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Abstract: Sucralfate is a medicine for peptic ulcers that is practically insoluble in
water and might to be developed into a suspension. The choice of suspending
agents is essential for formula development. This study aimed to determine the
physical characteristics and physical stability of xanthan gum, CMC-Na, and Avicel
RC-591 in a sucralfate suspension by conducting a characterization and stability
study and analyzing the formulations. Suspensions were prepared with 0.3% w/v
xanthan gum (XG), 1% w/v CMC-Na (SCMC), and 1% w/v Avicel RC-591 (ARC) and
then evaluated for physical appearance, pH, density, viscosity, sedimentation, and
redispersibility in a six-month stability study conducted under various storage
conditions. The pH results ranged between 5.113 ± 0.001 and 4.622 ± 0.033 (p >
0.05). The density of the SCMC formula (1.1459 ± 0.0003) is greater than the density
of the ARC formula (1.1396 ± 0.0002) and XG (1.1162 ± 0.0002), but statistically, the
three formulas are not significantly different (p > 0.05). The viscosity of XG is greater
than SCMC and ARC. The formulas indicated that XG had greater sedimentation than
SCMC and ARC (p > 0.05). The redispersibility of all formulations is ARC > SCMC >
XG. In conclusion, ARC and SCMC exhibit acceptable suspension characteristics and
robust physical stability. Conversely, formulations utilizing XG fail to meet the
required quality standards for sucralfate suspensions regarding redispersibility.

Introduction
Peptic ulcer disease indicates a severe medical problem.
People who were born in the middle of the 20th century
are more likely to suffer from peptic ulcer disease. Every
year, approximately 500, 000 new cases are reported,
affecting 5 million individuals in the United States alone.
Ulcer disease is an illness that predominantly affects the
elderly today, with an average incidence between ages 55
and 65. Three-fifths of gastric ulcer patients develop
severe complications (1). During the ages of 30 to 50, the
prevalence of peptic ulcers ranges between 11 and 14%
for men and 8 and 11% for women. Over the age of 60,
peptic ulcers occur infrequently, but they are critical in
80% of those cases (2).

The infection caused by Helicobacter pylori and acid-
pepsin secretion are the primary causes of peptic ulcer
disease. Other important etiological factors include long-
term use of non-steroidal anti-inflammatory drugs
(NSAIDs), shock, severa trauma, septicaemia, intracranial
lesions, local irritants such as alcohol, smoking, spicy food,

and Zollinger-Ellison syndrome, which induces excessive
gastric acid secretion due to gastrinoma-associated
hypergastrinemia (1, 2).

The pharmacological management of peptic ulcer
disease includes gastric acid-suppressing agents (H2-
receptor antagonists, proton pump inhibitors,
anticholinergics, and prostaglandin analogues), antacids,
mucosal protective agents (e. g., sucralfate and colloidal
bismuth subcitrate), and antimicrobial agents for
Helicobacter pylori eradication. Sucralfate acts locally by
forming a protective barrier over gastric mucosal lesions,
shielding them from gastric acid, pepsin, and bile salts,
thereby promoting mucosal healing (3, 4). Based on its
physicochemical properties, particularly its poor water
solubility and local mode of action, sucralfate is more
appropriately formulated as an oral suspension (5, 6, 7).

The selection of the right suspending agents is an
important step in developing appropriate suspension
formulations. The function of the suspension agent is to
help in the dispersion of dense, undissolved particles in a
liquid medium while helping to increase viscosity and
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prevent sedimentation. For instance, xanthan gum,
methylcellulose (MC), carboxymethylcellulose (CMC),
hydroxypropyl methylcellulose (HPMC), and tragacanth are
all examples of suspension agents (8).

According to investigations of suspension forms of
antacids and herbal antiulcer therapies, xanthan gum 0.3%
and 0.25% (9); 0.5% and 1% (10), with good redispersion
and high viscosity, can decrease particle reactions and
slow sedimentation. Another study indicated that a seven-
day suspension of 0.1% xanthan gum is easily dispersed,
does not form into a cake, and sediments at 0.98 (11). The
research suggested that the increase in CMC-Na was due
to the added benefit of aiding in the treatment of chronic
occupational conditions brought on by antacid therapy.
Additionally, the treatment of gastritis with CMC-Na
(extract from the leaves of Corchorus olitorius) was utilized
as a treatment for ulcers and as a means of preventing
ulcers from forming (12). The inversion of the CMC-Na
stabilization test resulted in lower viscosity and reduced
circulation at higher concentrations of CMC-Na (0.5, 1, 1.5,
and 2%) (10). While the formula contains xanthan gum, its
redispersibility value decreases as viscosity increases
continuously with equal stability (10). Suspension with 1%
Avicel RC-591 shows a stable pseudoplastic thixotropy
system throughout stability and the potential for low
sedimentation, as indicated by a maximum redispersion
test with one inversion (4). Syrup study employing
delayed-release added Avicel RC-591 to improve viscosity
to minimize sedimentation (13).

Based on this background, the purpose of this study
was to evaluate the physical characteristic and physical
stability of xanthan gum, CMC-Na, and Avicel RC-591 in a
sucralfate suspension by conducting a stability study.

Methodology or Experimental Section

Materials
Sucralfate (Zhejiang Haisen) was used as a model drug;
Xanthan Gum (Danisco, France), Sodium
Carboxymethylcellulose (Ashland, Alizat, France), and
Avicel-RC 591 (ASAHI Kasei) were selected as suspending
agents; Sucralose (Unisweet, Shandong) was used as
sweetening-agent; Sodium Benzoate (Wuhan Youji) was
used as preservative; Sorbitol Liquid 70% (Sorini Towa

Berlian Corporindo) was used as sweetening-agent and
cosolvent; Glycerine (SUMIASIH) was used as wetting-
agent and cosolvent; peppermint was used as flavouring
agent, and distilled water was used as solvent.

Preparation of Sucralfate Suspension
XG 0.3 g was dispersed in distilled water to form a
mucilage. Sucralfate (10 g) was mixed with 6 mL of
glycerine and then gradually incorporated into the XG
mucilage. Sucralose Dissolve (0.02 g) and sodium
benzoate (0.1 g) were dissolved in distilled water and the
resulting solution was added to the previous mixture,
followed by the addition of 70% sorbitol solution and
peppermint flavor. The final volume was adjusted to 100
mL with distilled water, and the suspension was
transferred to an amber bottle. The same procedure was
repeated with 1 g of SCMC and 1 g of ARC to prepare the
respective suspension. The compositions of all the
formulations are presented in Table 1.

Physical Characterization

Determination of Physical Appearance
Determination of formulation color, odor, clarity, and
homogenity compared with chiller stability to ensure the
sample showed a proportional form with a white-sweet
odor.

Determination of pH
The pH values for formulations were determined at 25 ºC
by a Mettler Toledo pH Meter. All measurements were
carried out in triplicate (14).

Determination of Density
The density values for formulations were determined at 25
ºC by density meter Anton Paar. All measurements were
carried out in triplicate.

Determination of Viscosity
The viscosity was determined at 25 ºC by Viscometer
Brookfield with 10 rpm (14).

Determination of Sedimentation
Each suspension was measured in a 50 mL was kept in

Table 1. Formulas of sucralfate suspension.

Ingredients
Quantity in g/100 mL

F1 F2 F3

Sucralfate 10 10 10

Xanthan Gum (XG) 0.3 - -
Sodium Carboxymethylcellulose (SCMC) - 1 -
Avicel RC-591 (ARC) - - 1

Sodium Benzoate 0.1 0.1 0.1
Sucralose 0.02 0.02 0.02
Glycerine (mL) 6 6 6

Sorbitol Liquid 70% (mL) 20 20 20
Peppermint flavour qs qs qs
Distilled water (mL) ad 100 100 100
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Figure 1. Physical appearance of sucralfate suspensions of
XG (F1), SCMC (F2), and ARC (F3).

measuring cylinder. By turning it upside down three times,
the suspension was completely dispersed. After three
minutes of settling, the volume of sediment was
measured. This is the initial sediment volume (H ). The
cylinder remained undisturbed for four days. The final
volume of sediment (H ) was determined by measuring
the volume of sediment every 24 hours for four days.
Sedimentation Volume (F)=H  /H  (15, 16).

Determination of Redispersibility
A fixed volume of each suspension (50 mL) was kept at
room temperature in a measuring cylinder for four days.
The measuring cylinders were manually turned upside
down until the sediment was thoroughly dispersed, and
the total number of times the cylinders were turned upside
down was recorded (15, 16).

Stability of Sucralfate Suspension
Stability studies were carried out on all suspension
formulations for 6 months at three temperatures i. e. , 30
°C/70% RH, 40 °C/75% RH and 5 °C ± 3°C. The samples
were taken at intervals for 0, 1, 3, 6 months storage to
evaluate pH, density, viscosity, sedimentation and
redispersibility (17).

Statistical Analysis
The physicochemical characteristics of the sucralfate
suspension formulations were statistically analyzed using
SPSS software. One-way analysis of variance (ANOVA) was
employed as parametric test for data that fulfilled the
assumptions of normality and homogeneity of variance.
Data that did not meet these assumptions were analyzed
using the Kruskal-Wallis test as a nonparametric
alternative. Differences among groups were considered
statistically significant at p < 0.05.

Results and Discussion
All three sucralfate suspension formulations exhibited a
white appearance and a pleasant odor (Figure 1). Initially,
all formulations were homogeneous, with no visible
particle separation. However, during the stability study, the
XG formulation (F1) began to form a hard cake within the
first month of storage. In contrast, the SCMC (F2) and ARC
(F3) formulations exhibited sedimentation while
maintaining good redispersibility.

The pH test was performed to evaluate changes in the
pH of all formulations throughout the stability study. As
shown in Figures 2 and Table 2, the pH values of all
formulations ranged from 5.113 ± 0.001 to 4.622 ± 0.033
during storage. These values fall within the weakly acidic

0

u

u 0

Figure 2. pH values of the formulations: (A) F1 (XG), (B) F2 (SCMC), and (C) F3 (ARC).
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Table 2. The result of sucralfate suspension formulations.

Formula Organoleptic
Physicochemical Characteristic

pH Density (g/cm ) Viscosity (cP) Sedimentation Redispersibility (%)

F1 (XG) white-sweet odor 5.067 ± 0.013 1.1162 ± 0.0002 5428 caking caking

F2 (SCMC) white-sweet odor 5.113 ± 0.001 1.1459 ± 0.0003 110.4 0.52 70
F3 (ARC) white-sweet odor 5.067 ± 0.002 1.1396 ± 0.0002 43.8 0.54 85

Figure 3. Density values of the formulations: (A) F1 (XG), (B) F2 (SCMC), and (C) F3 (ARC).

Figure 4. Viscosity values of the formulations: (A) F1 (XG), (B) F2 (SCMC), and (C) F3 (ARC).

3
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range (pH > 4.5) (16), indicating their suitability for use in
antiulcer suspension formulations. Although the pH of all
formulations gradually decreased during storage as the
temperature increased, the changes were not statistically
significant (p > 0.05) and remained close to the initial pH
values. The stability of the formulations may be attributed
to the pH stability of XG, SCMC, and ARC, which are
reported to be stable over a pH range of 4–10 according
to the Handbook of Pharmaceutical Exipients (18).

As shown in Figures 3, the density of all formulations
remained relatively stable throughout the stability study.
Among the formulations, the SCMC suspension exhibited
the highest density, ranging from 1.1459 ± 0.0003 to
1.1331 ± 0.0005 (Figure 3B), compared with the XG and
ARC formulation (Figure 3A) showed a slight increase as
the pH decreased (Figure 2A); however, this change was
not statistically significant during storage (p > 0.05). The
increase in density may be attributed to particle
aggregation under conditions where the pH is below the
pKa, resulting in stonger interparticle interaction (19). In
contrast, the density of the SCMC formulation (Figure 3B)
gradually decreased with the reduction in pH (Figure 2D).
Similarly, the ARC formulation exhibited a slight decrease
in density during storage. However, the density changes
observed in both the SCMC and ARC formulations were
not statistically significant (p > 0.05).

As shown in Figure 4 and Table 2, the initial viscosity
of the XG formulation was higher than that of the SCMC
and ARC formulations. Previous studies by G. Roopa et al.
(2010) and Haile et al. (2020), reported that XG at a
concentration 0.3% w/v exhibits high viscosity, which
reduces particle mobility and delay sedimentation.
However, in the present study, the same concentration of
XG in the sucralfate suspension resulted in the formation
of hard cake despite its high viscosity. As shown in Figure
4B, the viscosity of the XG formulation increased during
storage but decreased at elevated temperatures.
Nevertheless, these changes were not statistically
significant throughout the stability study (p > 0.05).

Meanwhile, the viscosities of the SCMC (Figure 4B)
and ARC (Figure 4C) formulations decreased over the
storage period and with increasing temperature. The
viscosity of SCMC gradually decreased under applied
shear stress while exhibiting an increased flow activation
index. These viscosity properties are influenced by several
factors, including the degree of substitution, molecular
weight, and temperature (12). The reduction in the
viscosity of both SCMC and ARC during the stability study
may be attributed to a decline in pH, which can promote
the degradation of the acid-labile polymer chains (10).
However, the changes in viscosity observed for both SCMC
and ARC throughout the stability period were no
statistically significant (p > 0.05). The viscosity of the

Table 3. Sedimentation of sucralfate suspension formulations.

Formulas Condition
Stability Time (Month)

0 1 3 6

XG

2-8 °C caking caking caking caking

30 °C ± 2 °C RH 70% caking caking caking caking
40 °C ± 2 °C RH 75% caking caking caking caking

SCMC

2-8 °C 0.52 0.56 0.58 0.58

30 °C ± 2 °C RH 70% 0.52 0.54 0.52 0.54
40 °C ± 2 °C RH 75% 0.52 0.54 0.54 0.48

ARC

2-8 °C 0.54 0.52 0.52 0.56

30 °C ± 2 °C RH 70% 0.54 0.50 0.50 0.50
40 °C ± 2 °C RH 75% 0.54 0.54 0.50 0.50

Table 4. Redispersibility of sucralfate suspension formulations.

Formulas Condition
Stability Time (Month)

0 1 3 6

XG

2-8 °C caking caking caking caking

30 °C ± 2 °C RH 70% caking caking caking caking
40 °C ± 2 °C RH 75% caking caking caking caking

SCMC

2-8 °C 7 11 8 6

30 °C ± 2 °C RH 70% 7 7 5 5
40 °C ± 2 °C RH 75% 7 4 6 6

ARC
2-8 °C 4 5 5 8
30 °C ± 2 °C RH 70% 4 5 4 4

40 °C ± 2 °C RH 75% 4 7 5 4
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formulations followed a descending order of XG > SCMC
> ARC.

The sedimentation results shown in Table 3  all
sucralfate suspension formulations formed sediment
during stability study. The XG formulation showed no
visible sediment particles but formed a hard cake. The
formation of caking was attributed to changes in density
and viscosity, which promoted stronger interactions
among particles within the internal phase, resulting in the
development of a compact sediment. Similar findings have
been reported in previous studies, in which formulations
containing XG as the suspending agent exhibited a
significant reduction in sedimentation volume after three
weeks of storage. As shown in Figures 3A and 4A, the
increase in viscosity and density of the XG formulation
during storage was most likely associated with its greater
sedimentation tendency. The increase in density may be
attributed to the setting of dispersed phase, which
promoted interparticle interactions and resulted in the
formation of a hard cake, with no statistically significant
change during storage (p > 0.05) (10). In contrast, the
sedimentation values of the SCMC and ARC formulations
were comparable, ranging from 0.48 to 0.58, and did not
change significantly during the stability study (p > 0.05).
Sediment formation in this formulations was likely
associated with the gradual decrease in viscosity during
storage, which facilitated floc bridging and subsequent
sediment formation (10). Overall, the XG formula formed a
cake, while the ARC and SCMC formulas formed sediment,
with values of 0.54 and 0.52, respectively, but neither was
significantly different.

As shown in Table 4, the number of inversions
required to redisperse the sucralfate suspensions was
evaluated throughout the stability study. The XG
formulation could not be readily redispersed during the
storage period because it formed a hard cake after being
stored at room temperature in a measuring cylinder for
four days. This finding contrasts with the study by G.
Roopa et al. , which reported that a suspension containing
0.3% w/v XG exhibited optimal consistency and
redispersibility (9). Caking may result from floc
consolidation caused by changes in zeta potential of the
dispersed particles in the presence of low electrolyte
concentration, leading to an increase in the number of
interparticle bonds (16, 22). In contrast, the SCMC
formulation required 4–11 inversions for complete
redispersion and showed no statistically significant change
during the stability study (p > 0.05). This finding differs
from a previous study, which reported that the
redispersibility of SCMC-containing suspensions increased
after storage (10). The ARC formulation required the
fewest inversions (4–8) among all formulations and
likewise exhibited no stastically significant change
throughout the stability study (p > 0.05). Overall, the
redispersibility of the formulations followed the order: ARC
> SCMC > XG.

Conclusion
This study concluded that ARC and SCMC exhibited
physical characteristics and suspension stability that met
the quality standards for pH, density, viscosity,
sedimentation, and redispersibility. In contrast, the
suspension formulation using XG failed to meet the quality
standards for redispersibility.
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