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ABSTRACT 

Rabeprazole is a widely prescribed proton pump inhibitor for the treatment of gastric ulcer and other acid-related 

disorders. However, its poor aqueous solubility, acid instability, and limited oral bioavailability restrict its therapeutic 

effectiveness. The present study aimed to evaluate the in vitro performance and in vivo anti-ulcer efficacy of an 

optimized rabeprazole-loaded β-cyclodextrin nanosponge formulation (F5). The optimized formulation was filled into 

hard gelatin capsules and evaluated for pharmaceutical quality, in vitro dissolution, release kinetics, stability, and anti-

ulcer activity. The capsules complied with pharmacopoeial quality requirements and exhibited a sustained drug release 

profile with 98.42 ± 1.11% cumulative drug release over 12 h. Drug release followed diffusion-controlled kinetics, with 

the Higuchi model providing the best fit, while the Korsmeyer–Peppas model indicated an anomalous (non-Fickian) 

release mechanism. The anti-ulcer activity was evaluated using an ethanol-induced gastric ulcer model in Wistar rats. 

The optimized nanosponge formulation significantly reduced the ulcer index from 8.72 ± 0.41 in the ulcer control group 

to 0.94 ± 0.11, corresponding to 89.22% gastroprotection (p < 0.001). In addition, the formulation restored gastric pH 

(3.82 ± 0.09) and markedly improved gastric histological architecture by reducing mucosal erosion, inflammatory cell 

infiltration, and epithelial damage. Stability studies demonstrated only minor changes in particle size, polydispersity 

index, entrapment efficiency, drug loading, and cumulative drug release after storage, indicating satisfactory 

physicochemical stability. Overall, the findings demonstrate that β-cyclodextrin nanosponges represent an effective oral 

drug delivery platform for rabeprazole by providing sustained drug release, improved stability, and enhanced anti-ulcer 

efficacy, highlighting their potential for the improved management of gastric ulcer disease. 
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1. INTRODUCTION 

Gastric ulcer is one of the most prevalent gastrointestinal diseases worldwide and is a major clinical problem as it is 

highly prevalent and recurrent. It is a result of the failure of the gastric mucosal barrier to resist the action of aggressive 

factors like gastric acid, pepsin, alcohol, non-steroidal anti-inflammatory drugs (NSAIDs), Helicobacter pylori and 

oxidative stress and inflammatory processes.
[1]

 Continuous damage to the mucosa can result in complications such as 

bleeding, perforation, and deterioration in quality of life. Despite the availability of a few therapeutic agents, there 

remains an interest in the development of new and improved oral drug delivery systems.
[2]

 

 

Rabeprazole belongs to a group of medications known as proton pump inhibitors (PPIs), which are commonly used to 

treat gastric ulcer, gastroesophageal reflux disease (GERD) and other conditions involving excess stomach acid.
[3]

 It 

inhibits the H⁺/K⁺-ATPase enzyme in the gastric parietal cells, thus blocking the production of gastric acid. Although 

clinically proven to be effective, rabeprazole has poor aqueous solubility and rapid degradation in acidic gastric 

environment, causing poor oral bioavailability and varying therapeutic response. These restrictions make it clear that 

there is a need to develop more sophisticated drug delivery systems that can ensure the drug's safety and enhance its 

therapeutic efficacy.
[4]

 

 

The porous three-dimensional polymeric structure and high encapsulation capacity of β-Cyclodextrin nanosponges 

make them attractive for the delivery of poorly soluble drugs, the three-dimensional connectivity of the cavities allows 

for an interaction with the drug molecule and provides a sustainable drug release, and the drug stability and 

dissolution are also improved.
[5]

 

 

They are biocompatible, with low toxicity and have been shown to increase oral bioavailability of drugs, which makes 

them attractive for pharmaceutical applications. The physicochemical properties and therapeutic activity of poorly 

water-soluble drugs have been shown to be enhanced by several studies on nanosponge systems.
[6]

 

 

Though, the formulation and characterization of rabeprazole loaded nanosponges have been reported earlier, there is 

little information available about the in vivo anti-ulcer efficacy and a comprehensive in vitro performance of the 

nanosponges. It is not only important to evaluate the therapeutic effect of the nanosponge oral formulations by a 

pharmaceutical evaluation, but also by a biological evaluation with suitable experimental ulcer models. These studies 

will give valuable data on the gastroprotective properties of the developed delivery system.
[7]

 

 

Hence, the current study was aimed to assess the in vitro and in vivo performance of an optimized rabeprazole (RPZ) 

loaded β-cyclodextrin (BCT) nanosponge formulation. Optimized formulation was capsule filled and tested for 

pharmaceutical quality attributes, dissolution profile, release kinetics, and stability. The anti-ulcer activity was also 

evaluated in Wistar rats in an ethanol-induced gastric ulcer model by measuring the ulcer index, pH of stomach, and 

histopathological evaluation. The results of this study suggest that β-cyclodextrin nanosponges could be used as an 

efficient oral drug delivery system for enhancing the therapeutic control of gastric ulcer disease. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Rabeprazole was obtained from D.R. John's Lab Pvt. Ltd., Haridwar, India. β-Cyclodextrin and diphenyl carbonate of 

analytical grade were used for nanosponge preparation. Hard gelatin capsules and other analytical-grade chemicals 
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were procured from standard commercial suppliers. Double-distilled water was used throughout the study.
[8]

 

 

2.2 Preparation of Optimized Rabeprazole-Loaded β-Cyclodextrin Nanosponges 

The optimized rabeprazole loaded β-cyclodextrin nanosponge formulation (F5) was prepared by the optimized ratio of 

β-cyclodextrin/diphenyl carbonate established during the formulation optimization by the solvent crosslinking method. 

The prepared nanosponges were washed several times with distilled water to remove the excess of crosslinking agent, 

dried at 60°C and kept in a dessicator for further use. The optimized formulation was chosen for capsule preparation, 

and then evaluated in vitro and in vivo.
[9]

 

 

2.3 Preparation of Nanosponge Capsules 

The optimized nanosponge formulation (corresponding to 20 mg of rabeprazole) was mixed with appropriate 

pharmaceutical excipients to produce uniform formulation powder mixture. The blend was hand filled into hard 

gelatin capsules with a capsule-filling device. Airtight containers placed at room temperature were used to store the 

filled capsules until further evaluation.
[10]

 

 

2.4 Evaluation of Nanosponge Capsules 

The prepared rabeprazole loaded nano sponge capsules were scrutinized as outlined in the Indian Pharmacopoeia (IP) 

and United States Pharmacopeia (USP) procedure. The weight variation, drug content and disintegration time were 

performed as evaluations.
[11]

 

 

2.4.1 Weight Variation Test 

The 20 capsules were randomly picked and individually measured on a digital analytical balance. The average weight of 

the capsules was obtained and the percentage deviation was found for each capsule from the average weight. The 

results were compared to acceptance limit of the pharmacopoeia.
[12]

 

 

2.4.2 Drug Content 

Ten capsules were broken open and thoroughly shaken together. Twenty mg of rabeprazole was dissolved in phosphate 

buffer (pH 6.8) and subjected to sonication for 15 min and the resulting solution was filtered through 0.45 μm 

membrane filter. The absorbance of the filtrate was measured at 283 nm in a UV–Visible spectrophotometer and the 

drug content was quantified using the calibration curve that was prepared earlier. Each sample was analyzed three 

times.
[13] 

 

2.4.3 Disintegration Test 

A USP disintegration test apparatus was used to assess the disintegration time of the capsules. The six capsules were 

then placed one at a time in the tubes of the apparatus filled with distilled water kept at 37 ± 0.5°C. The time it takes for 

each capsule to completely disintegrate was recorded and the average disintegration time was calculated.
[14]

 

 

2.5 In Vitro Drug Release Study 

The USP Type II (Paddle) dissolution apparatus (Electrolab TDT-08L) was used for the dissolution study. The 

dissolution medium was 900mL phosphate buffer (pH 6.8) at 37 ± 0.5°C and the paddle speed was set at 50 rpm. A 

total of one capsule, containing 20 mg of rabeprazole, was added to each dissolution vessel. At certain time intervals, 5 

mL of aliquots were removed and replaced with fresh dissolution fluid of the same temperature. The samples were 

filtered and the results were analyzed spectrophotometrically at 283 nm. Drug release was determined and plotted as 
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cumulative percentage release and compared with the marketed formulation of rabeprazole. All experiments were 

carried out in triplicate.
[15]

 

 

2.6 Drug Release Kinetics 

The dissolution data of the optimized nanosponge formulation were fitted into the zero-order, first-order, Higuchi, and 

Korsmeyer–Peppas kinetic models and the dissolution behavior of the drug was determined. The best fitting kinetic 

model was determined using the correlation coefficient (R²) and the release exponent (n) from the Korsmeyer–Peppas 

model was used to describe the drug release mechanism.
[16]

 

 

2.7 Stability Study 

The optimized rabeprazole loaded β-cyclodextrin nanosponge capsules were determined for their stability in terms of 

ICH Q1A(R2) guidelines. Packed in airtight containers, the capsules were kept for the duration of the study at long-

term storage conditions (25 ± 2°C/60 ± 5% RH) and at accelerated conditions (40 ± 2°C/75 ± 5% RH). Samples were 

evaluated for particle size, polydispersity index (PDI), entrapment efficiency, drug loading and cumulative drug 

release. The final values were compared with the starting values to determine if there was any significant change in the 

values throughout storage.
[17]

 

 

2.8 In Vivo Anti-Ulcer Study 

2.8.1 Ethical Approval and Experimental Animals 

The anti-ulcer activity in vivo was carried out after obtaining approval from the Institutional Animal Ethics Committee 

(IAEC), Jeeva Life Sciences Pvt. Ltd. Hyderabad, India. The protocol of the experiment was approved under the 

proposal number CCSEA/JLS/IAEC/JLS/ 24/11/25/038 as per the guidelines of the Committee for the Purpose of 

Control and Supervision of Experiments on Animals (CPCSEA), Government of India. Thirty healthy Wistar albino 

rats (150–200 g) were approved for the study. The animals were maintained under standard laboratory conditions at 55 

± 5% of relative humidity, 12 h of light/12 h of dark, a free choice of a standard pellet diet and water. The animals 

were allowed to be acclimatised for 1 week prior to the experiment.
[18]

 

 

2.8.2 Experimental Design 

The animals were randomly divided into five groups (n = 6): 

 Group I: Normal control 

 Group II: Ulcer control (ethanol-treated) 

 Group III: Marketed rabeprazole capsule (20 mg/kg) 

 Group IV: Pure rabeprazole (20 mg/kg) 

 Group V: Optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules (equivalent to 20 mg/kg) 

All formulations were administered orally.
[19]

 

 

2.8.3 Induction of Gastric Ulcer 

Prior to induction of ulcers, animals were fasted overnight and water was provided ad libitum. Absolute ethanol (1 

mL/200 g body weight) was used to induce gastric ulcer. Animals were sacrificed under anaesthetic 60 minutes after 

the ethanol administration. Stomaches were removed, slit along the greater curvature, washed with normal saline 

solution and gastric lesions examined. An ulcer index and percentage gastroprotection was determined for each 

experimental group.
[20]
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2.8.4 Determination of Gastric pH 

The stomach contents were collected then centrifuged at 3000 rpm for 10 min. The pH of the supernatant was 

determined with a pH meter and the average for each group was taken.
[21]

 

 

2.9 Histopathological Examination 

The stomach was fixed in 10% neutral buffered formalin, processed with the routine paraffin embedding method, cut 

into 5 μm slices and stained with hematoxylin and eosin (H&E). A light microscope was used to assess epithelial 

integrity, mucosal erosion, haemorrhage, inflammatory cells infiltration and gastric gland architecture of stained 

sections.
[22] 

 

3. RESULTS 

3.1 Evaluation of Optimized Rabeprazole-Loaded β-Cyclodextrin Nanosponge Capsules 

The optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules (F5) were evaluated for pharmaceutical quality 

parameters, including average capsule weight, content uniformity, and disintegration time. The results are presented in 

Table 1. The capsules showed an average weight of 200.17 ± 0.81 mg, indicating uniform filling during capsule 

manufacturing. Content uniformity analysis demonstrated a mean drug content of 100.04 ± 0.43%, confirming 

homogeneous distribution of rabeprazole throughout the capsule formulation. The capsules disintegrated within 8.58 ± 

0.15 min, which complied with the pharmacopoeial requirement for hard gelatin capsules. These findings indicate that 

the optimized nanosponge capsule formulation possessed satisfactory pharmaceutical quality and was suitable for 

subsequent in vitro and in vivo evaluation. 

 

Table 1: Evaluation of Optimized Rabeprazole-Loaded β-Cyclodextrin Nanosponge Capsules (F5). 

Parameter Result 

Average capsule weight (mg) 200.17 ± 0.81 

Content uniformity (%) 100.04 ± 0.43 

Disintegration time (min) 8.58 ± 0.15 

 

Values are expressed as Mean ± SD (n = 6 for disintegration test; n = 10 for content uniformity; n = 20 for weight 

variation). All capsules complied with the Indian Pharmacopoeia (IP 2022) acceptance criteria. 

 

3.2 In Vitro Drug Release Study 

The in vitro dissolution profiles of the optimized rabeprazole-loaded β-cyclodextrin nanosponge capsule (F5) and the 

marketed rabeprazole capsule are presented in Table 2 and Figure 1. The optimized nanosponge formulation exhibited a 

sustained and controlled drug release pattern throughout the dissolution period. In contrast, the marketed formulation 

released the drug more rapidly during the initial hours of the study. The optimized formulation achieved a cumulative 

drug release of 98.42 ± 1.11% after 12 h, whereas the marketed capsule released 99.91 ± 1.16% of the drug within 

the same period. Approximately 90% drug release from the optimized formulation was achieved at around 10 h, 

while the marketed formulation reached a similar level of drug release within 6 h, indicating the sustained-release 

behavior of the nanosponge capsule. These findings demonstrate that incorporation of rabeprazole into the β-

cyclodextrin nanosponge matrix effectively prolonged drug release compared with the conventional marketed 

formulation. 
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Table 2: Comparative In Vitro Drug Release of Optimized Nanosponge Capsules (F5) and Marketed 

Formulation. 

Time 

(h) 

Optimized Capsule (F5) (% Drug 

Release) 

Marketed Capsule (% Drug 

Release) 

1 14.26 ± 0.48 28.42 ± 0.56 

2 26.84 ± 0.61 46.75 ± 0.72 

3 38.72 ± 0.73 61.93 ± 0.84 

4 50.95 ± 0.82 74.18 ± 0.91 

5 61.48 ± 0.91 84.35 ± 0.95 

6 70.63 ± 0.94 91.52 ± 1.03 

8 84.17 ± 1.02 98.26 ± 1.10 

10 92.36 ± 1.08 99.48 ± 1.14 

12 98.42 ± 1.11 99.91 ± 1.16 

 

Values are expressed as Mean ± SD (n = 3). Statistical analysis: Data were analyzed using two-way analysis of 

variance (ANOVA) followed by Tukey's multiple comparison test. Differences were considered statistically significant 

at p < 0.05. 

 

 

Figure 1: Comparative in vitro drug release profiles of optimized rabeprazole-loaded β-cyclodextrin nanosponge 

capsules (F5) and marketed rabeprazole capsules. 

 

3.3 Drug Release Kinetics 

The in vitro dissolution data of the optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules (F5) were fitted 

to different kinetic models, including zero-order, first-order, Higuchi, and Korsmeyer–Peppas models, to elucidate the 

mechanism of drug release. The regression coefficients (R²) obtained from the different models are presented in Table 

3. Among the investigated models, the Higuchi model showed the best overall fit (R² = 0.9898), indicating that drug 

release was predominantly governed by diffusion through the porous β-cyclodextrin nanosponge matrix. Although the 

Korsmeyer–Peppas model exhibited the highest coefficient of determination (R² = 0.9999), this model primarily 

describes the initial phase of drug release and therefore was not considered the most appropriate model for explaining 

the complete dissolution profile. The release exponent (n = 0.9162) indicated an anomalous (non-Fickian) diffusion 

mechanism, suggesting that both diffusion of rabeprazole and relaxation of the polymeric network contributed to the 

sustained drug release behavior. 
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Table 3: Drug Release Kinetics of Optimized Rabeprazole-Loaded β-Cyclodextrin Nanosponge Capsules (F5). 

Kinetic Model Regression Equation R² Value 

Zero-order y = 7.7216x + 16.003 0.9439 

First-order y = −0.1466x + 2.2318 0.9365 

Higuchi y = 36.1206x − 21.6529 0.9898 

Korsmeyer–Peppas y = 0.9162x + 1.1534 0.9999 

 

    
 

 
Figure 2: Drug release kinetic plots of the optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules 

(F5): (A) Zero-order, (B) First-order, (C) Higuchi, and (D) Korsmeyer–Peppas models. 

 

3.4 Stability Study 

The stability of the optimized rabeprazole-loaded β-cyclodextrin nanosponge formulation (F5) was evaluated under 

accelerated storage conditions (40 ± 2°C/75 ± 5% RH) for three months in accordance with ICH Q1A(R2) guidelines. 

 

The formulation was assessed for particle size, polydispersity index (PDI), entrapment efficiency, drug loading, and 

cumulative drug release after the storage period. The results are presented in Table 4. Only minor changes were 

observed in all evaluated parameters following storage. Particle size increased slightly from 228.7 ± 4.6 nm to 236.4 ± 

5.2 nm, while PDI changed marginally from 0.241 ± 0.007 to 0.252 ± 0.009. Similarly, entrapment efficiency, drug 

loading, and cumulative drug release showed only negligible reductions after storage. These findings indicate that the 

optimized β-cyclodextrin nanosponge formulation maintained its physicochemical characteristics and remained stable 

under accelerated storage conditions. 

 

Table 4: Stability Evaluation of Optimized Rabeprazole-Loaded β-Cyclodextrin Nanosponge Capsules (F5) 

Parameter Initial After 3 Months 

Particle Size (nm) 228.7 ± 4.6 236.4 ± 5.2 

PDI 0.241 ± 0.007 0.252 ± 0.009 

Entrapment Efficiency (%) 88.91 ± 1.11 87.42 ± 1.24 

Drug Loading (%) 19.76 ± 0.28 19.11 ± 0.31 

Cumulative Drug Release (%) 98.42 ± 0.96 96.84 ± 1.08 

Values are expressed as Mean ± SD (n = 3). 
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3.5 Anti-Ulcer Activity 

3.5.1 Ulcer Index and Percentage Gastroprotection 

The anti-ulcer activity of the optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules was evaluated using 

the ethanol-induced gastric ulcer model in Wistar rats. The results are presented in Table 5 and Figure 3. The ulcer 

control group exhibited severe gastric mucosal damage with the highest ulcer index (8.72 ± 0.41). Treatment with the 

marketed rabeprazole formulation and pure rabeprazole significantly reduced the ulcer index to 2.54 ± 0.18 and 2.08 ± 

0.16, corresponding to 70.87% and 76.15% gastroprotection, respectively. The optimized nanosponge formulation (F5) 

exhibited the lowest ulcer index (0.94 ± 0.11) and the highest gastroprotective effect (89.22%), demonstrating 

significantly greater protection against ethanol-induced gastric injury than the marketed formulation and pure 

rabeprazole (p < 0.001). 

 

Table 5: Effect of Rabeprazole Formulations on Ulcer Index and Percentage Gastroprotection. 

Experimental Group Ulcer Index Gastroprotection (%) 

Normal Control 0.00 ± 0.00 — 

Ulcer Control 8.72 ± 0.41 — 

Marketed Rabeprazole (20 mg/kg) 2.54 ± 0.18*** 70.87 

Pure Rabeprazole (20 mg/kg) 2.08 ± 0.16*** 76.15 

Optimized Nanosponge Capsules (F5) 0.94 ± 0.11*** 89.22 

 

Values are expressed as Mean ± SD (n = 6). Statistical analysis was performed using one-way ANOVA followed by 

Tukey's multiple comparison test. ***p < 0.001 compared with the Ulcer Control group. 

 

 
Figure 3: Effect of optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules on ulcer index in ethanol-

induced gastric ulcer model. 

 

3.5.2 Effect on Gastric pH 

Table 6 and Figure 4 show the effect of optimized rabeprazole loaded β-cyclodextrin nanosponge capsules on the 

gastric pH. Ethanol administration caused a significant decrease in the gastric pH (1.48 ± 0.09) in the ulcer control 

group. Marketed and pure rabeprazole treatment raised the pH of the stomach to 3.26 ± 0.12 and 3.48 ± 0.11, 

respectively. The optimized nanosponge formulation had the maximum gastric pH (3.82 ± 0.09), which was similar to 

the normal control group (3.91 ± 0.14). The gastric pH was significantly higher in optimized formulation than ulcer 

control group (p < 0.001). 
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Table 6: Effect of Rabeprazole Formulations on Gastric pH. 

Experimental Group Gastric pH 

Normal Control 3.91 ± 0.14 

Ulcer Control 1.48 ± 0.09 

Marketed Rabeprazole (20 mg/kg) 3.26 ± 0.12*** 

Pure Rabeprazole (20 mg/kg) 3.48 ± 0.11*** 

Optimized Nanosponge Capsules (F5) 3.82 ± 0.09*** 

 

Values are expressed as Mean ± SD (n = 6). Statistical analysis was performed using one-way ANOVA followed by 

Tukey's multiple comparison test. ***p < 0.001 compared with the Ulcer Control group. 

 

 

Figure 4: Effect of optimized rabeprazole-loaded β-cyclodextrin nanosponge capsules on gastric pH in ethanol-

induced gastric ulcer model. 

 

3.6 Histopathological Examination 

The optimized Rabeprazole loaded β-cyclodextrin nanosponge capsules were evaluated for their protective effect 

against gastric mucosal damage caused by ethanol by histopathological examination of the gastric tissues. Examples of 

representative photomicrographs are displayed in Figure 5. In the normal control group, the gastric mucosa was intact 

and the epithelial cells were well organized and gastric glands were normal. The ulcer control group, on the other hand, 

exhibited extensive mucosal erosion, disruption of the epithelium, submucosal edema, inflammatory cell infiltration 

and haemorrhagic lesions. Animals receiving the marketed formulation of rabeprazole and pure rabeprazole showed 

moderate restoration of the mucosal architecture, decreased epithelial damage and inflammatory changes in gastric 

tissues. The optimized nanosponge formulation, F5, displayed near normal gastric histological architecture with very 

little erosion of the gastric mucosa, epithelial lining and well defined gastric glands, and significantly reduced 

inflammatory cell infiltration, which means that F5 was effective in protecting against gastric injury induced by 

ethanol. 
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Figure 5: Representative histopathological photomicrographs (H&E stained) of gastric tissues from different 

experimental groups. (A) Normal Control; (B) Ulcer Control; (C) Marketed Rabeprazole (20 mg/kg); (D) Pure 

Rabeprazole (20 mg/kg); (E) Optimized Rabeprazole-Loaded β-Cyclodextrin Nanosponge Capsules (F5). 

 

4. DISCUSSION 

The present study demonstrated that the optimized rabeprazole-loaded β-cyclodextrin nanosponge formulation (F5) 

significantly improved the pharmaceutical performance and anti-ulcer efficacy of rabeprazole. The optimized capsule 

formulation complied with pharmacopoeial quality requirements for average capsule weight, content uniformity, and 

disintegration time, indicating satisfactory manufacturing quality and uniform drug distribution. These findings confirm 

that incorporation of the optimized nanosponge formulation into hard gelatin capsules did not adversely affect the 

essential pharmaceutical characteristics required for oral administration. 

 

The in vitro dissolution study demonstrated that the optimized nanosponge formulation exhibited a sustained drug 

release profile over 12 h, whereas the marketed formulation showed comparatively rapid drug release during the initial 

hours of dissolution. The optimized formulation achieved 98.42% cumulative drug release, indicating efficient and 

prolonged release of rabeprazole from the β-cyclodextrin nanosponge matrix. This sustained release behavior can be 

attributed to the porous three-dimensional structure of the nanosponges, which effectively encapsulated the drug and 

regulated its diffusion. Drug release kinetic analysis indicated that the release profile was best explained by the Higuchi 

model, confirming diffusion-controlled drug release from the polymeric matrix. Furthermore, the Korsmeyer–Peppas 

release exponent (n = 0.9162) suggested an anomalous (non-Fickian) transport mechanism, indicating that both drug 

diffusion and polymer relaxation contributed to the overall release process. Similar release characteristics have been 

reported for cyclodextrin-based nanosponge systems developed for controlled oral drug delivery. 

 

Stability studies performed under accelerated storage conditions demonstrated only marginal changes in particle size, 

polydispersity index, entrapment efficiency, drug loading, and cumulative drug release after storage. The absence of 

significant variations confirmed that the optimized nanosponge formulation possessed satisfactory physicochemical 
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stability. The crosslinked β-cyclodextrin network likely protected rabeprazole from environmental degradation, thereby 

maintaining the integrity and performance of the formulation throughout the storage period. 

 

The in vivo anti-ulcer study further confirmed the therapeutic superiority of the optimized formulation. Ethanol 

administration produced severe gastric mucosal injury in the ulcer control group, whereas treatment with the optimized 

nanosponge formulation markedly reduced the ulcer index to 0.94 ± 0.11, corresponding to 89.22% gastroprotection. 

 

The gastroprotective effect was greater than that observed with both the marketed rabeprazole formulation and pure 

rabeprazole. In addition, the optimized formulation significantly restored gastric pH, indicating effective suppression of 

gastric acidity and enhanced protection of the gastric mucosa. The improved therapeutic efficacy may be attributed to 

the sustained release behavior of the nanosponge formulation, which prolonged drug availability at the site of action. 

 

Gross morphological observations and histopathological examination further supported the anti-ulcer activity of the 

optimized formulation. The ulcer control group exhibited extensive gastric mucosal erosion, hemorrhage, and 

inflammatory cell infiltration, whereas gastric tissues treated with the optimized nanosponge formulation showed 

nearly normal mucosal architecture with preserved epithelial integrity and minimal inflammatory changes. These 

observations were consistent with the significant reduction in ulcer index and restoration of gastric pH, confirming the 

enhanced gastroprotective potential of the β-cyclodextrin nanosponge delivery system. 

 

Overall, the findings of the present investigation demonstrate that β-cyclodextrin nanosponges provide an effective oral 

delivery platform for rabeprazole by improving drug release, maintaining formulation stability, and significantly 

enhancing anti-ulcer activity. The combined in vitro and in vivo results suggest that the optimized nanosponge 

formulation represents a promising strategy for improving the therapeutic management of gastric ulcer disease. 

 

5. CONCLUSION 

The present study demonstrated that the optimized rabeprazole-loaded β-cyclodextrin nanosponge formulation (F5) 

successfully improved the pharmaceutical performance and anti-ulcer efficacy of rabeprazole. The optimized capsule 

formulation exhibited satisfactory pharmaceutical quality, sustained drug release over 12 h, diffusion-controlled release 

behavior, and good physicochemical stability under accelerated storage conditions. In the ethanol-induced gastric ulcer 

model, the optimized nanosponge formulation significantly reduced the ulcer index, restored gastric pH, and preserved 

the normal histological architecture of the gastric mucosa, demonstrating superior gastroprotective activity compared 

with the marketed formulation and pure rabeprazole. 

 

Overall, the findings indicate that β-cyclodextrin nanosponges provide an effective oral drug delivery platform for 

rabeprazole by improving drug release characteristics, maintaining formulation stability, and enhancing therapeutic 

efficacy. The optimized nanosponge formulation therefore represents a promising strategy for the effective management 

of gastric ulcer disease. Further pharmacokinetic studies and well-designed clinical investigations are warranted to 

establish its long-term therapeutic potential and facilitate its translation into clinical practice. 
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