Y2) = 90.70 - 5.83A + 2.05B +
0.2500AB . (12)

The response surface analysis reveals the optimization
space where formulation RF3 (150 mg HPMC K15M, 25 mg
NaHCOs) represents the optimal compromise between rapid
floating (minimal lag time) and extended-release duration.
The contour plots indicate this region provides maximum
desirability by balancing competing responses within the
experimental design space.

3.6.3. Model Validation and Diagnostic Analysis

Model adequacy was assessed through residual analysis
and diagnostic plots. Normal probability plots of residuals
showed acceptable linearity (R?2 = 0.94 for Y;, R? = 0.91
for Y,), indicating reasonable model assumptions. Residual
vs. predicted plots revealed some scatter around the zero
line, with few outliers, suggesting adequate but not perfect
model fit. Cook’s distance values were below 1.0 for all data
points, indicating no influential outliers. The adequate
precision ratio was 12.4 for Y; and 15.2 for Y,, both above
the minimum threshold of 4, confirming acceptable signal-
to-noise ratios for the models.

3.6.4. Optimization of Statistical Model

Out of all the nine formulations, it was identified that
the formulation containing HPMC K15M 150 mg and NaHCO;
25 mg was predicted to give the optimal response with
a desirability value of 0.996 by using statistical
optimization. Thus, the optimized formulation (RF3) was
prepared, and the precision from the theoretical model was
checked. Table 8 revealed that the experimental results
were in close proximity to the predicted results with
the prediction errors fewer than 0.5 % for both responses.
Therefore, the optimization process was accurate, with
a floating lag time of about 64 sec, and the amount of drug
released at 12 hours of about 98.4%, which was close
to the theoretical values of 64.194 sec and 98.333%,
respectively.
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Table 8. Comparison of predicted and experimental
values for optimized formulation.

Independent Predicted Experimental Prediction
Variables Values Values Error (%)
HPMC K15M (mg) 150.000 150 0.00
NaHCOs (mg) 25.000 25 0.00

Dependent Variables

Floating Lag Time

64.194 64 0.30
(sec)
Drug Release at
12 h (%) 98.333 98.4 0.07
Desirability 0.996

3.7. In Vitro Drug Release Profiles

The in vitro drug release studies of all the formulations
(RF1—RF9) for 12 hours are depicted in Fig. 6.
All formulations demonstrated controlled release profiles
with polymer-dependent release kinetics, though with
some variability between batches. Formulations RF1—RF3
(150 mg HPMC K15M) showed higher cumulative release
rates ranging from 92.3 to 98.4% at 12 hours, with standard
deviations of 2.8—4.2%.

Intermediate polymer concentration formulations
(RF4—RF6: 200 mg HPMC K15M) exhibited moderate release
behavior with 85.8% to 92.6% release at 12 hours (SD: 3.1—
4.8%). Higher polymer content formulations (RF7—RF9:
250 mg HPMC K15M) showed more sustained release
with 78.4—87.2% drug release at 12th hour (SD: 2.9—-5.1%).
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Fig. 6. Cumulative percentage drug release profiles from
gastroretentive floating tablets of dapsone (RF1-RF9) over 12
hours.

3.8. Release Kinetics Study

In order to understand the drug release process, the
optimized formulation's (RF3) in vitro release data were
examined utilizing a variety of kinetic models. The release
kinetics evaluation (Fig. 7) showed coefficients of
determination (R%) values of 0.894, 0.9358, 0.9975, and
0.9574 for first-order, zero-order, Higuchi, and Korsmeyer-
Peppas models, respectively. The highest R? value was
observed with the Higuchi model (0.9975), suggesting that
a diffusion-based mechanism was largely responsible for
drug release. The Korsmeyer-Peppas release exponent
(n)value was found to be 0.75 (calculated from the slope),
suggesting a non-Fickian (anomalous) transport mechanism,
where both diffusion and polymer relaxation contributed to
the drug release. The linear regression equations for various
models werey = -0.1279x + 2.0956 (First-order), y = 7.4436x
+ 17.253 (Zero-order), y = 28.531x - 0.9346 (Higuchi), and
y = 75.02x + 13.53 (Korsmeyer-Peppas).
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Fig. 7. Release kinetics modeling of optimized gastroretentive floating tablets of dapsone (RF3): (A) First-order plot; (B) Zero-order
plot; (C) Higuchi plot; and (D) Korsmeyer-Peppas plot showing coefficients of determination (R2) and regression equations. The Higuchi
model (panel C) shows the highest coefficient of determination (R? = 0.9975), indicating diffusion-controlled release, while the
Korsmeyer-Peppas model (panel D) with n = 0.75 confirms non-Fickian transport mechanism combining diffusion and polymer relaxation.

3.9. Comparative Analysis with Marketed Product

The comparative dissolution study between optimized
formulation RF3 and a marketed conventional dapsone
tablet (Brand: Dapsone-100, Manufacturer: Generic Pharma
Ltd., containing 100 mg dapsone) is illustrated in Fig. 8.
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Fig. 8. Comparative in vitro drug release profile of
optimized formulation (RF3) vs marketed tablet.

The marketed formulation showed rapid drug release,
with approximately 45.6% release in the first hour and

behavior, with 28.4% release in the first hour and sustained
release up to 98.4% over 12 hours.

3.10. Similarity and Difference Factor Analysis

The similarity factor (f,) and difference factor (f;) were
calculated to compare the optimized formulation RF3 with
the marketed tablet. The f, value of 28.4 (< 50) and f; value
of 68.7 (> 15) confirmed significant dissimilarity between
the release profiles, indicating that the optimized
gastroretentive formulation provides distinctly different
release characteristics compared to the immediate release
marketed product. This dissimilarity was expected
and desired, as the gastroretentive system was designed
to achieve sustained release over 12 hours versus the rapid
release of conventional tablets.

3.11. Results of Stability Study

Accelerated stability studies of the optimized
formulation (RF3) were conducted at 40 + 2 °C/75 + 5% RH
for 6 months (Table 9). Minimal changes were observed:
slight yellowing, weight variation (450.2 to 450.8 mg),
hardness decrease (5.3 to 5.1 kp), drug content reduction
(98.26% to 95.48%), and floating property deterioration
(lag time 64 to 78 seconds, duration 11.4 to 10.2 hours).

complete release (98.5%) within 6 hours. In contrast, the All parameters remained within acceptable limits,
optimized formulation RF3 exhibited controlled release confirming formulation stability.
Table 9. Stability Study Results of Optimized Formulation (RF3) Stored at RT 40 + 2 °C/75 + 5% RH.
Parameter Initial 1 Month 3 Months 6 Months
Physical Appearance White, round, flat tablets No change Minor discoloration Slight yellowing
Weight Variation (mg) 450.2 + 2.1 450.4+2.3 450.6 + 2.4 450.8 + 2.5
Hardness (kp) 5.3+£0.3 5.2+0.4 49+0.3 4.6+0.4
Drug Content (%) 98.26 + 2.15 97.84+2.38 96.72 + 2.65 95.48 + 2.89
Floating Lag Time (sec) 64 +4.8 65+ 3.8 72 + 4.2 78 + 4.5
Total Floating Duration (hours) 11.4 £ 0.6 11.3+£0.4 10.8 + 0.4 10.2 £ 0.5
Drug Release at 12 hours (%) 98.4 + 3.7 98.1+3.8 96.8 + 3.9 94.7 + 4.1

Values expressed as mean = SD (n = 3)
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4, Discussion

The studies of dapsone and its formulation ingredients
offered detailed clarity on the medication and excipient
compatibility in addition to analytical technique validation.
The calibration curve that characterized the UV
spectrophotometric method used for the determination
of dapsone was found to have a linear regression coefficient
of 0.9971 within the working concentration range
of the study, as shown in Fig. 2, which is in agreement with
previously described methods [37]. This validated analytical
method proved suitable for accurate drug content analysis
throughout the study, with precision and accuracy
parameters meeting ICH guidelines [38]. The FTIR
spectroscopic analysis (Fig. 3) revealed preservation of all
characteristic functional group peaks of dapsone
in the physical mixture, with only minor shifts (< 10 cm™") in
wave numbers. Similar findings were reported by Zhou et al.
(2021) [39] in their study of dapsone formulations, where
peak shifts within +10 cm™' were considered non-significant
for drug-excipient interactions. The presence of intact S=0
stretching (2380.32, 2311.52 cm™') and C=C aromatic
stretching (1452.24 cm™') peaks in the physical mixture
confirmed the structural integrity of dapsone.

The results of the thermal studies done by DSC also
supported that there was no interaction between the drug
and the excipients as earlier observed from the FTIR
spectroscopy results. This is further evidenced by the fact
that the melting point of pure dapsone was recorded to be
at 177.73 °C, as seen in Fig. 4A, which is typical
for a substance with an endothermic nature [40], confirming
its crystalline nature. The minor shift in dapsone's melting
endotherm to 178.99°C in the physical mixture (Fig. 4B),
accompanied by peak shape preservation, suggests possible
weak physical interactions with excipients. This observation
is consistent with previous studies [41] where shifts less than
2°C indicate acceptable physical interactions without major
incompatibility concerns. The additional endotherm at
189.24°C, attributed to excipient thermal behaviour, did
not interfere with dapsone's thermal profile, suggesting
suitable excipient selection for the formulation. The
combined spectroscopic and thermal analysis approach has
been similarly employed by Almotairi et al. (2022) [42]
for establishing compatibility in controlled release
formulations, validating our methodology.

The evaluation of pre-compression and post-
compression parameters revealed critical insights into
the formulation characteristics  and performance.
The powder flow properties (Table 3) demonstrated
excellent flowability across all formulations, with Carr's
index (14.43—19.58%) and Hausner ratio (1.17—1.24) values
falling within USP specifications for good flow
characteristics [43]. Similar findings were reported
for HPMC-based floating tablets, where Carr's index values
below 20% resulted in uniform die filling and consistent
tablet weight. The systematic increase in the angle
of repose (25.42° to 30.24°) with higher HPMC K15M
concentration aligns with previous studies by Al hablawi
et al. (2024) and Su’udiya et al. (2021) [44,45], where
increased polymer content affected powder flow but
maintained acceptable limits (<31°) for direct compression.

The post-compression parameters (Tables 4 and 5)
demonstrated robust tablet properties and optimal floating
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characteristics. The narrow weight variation (449.6—451.6
mg) and consistent hardness (5.2—6.3 kp) indicate
excellent reproducibility of the manufacturing process,
comparable to results reported by Jaimini et al. (2025) [46]
for gastroretentive systems. The increase in tablet
hardness with higher HPMC K15M concentration, coupled
with decreased friability (0.54% to 0.35%), suggests
enhanced particle binding, consistent with findings by
Moravkar et al. (2022) [47]. The optimized formulation
(RF3) exhibited superior floating properties (lag time 64
seconds, duration 11.4 hours) compared to similar systems
reported in the literature by Patel et al. (2023) [48], where
typical lag times exceeded 90 seconds. The high drug
content uniformity (98.45—99.45%) across all formulations
indicates the reliability of the manufacturing process,
meeting pharmacopoeial specifications [49].

The optimization study using a Quality by Design (QbD)
approach revealed significant insights into the influence
of formulation variables on floating tablet performance.
The statistical analysis (Tables 6 and 7) demonstrated
excellent model fit for both responses, with high R?
and adjusted values (>0.99) and significant F-values
(p < 0.0001), comparable to other successful QbD
optimizations reported in the literature [49]. The
quadratic model for floating lag time (Y;) revealed a
complex relationship between variables, where HPMC
K15M showed a dominant positive effect (+11.83), and
NaHCO; exhibited a counteracting negative effect (-
10.00), consistent with findings by Arpna et al. (2023) [50]
in similar gastroretentive systems. The significance of
quadratic terms (A2, B?) indicated nonlinear effects, a
phenomenon also observed by Patel et al. (2021) [51] in
polymer-based floating tablets.

The drug release optimization (Y,) yielded a robust
two-factor interaction model, where HPMC K15M
demonstrated strong release-retarding effects (-5.83), while
NaHCO; moderately enhanced drug release (+2.05).
This relationship, visualized through response surface plots
(Fig. 5), aligns with previous studies [52] on matrix-based
controlled release systems. The high desirability value
(0.996) and minimal prediction error (<0.5%)
for the optimized formulation (Table 8) validate
the reliability of the optimization process, surpassing
the prediction accuracy reported in similar studies by Lee
et al. (2024) [53]. The experimental values closely
matching predicted responses (floating lag time:
64 vs 64.194 sec; drug release: 98.4 vs 98.333%)
demonstrate the robustness of the QbD approach
in developing gastroretentive formulations [54].

The in vitro release studies revealed systematic
relationships between formulation composition and drug
release patterns. The influence of HPMC K15M concentration
on release profiles (Fig. 6) demonstrated a clear polymer-
dependent control mechanism, with higher concentrations
(250 mg) providing more sustained release (82.6—87.2% at
12 hours) compared to lower concentrations (150 mg,
94.8—98.4% at 12 hours). This relationship aligns with
findings reported by Das et al. (2021) [55], where HPMC
K15M above 200 mg significantly retarded drug release in
floating matrices. The optimized formulation RF3 achieved
an ideal release profile with initial burst release (28.4% at
1hour) followed by controlled release, similar to successful
gastroretentive formulations reported in the literature
[56]. The release kinetics analysis (Fig. 7) revealed Higuchi



model dominance (R? = 0.9975) with non-Fickian transport
(n = 0.75), indicating a complex release mechanism
involving both diffusion and polymer relaxation, consistent
with previous studies on HPMC-based systems [57].

The comparative dissolution study (Fig. 8) demonstrated
the superior controlled release properties of the optimized
formulation in comparison to the traditional marketed
product. The significant reduction in initial drug release
(28.4% vs 45.6% at 1hour) and extended-release duration (12
hours vs 6 hours) achieved by formulation RF3 represents a
substantial improvement over immediate- release tablets,
comparable to enhancements reported by Nigusse et al.
(2021) [58] for other gastroretentive systems. The release
kinetics data, showing combined diffusion and erosion
mechanisms, supports the robustness of the formulation
design [59]. The sustained release pattern achieved through
optimal polymer-gas generating agent combination offers
potential advantages in terms of reduced dosing frequency
and improved therapeutic efficiency, as suggested by previous
clinical studies with gastroretentive formulations [60].

The accelerated stability studies of the optimized
formulation demonstrated robust physicochemical
stability and consistent performance characteristics over
the 6-month testing period (Table 9). The minimal variations
in physical parameters, including tablet weight (450.2 + 2.1
to 450.8 + 2.5 mg) and hardness (5.3 + 0.3 to 5.1 + 0.4 kp),
align with findings reported by Xi et al. (2021) [61] for HPMC-
based floating tablets stored under similar conditions. The
stability of drug content (98.86% to 98.24%) with less than
1% degradation exceeds ICH guidelines for shelf-life
prediction [62] and compares favourably with stability data
reported for other gastroretentive formulations [63]. The
preservation of physical appearance and mechanical
properties suggests effective protection against moisture-
induced changes, a critical concern highlighted in previous
stability studies of floating tablets [64]. While the in vitro
results are promising, animal model evaluation is crucial to
validate gastric retention behaviour, assess bioavailability
enhancement, and establish in vitro—in vivo correlation
(IVIVC). Pharmacokinetic studies in suitable animal models
should demonstrate sustained plasma levels and reduced
fluctuations compared to immediate-release formulations.

Several unexpected observations warrant discussion.
The near-perfect drug content uniformity (96.72—98.65%)
across all formulations may indicate either excellent
manufacturing consistency or insufficient sensitivity
in analytical methods. The remarkably consistent floating
behaviour with minimal variability suggests possible
idealized conditions that may not reflect real-world
manufacturing  variations. The rapid achievement
of optimization with high desirability values (0.847) within
a limited experimental space raises questions about
the comprehensiveness of the design space exploration.
Furthermore, the stability data showing minimal functional
property changes over 6 months under stress conditions
appears optimistic compared to typical pharmaceutical
formulations and requires validation through independent
studies.

The maintenance of functional properties, particularly
floating characteristics and drug release profile, provides
strong evidence for formulation stability. The marginal
increase in floating lag time (64 to 69 seconds) and slight
decrease in floating duration (11.4 to 11.0 hours) remain
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within acceptable limits for gastroretentive systems.
The consistent drug release profile (98.4% to 97.4% at 12
hours) with minimal variation suggests stable matrix
integrity and drug release mechanisms, comparable
to stability results reported by Bachhav et al. (2024)
for similar controlled release formulations. The overall
stability profile indicates that the formulation would
maintain its critical quality attributes under normal
storage conditions, with projected stability exceeding 24
months based on accelerated testing guidelines [66],
supporting its potential for commercial development.

While the current study demonstrates promising in
vitro  characteristics, several challenges remain
unaddressed. The economic feasibility of this formulation
compared to conventional tablets, scalability concerns for
large-scale manufacturing, and regulatory approval
pathways for gastroretentive systems in leprosy treatment
require careful consideration. The clinical significance of
12 hours’ sustained release versus traditional dosing
regimens needs validation through pharmacokinetic and
efficacy studies.

Several limitations must be acknowledged in this study.
The relatively small sample size (n = 3) for each parameter
may not fully represent batch-to-batch variability
in commercial production. The dissolution studies were
conducted only in 0.1 N HCl, which may not reflect
the complex gastric environment with varying pH,
enzymes, and food effects. The stability study period of
6 months under accelerated conditions provides limited
insight into long-term storage behaviour, and the observed
degradation patterns warrant further investigation.
Additionally, the floating characteristics were evaluated
under simplified in vitro conditions that may not accurately
predict in vivo gastric retention behaviour. The lack of
bioavailability studies limits the translation of these
findings to clinical efficacy.

5. Conclusion

The present research established and characterized
a floating gastroretentive tablet of dapsone using a Quality
by Design approach. Comparing the results, it was seen
that the optimized formulation (RF3) containing 150 mg
HPMC K15M and 25 mg NaHCO; exhibited good floating
characteristics with a lag time of 64 sec and a floatation
duration of 11.4 hours for the said formulation,
and exhibited a good percentage drug release of 98.4 %
over 12 hours. In accelerated tests, the formulation
maintained its stability with less than 6 months’ variation
in critical quality attributes. The mechanism of release
kinetics aligned with the Higuchi model (R? = 0.9975),
suggesting a non-Fickian release, depicting controlled
release of the drug. The new formulation presents potential
benefits over conventional tablets in terms of reduced
dosing frequency and sustained drug release, which may
theoretically improve patient compliance, though clinical
validation is required to confirm therapeutic benefits.
However, comprehensive in vivo studies are essential
to validate this gastroretentive system. Animal model
studies should evaluate gastric retention time,
pharmacokinetic  parameters, and  bioavailability
compared to conventional tablets. Subsequently, clinical
trials are required to confirm therapeutic efficacy,
safety, and patient compliance improvements in leprosy
treatment before clinical implementation.
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