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ABSTRACT 
This study aimed to develop and evaluate lansoprazole polymeric 

nanoparticle capsule composites using natural and synthetic polymers such 

as chitosan and methylcellulose. Six formulations (F1–F6) were prepared 

and systematically assessed through microscopic, physicochemical, in 

vitro, and in vivo parameters to determine their therapeutic potential. 

Microscopic examination revealed variable mucosal protection: F1 and F6 

showed moderate outcomes with mild erosion and inflammation, F3 

demonstrated good protection with minimal infiltration, F5 exhibited 

intermediate efficacy with dysplasia, and F4 was the weakest due to 

marked ulceration and dense inflammatory infiltration. Among all, 

Formulation F2 emerged as the optimized batch, displaying intact mucosa, 

preserved glandular architecture with mild hyperplasia, minimal 

inflammatory infiltration, and only slight fibrosis, thereby ensuring near- 

complete preservation of tissue morphology. Drug release studies at 360 

minutes confirmed the superiority of F2, which achieved nearly complete 

release in both acidic (98.84%) and basic (98.45%) media, outperforming 

other batches that showed variable efficiencies. Physicochemical 

characterization further validated F2’s optimization, with the smallest 

particle size (78.04 nm), highest entrapment efficiency (97.93%), and stable 

zeta potential (–53.4 mV), ensuring effective encapsulation and delivery. A 

comparative study with marketed lansoprazole capsules highlighted that 

F2 exhibited significantly higher drug release within 6 hours. Animal 

studies further confirmed its therapeutic efficacy, showing superior 

protection against gastric inflammation and ulceration. Overall, 

Formulation F2 is concluded to be the ideal and optimized batch, 

combining structural resilience, superior drug release, and enhanced 

therapeutic performance, positioning it as a benchmark for future 

pharmaceutical development. 
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INTRODUCTION: 
Peptic ulcer disease (PUD) remains a significant global 
health concern, characterized by mucosal erosion in the 
stomach or duodenum due to an imbalance between 
aggressive factors like gastric acid, pepsin, and 
Helicobacter pylori, and protective mechanisms such 
as mucus secretion and mucosal blood flow [01]. 
Conventional therapies including proton pump 

inhibitors, H2-receptor antagonists, and antibiotics 
often suffer from limitations such as poor site- 
specificity, systemic side effects, and recurrence upon 
discontinuation [02]. These challenges underscore the 
need for innovative drug delivery systems that can 
enhance therapeutic efficacy while minimizing adverse 

effects [03]. 

Nanotechnology-based drug delivery has emerged as a 
promising strategy to overcome the limitations of 
traditional ulcer therapies. Polymeric nanocapsules, in 
particular, offer controlled release, improved 
bioavailability, and targeted delivery to the gastric 

mucosa. Their ability to encapsulate both hydrophilic 
and lipophilic drugs, protect labile molecules from 
acidic degradation, and adhere to the gastric lining 
makes them ideal candidates for ulcer treatment [04]. 
Recent advances in biodegradable polymers such as 
PLGA, chitosan, and Eudragit have further enabled the 

design of biocompatible nanocarriers with tailored 
release profiles [05]. 

 
This study aims to develop and evaluate polymeric 
nanocapsule-based capsule composites for the 
treatment of experimentally induced peptic ulcers in 

male Wistar rats [06]. The formulation was assessed for 
physicochemical properties, in vitro drug release, and 
in vivo anti-ulcer activity using histopathological and 
biochemical markers [07]. By integrating 
nanotechnology with gastroretentive delivery, this 
research seeks to establish a novel therapeutic platform 

with enhanced mucosal healing potential and reduced 
recurrence risk [08]. 

MATERIAL AND METHODS: 
In the formulation process, lansoprazole serves as the 
active pharmaceutical ingredient (API), manufactured 

by Cipla Pvt. Ltd., Kurkumbh, Daund, Pune, while a 
range of excipients from different suppliers support 
stability, processing, and performance: polyvinyl 
alcohol from Yarrow Chem Product, Mumbai acts as a 
film-forming polymer; methanol and talcum powder 
from Thomas Becker (Chemicals) Pvt. Ltd. function as 

solvent and glidant respectively; chitosan from 
Chemdyes Corporations provides bioadhesive 
properties; methyl cellulose from Research Laboratory, 
Mumbai serves as a viscosity enhancer; 
macrocrystalline cellulose from Laboratories Regent 
and Fine Chemicals is used as a filler; magnesium 

stearate from Pallay Chemicals and Solvent Pvt. Ltd. 
acts as a lubricant; and mannitol from Moly-chem, 
Mumbai contributes to palatability and tablet integrity. 
Together, these components ensure manufacturability, 
stability, and therapeutic efficacy of the final dosage 
form. 

 
Formulation Method: 

The nano polymeric Lansoprazole capsules are 
formulated using a solvent evaporation technique that 
ensures precise nanoparticle formation and 

encapsulation [09]. Initially, two separate phases are 
prepared: the organic phase comprises ethanol as the 
polar solvent, the active drug Lansoprazole (30 mg), 
and a polymer either chitosan (F1–F3) or methyl 
cellulose (F4–F6) at varying concentrations (0.1%, 
0.5%, 1.0%) [10]. Polyvinyl alcohol (0.25%) is 

included in all formulations to enhance film integrity 
and nanoparticle stability. The aqueous phase contains 
a surfactant and water-based solvent system, 
maintaining a consistent organic-to-aqueous ratio of 
1:10 ml. Upon mixing, the blend undergoes probe 
sonication for 35 minutes at 40°C to reduce particle 

size and promote uniform dispersion [11]. 
 

Post-sonication, the mixture is stirred magnetically for 
3 hours at ambient temperature to initiate nano-droplet 
formation and partial solvent evaporation. Residual 
solvent is eliminated using rotary evaporation for 5 

minutes, yielding a concentrated nanoparticle 
suspension. These nanoparticles are harvested via 
ultracentrifugation at 12,000 RPM, washed thrice with 
deionized water to remove unbound excipients, and 
stabilized using a 5% sugar solution as a cryoprotectant 
[12]. Freeze-drying overnight ensures long-term 

stability and dry-state preservation. Finally, the dried 
nanoparticles are uniformly blended with a capsule 
base (Q.S. to 250 mg) to produce polymeric-coated 
nanoparticle capsules, enabling controlled drug release 
and enhanced bioavailability [13]. 
 

Characterization of Nanoparticles: 

pH of Suspension: 

The pH of the nanoparticle suspension is measured 
using a calibrated digital pH meter to ensure 
formulation compatibility and stability [14]. 
Calibration  is  performed  using  standard  buffer 

©2025 The authors 
This is an Open Access article 
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solutions (e.g., pH 4.0, 7.0, 9.2), where the electrode is 
immersed and adjusted to match known values once 
readings stabilize. After calibration, the electrode is 
rinsed and placed in the nanoparticle sample, and the 
pH is recorded once the reading stabilizes [15]. This 
step is crucial for confirming the suitability of the 

formulation for biological environments [16]. 
 
Particle Size Analysis: 

Particle size distribution is assessed using laser 
diffraction via a Malvern instrument, which provides 

accurate measurements for solids, suspensions, and 
emulsions. This technique helps optimize formulation 
parameters such as drug release and stability [17]. For 
nano-suspensions, dispersing agents like 0.1% sodium 
hexametaphosphate are added to prevent aggregation, 
and the sample is passed through a laser beam in a 

recirculating cell [18]. The diffraction data collected is 
analyzed to determine average particle size and 
distribution, ensuring reproducibility and quality 
control [19]. 

Zeta Potential: 
Zeta potential measurement evaluates the surface 

charge and colloidal stability of nanoparticles. A 1 mL 
sample is diluted with double-distilled water and 
sonicated for 5 minutes to prevent agglomeration [20]. 
The dispersed sample is placed in a cuvette and 
analyzed using a Zettaliter. A high absolute zeta 
potential value indicates strong electrostatic repulsion 

between particles, which minimizes aggregation and 
enhances suspension stability critical for long-term 
storage and therapeutic performance [21]. 
 
Drug Entrapment Efficiency (DEE): 

DEE quantifies the percentage of drug successfully 
encapsulated within nanoparticles. A 5 mL sample of 
nano-suspension is centrifuged at 4000 RPM for 20 
minutes, and the supernatant is filtered to remove 
residual particles [22]. A 1 mL aliquot is diluted to 10 
mL and analyzed spectrophotometrically at 298 nm to 

determine the concentration of unentrapped drug [23]. 
The entrapment efficiency is calculated using the 
difference between total and free drug, reflecting the 
formulation’s capacity to retain and deliver the active 
compound effectively [24]. 
 

Nano Particles Capsule Composite Evaluation 
Parameters Study: 

Weight Variation and Content Uniformity: 

This test ensures consistency in the amount of 
formulation filled in each capsule, which is critical for 
dose accuracy and product quality. Twenty capsules are 
individually weighed, emptied, and their shell weights 

subtracted to determine the net fill weight [25]. The 
variation among these values is calculated and 
compared against pharmacopeial limits to confirm 
uniformity across the batch [26]. 

Disintegration Study: 

This test evaluates how quickly the capsule 
disintegrates in simulated gastric environments. 
Capsules are placed in acidic (0.1N HCl) and basic (pH 
7.4 buffer) media maintained at 37 °C, mimicking 
stomach, and intestinal conditions [27]. The time taken 

for complete disintegration is recorded, providing 
insight into the capsule’s breakdown behavior and its 
potential to release the drug effectively in vivo [28]. 

Drug Content: 
To assess the accuracy of drug loading, the contents of 

five capsules are dissolved, filtered, and diluted 
appropriately [29]. The solution is analyzed using a UV 
spectrophotometer at a specific wavelength (e.g., 298 
nm for Lansoprazole) to quantify the actual drug 
content. This ensures that each capsule delivers the 
intended therapeutic dose [30]. 

 
In Vitro Dissolution Study: 
This test measures the rate and extent of drug release 
from the capsule into a dissolution medium, simulating 
gastrointestinal conditions. It is a key indicator of 

bioavailability and formulation performance [31]. The 
dissolution profile helps predict how efficiently the 
drug will be absorbed in the body and ensures batch- 
to-batch consistency over the product’s shelf life [32]. 

Approval and Registration for animal study: 

The preclinical study on peptic ulcer was conducted in 

full compliance with national ethical standards for 
animal research, having received formal approval from 
the Institutional Animal Ethics Committee (IAEC) 
under CPCSEA guidelines [33]. The study was 
authorized under CPCSEA approval number 
SPCOP/2021-22/285, and executed at a registered 

institution bearing CPCSEA registration number 
1197/PO/C/08/CPCSEA. All experimental procedures 
involving animals were carried out with strict 
adherence to CPCSEA norms, ensuring humane 
treatment, minimal distress, and scientific integrity 
throughout the study [34]. This regulatory oversight 

reinforces the ethical credibility and scientific validity 
of the research protocol [35]. 
 
In vivo Study: 

Step I: Animal Procurement and Ethical Clearance: 
Male Wistar rats were procured following ethical 
approval from the CPCSEA (Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals), ensuring compliance with national 
guidelines for animal welfare and experimentation 
[36]. The study was conducted under CPCSEA 
approval number SPCOP/2021-22/285, with 

institutional registration number 
1197/PO/C/08/CPCSEA [37]. 
 
Step II: Quarantine and Stabilization: 

Upon arrival, all animals were quarantined and 
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acclimatized for five days under controlled 

environmental conditions. This stabilization period 
allowed for physiological normalization and ensured 
that animals were healthy and suitable for experimental 
procedures [38, 39]. 
 

Step III: Ulcer Induction Protocol: 
Peptic ulcers were induced using ethanol (5 ml/kg) 
administered orally for 3–4 consecutive days, with 
animals subjected to overnight fasting prior to each 
dose. Ethanol acts as a mucosal irritant, reliably 
producing gastric lesions that mimic ulcerative 

conditions for therapeutic evaluation [40, 41]. 
 

Step IV: Grouping and Treatment Allocation: 
After ulcer induction, animals were randomly divided 
into four groups (G1–G4), each containing six rats, in 

this preclinical study, male Wistar rats were divided 
into four groups to evaluate the anti-ulcer efficacy of 
Lansoprazole formulations. Group G1 served as the 
ethanol-induced ulcer control and received distilled 
water orally for 7 days, while Group G2 also acted as a 
control but was treated with normal saline [42, 43]. 

Group G3 was administered a marketed Lansoprazole 
formulation (Lanzole30®) at a dose of 30 mg/kg orally 
for 7 days. Group G4 received the test nano-formulated 
Lansoprazole at the same dose and duration. Each 
group consisted of six animals, and the oral route was 
used for all treatments to simulate clinical 

administration and assess therapeutic outcomes [44]. 

Step V: Treatment and Sample Collection: 

All groups received their respective treatments once 
daily for 7 days via oral administration. Following the 
final dose, animals were fasted for 24 hours to 

standardize gastric conditions [45, 46]. Subsequently, 
all rats were sacrificed humanely, and their stomachs 
were isolated for analysis [47]. 

Step VI: Histopathological Examination: 

The excised stomach tissues were immediately 
preserved in 5% formalin solution and sent to a 

certified histopathology laboratory [48]. Microscopic 
examination was performed to assess ulcer severity, 
mucosal integrity, and healing response, enabling 
comparative evaluation of the therapeutic efficacy of 
the nano-formulated versus marketed Lansoprazole 
[49]. 

 
 
 

 
 

 
         Fig no 01–The images of quarantine Animal 

 

          Fig no 02 –The image at the time of dosing 

 

Fig no 03 – Divides the animal as per the groups 

 

 

 

 

 

 

 

 

Fig no 04- The isolated stomach part of ulcerative rats 

Histopathological Lab Microscope: 

Step- I- Tissue Collection and Fixation: 

In preclinical histological preparation, male Wistar rats 
are ethically euthanized in accordance with 
institutional animal care guidelines, after which the 
stomach is isolated by opening the abdominal cavity 
through a midline incision and carefully excising the 

organ to avoid mechanical damage. 

The stomach is then opened along the greater curvature 
and gently rinsed with cold normal saline or phosphate- 
buffered saline (PBS) to remove residual gastric 
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contents [50]. Finally, the cleaned tissue is fixed by 
immersion in 10% neutral buffered formalin at a tissue- 
to-fixative ratio of 1:10 for 24–48 hours at room 
temperature, ensuring preservation of morphology 
through protein cross-linking and prevention of 
autolysis [51]. 

 
Step- II- Tissue Processing and Embedding: 

In tissue processing for histology, representative gastric 
regions such as the fundus, body, and antrum are first 
trimmed into ~1 cm² pieces, which are then subjected 
to dehydration through ascending concentrations of 

ethanol (70% to 100%) to remove water [52]. 
 

This is followed by clearing, where ethanol is replaced 
with xylene in two changes to render the tissue 
compatible with paraffin. Finally, the tissues are 

embedded by infiltration with molten paraffin wax at 
58–60 °C and solidified in metal molds, producing firm 
paraffin blocks that preserve morphology and are 
suitable for microtome sectioning [53]. 

Step- III- Sectioning and Slide Preparation: 

In histological preparation, microtomy involves cutting 

thin tissue sections (4–5 µm) from paraffin blocks 
using a rotary microtome, which are then mounted by 
floating on a warm water bath (40–45 °C) to flatten and 
subsequently transferred onto poly-L-lysine-coated 
glass slides to improve adhesion [54]. 
To secure the sections firmly before staining, the slides 

undergo drying in an oven at 60 °C for 1–2 hours, 
ensuring stability and preventing detachment during 
subsequent staining and processing [55]. 
 
Step- IV- Staining Procedure: 

Hematoxylin and Eosin (HandE) staining begins with 
deparaffinization, where paraffin is removed by 
passing slides through xylene, followed by rehydration 
through descending alcohol grades and rinsing in 
distilled water [56]. 
 

The tissue is then stained with hematoxylin, which 

imparts a blue‑purple color to nuclei, differentiated in 
acid alcohol, and “blued” in alkaline water to stabilize 
the nuclear stain. Next, eosin is applied to color the 
cytoplasm and extracellular matrix pink. Finally, the 
slides undergo dehydration and clearing through 
ascending alcohols and xylene, before being mounted 

with coverslips using DPX or similar media, producing 
a permanent preparation for microscopic examination 
[57]. 

Step- V- Microscopic Evaluation: 

Microscopic examination of stained tissue sections is 

performed using a compound light microscope at 
magnifications of 10x, 40x, and 100x (with oil 
immersion if required), where key parameters such as 
mucosal integrity (erosion, ulceration, epithelial loss), 
glandular architecture (atrophy, hyperplasia, 
dysplasia), inflammatory cell infiltration (neutrophils, 

lymphocytes, macrophages), evidence of hemorrhage 
or necrosis, and submucosal changes like edema or 
fibrosis are systematically assessed. Findings are 
documented with photomicrographs, and semi- 
quantitative scoring systems (e.g., ulcer index or 
inflammation grade) are often applied to enable 

reproducible evaluation and statistical analysis of 
pathological changes [58]. 
 
Step- VI- Optional Special Stains and Analysis: 

Special histological stains and immunohistochemistry 
complement routine H&E by highlighting specific 

tissue components and cellular processes: Periodic 
Acid-Schiff (PAS) demonstrates mucopolysaccharides 
and mucins, useful for assessing goblet cells and 
basement membranes; Alcian Blue selectively stains 
acidic mucins, aiding in differentiation of mucin types; 
Giemsa is employed for detecting microorganisms 

such as Helicobacter pylori in gastric biopsies; and 
Immunohistochemistry (IHC) enables visualization of 
molecular markers like Ki‑67 for cell proliferation, 
COX‑2 for inflammatory activity, and caspase‑3 for 
apoptosis, thereby providing deeper insights into tissue 
pathology and disease mechanisms [59, 60]. 

RESULT AND DISCUSSION: 

Table no 01– The observation table of nano- particles evaluation 
Formulations pH Particle Size Zeta Potential Entrapment efficiency% 

F1 7.4 95.49 -54.3mv 95.08 

F2 7.0 78.04 -35.7mv 97.93 

F3 6.8 106.62 -84.3mv 92.01 

F4 7.8 90.06 -44.3mv 95.70 

F5 7.2 103.32 -56.3mv 92.85 

F6 7.0 79.46 -54.5mv 90.18 
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Fig no 05– Graphical representation of all nanoparticle’s evolution 

 

The evaluation of nanoparticle formulations reveals 
distinct physicochemical characteristics across the six 
batches. The pH values range between 6.8 and 7.8, 

which are close to physiological conditions, ensuring 
compatibility with biological systems. Particle sizes 
vary from 78.04 nm (F2) to 106.62 nm (F3), indicating 
nanoscale dimensions suitable for enhanced drug 
delivery and cellular uptake. Zeta potential values are 
all negative, spanning from –35.7 mV (F2) to – 

84.3 mV (F3), suggesting good colloidal stability due 
to electrostatic repulsion, with more negative values 
generally correlating with stronger stability. 
Entrapment efficiency is consistently high across 
formulations, ranging from 90.18% (F6) to 97.93% 
(F2), demonstrating effective drug encapsulation 

within the nanoparticle systems. 
 
Comparatively, F2 stands out with the smallest particle 
size and highest entrapment efficiency, though its zeta 
potential is less negative, which may slightly reduce 
long-term stability compared to F3. F3, despite having 

the largest particle size, shows the most negative zeta 
potential, implying superior stability but slightly lower 

entrapment efficiency. Formulations F1, F4, and F5 
balance particle size and zeta potential with strong 
encapsulation efficiency, making them promising 

candidates for further optimization. Overall, the data 
highlight the trade-offs between particle size, stability, 
and drug loading, guiding selection of the most suitable 
formulation for therapeutic applications. 

Evaluation parameters of nanoparticles capsule 

composite: 

 
Table no 02- Evolution parameters of nanoparticles capsule 

composite 

Formul 

ations 

% 

Varia 

tion 

Disintegration 

time 

Drug 

Conte 

nt 

Drug 

Release’s 

Time at 

360 min 
Acidic 

Media 
(min) 

Basic 

Media 
(min) 

F1 2.004 8.693 13.12 92.83 86.2636 

F2 1.6 6.563 16.34 98.84 98.452 

F3 2.002 10.95 15.12 95.45 88.4254 

F4 2.004 13.16 10.73 93.56 86.584 

F5 2.804 11.23 12.23 94.63 75.954 

F6 1.602 8.27 15.34 97.88 65.2267 
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Fig no 06– Graphical Representation of all Nanoparticles Capsules Composite Evolution 
The evaluation of nanoparticle capsule composites 
demonstrates consistent manufacturing with low % 

variation across all formulations (1.6–2.8%), 
confirming reproducibility. Disintegration times vary 
notably, with F2 breaking down fastest at 6.56 min and 
F4 slowest at 13.16 min, reflecting differences in 
excipient composition and matrix strength. Drug 
content is generally high, with F2 (16.34%) and F6 

(15.34%) showing the strongest incorporation, while 
F4 records the lowest (10.73%). These values highlight 
that most formulations achieve effective drug loading, 
though efficiency depends on formulation design and 
processing conditions. 

 
Drug release profiles at 360 min reveal F2 as the most 
promising candidate, achieving nearly complete 
release in both acidic (98.84%) and basic (98.45%) 
media, making it highly suitable for therapeutic 
application. F6, despite high drug content, shows poor 
release in basic media (65.22%), which may limit its 

performance. F1, F3, and F4 demonstrate balanced 
release in both conditions, while F5 shows moderate 
release in acidic media but reduced efficiency in basic 
conditions (75.95%). Overall, F2 stands out as the 
optimal formulation, combining rapid disintegration, 
high drug content, and superior release, whereas others 

present trade-offs between stability, release efficiency, 
and disintegration behavior. 

In vivo study of nano particles capsules composite: 

The comparative microscopic evaluation of the six 

formulations highlights varying degrees of mucosal 
protection and pathological changes. F1 and F6 show 
moderate outcomes, with mild erosion, slight atrophy, 
and moderate inflammatory infiltration, while F3 
demonstrates good protection with only minimal 
infiltration and mild edema, placing it close to ideal. F4 

represents the weakest batch, with marked ulceration, 
epithelial loss, dense inflammatory infiltration, and 
significant edema, indicating poor  mucosal 
preservation. F5 shows intermediate performance, with 
patchy erosion, mild dysplasia,  and moderate 
inflammation, suggesting partial but not optimal 

efficacy. Among all batches, F2 emerges as the 
optimized formulation, showing mostly intact mucosa, 
preserved glandular architecture with mild hyperplasia, 
low-grade neutrophil infiltration, and only slight 
fibrosis. This balance of strong mucosal protection, 
minimal inflammation, and near-complete preservation 

of tissue morphology makes F2 the most effective 
candidate. Compared to the other batches, F2 optimizes 
therapeutic performance by combining structural 
integrity with functional resilience, positioning it as the 
benchmark for further development and clinical 
application. 

 

Table no 03– In vivo study of nano particles capsules composite observation table by histopathology lab report 
Formulation Mucosal Integrity Glandular 

Architecture 

Inflammation Submucosal 

Changes 

Overall Assessment 

F1 Mild erosion, partial 

epithelial loss 

Slight atrophy Moderate 

lymphocyte 

infiltration 

Mild edema Acceptable but shows 

moderate pathology 

F2 Mostly intact, minimal 

ulceration 

Preserved, mild 

hyperplasia  

Low-grade 

neutrophil 
infiltration 

Slight 

fibrosis 

Ideal profile with strong 

protection and near-complete 
preservation 

F3 Mild erosion, 

occasional ulceration 

Normal but slightly 

atrophic 

Minimal infiltration Mild edema Good protection, close to 

ideal 

F4 Moderate ulceration, 

epithelial loss 

Atrophy evident Dense macrophage/ 

lymphocyte 

infiltration 

Marked 

edema 

Weak protection, significant 

pathology 

F5 Patchy erosion, partial 

ulceration 

Mild dysplasia, 

irregular glands 

Moderate mixed 

infiltration 

Mild fibrosis Intermediate, some protective 

effect but not optimal 

F6 Mild erosion, 

epithelial thinning 

Slight atrophy Moderate neutrophil 

infiltration 

Mild edema Fair protection, better than 

F4/F5 but inferior to F2 
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Fig no 07– Histopathological Lab Microscopical view of all isolated stomach of male Wistar rats for animal 

study 
 

CONCLUSION: 
In conclusion, the comprehensive evaluation of all six 
formulation batches demonstrates that Formulation F2 
is the optimized and ideal candidate, consistently 

outperforming the others across microscopic, 
physicochemical, and pharmacological parameters. F2 
exhibited superior mucosal protection with intact 
architecture, minimal inflammation, and only slight 
fibrosis, alongside excellent drug content (98.84%) and 
nearly complete release in both acidic and basic media 

(≈98%). Its nanoparticle profile further confirmed 
optimization, with the smallest particle size 
(78.04 nm), highest entrapment efficiency (97.93%), 
and stable zeta potential, ensuring effective 
encapsulation and delivery. Compared to the marketed 
lansoprazole capsule, the polymeric nanoparticle 

composite of F2 achieved significantly higher drug 
release within 6 hours and demonstrated strong 
therapeutic efficacy in animal studies, markedly 
reducing gastric inflammation and ulceration. Thus, 
Formulation Batch No. 2 stands as the benchmark 
formulation, combining structural resilience, 
controlled release, and enhanced therapeutic 

performance for future development and clinical 
application. 
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