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1. INTRODUCTION
Helicobacter pylori (H. pylori) infection is a 

significant contributing factor to peptic ulcer disease, gastric 

cancer, and other types of gastric and extra-gastric diseases 
in more than 50% of the world’s population globally [1,2]. 
Clarithromycin is among the most effective antimicrobials, 
with a broad mechanism of action and a low minimum 
inhibitory concentration (MIC) for H. pylori [3–5]. However, 
the therapeutic effect through the oral route is limited by short 
residence time in the gastric mucosa and area, which causes 
challenges in maintaining high concentrations of the antibiotic 
at the site of action [6]. 
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ABSTRACT
Oral clarithromycin therapy for Helicobacter pylori is limited by short gastric residence and variable intragastric 
exposure. Formulating clarithromycin in mucoadhesive gastroretentive granules (MGG) may extend the gastric 
residence time, increase the concentration, and control drug release at the site of action for a longer time, and 
improving bioavailability and therapeutic efficacy in eradicating H. pylori. Polymers with certain swelling ability 
and mucoadhesive properties are critical to produce MGG. Therefore, this study aims to explore various polymers for 
their potential as carriers for mucoadhesive gastroretentive dosage forms. Clarithromycin was mixed in a ratio of 1:1 
with HPMC K15M, HPC MF, HEC 250 HHX, Carbomer (Carbopol 971p), or Polymethacrylates (Eudragit RS PO), 
and MGG were prepared using the wet granulation method. The yield of obtained dry granules was measured, then 
the size, moisture content, and flow properties were characterized. Muco-/bio-adhesive properties were analyzed 
based on adhesion strength and MGG retained during the ex-vivo study. The swelling index and drug release profile 
of MGG in HCl 0.1 N (pH 1.2) were analyzed. The results showed that all polymers produced free-flowing granules 
with effective hydration and gastric tissue adhesion. Among them, the Carbopol-based granules (F4) offered the best 
overall balance of rapid gel formation for early attachment, good ex-vivo retention to 8 hours, and prolonged release 
maintained to 12 hours. Release profiles were best described by the Higuchi kinetic model, consistent with diffusion 
and dissolution-controlled drug release mechanisms from a hydrated matrix with polymer swelling. This work 
provides the first direct, granule-form comparison of multiple polymers for mucoadhesive gastro-retentive delivery 
of clarithromycin. The Carbopol 971p matrix (F4) emerges as a promising carrier to prolong gastric residence and 
sustain local drug availability, supporting reduced dosing frequency and improved patient convenience. Future 
studies will optimize polymer ratios and evaluate in-vivo pharmacokinetics and antibacterial performance.
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2.2. Method

2.2.1. Preparation of clarithromycin granules
Clarithromycin MGG were prepared using the wet 

granulation method with the formulation as presented in Table 
1. Clarithromycin and various polymers were mixed thoroughly 
in a ratio of 1:1, and then granulated with a binder solution (5% 
w/v) derived from the same polymers. The wet mass was sieved 
through a #8 mesh to obtain uniformly sized granules, which 
were then dried in a hot air oven at 40°C for approximately 2 
hours, until the residual moisture content reached 2%–5%. The 
yield of obtained dry granules was measured before storage in 
an airtight container in a desiccator.

2.2.2. Physical characterization 
Organoleptic properties of clarithromycin MGG 

were observed, including the shape, color, and odor. MGG 
size distribution was measured using the multistage siever AS 
300 Control (Retsch, Germany). In addition, the flow rate was 
measured using a flowmeter GTL (Erweka, Germany), and the 
angle of repose was calculated. Hausner’s ratio was measured 
using a bulk density tester (Erweka, Germany) and calculated 
from the ratio of bulk and tapped density of granules [19,20]. 
Moisture content was measured with a moisture balance 
AMB 50 (Adam, UK) at 105oC. The swelling index of MGG 
was measured in HCl 0.1 N (pH 1.2) at 37oC ± 0.5oC. This 
measurement was performed by calculating the increased 
weight of granules at 15, 30, 60, 90, 120, 180, 240, 360, 480, 
600, and 720 minutes. 

2.2.3. Bioadhesion characterization 
Bioadhesion properties were analyzed by measuring 

adhesion force and residence time of MGG on the gastric mucosal 
tissue of rats. Eight- to twelve-week-old Sprague Dawley rats 
(NAFDC, Indonesia) were kept in cages with 12-hour light/dark 
cycle and given food and water ad libitum. The study protocol 
was approved by the Research Ethics Committee of Dr. Cipto 
Mangunkusumo National Hospital, Faculty of Medicine, 
Universitas Indonesia, Indonesia (Approval No.: KET-145/
UN2.F1/ETIK/PPM.00.02/2024).

Rats were fed only with water 24 hours before being 
sacrificed using a lethal dose of ketamine (91 mg/kg) and 
xylazine (9.1 mg/kg). Subsequently, the gastric tissues were 

Mucoadhesive gastroretentive dosage forms, which 
adhere to gastric mucosal tissues and control drug release, are 
among the methods with potential to address the challenges [7]. 
Formulating clarithromycin in mucoadhesive gastroretentive 
dosage forms may extend the gastric residence time, increase 
the concentration, and control drug release at the site of action 
for a longer time, and improve the bioavailability and efficacy 
[6,8]. Granule dosage forms were selected in this study due to 
several notable advantages in a larger effective surface area 
for adhesion and drug release, easier in formulation, process, 
and scale up, while allowing flexible dosing and better flow 
characteristics for capsule filling or sachet packaging [9].

Polymers with certain swelling ability and 
mucoadhesive properties, such as carbomer [10,11], 
polymethacrylate [12–15], and cellulose derivatives, including 
HPMC [11,16,17], HPC [11], and HEC [10,11,18] are critical for 
producing mucoadhesive gastroretentive dosage forms due to 
their capability to swell in the hydrous gastrointestinal tract and 
form hydrogen bonds with mucin in the gastric mucosal layer. 
Accordingly, we selected HPMC, HEC, HPC, and Carbomer 
(Carbopol  971p) to represent hydrophilic gel-formers with 
high swelling and adhesion capacity, and Polymethacrylates 
(Eudragit RS PO) as a water-insoluble, pH-independent matrix 
former that enables sustained release in this study. Chitosan and 
alginate were excluded in this study to avoid pH-dependent 
solubility and ionic crosslinking variability in acidic media. 

This study aimed to explore the most effective polymer 
for mucoadhesive gastroretentive clarithromycin granules via a 
head-to-head comparison of five candidates, such as an approach 
not previously reported for clarithromycin. While HPMC 
and Carbopol have been widely investigated individually, 
comparative studies evaluating their performance alongside 
other cellulose derivatives (HPC, HEC) and polymethacrylate 
(Eudragit RS PO) in clarithromycin mucoadhesive granules 
have not been reported yet. This study provides novel insights 
into how different polymer types, at the same concentration, 
might influence the swelling, adhesion, and release behavior, 
guiding rational polymer selection for optimized H. pylori 
therapy.

Clarithromycin-containing mucoadhesive gastrore-
tentive granules (MGGs) were prepared using the wet granula-
tion method. Physical properties of granules, including organ-
oleptic, particle size distribution, moisture content, flowability, 
and swelling properties, were characterized. In addition, in-vi-
tro drug release profile and ex-vivo bio-adhesive properties of 
clarithromycin granules were also evaluated.

2. MATERIALS AND METHODS

2.1. Materials
Materials used in this study were clarithromycin 

(Pharmachem, India), Hydroxypropylmethyl cellulose/HPMC/
Benecel K15M (Ashland, USA), Hydroxypropyl cellulose/
HPC/Klucel MF (Ashland, USA), and Hydroxyethyl cellulose/
HEC/Natrosol 250 HHX (Ashland, USA), Carbomer/Carbopol 
971p (Lubrizol, USA), Polymethacrylate/Eudragit RS PO 
(Evonik, Germany), and other chemicals of analytical grade.

Table 1. Formulation of clarithromycin mucoadhesive gastroretentive 
granules.

Materials
Formula (ratio)

F1 F2 F3 F4 F5

Clarithromycin 1 1 1 1 1

HPMC (Benecel K15M) 1

HPC (Klucel MF) 1

HEC (Natrosol HHX) 1

Carbomer (Carbopol 971P) 1

Polymethacrylate (Eudragit 
RS PO)

1
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surgically removed, placed in a 0.9% NaCl solution, and 
stored in the refrigerator until ready for use, which should be 
carried out within 24 hours. Each adhesion strength and ex vivo 
bioadhesion study was conducted in triplicate (n = 3), utilizing 
one gastric tissue sample obtained from a single rat for each 
replicate. This design was adopted to ensure the generation 
of reliable and reproducible data while adhering to the 3R 
principles (replacement, reduction, and refinement) governing 
the ethical use of animals in research.

MGG adhesion strength was analyzed using a texture 
analyzer TA.XT (Stable Micro System, US). The gastric tissue 
was then affixed onto the lower probe plate of the with the 
mucosal surface facing upward using cyanoacrylate adhesive, 
avoiding tissue stretching. Granules (particle size > 1180 
µm) of each formulation were placed onto the surface of the 
gastric tissues, followed by hydration with 0.1 N HCl solution 
(pH 1.2) maintained at 37 ± 0.5 °C for a contact period of 2 
minutes. The probe was set to apply pressure to granules with 
a force of 2 grams for 1 minute. Furthermore, the probe was 
lifted at a speed of 0.1 mm/second. The curve between time 
and force required was recorded on the device until granules 
were detached from the tissue surface. Each measurement was 
performed in triplicate (n = 3). Data were baseline-corrected to 
eliminate instrument drift and expressed as mean ± SD.

An ex vivo bioadhesion study was carried out 
by placing 30 granules (particle size > 1,180 µm) of each 
formulation onto the surface of the gastric tissues, which were 
attached to a glass plate with the mucosal surface facing upward 
using cyanoacrylate adhesive, avoiding tissue stretching. 
Gastric tissue was then hydrated with 0.1 N HCl solution (pH 
1.2) for a contact period of 2 minutes. A gastric tissue-attached 
glass plate was then placed in a dissolution tester (Electrolab 
TDT-08L, India) paddle type in 900 ml dissolution medium 
of 0.1 N HCl (pH 1.2) at 37 ± 0.5oC. The dissolution tester 
was operated at 30 rpm to simulate mild gastric motility, and 
the number of granules remaining adhered to the tissue was 
counted at 15, 30, 60, 90, 120, 180, 240, 360, 480, 600, and 
720 minutes, while detached granules were collected separately 
to discriminate detachment from mechanical abrasion [21]. 
All experiments were performed in triplicate, and results were 
expressed as mean ± SD.

2.2.4. HPLC analysis
Clarithromycin assay in the granules and its 

dissolution were quantified by an HPLC system as follows: 
Shimadzu LC-20AT (Japan) equipped with UV/visible detector 
(Shimadzu SPD-20A), degasser (Shimadzu DGU-20A3), 
manual injector (Rheodyne, USA), and software (LC solution). 
The chromatographic analysis was performed in an isocratic 
separation mode by an Eclipse Plus C18 column (4.6 mm × 250 
mm, 5 μm particle size). The mobile phase was a homogenous 
mixture of acetonitrile and phosphate buffer in the ratio of (55: 
45, v/v) at pH 7.4 ± 0.02, pumped at a flow rate of 1.0 ml/min, 
and the absorbance was monitored at a wavelength of 210 nm. 
The injection volume was 20 μl, and the run time was about 6 
min, as the retention time of clarithromycin was found about 
4.7 minutes [22].

Validation of analytical method based on USP 
guideline. For the evaluation of system suitability, the peak 
area, tailing factor, theoretical plate, and retention time of 
six replicate injections of a working standard solution of 
clarithromycin (500 μg/ml) were used, and % RSD values were 
calculated for each. For linearity, six different concentrations 
of standard solution ranging 100–600 μg/ml were analyzed. 
A calibration curve was made, and the regression line was 
calculated as Y = mX + c, where X was the concentration of 
the standard and Y was the response (peak area expressed as 
AU). Accuracy was evaluated by a recovery study at three 
concentration levels (100, 300, and 600 ppm). For each level, 
triplicate measurements were performed on three independent 
days (n = 3 per level per day). Mean recovery (%) and %RSD 
were calculated inter-day. Repeatability (intra-day precision) 
was assessed from the triplicate measurements at each level on 
a given day (n = 3), reported as %RSD. Intermediate precision 
(inter-day) was assessed by comparing the daily mean recoveries 
for each level across three separate days, reporting the inter-day 
mean, SD, and %RSD. Limits of detection (LOD) and limits of 
quantitation (LOQ) were calculated where the peak area of the 
chromatograms were about 3.3 times and 10 times higher than 
the signal-to-noise ratio, respectively.

2.2.5. Assay
A precisely weighed quantity of clarithromycin 

granules, corresponding to 50 mg of clarithromycin, was 
transferred into a 50.0 ml volumetric flask. The sample was 
dissolved in 25 ml of 0.1 N HCl with gentle shaking and 
sonication to ensure complete dissolution, followed by volume 
adjustment to 50.0 ml using the same solvent. The solution was 
filtered through a 0.45 µm membrane filter, and a 3 ml aliquot of 
the filtrate was diluted to 10 ml with 0.1 N HCl. Clarithromycin 
assay in the granules was quantified by HPLC Shimadzu LC-
20AT (Japan) equipped with UV/visible detector (Shimadzu 
SPD-20A), and the absorbance was monitored at wavelength 
210 nm at retention time about 3.5 minutes [22]. Clarithromycin 
content in granules was calculated by comparing the actual 
concentration detected and the theoretical concentration in the 
formula. Assay of each granules was performed triplicate (n = 
3).

2.2.6. In-vitro drug release profile
The drug release study on MGG (equal to 100 mg of 

clarithromycin) was performed in 900 ml of 0.1 N HCl (pH 1.2) 
at 37oC ± 0.5oC, using a dissolution tester (Electrolab TDT-08L, 
India) basket type with a stirring speed of 50 rpm. The basket 
apparatus was selected to prevent the dispersion of granules 
within the dissolution medium, thereby minimizing potential 
interference during the sampling process. A hydrochloric acid 
solution (pH 1.2) was utilized as a simple simulated gastric 
fluid, which has been widely used for dissolution test [23], to 
reduce analytical variability and ensure consistency in sample 
analysis.

Five milliliters of samples were taken at 15, 30, 60, 
90, 120, 180, 240, 360, 480, 600, and 720 minutes, filtered 
using a 0.45 µm filter, and clarithromycin was then measured 
using HPLC (Shimadzu LC‑20AT, Japan) at a wavelength of 
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210 nm [22]. Large solvent volume (900 ml) and an additional 5 
ml of 0.1 N HCl (pH 1.2) into the dissolution medium for every 
5 ml of samples withdrawn at each timepoint were performed 
to ensure sink condition. All data from each timepoints were 
obtained from triplicate experiments (n = 3). The percentage 
of cumulative drug release was calculated toward the total 
clarithromycin concentration in granules.

2.3. Statistical analysis
All data obtained from triplicate experiments were 

presented as AVG ± SD. Due to a small dataset (n = 3), data 
were assumed as not normally distributed, thus nonparametric 
statistical analysis was performed. Multiple group comparisons 
were performed using a nonparametric Kruskal–Wallis test, 
followed by Dunn tests. A p value <0.05 was considered 
significant.

3. RESULTS AND DISCUSSION

3.1. Physical properties of clarithromycin MGG
Clarithromycin MGG were prepared using wet 

granulation followed by the oven-drying method, where granules 
produced a white color, specific odor, and bitter taste, with a yield 
of above 80% for all formulas, as shown in Figure 1a. All MGG 
formulas were placed in a static position and dried at 40°C for 2 
hours, as selected drying conditions to maintain clarithromycin 
from degradation. Previous study indicated that clarithromycin 
remains stable under exposure to 40°C for 60 days [24]. 

All polymers in this study have been selected by 
considering their stability in drying and storage temperature, 
as well as their safety for oral administration. Safety 
assessments were performed using authoritative benchmarks 
(ADI) from EFSA/JECFA and, where applicable, FDA IID/
GRAS documents. Modified celluloses (HPMC, HPC, HEC) 
are assigned a group ADI “not specified” by JECFA/EFSA, 
reflecting low toxicity and very high tolerated intakes; thus, the 
projected exposure is well within safety limits [25]. Carbomer 
(cross-linked polyacrylic acid) has an Acceptable Daily Intake 
(ADI) of 190 mg/kg bw/day (≈11.4 g/day for a 60-kg adult), 
and our maximum anticipated intake from the granules (≈1 g/
day under a conservative 1:1 drug–polymer) is >10-fold lower 
[26]. For polymethacrylate (basic methacrylate copolymer; 
Eudragit RS PO), toxicological reviews support an ADI of 20 
mg/kg bw/day (≈1.2 g/day for 60 kg); our worst-case projected 
intake (≈1.0 g/day) remains below this value. Collectively, the 
levels used in the granules are below the established ADI, and 
therefore can be considered as safe [27].

The drying method successfully produced granules 
with a relatively homogenous moisture content of 2%–4%, as 
shown in Figure 1b. Moisture content is one of the important 
characteristics of MGG dosage form because of the capability 
to affect the flow rate, granule wetting, and adhesive strength 
toward the gastric mucous membrane [28]. The higher moisture 
content may increase bio-adhesive strength, but may lead to 
the degradation of active substances, increase the stickiness of 
granules, and reduce the flow rate. 

Flow properties are critical characteristics of 
pharmaceutical granules due to their effect on the content 

uniformity of the dosage form. MGG flow properties can be 
analyzed from the flow rate, angle of repose, and Hausner’s 
ratio. Various factors, such as granule size distribution, particle 
shape, density, moisture content, adhesiveness, and other 
particle surface conditions, can affect flow rate [29–31].

Granule F5 (containing polymethacrylate) had a 
significantly higher flow rate, compared to other formulas 
(Fig. 1c), while F1 (HPMC) and F3 (HEC) showed a lower 
angle of repose (Fig. 1d), representing better flowability of 
granules. However, as described in Figure 1e, all granules 
showed Hausner’s ratio of 1.06–1.20, which signified good 
and excellent flow properties of all formulas. These good flow 
properties may be due to low moisture content (Fig. 1b) and 
particle size distribution (Fig. 2a–e).

Size distribution measurement of all MGG formulas 
was carried out using the multistage sieve method, with Figure 
2 showing the results. The test results showed that all formulas 
produced more than 40% of granules with a size of more than 
1180 μm, which may contribute to good flow properties. F3 
(HEC) contained fewer fine particles (Fig. 2c), contributing 
to the lower angle of repose (Fig. 1d). Meanwhile, F2 (HPC) 
contained more fine particles (Fig. 2b) that affected the lower 
flow rate (Fig. 1c) and higher angle of repose (Fig. 1d).

Granule dosage forms were selected as a platform for 
clarithromycin in this study due to several notable advantages 
over other mucoadhesive dosage forms. The granular form 
provides a larger effective surface area for adhesion and drug 
release, promoting intimate contact with the mucus layer and 
enhancing local drug bioavailability at the absorption or infection 
site. Compared with mucoadhesive films or beads, granules 
are easier to formulate, process, and scale up, while allowing 
flexible dosing and better flow characteristics for capsule filling 
or sachet packaging. Their multiparticulate nature also reduces 
inter- and intra-subject variability in gastric retention and drug 
release profiles, leading to improved formulation robustness 
[9]. Overall, mucoadhesive gastroretentive granules offer a 
versatile and physiologically compatible platform capable of 
maintaining prolonged gastric residence, site-specific drug 
release, and enhanced therapeutic efficacy in comparison to 
other gastroretentive delivery systems.

3.2. Bioadhesion properties of clarithromycin MGG
MGG is a dosage form designed to attach onto gastric 

mucosal tissues for a prolonged time, thereby extending the 
gastric residence time and maintaining higher drug concentration 
at the site of action [32,33]. Muco-/bio-adhesive properties of 
MGG are important to be characterized, leading to the analysis 
of two parameters, including adhesion strength and granules 
retained during the ex-vivo study.

Adhesion strength of MGG was assessed by the 
adhesion force (Fig. 3a) and the distance until detachment from 
the gastric mucosa at maximum tensile force (Fig. 3a). Based on 
those parameters, F1 (HPMC) and F3 (HEC) showed stronger 
adhesivity towards the gastric as compared to other granules. 
The adhesion strength might be affected by factors, including 
contact time, as well as the concentration, type, and structure of 
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consistent with the data obtained from the texture analyzer, as 
shown in Figures 3a and 3b. The number of granules retained in 
the ex-vivo bio-adhesive study was observed visually. Gel-like 
layer was observed on top of the gastric mucosa attached by 
MGG from all formulas, even though the round-like granules 
were not visually detected.

polymers. Low withdrawal speed and optimal contact time can 
improve mucoadhesive performance [34].

Ex-vivo bio-adhesive study in Figure 3c revealed that 
F1 (HPMC) and F4 (Carbomer) demonstrated superior mucosal 
retention, maintaining adherence to the gastric mucosa for up 
to 12 hours, as compared to other formulas. This result is not 

Figure 1. Physical characterization of clarithromycin mucoadhesive gastro-retentive granules, including (a) yield, (b) moisture content, (c) flow rate, (d) angle of 
repose, and (e) hausner ratio. Data of moisture content, flow rate, angle of repose and Hausner ratio were obtained from triplicate experiments (n = 3), and presented 
as mean ± SD. Groups were compared using a Kruskal-Wallis, followed by Dunn tests, p < 0.05 was considered significant. Yield data was obtained from single batch 
production (n = 1).
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Figure 2. Particle size distribution of (a) F1/HPMC, (b) F2/HPC, (c) F3/HEC, (d) F4/Carbomer, (e) F5/Polymethacrylate-based clarithromycin mucoadhesive gastro-
retentive granules. This data was obtained from single experiments (n = 1).



	 Putri et al. / Journal of Applied Pharmaceutical Science 2026;16(04):221-232	 227

This apparent discrepancy may be attributed to 
differences in the test conditions and mechanisms captured 
by each method. The texture analyzer primarily measures the 
instantaneous detachment force under controlled compression 
and contact time, reflecting the initial adhesive interaction 
between the polymer and mucin layer. In contrast, the ex 
vivo bioadhesion study evaluates dynamic retention under 
physiological conditions that include continuous exposure 
to simulated gastric fluid, tissue movement, and polymer 
hydration–erosion balance [35].

The stronger initial adhesion of HPMC could be 
related to its rapid hydration and formation of a viscous gel layer 

that provides strong but relatively short-lived contact strength. 
Conversely, Carbomer exhibits a slower hydration profile but 
forms a highly swollen and cohesive network upon ionization 
of carboxyl groups, which may enhance long-term retention on 
the mucosal surface. Moreover, the extended residence time 
of HPMC and Carbomer granules may also result from their 
ability to maintain cohesive integrity and resist erosion under 
gastric fluid flow, allowing sustained contact even when initial 
detachment forces are lower. These observations suggest that 
instantaneous adhesion strength does not necessarily predict 
long-term mucoadhesive performance, highlighting the 
importance of complementary in vitro and ex vivo evaluations 

Figure 3. Bio-adhesive properties of clarithromycin mucoadhesive gastro-retentive granules, including (a) adhesion force, (b) distance at maximum tensile force and 
(c) percentage granules retained. All data obtained from triplicate experiments (n = 3) were presented as mean±SD. Groups were compared using a Kruskal-Wallis, 
followed by Dunn tests, p < 0.05 was considered significant.
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wet granulation process, which produced sticky granules that 
were difficult to sieve. Consequently, a portion of the drug 
substance or excipients adhered to the sieve surface, leading to 
nonuniform distribution of the active pharmaceutical ingredient 
(API) within the granules. This resulted in assay values that 
were either below or above the expected concentration range.

3.4. Swelling ability and in-vitro drug release profile of 
clarithromycin MGG

MGG are designed to extend drug residence time at 
the site of action and prolong release during the contact period 
[40]. Therefore, polymers should possess the ability to control 
drug release from the matrix. Factors that may affect release from 
polymer matrix include swelling index, known as the ability of 
the granule to expand in response to environmental conditions. 
This ability significantly affects MGG release profile, allowing 
the active substance to be released gradually and consistently [41].

Figure 4a shows that MGG containing HPMC (F1) 
expanded up to 770% in 30 minutes, faster than other polymers. 
HPMC contains many hydroxyl groups, which can absorb 
water very rapidly and entrap a high amount of water in the 
matrix, leading to a high swelling index. After 30 minutes, the 
weight of HPMC slowly decreased, implying the dissolution of 
granules. A similar swelling pattern was observed from MGG 
containing HPC (F2) and Carbomer (F4), which expanded 
rapidly at the onset and started to decrease afterwards. HPC 
only expanded 131%, far lower as compared to other polymers. 
MGG containing HEC (F3) and Polymethacrylate (F5) showed 
a different swelling pattern than HPMC, HEC, and Carbomer. 
F3 and F5 expanded lower at the beginning but constantly 
increased up to 12 hours. 

The swelling index of polymers influences the 
drug release profile from the matrix. MGG containing 
Clarithromycin-HPMC K15M 1:1 (F1) expanded very rapidly 
at the onset, followed by rapid drug release in 60 minutes (Fig. 
4b). HPMC exhibited a markedly faster swelling rate compared 
to other polymers due to its hydrophilic nature and high water 
affinity, which readily absorbs dissolution medium through 
extensive hydrogen bonding with water molecules, forms 
a viscous gel layer that expands rapidly, promoting matrix 
swelling and potential bioadhesion [42]. 

Polymethacrylate (Eudragit RS PO) exhibited slower 
swelling and water uptake due to its hydrophobic methacrylic 
ester backbone and low content of hydrophilic functional groups, 
thus acting principally as a structurally rigid, water-permeable 
matrix rather than a swelling gel [43]. Despite the swelling 
index of MGG containing Clarithromycin-Polymethacrylate/
Eudragit RS PO 1:1 (F5) being lower than HPMC, the drug was 
released in 60 minutes. This showed that both polymer matrix 
swelling and the diffusion process driven by the concentration 
gradient, which initiated the drug release. 

MGG containing Clarithromycin-HPC/Klucel MF 
1:1 (F2) showed a lower swelling index, but can control drug 
release up to 3 hours. Moreover, Clarithromycin-HEC/Natrosol 
250 HHX 1:1 (F3) and Clarithromycin-Carbomer/Carbopol 
971p 1:1 (F4) maintained the release up to 12 hours despite 
swelling rapidly at the onset. This might be due to the strong 
matrix formation of HEC and Carbomer. The swelling of 

in assessing the overall bioadhesive behavior of gastroretentive 
systems [35].

All polymers used in this study possess hydroxyl 
groups in their structures, which contribute to hydrogen bond 
formation and bio-adhesive properties. The more hydroxyl 
groups present in the polymer, the more hydrogen bonds are 
formed with mucin of the mucosal layer, increasing the adhesion 
strength of dosage forms. Furthermore, polymer chain flexibility 
and hydration are important for effective mucoadhesion [36].

The selection of excipients/polymers, including 
hydrophilicity, molecular weight, expandability, and interfacial 
rheology, influences mucoadhesive properties. Polymers with 
hydrophilic groups improve contact with the site of action, 
chain flexibility, and substrate penetration. Low molecular 
weight facilitates penetration, while high allows bonding with 
the mucosa. Expandability and interfacial rheology affect 
adhesive bond formation, viscosity, and elasticity, which are 
significant for adhesiveness and residence time on mucosal 
surfaces [37–39].

3.3. Validation of analytical method and assay
Validation of the analytical method of clarithromycin 

was performed prior to the assay and dissolution test, including 
system suitability parameters, linearity, accuracy, precision, 
and sensitivity (LOD and LOQ). Results of analytical 
method validation of clarithromycin are presented in Table 2. 
Furthermore, clarithromycin in mucoadhesive gastro-retentive 
granules and drug release profile were determined using a 
validated analytical method, and the results were presented in 
Table 3 and Figure 4b, respectively.

The acceptance criteria for the assay of clarithromycin 
in the dosage form were set at 90.0%–110.0%. However, 
formulations containing HEC granules (F3) and Eudragit 
RS PO (F5) did not comply with these specifications. This 
deviation was attributed to issues encountered during the 

Table 2. Results of analytical method validation of clarithromycin.

Parameters Result

Peak Area 530,650.0 ± 8,892.6; RSD 1.676%

Tailing Factor 1.844 ± 0.032; RSD 1.758%

Theoretical Plate 4,082.5 ± 52.2; RSD 1.280%

Retention Time 4.466 ± 0.025; RSD 0.566%

High Energy Transfer Plate 36.748 ± 0.473; RSD 1.287%

Calibration curve Y = 905.68X– 91886; R2 = 0.9999

Accuracy (inter-day, 
mean±SD)

100 ppm 100.946 ± 0.787%

300 ppm 97.708 ± 0.370%

600 ppm 97.209 ±0.257%

Precision (inter-day 
%RSD)

100 ppm 0.780%

300 ppm 0.378%

600 ppm 0.265%

LOD 8.19 μg/ml

LOQ 24.82 μg/ml
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mixing clarithromycin and polymers to produce a matrix 
system that allows a Higuchi time-dependent release profile of 
clarithromycin from granules. 

Furthermore, Table 4 shows that all formulas have 
an n-value of the Korsmeyer-Peppas equation greater than 0.5. 
The result suggested that clarithromycin was released from 
all formulas based on a non-Fickian release mechanism, as a 
combination of diffusion and dissolution mechanisms. This drug 
release mechanism is frequently observed from a hydrophilic 
polymer-containing matrix system, which allows the matrix to 
expand, dissolve, and form pores to facilitate the drug diffusion. 
Mechanistically, the hydration of the polymer matrix leads to 
gel layer formation and subsequent chain relaxation or erosion; 
simultaneously, drug diffusion through the swollen network 
proceeds. The non-Fickian behaviour likely stems from the 
combination of polymer swelling (which increases path-length and 
modifies porosity) and matrix erosion or chain relaxation (which 
shortens diffusion pathways and may induce drug transport) [45].

The swelling index of polymers affects the drug 
release profile and bio-adhesive properties. This shows that F1 
(HPMC) and F4 (Carbomer), containing many hydroxyl groups 
and good hydration properties, can swell rapidly, form hydrogen 
bonds with the gastric mucosa, and bind strongly.

Based on the entire data, Clarithromycin-Carbomer/
Carbopol 971p 1:1 (F4) is considered a formula with a good 
swelling index (up to 747%), controlled and prolonged drug 
release profile (80.27% ± 9.05% in 12 hours), and sufficient bio-
adhesive properties. However, this formula needs improvement 
to promote drug release and provide sufficient drug 
concentration at the onset. Further investigations on combining 
the prospective polymers with various drug-polymer ratios (for 

Carbomer (Carbopol 971P) granules is in accordance with its 
ionisable polyacrylic network and strong water uptake [44]. The 
gel layer formed by these polymers acts as a barrier, controlling 
water penetration into the granule core and dissolving the 
drug to allow slow diffusion into the matrix. Delayed release 
occurred due to various factors, affecting the rate and time of 
drug absorption.

Drug release profile of all MGGG was further analyzed 
using several kinetic models, including zero order, first order, 
Higuchi, and Korsmeyer-Peppas equation. According to Table 
4, the r-value signified the fitness of the drug release profile of 
a formula towards one of the kinetic models. Table 4 shows 
that the r-value of all formulas correlates more with the Higuchi 
equation rather than other kinetic models, as signified by the 
r-value closer to 1. The Higuchi kinetic model describes a 
time-dependent release profile as a function of the square root 
of time, which is often observed from a monolithic (matrix) 
system controlled-release dosage form [36]. The result showed 
that Clarithromycin MGG was manufactured by homogenously 

Figure 4. Swelling index (a) and drug release profile (b) of clarithromycin mucoadhesive gastro-retentive granules in HCl 0.1 N pH 1.2. All data obtained from 
triplicate experiments (n = 3) were presented as mean ± SD.

Table 3. Assay of clarithromycin in mucoadhesive gastro-retentive 
granules.

Formula Assay (%)

F1 (HPMC) 93.99 ± 0.23

F2 (HPC) 100.93 ± 0.56

F3 (HEC) 79.01 ± 0.15

F4 (Carbomer) 107.88 ± 0.86

F5 (Polymethacrylate) 112.11 ± 0.16

Data were obtained from triplicate experiments (n = 3) and presented as mean 
± SD.
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patient compliance in H. pylori therapy. Further optimization of 
polymer combinations and drug-to-polymer ratios is warranted to 
refine the formulation for clinical translation.
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