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This study investigated the raft-forming suspension of famotidine as an anti-reflux formulation to
improve the oral bioavailability of narrow absorption window drugs by enhancing gastric residence
time (GRT) and preventing gastro-esophageal reflux disease (GERD).

Various combinations of raft-forming agents, such as Tragacanth gum (TG), guar gum (GG), and
xanthan gum (XG), were evaluated alongside sodium alginate (SA) to develop an effective raft.
Preformulation studies and preliminary screening were conducted to identify the most suitable raft-
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forming agent, and GG was chosen due to its mucilaginous properties. The formulation was optimized
using a 32 full factorial design, with the quantities of GG and SA as independent factors and apparent
viscosity and in-vitro drug release (%) as dependent factors. The in vivo floating behavior study was
performed for optimized and stabilized formulation.

Results

Among the tested batches, F6 was selected as the optimized formulation. It exhibited desirable
characteristics such as adequate raft weight for extended floating in gastric fluid, improved apparent
viscosity, and a significant percentage of drug release at 12 h. A mathematical model was applied to
the in-vitro data to gain insights into the drug release mechanism of the formulation. The stability of
the suspension was assessed under accelerated conditions, and it demonstrated satisfactory stability.
The formulation remains floating in the Rabbit stomach for more than 12 h.

Conclusion

It concludes that the developed formulation has enhanced bioavailability in the combination of GG
and SA. The floating layer of the raft prevents acid reflux, and the famotidine is retained for an
extended period of time in the gastric region, preventing excess acid secretion. The developed
formulations are effective for stomach ulcers and GERD, with the effect of reducing acid secretion by
H2 receptor antagonists.

INTRODUCTION

Gastro-retentive drug delivery systems (GRDDS) have
demonstrated advantages over sustained-release
formulations. They are particularly beneficial for drugs
with a narrow absorption window or those that exhibit
high absorption in the stomach but are prone to
decomposition in the intestine.! GRDDS promotes
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prolonged retention of pharmaceutical formulations in
the stomach, increasing drug solubility for poorly soluble
drugs in the intestine, and enhancing absorption and
bioavailability. GRDDS allows for higher drug
concentrations in the gastric mucosa by releasing drugs
locally in the gastrointestinal tract. This could help keep
therapeutic drug levels in the systemic circulation.?
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Gastro-esophageal reflux disease (GERD)
occurs when gastric contents or bile irritate the
esophagus, causing discomfort and the reflux of acidic
fluids from the stomach. Weakening or relaxation of the
lower esophageal sphincter allows this acid reflux to
occur, leading to painful symptoms and potential damage
to the esophagus.> Smoking, hefty meals, late-night
eating, trigger foods, alcohol, coffee, soda, and specific
medications taken without consulting a doctor can all
aggravate GERD. Symptoms include stomach pain, chest
burning pain, dysphagia, persistent laryngitis or
hoarseness, throat pain, new-onset asthma, night time
coughing, an acidic taste in the throat, regurgitation of
food and fluids, and a sensation of a lump in the throat.
GERD arises from impaired lower esophageal sphincter
function, resulting in acid reflux from the stomach.
Currently, available treatments for GERD include
antacids, which neutralize stomach acid, medications to
reduce acid production such as histamine (H2) blockers
(e.g., cimetidine, famotidine, and nizatidine), and proton
pump inhibitors like pantoprazole, lansoprazole, and
omeprazole.* These medications neutralize or prevent
acid secretion, but they cannot prevent the reflux of
stomach contents into the esophagus. In contrast, the raft-
forming drug delivery system prevents the reflux of
stomach contents and helps prevent GERD.

Raft development techniques have been
effectively employed to prevent its occurrence.’ Raft-
forming drug delivery systems (RFDDS) represent an
innovative oral controlled drug delivery approach. When
these systems come in contact with gastric fluid, they gel
and form a thick, porous layer on the stomach.® This
relieves acid reflux disorder and slows steady drug
release. RFDDS are liquid at ambient temperature but
undergo gel formation due to cation-induced gelation
and temperature-dependent properties. Raft formation
can occur through physical mechanisms involving
swelling, diffusion, ion cross-linking, and physiological
stimulus based on pH and temperature. This unique
mechanism allows the raft formulations to develop a
floating layer in the upper part of the stomach, effectively
preventing acid reflux while releasing the drug from the
delivery system.””

Famotidine, classified as a BCS class II drug
due to its low aqueous solubility and low intestinal
permeability, faces challenges in achieving optimal
bioavailability.!® Only 40%-50% of the drug is absorbed
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in the upper gastrointestinal tract, with the remaining
portion being either poorly available for absorption or
completely unavailable.!' To address this issue, raft-
forming drug delivery systems (RFDDS) have been
developed to enhance the gastric residence time (GRT)
of drugs, thereby improving the bioavailability of
famotidine.'?

In RFDDS, sodium alginate is combined with
natural mucilages like xanthan gum, guar gum, and
tragacanth to form the rafts. Sodium bicarbonate acts as
an effervescent mixture, while calcium bicarbonate and
carbopol 974 enhance the strength of the rafts. Natural
mucilages enhance the GRT of drugs and reduce stomach
acidity, which is beneficial for famotidine due to its low
bioavailability. Famotidine, an H2 receptor antagonist
used for treating ulcers and GERD, exhibits only 40%—
50% bioavailability.’> Combining famotidine with
antacids promotes absorption by the receptors in the
parietal cell wall. GRDDS, employing rafting
technology, helps retain the drug in the stomach for an
extended period, enhancing its bioavailability.

MATERIALS AND METHODS

Famotidine obtained as gift sample from Steril Gene Life
Sciences (P) Limited. All the other required excipients
like sodium alginate (SA), xanthan gum (XG), guar gum
(GG), carbopol, and tragacanth were purchased from
Sigma Aldrich, Chennai.

Preformulation studies
Solubility study

To determine the solubility profile of famotidine, the
shake flask method was employed. Initially, 100 mL of a
solubilizing medium was transferred into a 250-ml
conical flask, followed by the addition of an excess
amount of famotidine. The experiment was conducted at
a controlled temperature of 25°C. The conical flask,
containing the solubilizing medium and famotidine, was
placed on a rotary shaker operating at 200 RPM for a
period of 24 h.

After the incubation period, a portion of the
famotidine solution was solubilized in buffer solution.
Using a UV-visible spectrophotometer, the absorbance
of the solubilized famotidine was measured at a specific
wavelength of 265 nm. This measurement allowed for
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the estimation of the quantity of famotidine dissolved in
the solubilizing medium, which was then recorded. !4

To ensure accuracy and reliability, the
solubility study was repeated three times using different
buffer solutions with varying pH values, including pH
1.2, 4.2, 6.8, and 7.4. Each repetition allowed for the
assessment of famotidine’s solubility under distinct pH
conditions.

Calibration curve for famotidine

Solution I: In a 100-ml volumetric flask, 100 mg of
famotidine was solubilized with the required amount of
0.1 N HCI. The remaining volume was then filled with
0.1 N HCI, resulting in a concentration of 1 mg/mL or
1000 pg/ml.

Solution II: From Solution I, 10 mL was withdrawn and
diluted with 0.1 N HCI in a 100-ml volumetric flask,
producing a concentration of 100 pg/ml. Subsequently,
aliquots of 0.2, 0.4, 0.6, 0.8, and 1 mL were withdrawn
from this diluted solution and further diluted in 10 mL
volumetric flasks with 0.1 N HCI. This resulted in
concentrations of 2, 4, 6, 8, and 10 pg/ml, respectively.

Using a UV-visible double beam spectrophotometer, the
absorbance of each diluted solution was measured at a
wavelength of 265 nm.'® This data was then utilized to
construct the calibration curve for famotidine, allowing
for accurate determination of its concentration in
subsequent samples based on their absorbance values.

Drug and excipients compatibility studies

Drug-excipient compatibility was determined by
analyzing the interaction between the FTIR spectra of
famotidine and the FTIR spectra of the drug with
excipients. Compatibility study by FTIR Shimadzu IR-
Tracer 100 performed with the KBr pellet method. The

Table 1. Formulation of famotidine suspension by RFDDS

testing samples were uniformly mixed with KBr crystals,
and then they were compressed as a disc. The spectrum
was taken by placing the disc on the FTIR
spectrophotometer. '

Method of Preparation

Accurate weighing of the drug and excipients was
performed. Solid substances including sodium
bicarbonate, calcium carbonate, sodium alginate, and
sodium chloride were finely triturated using a mortar and
pestle and then passed through a No. 40 sieve. The
quantities of each ingredient for preliminary batches
were documented in Table 1. The required apparatus
were dried in an oven at 60°C. Then sodium benzoate
was dissolved in purified water with constant stirring. !
The natural mucilages were hydrated by dispersing a
portion of the vehicle. Carbopol 974p was dispersed in
water, and sodium chloride was utilized to neutralize the
pH. Tragacanth, xanthan gum, and guar gum were
dispersed separately in glycerol.
solubilized in water. The famotidine was dissolved in

Sucralose was
purified water. Aspartame and sodium saccharin were
dissolved one by one in hot distilled water with
continuous stirring to achieve a transparent solution.
Menthol or mint flavoring agent was dissolved in
propylene glycol with continuous stirring to obtain a
clear solution. Sodium bicarbonate, calcium carbonate,
sodium alginate, and sodium chloride were slowly mixed
with the solution from polymer dispersion under
continuous agitation. The dispersed drug was then added
and vigorously agitated for 5 min. Natural mucilages
such as tragacanth, guar gum, or xanthan gum were
incorporated into the above suspension. Sweetener and
flavor were added while continuously mixing. The final
volume was adjusted with purified water. The process of
raft development for the famotidine suspension is
illustrated in Figure 1.

Ingredients (mg) Gl | G2 T3 T4 X5 X6 S7 S8
Famotidine 20 20 20 20 20 20 20 20
SA 500 | 250 500 250 500 250 500 250
GG 100 | 100 — — — — — —
Tragacanth — — 100 100 — — — —
XG — — — — 100 100 — —
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Carbopol 974 P (gel) 65 65 65 65 65 65 65 65
Sodium bi carbonate 200 | 200 200 200 200 200 200 200
Calcium carbonate 120 | 120 120 120 120 120 120 120
Sucralose 10 10 10 10 10 10 10 10
NaCl 1% | 1% 1% 1% 1% 1% 1% 1%
Sodium benzoate 1 1 1 1 1 1 1 1
Menthol/mint flavor q.s q.s g-s q.s g.s q.s q.s q.s
Water q.s q.s q.s q.s q.s q.s q.s q.s
full factorial design was selected, and the coding values
of the independent variables were presented in Table 2.
) The key independent variables in this design were the
ratios of guar gum with sodium alginate combinations,
S which had a significant impact on the final quality of the
FRF . .
__, | /Suspension of | = l, oiNHQ formulation.
Famotidine
5 o R e Floating Raft Table 2. Coding of variable for 32 full factorial
TEPAERton OF S Formulation on 0.1N HCI

forming Suspension

Figure 1. Process of raft development of famotidine
suspension.

Preliminary studies

To enhance the raft weight, in-vitro gelation time, in-
vitro dissolution studies, and ANC (acid-neutralizing
capacity), preliminary studies were conducted. The aim
was to select an appropriate natural gum, such as
tragacanth, guar gum, and xanthan gum, in combination
with sodium alginate. Eight batches were prepared and
evaluated to determine their performance.

After analyzing the results of the preliminary
studies, it was determined that the combination of guar
gum and sodium alginate showed promising outcomes.
Hence, this combination was chosen for further
optimization using 32 full factorial designs. The goal of
the optimization process was to enhance the desired
characteristics of the raft-forming drug delivery system.

Optimization of a selected batch

To investigate the influence of independent variables on
the formulation, a factorial design was chosen. The 32
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design.

Coding value -1 0 1
Quantity of | 230 250 270
sodium alginate

Quantity of | 85 100 115

guar gum

The dependent variables for this study were the in-vitro
dissolution study and in-vitro gelation time, which were
crucial indicators of the formulation’s performance. A
three-level, two-factorial design (32) 17 was employed
for the optimization study. This design allowed for the
exploration of nine different combinations, as outlined in
Table 3 (F1-F9). Through this optimization study, the
aim was to determine the ideal combination of guar gum
and sodium alginate that would yield the desired in-vitro
dissolution characteristics and gelation time.
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Table 3. Optimization by three-level two-factorial design (batch G2).

Ingredients F1 F2 F3 F4 F5 Fo F7 F8 F9
Famotidine 20 20 20 20 20 20 20 20 20
SA 230 230 230 250 250 250 270 270 270
Sodium bi carbonate 200 200 200 200 200 200 200 200 200
Calcium carbonate 120 120 120 120 120 120 120 120 120
GG 85 100 115 85 100 115 85 100 115
Carbopol 974 P (gel) 65 65 65 65 65 65 65 65 65
Sodium chloride 1% 1% 1% 1% 1% 1% 1% 1% 1%
Sucralose 10 10 10 10 10 10 10 10 10
Sodium benzoate 1 1 1 1 1 1 1 1 1
Menthol/mint flavor q.s q.s q.s q.s q.s q.s q.s q.s q.s
Water q.s q.s q.s q.s q.s q.s q.s q.s q.s

Evaluation of famotidine suspension
In-vitro gelation time

10 mL of formulation was added to a 250-ml beaker,
which contains 100 mL of 0.1 N HCI, to determine in
vitro gelation time. The time needed to form a raft on the
solution and clear the lower part of the beaker is known
as in-vitro gelation time.'?

Floating time

10 mL of formulation was added to a 250-ml beaker,
which contains 100 mL of 0.1 N HCI, to determine the
floating time. This is described by the extensive time
period during which the raft remains floating on the
liquid.*

Raft weight

For this test, 100 mL of 0.1 N HCI was taken in a 250
mL beaker. In this, 10 mL of formulation was poured;
raft lefts developed uniformly. After complete
development of the raft, the beaker is kept to one side for
30 min, and any leftover liquid in the beaker is decanted
carefully. The raft was collected from the beaker and
transferred to the butter paper; excess liquid in the raft
was removed by using a paper towel, and the raft dried
for 2 h. Afterward, the dried raft weight was calculated
and noted.?
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Raft volume

The empty beaker was weighed after it had dried
completely and written as W1. 100 mL of 0.1 N HCI
(raft-developing liquid) was transferred into a beaker,
marked for the level of liquid, then weighed and written
as W2. In this beaker, 10 mL of formulation was added.
Then allow it to develop into a raft and keep it aside for
a few minutes. Afterward, leftover liquid was drained,
and the raft was collected in a butter paper bag and dried
with paper towels. Then, the raft was weighed and
written as W3. Purified water was filled up to the mark
made in the same beaker used for raft development while
100 mL of raft-developing liquid was added; in this dried
raft, weight was taken and written as W4; with all the
collected data, raft volume was estimated by the below
formula 2!

Raft Volume=(W4-W1)—(W2-W1-W3)
Raft strength

Sufficient strength is necessary to prevent the reflux of
the stomach contents into the esophageal region. To
assess this, 10 mL of the formulation was transferred into
a 250 mL glass beaker containing 150 mL of pH 1.2
buffer. The raft was allowed to develop and kept aside
for 30-min with an L-shaped wire probe which was
immersed straight within the beaker. The strength of the
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resulting raft was determined using the modified balance
method. Water was added drop by drop to the pan, and
the amount of water needed to break the raft was
recorded. 2

Raft resilience

The raft was formed in a 250 mL glass jar by adding a
bilayer tablet to 150 mL of SGF pH 1-2 previously
maintained at 37°C. The raft was allowed to develop for
30 min; the capped jar was positioned in a modified cube
mixer, set to revolve at 20 rpm, to simulate gastric
agitation. The raft was assessed visually for such a time
that a raft could no longer be detected. A raft was distinct
or dispersed into two or more hovering gels at least 15
mm dia. 2

Acid neutralization capacity (ANC)

A tablet powder equivalent to unit dose was taken in a
250-ml beaker. Water was added to make a total volume
of about 70 mL, heated to 37°C and stirred continuously
by maintaining the temperature at 37°C. 30 mL of 1M
hydrochloric acid (previously heated to 37°C) was added
and mixture was maintained at 37°C for 15 min with
continuous stirring. The excess acid was titrated with 1M
sodium hydroxide to a pH of 3.5. The number of meq of
acid consumed by the tablet tested was calculated by the
following formula 24 :

Total mEq = (V HCI *N HCI) — (V NaOH *N NaOH)
Where, M HCI = molarity of hydrochloric acid

M NaOH = molarity of sodium hydroxide

V NaOH = volume of sodium hydroxide

Dissolution studies

The in-vitro drug release data was determined by the
USP Type II dissolution apparatus. The paddle shaft was
rotated at 25 rpm, and the chamber was maintained at
37°C. For this study, 900 mL of 0.1 N HCI was taken in
a basket. 10 mL of the formulation was placed in the
dissolution testing basket, and the raft was left to develop
uniformly.!" Then the paddle began to rotate at 25 rpm,
and from the basket, 1 mL of solution was collected in
10 mL standard flasks at every 30 min interval, and the
volume was filled up to the level with 0.1 N HCI. Replace
the volume with 1 mL of 0.1 N HCI. Using a UV-visible
double-beam spectrophotometer, the absorbance was
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analyzed at 265 nm to get the concentration by applying
a calibration factor. 2>2

In-vitro diffusion study

A Keshary—Chien-type diffusion cell was used for the
release study. The cellophane membrane, or dialysis
membrane, was immersed in phosphate buffer overnight.
Later, the membrane was mounted between the donor
and receptor compartments. Micro-bead placed inside
the receptor compartment to maintain the hydrodynamics
of the fluid at 400 rpm. The compartments were clamped
together, and the temperature was maintained at 37°C.
Receptor compartment filled with pH 7.4 phosphate
buffer. | mL of samples was withdrawn at particular time
intervals. The same volume was replaced with buffers to
maintain sink conditions. The absorbance of samples was
analyzed in a UV-visible spectrophotometer. "2

In vivo floating behavior by X-ray imaging

The study was performed after obtaining approval from
the Institutional Animal Ethics Committee (IAEC). The
in vivo floating behavior of floating raft formulation was
analyzed by X-ray imaging technique were performed in
Albino rabbits. Barium sulphate-loaded floating raft
formulation was administered under fasting, and
compared with marketed formulation. The X-ray images
of rabbits can indicate whether a selected formulation is
capable of developing a raft in the stomach. Through
these images the in vivo floating behaviour of guar gum
can be determined.’%-32

Results and Discussion
Preformulation studies

The solubility of the drug was determined using the
shake flask method, and the results indicated that the
drug exhibited solubility in pH 1.2 buffer, as presented
in Table 4. The calibration curve for famotidine was
constructed using 0.1 N HCI as the solvent. Statistical
data for the calibration curve are summarized in Table 5,
with a regression coefficient value of 0.996, indicating a
strong correlation between the two axes. The equation Y
= 0.0443x + 0.0014 represents the line equation derived
from the calibration curve.
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Table 4. Solubility profile of famotidine at different
pH.

S. Buffer Solvent (ml) | Solubility
No. | solution used for | Criteria
(pH) dissolve 1g
solute

1 pH 1.2 28.62 Soluble

2 pH4.2 43.8 Moderately
soluble

3 pH 7.4 890.56 Slightly
soluble

4 pH 6.8 1012.4 Very slightly
soluble

Table 5. Statistical analysis of the calibration curve.

S. No. Factors Values
1 Slope 0.043
2 Y- intercept | 0.043x + 0.014

3 R square 0.996

The profiles of the drug and excipients provided valuable
insights for the formulation development. Compatibility
testing between the drug and excipients involved
evaluating their physical characteristics and potential
chemical reactions. The FT-IR analysis revealed no
significant interaction between the drugs and excipients,
as depicted in Figures 2 and 3. This finding confirmed
that the selected excipients were suitable for the
development of the raft-forming suspension of
famotidine.
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Figure 2. FTIR spectra of famotidine.
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Figure 3. FT-IR spectra of formulation.
Surface morphology

The particle size of the optimized raft-forming
suspension of famotidine is around 1 to 100 um (Figure
4). The morphology of the raft-forming suspension was
analyzed by SEM (Figure 5). The photograph was
examined at higher resolution for the optimized
formulation through a scanning electron microscope.

particle size distribution
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4 / \
1 P L S U111/ R —
0001 0.1 1 10 100 1000 300

Particle size (um)

Figure 4. Particle size analysis.



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 2271-2282 | ISSN:2251-6727

Results of preliminary batches

Based on the preliminary studies, guar gum (G2)
demonstrated superior performance in terms of floating
lag time, raft weight, and ANC compared to other
formulations listed in Table 6. The combination of guar
gum with sodium alginate (GG-SA) exhibited better raft
formation compared to sodium alginate alone and the
combination of xanthan gum and tragacanth gum with
sodium alginate. These other formulations were found to
be ineffective in producing a suitable raft-forming
suspension and had longer floating lag times. Therefore,
GG-SA was selected for further optimization studies.

Figure 5. SEM image of formulation (F6).

Table 6. Comparative results of preliminary studies in raft-forming suspension of famotidine.

Formulation pH Floating lag | Floating Raft Raft Viscosity in | ANC
time (sec) time (hrs) weight volume centipoises (mEq)
(gm) (ml)

Gl 822+ (39+0.3 >12 2481 +04 | 2.781 £ 0.8 | 1290+ 2 6.95 =
0.8 0.3

G2 845+ (30+0.6 >12 2.899+0.8 | 3.199 £ 0.5 | 1460+ 5 7.15 =+
0.4 0.4

T3 7.61+|45+0.2 >12 2.578+0.4 | 2.878+0.4 | 1280+3 535 &+
0.1 0.8

T4 7.83 £ | 52+0.8 >12 2.672+0.9 | 2.972+0.8 | 1360+ 2 555 &
0.6 0.6

X5 799+ | 68+0.5 >12 2.562+0.7 | 2.862+0.2 | 1340+4 44+03
0.0

X6 791+ | 64+03 >12 2.391+£0.7 | 2.691 £ 0.3 | 1390+2 465 =+
0.1 0.7
792+ |42+0.5 >12 2373+0.8 | 2.57+0.28 | 1320+ 4 727 =+

37 0.1 0.5

S8 8.09+|40+0.5 >12 2.299+0.2 | 249 £0.31 | 1330+ 1 725 +
0.3 0.2

n=3%*

Results of optimized batch presented in Table 7. The combination of guar gum,
sodium alginate, and carbopol 947 resulted in the

The optimized batch yielded favorable results across all . : . i
formation of a uniform raft on 0.1 N HCI, while sodium

evaluation parameters in raft development technology, as
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bicarbonate and calcium carbonate interacted with the
polymer to form a porous floating layer within an
average time of 21 £ 0.3 s.

Among the optimized formulations, F6
demonstrated better in-vitro drug release (91.40 + 0.12)
at 12 h and a higher ANC (7.44 + 0.3) compared to other
formulations. Thus, F6 showed a more significant impact
on raft development, exhibiting suitable pH (8.41 +0.1),
in-vitro gelation time, raft volume (3.29 + 0.22),

viscosity (1480 = 3), ANC, and in-vitro drug release. The
comparative study of percentage drug release for all
optimized batches is illustrated in Figure 6. Additionally,
the optimization results of the raft-forming suspension
using sodium alginate and guar gum, including contour
plots and response surface plots of ANC and in-vitro
drug release (%), are depicted in Figure 7 (a)—(d). Model
statistics for responses Y1 and Y2 (raft-forming
suspension using sodium alginate and guar gum) are
presented in Table 8.

100 S—
2 >

£ 80 / —— F2

=2 ——— 3
= 60

e —le F4
g 40

5 —i— F5

20 = P F6

o !//=/y e 7

o 2 4 6 8 10 12 14 L3

Time in hrs F9

Figure 6. In-vitro percentage drug release of optimized batch.
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W et b s
.

]

It Desckeion Tore )

Figure 7. (a), (b), (¢), and (d): Contour plot and response surface plot of ANC and in-vitro drug release (%) in
raft-forming suspension using sodium alginate and guar gum.
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The regression equations for the raft-forming suspension
using sodium alginate and guar gum were determined
using the response surface method.

Y1 =2229-0.6250%X1-9.25*¥X2

Y2 = 82.08 + 1.76*X1-0.9275*X2+2.08*X1*X2*-
0.4932*X12 -0.3882*X22

The mathematical models, including zero order, first
order, Higuchi matrix, and Korsmeyer—Peppas model,
were applied to the in-vitro dissolution data to analyze
the drug release mechanism from the dosage form. Table
9 and Figure 8(a)—(d) present the results of this analysis.
The R2 values obtained from the kinetic analysis indicate
that the release of famotidine from the raft-forming drug
delivery system follows zero-order kinetics.

Conclusion

In conclusion, a famotidine suspension formulated using
a raft-forming drug delivery system with guar gum and
sodium alginate as the raft-developing polymers has
been successfully developed. The inclusion of calcium
carbonate and sodium bicarbonate as acid-neutralizing
agents further enhances the formulation. When the
suspension comes into contact with 0.1 N HCI, the
release of CO2 triggers the formation of a floating raft
within a desirable floating lag time of 21 + 0.3 to 45 +
0.5 s. Optimization of the formulation was achieved
using a three-level, two-factorial design, with the
combination of guar gum and sodium alginate (GG-SA)
demonstrating improved floating lag time, pH, raft
volume, raft weight, and acid neutralization capacity.
The optimized formulation was able to release the drug
effectively for a sustained period of 12 h. Kinetic
analysis revealed that the famotidine release from the
raft-forming drug delivery system follows zero-order
kinetics, indicating controlled and prolonged drug
release. The FT-IR analysis confirmed no significant
interaction between the drugs and excipients, ensuring
formulation stability. The optimized formulation
remained stable under accelerated conditions of
temperature and humidity. The controlled release of
famotidine from the GG-SA formulation exhibited a
significant effect on the absorption window, leading to
improved bioavailability by extending the gastric
retention time of the drug in the stomach. The in-vitro
drug diffusion results further support the enhanced drug
release achieved with the F6 formulation. The in vivo
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floating behavior study confirms the floatability of raft in
the stomach for more than 12 h. Overall, the
development of a raft-forming suspension using GG-SA
provides a promising approach for enhancing
bioavailability and optimizing the treatment of gastro-
esophageal reflux disease (GERD) and stomach ulcers.
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