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Abstract

Background: Gastroesophageal reflux disease develops from exposure of the esophagus to acidic refluxate from the stomach and duodenal bile. While
a floating raft, in which calcium carbonate was the main antacid ingredient, is formed on top of the stomach fluid to provide a physical barrier against
acid gastroesophageal reflux after ingesting alginate-based antacid products. Objective: This work aimed to test in vitro effectiveness of five alginate
suspensions commercially available in the Thai market to understand their characteristics and behaviors in gastric conditions mimicking the human
stomach. Methods: Five commercial alginate suspensions were tested under simulated gastric conditions (0.1 N HCI, 37 °C). Raft formation was assessed
by recording onset time, volume, mass, and buoyancy. Raft strength was quantified using a texture analyzer with a penetration probe, while porosity was
examined visually. Acid neutralization capacity (ANC) was measured by titration against 0.1 N HCI to pH 3.0, and neutralization duration was monitored
over time. Correlations between raft characteristics and ANC were analyzed. Results: Rafts of products formed voluminously (64.9-83.8 mL, 39.8-46.4 g),
porous and floating rafts within 0.4-6.3 min. Raft strength and neutralization duration was in the range of 13.3-29.9 g and 24-46 min, respectively. Marked
differences were not evident in the acid neutralization capacity (ANC) values of the products (8.8-9.9 mEq). No correlation was observed between ANC and
raft-forming capacity or duration of neutralization though raft structures could affect their neutralization profiles. Conclusion: The results demonstrated
that formulation design and raw material sourcing could vary product performance. While the obtained values of in vitro effectiveness could be applied
to set the specifications and characterization methods for developing new raft-forming formulations and products. Importantly, understanding raft
characteristics could empower pharmacists to make informed recommendations, providing patients with improved symptom relief and management.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a prevalent chronic
condition of the upper gastrointestinal system, affecting an
estimated one billion individuals globally. It is the second most
common gastrointestinal diagnosis, surpassed only stomach
discomfort. GERD accounts for approximately 5.25 million
outpatient visits and 325,000 emergency room visits annually,
highlighting its significant burden on healthcare systems
worldwide!. GERD develops from the reflux of stomach
contents into the esophagus, pharynx, or oral cavity, leading
to significant symptoms or complications. Common signs and
symptoms of GERD include acid regurgitation, heartburn,
chest pain, dysphagia, and globus sensation?. Fluid refluxate
and aerosolized gastric acid from the stomach can travel to
the larynx and even the airways, exacerbating conditions
such as hoarseness, wheezing, chronic cough, and asthma,
known as extraesophageal symptoms3. Recent epidemiological
studies indicate a rising global prevalence of GERD. Estimates
suggest a global prevalence ranging from 15% to 25%.
Regional prevalence varies significantly, with rates in Saudi
Arabia reported at 15%—45.4%, western Asia at 10%—20%, the
Middle East at 8.7%—33.1%, and eastern Asia at less than 10%.
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Western countries, including the United States, exhibit higher
prevalence rates, estimated at 10%—30%. The high prevalence
of GERD and other gastrointestinal tract disorders profoundly
impacts patients’ health-related quality of life, underscoring
the importance of effective management and prevention
strategies*.

For over 30 years, alginate-based reflux suppressants have been
utilized in the management of GERD. These treatments can be
broadly categorized into two primary types: formulations that
primarily contain alginate with a small amount of antacid to
facilitate raft formation, and those that include a substantial
amount of antacid alongside alginate. A variety of formulations
are available across different countries, each incorporating
unique combinations of alginate and antacid ingredients to
enhance efficacy and cater to local market demands®.

The raft-forming capability of alginates arises from their ability
to create and maintain a low-density, viscous gel in the presence
of an acidic environment in the stomach. This layer serves as a
barrier in antireflux formulations®. This gel forms rapidly upon
exposure to gastric acid, typically within seconds in vitro and
within a few minutes post-dosing in vivo. Alginate/antacids
are typically formulated with bicarbonate, which functions
as a gas-generating component. In the presence of gastric
acid, the reaction produces carbon dioxide (CO,) bubbles that
become trapped within the developing gel matrix. This process
transforms the gel into a foam, enhancing its buoyancy and
allowing it to float on the surface of gastric contents, akin
to a raft on water. Additionally, the foam encapsulates acid-
neutralizing capacity, contributing to its therapeutic effect’.
Other antacids, such as calcium carbonate, facilitate gel
formation and enhance gel strength by promoting interactions
between calcium ions and alginate polymer chains. Calcium
carbonate, in particular, contributes to alginate gelation
through its dissociation under acidic conditions, which releases
divalent calcium cations. These cations interact with the
alginate, leading to cross-linking. Extensive research found that
chelation between guluronic acid blocks creates an ‘egg-box’
structure, substantially increasing the viscosity of the system?”?,

Formulation factors, including the types and quantities of
antacids, their ratio to alginate, acid-neutralizing capacity,
and the concentration and viscosity of the formulation, are
anticipated to influence raft formation. Ideal rafts should exhibit
cohesion, buoyancy, sufficient volume, resistance to reflux
into the esophagus, and stability against disruption caused by
gastric motility. These characteristics are clinically relevant,
as they directly impact the effectiveness of alginate-based
reflux suppressants in alleviating symptoms and protecting
the esophagus®*°. Given the availability of various commercial
alginate-based reflux suppressants in Thailand, understanding
the physicochemical properties of these formulations is crucial.
Testing and comparing these properties can provide valuable
insights into their performance, enabling healthcare providers
to recommend the most effective products for managing GERD.

Therefore, the objective of this study was to evaluate the
characteristics of various alginate-based raft-forming antacid
formulations available in Thailand. The study employed

multiple physicochemical characterization methods to assess
the efficacy of these pharmaceutical products.

MATERIALS AND METHODS
Materials

Five alginate-based antacid products, including the Originator
product (REF) and four generic samples (labeled as S1 to S4),
were acquired from accredited pharmacies in Thailand. All
products contain raft-forming ingredients as indicated on the
labels. Each 10 ml contains 500 mg of sodium alginate, 213
mg of sodium bicarbonate, and 325 mg of calcium carbonate.
Hydrochloric (HCl) acid (37% fuming) was obtained from
Honeywell™ Fluka™. All chemicals and solvents were of
analytical grade and were utilized as received.

Raft forming characteristics

The five alginate-based raft-forming antacids were tested.
These characteristics include 1) raft forming speed, 2) flotation,
3) floating lag time, and 4) raft coherence. To test these
properties, 10 mL of each product was added to 150 mL of
0.1 M HCI acid in Apparatus 3 dissolution chambers at 37°C.
Raft-forming properties were observed immediately after the
products were introduced to the acid??.

Raft forming speed was determined as “immediate” when the
raft formed apparently within 10 seconds of contact with the
acid. If this condition was not met, it was regarded as “non-
immediate”. Complete flotation was defined as the condition
where a whole raft rose to the liquid surface, whereas partial
flotation was identified when some insoluble materials
submerged in the medium or settled at the bottom of the
chamber and persisted throughout the 30-minute observation
period for raft development. Floating lag time was defined as
the time needed for 90% of the raft to float into the surface
of the medium. Raft coherence was determined during the
removal of the raft for weighing. Coherence was considered
“good” if the rafts maintained a solid mass, whereas it was
deemed “poor” if the rafts broke apart during handling®.

Raft tensile strength

A maximal dose of sample (20 mL) was added to 150 mL of 0.1M
HCl in a 250 mL low-form glass beaker at 37°C to create rafts.
While developing each raft, an L-shaped stainless steel wire
probe was maintained upright in the beaker for 30 minutes.
The Stable Micro Systems TA. XT plus texture analyzer was
used with a 5 kg load cell and an alginate raft hook (A/ARH).
The beaker was placed on the texture analyzer table after 30
minutes of raft formation, and the wire probe was hooked onto
the arm and dragged vertically up through the raft at 5 mm/s.
Grams were used to quantify the force needed to pull the wire
probe through the raft. Three tests were done®.

Raft volume and raft weight

Rafts were produced using the same procedure as that
employed for raft strength testing, excluding the wire probe,
and were subsequently incubated for 30 minutes. Prior to
raft formation, the weight of each beaker was recorded (W1).
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The total weight of the beaker and its contents was recorded
after raft development (W2), indicating the highest point
attained by each raft outside the beaker. The raft was removed
from the beaker by decanting the liquid and transferring the
raft into a pre-weighed plastic weighing boat. Following a
30-second standing period, surplus liquid was removed, and
the raft’s weight was recorded (W3). The residual liquid in
the beaker was eliminated using a paper towel, after which it
was replenished with deionized water (DI) to the designated
mark and subsequently weighed (W4). The calculation of each
raft’s volume was performed using the formula: raft volume =
(W4 - W1) - (W2 - W1 - W3). The raft volume is expressed
in milliliters (mL), while all weights are recorded in grams (g).
This formula assumes that the density of the removed liquid
(supernatant) is equivalent to that of deionized water.® The
tests were conducted in triplicate.

Raft morphology

The morphology of the raft was assessed using a scanning
electron microscope and energy dispersive X-ray spectrometer
(SEM-EDS, JEOL JSM-6610LV). The constructed raft underwent
drying through an automated critical point dryer (Leica EM
CPD300), after which a segment of the raft was affixed to a
stage and coated with gold. The morphology of the raft was
examined utilizing SEM-EDS at a temperature of 25°C. The
image resolution was adjusted to x50, and x100.

Raft neutralization profile

Rafts were prepared in 250 mL glass beakers by adding 20
mL of the sample with 70 mL of 0.1 M HCI, which had been
equilibrated at 37°C. The rafts were maintained at this
temperature for 30 minutes to facilitate maturation. Upon
development, the raft was meticulously placed into a Buchner
funnel, with excess media being discarded. A filtration process
was employed to eliminate excess HCl, and the raft was
collected for pH measurement using a calibrated pH meter.
Subsequently, 3 mL of 0.04 M HCI solution was added to the
raft and allowed to settle for 5 minutes prior to a 3-minute
filtration process. The filtrate was collected, and the pH was
measured. The process was continuously conducted until the
pH of the filtrate was not further neutralized (pH < 4) by the
raft. The pH cutoff of 4.0 was selected due to its established
recognition in clinical practice as the transition point from
acid to nonacid reflux, signifying the clinical importance of the
change from acidic gastric conditions to weak acidity at a pH
greater than 4.0. The tests were conducted in five replicates.

Acid neutralizing capacity of the products

The acid neutralizing capacity (ANC) is a critical parameter
for assessing a formulation’s ability to neutralize gastric acid
effectively®. The sample preparation and testing procedure
adhered to the USP General Chapter <301>on Acid-Neutralizing
Capacity®. For suspension dosage forms, the samples were
agitated thoroughly until achieving uniformity. A sample
amount equivalent to the minimum dosage was weighed into
a 250 mL beaker then diluted with water to a total volume of
70 mL and stirred at approximately 300 rpm for 1 minute while
maintaining the temperature at 37°C. Subsequently, 30.0 mL of

1.0 N HCl was added to the test preparation under continuous
stirring with a magnetic stirrer. The mixture was stirred precisely
for 15 minutes following the acid addition. Immediately
afterward, the excess hydrochloric acid was titrated with 0.5
N sodium hydroxide within 5 minutes, targeting a stable pH of
3.5, which was held for 10-15 seconds.

The milliequivalents (mEq) were calculated using the formula:

Total mEq = (30 x NHcl) - (VNaOH xN

NaOH)

Where: N, =normality of the hydrochloric acid VS

V,.on = Volume of sodium hydroxide VS used

during titration

N,.o4 = Normality of the sodium hydroxide VS

If the sample’s acid-neutralizing capacity exceeds 25 mEq, the
procedure requires 60.0 mL of 1.0 N HCI, with the calculations
adjusted accordingly.

Statistical analyses

Statistical analyses were performed using GraphPad Prism
software, version 9. Group comparisons were assessed via
one-way analysis of variance (ANOVA) with a significance
level of a = 0.05. Tukey’s post hoc test was used to identify
differences between groups, facilitating the detection of
statistically significant variations while accounting for multiple
comparisons.

RESULTS AND DISCUSSION
Raft forming characteristics

The ability of a raft-forming formulation to rapidly develop
a stable, cohesive raft structure is a critical performance
attribute. Raft forming characteristics refer to the ability
of certain substances to create a gelatinous layer on the
surface of gastric contents, thereby relieving symptoms such
as heartburn and acid reflux. This mechanism is primarily
utilized in alginate-based antacid formulations designed to
alleviate gastrointestinal discomfort. The process involves the
dissolution of calcium carbonate and the subsequent release
of calcium ion and carbon dioxide gas into the gastric fluid.
The calcium ions interact with alginate to form a cross-linked
gel, while the carbon dioxide becomes entrapped within
the gel matrix. When the formulation encounters an acidic
environment, the mixture initially sinks to the bottom of the
medium; as carbon dioxide is generated, the gel becomes
buoyant and rises to the surface, forming a floating raft.> 3
The characteristics of raft formation, including raft-forming
pattern and speed, flotation, floating lag time, and coherence,
are summarized in Table 1. The raft formation speed of REF,
S1, and S2 was immediate, whereas S3 and S4 exhibited a non-
immediate formation rate. Complete flotation to the surface
was observed for REF, S1, and S4, while S2 and S3 demonstrated
only partial flotation. Compared to REF (0.40 min), S1, S2, and
S3 exhibited significantly longer floating lag times (p < 0.05),
while S4 showed the longest lag time (6.30 min, p < 0.01). Good
coherence was observed in REF, S1, and S2, whereas S3 and
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Table 1. Raft forming characteristics of five commercially available alginate-based antacid products in Thailand
Sample | Raft-forming pattern Raft formation Raft floatation F'Ioatlng lag Coherence Palatability attribute
speed time
The raft dispersed into a medium-sized gel, Peppermint Flavor. mild salt
REF forming a fast raft that floated onto the Immediate Complete 0.40 min Good pp ! ¥
X taste, moderately viscous
surface of the media.
The raft swiftly dispersed into fine-to- Raspberry Flavor. mild salt
S1 medium sized gel, forming the fastest raft Immediate Complete 1.30 min Good tastz mo‘tlieratell viscous ¥
that floated onto the surface of the media. ’ Y
The raft dispersed into fine-to-medium sized Peppermint Flavor. mild salt
S2 gel, forming fast raft that floated onto the Immediate Partial 1.01 min Good pp . ! Y
. moderately viscous
surface of the media.
The raft swiftly dispersed into a fine gel,
s3 then aggregated at the bottom to form raft. | Non- Partial 1.26 min, Poor Mint Flavor, mild salty,
The formed raft floated as a whole onto the | immediate 17.30 min* moderately viscous
surface.
The product was difficult to disperse into
sa the rpedla and forms large gel particles at a _Non— _ Complete 6.30 min Poor M|nt Flavor, mild salty, highly
medium rate, creating a raft that floats onto | immediate viscous
the surface of the media.

Note: *At 1.26 minutes, all rafts floated; however, the floated raft showed instability, resulting in the gel leg dripping down to the container bottom. At 17.30

minutes, the dropped gel leg re-formed the raft and floated to the media surface.

S4 displayed visibly weaker cohesion and poorer raft integrity.
Formulations containing higher alginate content and calcium-
based antacids tend to exhibit faster raft formation and better
raft integrity. Conversely, Takbirgou reported that sodium
alginate and sodium bicarbonate concentrations play crucial
roles in determining floating lag time; an increased amount of
alginate results in a heavier gel, which requires more time to
achieve buoyancy®.

The observed differences among products may be attributed
to variations in raft-forming patterns. REF, S1, and S2 rapidly
dispersed into fine- to medium-sized gels that immediately
floated to the surface, forming aggregated rafts with good
coherence and complete flotation. In contrast, S3 dispersed
into very fine-sized gels, that likely trapped insufficient air,
causing the gel to initially sink before eventually floating.
S4, due to its higher viscosity, dispersed less readily, leading
to incomplete gel formation and a delayed flotation time. A
uniform and well-formed raft enhances the barrier against acid
reflux and ensures prolonged contact with the gastric mucosa
for sustained protection.

The present findings align with prior work on commercial
alginate—antacid products, which demonstrated that rapid raft
formation and adequate raft strength are crucial for neutralizing
the acid pocket and preventing reflux*>*. From a clinical
perspective, these differences in raft-forming characteristics
are meaningful. Products exhibiting faster raft formation,
complete flotation, and strong coherence are more likely to
effectively cover the acid pocket, a key site implicated in GERD
symptoms*>®, Rapid raft formation and stable flotation enable
timely symptom relief, while strong raft integrity enhance
resistance to gastric motility, maintaining the raft’s position
for prolonged therapeutic action. Larger raft volume ensures
wider gastric coverage and more effective protection of the

esophageal mucosa. Consequently, formulations such as REF,
S1, and S2, which demonstrated favorable raft-forming profiles,
may provide superior clinical efficacy in managing GERD
compared with S3 and S4.

Raft tensile strength

Raft strength is a key parameter used in quality control to
ensure batch-to-batch consistency of raft-forming products. It
reflects the ability of a raft to resist disintegration in the acidic
gastric environment and to withstand gastric motility and reflux
forces, thereby maintaining adherence to the stomach lining for
sustained symptom relief. In essence, this property mimics the
in vivo resistance of raft systems to mechanical deformation.
The measured tensile strength depends not only on the
mechanical strength of the gel but also on its viscosity and the
surface tension of the surrounding medium®. The inherent raft
strength is produced by the crosslink between calcium ion and
alginate carboxylate salt to form a typical eggbox structure that
stabilizes the raft network!*'”38, The raft strength results for all
five formulations, based on three replications, are presented in
Table 2 and illustrated in Figure 1. Among the tested products,
S3 exhibited significantly higher raft tensile strength than all
other formulations (p < 0.001) while other products were
comparable with REF (15.79 + 2.70 g) (p > 0.05). However, the
notably high raft strength of S3 was attributed to the L-shaped
wire probe lifting the entire raft rather than passing through it,
resulting in disproportionately high raft strength reading that
are not directly comparable to other formulations. The issue
with S3 product likely stemmed from inadequate adhesion
to the container surface, which may translate clinically to
reduced adherence to the gastric or esophageal mucosa and
consequently diminished anti-reflux efficacy.

When S3 was excluded, the raft strength of the remaining
formulations ranged from 13.335 + 0.760 g for S4 to 18.041
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Table 2. Raft tensile strength of five commercially available alginate-based
antacid products in Thailand.

Raft tensile strength (g)

Sample | Replication1 | Replication2 | Replication 3 | Average (SD)
REF 18.827 13.667 14.877 (125.;57999‘;
s1 15.9 21.105 17.117 (128.-702431)
52 15.559 12533 16.418 (12%6?17)
s3 29.735 30.612 29.213 (209?687776)
s4 14.206 12.808 12.992 (1035'736305)

+ 2.723 g for S1, which no statistically significant differences
observed between these formulations and REF (p > 0.05),
indicating comparable mechanical performance. A correlation
exists between raft tensile strength and raft resilience, defined
as the ability to resist break-up due to stomach and esophageal
motility. Accordingly, S1, which demonstrated the highest
tensile strength among comparable products, may offer a
longer-lasting acid barrier and greater clinical benefitin reducing
reflux frequency. Importantly, all formulations exceeded the
minimum raft strength requirement of 7.5 g specified by the
British Pharmacopoeia (BP). Hampson et al. reported that
raft strength varies by alginate source, ranging from 4.0 g in
Durvillaea antarctica to 12.1 g in Laminaria hyperborea®.

Higher concentrations and molecular weights of polymers
used generally result in stronger rafts that can withstand
the peristaltic forces of the stomach. A higher proportion of
guluronic acid (G-block) units in sodium alginate and greater
calcium carbonate content enhance strength by promoting
denser cross-linking within the alginate network?2%2,
Conversely, the inclusion of aluminum ions or HPMC may
disrupt gel structure and reduce strength??. Additionally, raft
components, meal components and media pH also influence
raft properties®. Clinically, greater raft tensile strength indicates
a more stable barrier capable of resisting disruption by gastric
contractions and reflux pressure, , maintaining continuous
protection at the gastroesophageal junction. Consequently,
patients using formulations with stronger rafts may experience
longer-lasting symptom relief and improved esophageal
protection.

Raft volume and raft weight

Raft volume and weight are important parameters for
formulation optimization, reflecting the physical characteristics
and potential performance of alginate raft systems. Both
properties caninfluence the product’s clinical efficacy, asalarger
raft volume provides broader coverage of the gastric mucosa
and a more stable floating barrier against reflux. Raft volume
and weight could also have an influence on raft strength®%. The
results for all samples are presented in Table 3 and illustrated in
Figure 2. Compared with REF (45.42 + 3.61 g), the raft weights
of S1-S4 did not differ significantly (p > 0.05). Raft volumes,
calculated using the previously described formula, ranged from

%k >k 3k 3k

\
%k >k >k 3%k >k >k *k

40—

30—

Raft strength (g)

REF S1

|
3k >k 3k *k

S2 S3 S4

Figure 1. Raft tensile strength (g) of five commercially available alginate-based antacid products in Thailand

(*** p <0.001, **** p < 0.0001)
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Figure 2. Raft volume and raft weight of five commercially available alginate-based antacid products in Thailand (* p < 0.05, ** p < 0.005)

Table 3. Raft volume and raft weight of five commercially available alginate-based antacid products in Thailand
e s | M| W | ws | we | Cluleeduk | et | At
(g) (g) (g) (g) (mL) (mL) (g)

1 106.59 272.67 49.57 309.46 86.36

REF 2 109.17 278.25 43.69 316.17 81.61 83.76 (2.41) 45.42 (3.61)
3 109.22 279.71 43.01 320.01 83.31
1 109.51 270.68 41.78 301.54 72.64

S1 2 103.29 275.69 42.72 308.56 75.59 76.56 (4.49) 40.82 (2.53)
3 107.02 272.98 37.95 316.49 81.46
1 112.51 290.96 42.76 319.03 70.83

S2 2 106.9 273.27 44.69 303.06 74.48 70.14 (4.73) 43.51 (1.04)
3 107.01 278.72 43.07 300.75 65.1
1 105.56 274.15 49.42 297.49 72.76

S3 2 106.89 271.44 40.08 300.1 68.74 67.71 (5.64) 46.39 (5.47)
3 112.24 285.28 49.67 297.23 61.62
1 112.5 279.99 37.95 300.68 58.64

S4 2 112.73 283.03 37.22 312.41 66.6 64.85 (5.55) 39.78 (3.81)
3 107.02 279.42 44.16 304.58 69.32

64.85 + 5.55 mL to 83.76 + 2.41 mL. Compared with REF (83.76
+ 2.41 mL), S2-54 showed significantly smaller volumes (p <
0.05), whereas S1 showed no significant difference (p > 0.05).

An increase in raft weight and volume generally correlates with
improved floatability?®. The superior flotation performance
of REF and S1, which demonstrated both higher raft weights
and volumes. Interestingly, despite S4 exhibiting the lowest
raft weight and volume, it still achieved complete flotation,

suggesting that other factors, such as viscosity, bubble
entrapment, or gel elasticity, may also influence buoyancy.
Larger and heavier rafts tend to provide better coverage of
gastric contents, promoting the formation of a continuous
floating layer that minimizes reflux exposure. This feature
likely enhances clinical efficacy in suppressing heartburn
and regurgitation. However, excessive raft density may delay
flotation and the onset of symptom relief, emphasizing the
importance of achieving an optimal balance between raft
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strength and buoyancy during formulation design.
Raft morphology

Raft morphology, characterized by its uniformity and porosity,
determines its ability to maintain structural integrity under
acidic conditions. The generation and entrapment of CO, during
formation create hollow regions within the raft structure,
producing distinct morphological characteristics for each
product*?. The SEM images of all samples revealed structural
differences, as illustrated in Figure 3, with notably higher levels
of porosity observed in REF and S1, which corresponded to
their excellent flotation profiles.

These variations in morphology may also influence the
buoyancy and stability of the rafts, potentially affecting their
clinical performance in managing reflux. The porous and
absorbent nature of rafts could play a role in retaining their
ANC probably due to release of trapped antacids. Further
investigation is warranted to better understand the impact of
these morphological differences on therapeutic efficacy.

Raft neutralization profile

Evaluating the raft acid neutralization capacity demonstrates
how effectively the rafts maintain their antacid barrier
properties within their structure and prevent further damage
to the esophagus®®. Figure 5 and Table 5 illustrate the raft
neutralization duration of various products, defined as the
time during which the raft maintains pH > 4 in the test. The REF
formulation exhibited a neutralization duration of 24.00 + 8
minutes, which served as the reference standard. The rafts of
the other formulations showed longer neutralization durations,
suggesting comparable or enhanced buffering capacity and
acid neutralizing potential. However, the differences in average
neutralization durations among all five formulations were not
statistically significant when compared to REF (p > 0.05).

Despite containing common antacid ingredients in identical
amounts, the variations in alginate source, alginate
specifications, and unique additional components in each
formulation influence the neutralization profiles. These
differences arise due to variations in the raft microstructure,
which affect liquid permeability, diffusion, and the rate of acid
penetration. When acidic environments interact with the raft,
they engage with entrapped antacid components, altering the
duration and consistency of neutralization*?, These findings
highlight the interplay between raft composition and structure
in determining the effectiveness of acid neutralization. Clinically,
a formulation capable of maintaining pH > 4 for a prolonged
period offers extended mucosal protection and symptom relief,
even in the presence of ongoing gastric acid secretion

Acid neutralizing capacity (ANC) of the products

Each product possesses an intrinsic acid neutralizing
capacity (ANC) determined by its antacid content, which acts
immediately upon ingestion to neutralize the acid pocket at the
gastroesophageal junction. A portion of the antacid, however,
becomes entrapped within the raft matrix during formation,
contributing to sustained neutralization over time®*%. The
ANC values for all formulations are summarized in Table 4.

Compared with REF (9.56 + 0.23 mEq), S1 exhibited a slightly
lower ANC (8.76 + 0.12 mEq, p < 0.05), whereas $S2-54 showed
comparable or marginally higher ANC values (p > 0.05). Despite
these variations (Figure 4), all samples met the minimum ANC
requirement of no less than 5 mEq per dose, as specified by the
U.S. FDA, confirming compliance with regulatory standards for
antacid efficacy?’.

While ANC reflects a formulation’s ability to neutralize gastric
acid, its clinical significance in alginate-based antireflux
therapies is limited. In these systems, pH neutralization plays
a supportive rather than a primary role, as the dominant
therapeutic mechanism arises from the formation of a
cohesive raft that prevents reflux of gastric contents into the
esophagus®’. This is particularly important because GERD in
some patients may not always be associated with highly acidic
gastric contents. Additionally, other causes, such as bile or
nonacidic reflux, have been implicated in the pathophysiology
of GERD%%,

Nevertheless, adequate ANC remains important for rapid pH
normalization in the acid pocket, particularly in patients with
acid-sensitive esophageal mucosa. Maintaining pH above
4.0 enhances mucosal protection and provides symptomatic
relief. Therefore, ANC and raft integrity act synergistically—
the buffering effect offers immediate acid suppression, while
the raft structure provides sustained mechanical protection,
together achieving comprehensive reflux control.

CONCLUSION

This study evaluated the characteristics of five alginate-based
raft-forming antacid products available on the market. Although
each product label specifies the same doses of core raft-
forming components—sodium alginate, sodium bicarbonate,
and calcium carbonate—these alone do not reliably predict
product performance. The results indicate that additional
excipients play a substantial role in influencing raft structure
and stability, leading to observed differences among products.
Formulation variations, raw material sourcing, and batch-to-
batch inconsistencies likely also impact performance. While
this study focused on products available in Thailand, similar
variability may be present internationally. The methods used
here aimto stimulate furtherresearchinto product effectiveness
and offer valuable testing protocols for future studies on
alginate-based raft-forming antacids. Standardizing testing
methods for these products would enhance understanding
of their performance and support consistent quality across
different formulations and brands. Understanding raft
characteristics and ANC profiles could empower pharmacists
to make informed recommendations, providing patients with
improved symptom relief and management.
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Figure 4. Acid neutralizing capacity (ANC) of five commercially available alginate-based antacid products in Thailand.
(** p <0.005, ***p <0.001)

Table 4. Acid Neutralizing Capacity (ANC) of five commercially available Table 5. Raft neutralization duration of five commercially available alginate-
alginate-based antacid products in Thailand based antacid products in Thailand
Acid neutralizing capacity (mEq) sample Average duration of raft neutralization (SD)
Sample Replication 1 | Replication 1 | Replication 1 | Average (SD) (min)
REF 24 (8
REF 9.4 9.82 9.45 9.56 (0.23) ®)
S1 32(14.97
S1 8.9 8.66 8.73 8.76 (0.12) ( )
S2 41.6(18.24
S2 8.94 9.22 9.27 9.14 (0.18) ( )
S3 46.4 (15.39
S3 9.71 9.73 10.15 9.86 (0.25) ( )
S4 41.6(14.31)
sS4 9.82 9.87 9.8 9.83 (0.04)

Neutralization Duration

80—

41.60 46.40

Duration (min)

REF S1 S2 S3 sS4

Figure 5. Raft neutralization duration of five commercially available alginate-based antacid products in Thailand.
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