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Abstract 

Background: Silver nanoparticles (SNPs) synthesized using the aqueous rhizome extract of Boesenbergia 

rotunda exhibit a wide range of biological activities and have traditionally been used in treating various 

ailments. The present study aimed to evaluate the gastroprotective effects of biosynthesized SNPs against 

ethanol-induced acute gastric mucosal injury in rats. 

Methods: SNPs were synthesized and characterized using X-ray diffraction (XRD), UV–Vis 

spectroscopy, and transmission electron microscopy (TEM). 

Result: Alleviated ethanol-induced gastric lesions, as evidenced by a reduced ulcer index. Ethanol-

induced gastric damage was associated with decreased mucus production, lowered gastric pH, and 

increased ulcerated areas, edema, and inflammatory cell infiltration in the submucosa. Administration of 

SNPs markedly increased the activities of superoxide dismutase (SOD) and catalase (CAT), and elevated 

prostaglandin E2 (PGE2) levels, while significantly reducing malondialdehyde (MDA) concentrations in 

gastric tissue homogenates. SNPs also prevented oxidative stress by inhibiting lipid peroxidation. 

Furthermore, SNP treatment enhanced periodic acid–Schiff (PAS) staining of the gastric mucosa, 

upregulated HSP-70 protein expression, and downregulated Bax protein levels. SNPs also modulated 

inflammatory cytokines by increasing IL-10 and reducing TNF-α and IL-6 levels. Acute toxicity testing 

at a high dose (500 mg/kg) showed no toxicological symptoms in rats. 

Conclusion: The present study demonstrates that Boesenbergia rotunda-derived silver nanoparticles 

exert significant gastroprotective effects, likely due to their antioxidant properties, stimulation of gastric 

secretions, enhancement of endogenous antioxidant enzymes (SOD, CAT, PGE2), suppression of lipid 

peroxidation, upregulation of HSP-70, downregulation of Bax, and modulation of inflammatory 

cytokines. 
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Introduction 
Peptic ulcer disease is a common 

gastrointestinal disorder associated with 

increased oxidative stress, inflammation, and 

disruption of the gastric epithelial barrier. 

These conditions make the mucosa more 

vulnerable to injury from various damaging 

factors. Several endogenous and exogenous 

agents can contribute to ulcer formation,  

 

 

including smoking, use of nonsteroidal anti-

inflammatory drugs (NSAIDs), alcohol 

consumption, Helicobacter pylori infection 

(1), excessive secretion of hydrochloric acid 

and pepsin, leukotrienes, bile reflux, and 

reactive oxygen species (ROS) (2, 3). 

Nanotechnology is a rapidly expanding 

field with broad applications across science 
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and technology, involving materials with at 

least one dimension at the nanometer scale 

(<100 nm). It has transformed numerous 

industrial sectors, such as electronics and 

biomedicine (4). In medicine, 

nanotechnology, referred to as nanomedicine, 

has opened new frontiers in healthcare by 

improving the physical, chemical, and 

biological properties of therapeutic agents at 

the nanoscale (5). Nano-medicine was 

mentioned in the request of nanotechnology 

for realizing breakthroughs in health care 

besides refining physical, chemical, besides 

biological possessions constituents 

nanometer scale (5). Among metallic 

nanoparticles, silver nanoparticles (SNPs) are 

recognized for their preventive and protective 

biological roles, including their ability to 

inhibit microbial growth and promote tissue 

repair (6). 

Recently, metal-based nanoparticle 

formulations have gained attention for their 

therapeutic potential, demonstrating anti-

ulcer (7), anti-H. pylori (8), anti-

inflammatory (7, 9), antimicrobial (10), 

wound healing (6), antitumor (11) effects.  

The gastric mucosa possesses several 

endogenous defense mechanisms that protect 

against injury, including mucus secretion, 

bicarbonate production, regulation of 

mucosal blood flow, antioxidant enzyme 

activity, surface-active phospholipids, and 

rapid epithelial regeneration (12). When these 

protective mechanisms fail, gastric ulceration 

may result, leading to severe complications 

such as bleeding or perforation. Although 

various medications, including proton pump 

inhibitors, anticholinergics, antacids, H₂-

receptor antagonists, mucosal protectants, and 

antibiotics, are available to treat gastric 

ulcers, they can cause undesirable side effects 

and are not always effective in preventing 

recurrence (13, 14). Therefore, there is a 

continued need for safe and effective anti-

ulcer agents.  

Therefore, there is a continued need for 

safe and effective anti-ulcer agents (9, 12, 15). 

Ethanol exposure leads to the overproduction 

of reactive oxygen species such as superoxide 

anions and hydroxyl radicals, resulting in 

lipid peroxidation and damage to the gastric 

epithelium (16, 17). The present study aimed 

to synthesize stable silver nanoparticles 

(AgNPs) using the aqueous rhizome extract of 

Boesenbergia rotunda as a reducing agent and 

to investigate their gastroprotective effects in 

a rat model of ethanol-induced gastric 

ulceration.  

 

Materials and Methods  
Chemicals and Reagents 

All reagents and chemicals were of analytical 

grade. Silver nitrate (AgNO₃) was purchased 

from Merck (Germany). Boesenbergia rotunda 

rhizomes and Arabic gum were obtained from 

the local market. Omeprazole was purchased 

from the pharmacy (Gastuf 20, Geneda Pharma, 

India). All other chemicals, including 

carboxymethyl cellulose (CMC), were obtained 

from Sigma-Aldrich (St. Louis, MO, USA). 

Omeprazole was dissolved in 0.5% CMC and 

administered orally to rats at a dose of 20 mg/kg 

(5 mL/kg), as described in previous studies (9). 

 

Preparation of Rhizome Extract 

Fresh B. rotunda rhizomes were collected and 

authenticated by the Herbarium of 

Microbiology, Salahaddin University, Erbil 

(voucher No. ERB 42159). The rhizomes were 

thoroughly washed with tap and double-

distilled water to remove impurities, then air-

dried under shade at room temperature for 14 

days. The dried rhizomes were cut into small 

pieces and ground into a fine powder using an 

electric grinder. 

A total of 100 g of powdered rhizome was 

soaked in 500 mL of distilled water for three 

days with intermittent stirring every two hours. 

The mixture was filtered first through muslin 

cloth and then through Whatman No. 1 filter 

paper. The filtrate was concentrated using a 

rotary evaporator and stored at 4 °C until use. 

To prepare the reducing solution, 0.15 g of 

Arabic gum was dissolved in 50 mL of distilled 

water and heated at 70 °C in a 100 mL Pyrex 

beaker. The B. rotunda extract was then added 

gradually to this solution under continuous 

stirring to obtain the final reaction mixture. 
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Formation of silver nanoparticles  

A mixture of Boesenbergia rotunda extract and 

Arabic gum was prepared in a 250 mL conical 

flask and heated at 65–75 °C. The pH of the 

mixture was adjusted to 7.5. Subsequently, 50 

mL of 1 mM silver nitrate (AgNO₃) solution 

was added dropwise under continuous stirring. 

A color change from colorless to bright yellow 

indicated the formation of silver nanoparticles. 

The reaction was allowed to proceed for 20 

minutes, after which the heating was stopped 

and stirring was continued until the temperature 

decreased to 25 °C. The resulting yellow 

colloidal solution remained stable and uniform 

for up to three months (7). 

 

Experimental Animals and Study Design 

Acute toxicity study 

To ensure the safety of the synthesized silver 

nanoparticles (SNPs), an acute toxicity study 

was conducted following OECD (2002) 

guidelines. Adult albino Wistar rats of both 

sexes were obtained from the Animal House 

Unit, Cihan University, Erbil. The rats were 

provided with standard pellet feed and water ad 

libitum throughout the experiment. 

A total of 36 rats were randomly divided into 

three groups (n = 12 per group): 

Group 1 (Control): Received 0.5% 

carboxymethyl cellulose (CMC). 

Group 2 (Low dose): Received B. rotunda 

extract at 2500 mg/kg. 

Group 3 (High dose): Received B. rotunda 

extract at 5000 mg/kg. 

Dose selection was based on previously 

published toxicity data (18). Food was withheld 

overnight before dosing, but water was 

provided. After treatment, rats were observed 

continuously for the first 30 minutes, 

intermittently during the first 24 hours, and 

daily for 14 days for signs of toxicity or 

mortality. 

At the end of the study, food was withdrawn 

for 24 hours, and the animals were anesthetized 

with ketamine (100 mg/kg) and xylazine (3 

mg/kg). Blood samples were collected via 

intracardiac puncture for biochemical analyses 

of liver and kidney function. The liver and 

kidneys were excised for histopathological 

examination using hematoxylin and eosin 

(H&E) staining to detect any structural or 

cellular abnormalities (19, 20). 

 

Experimental animals for gastric ulcer 

induction 

Adult albino Wistar rats, weighing 185–215 g, 

were obtained from the Experimental Animal 

Facility, College of Science, Cihan University, 

Erbil (Ethics Approval No. 

Biology/23/07/2023/MAA). All experimental 

procedures adhered to the guidelines outlined 

by the National Institutes of Health (NIH, USA) 

for the care and use of laboratory animals (7). 

Animals were housed individually in stainless-

steel cages with wire-mesh bottoms to prevent 

coprophagy and were acclimatized for 7 days 

before experimentation. Rats were maintained 

on standard pellet feed with free access to water. 

The rats were randomly divided into five groups 

(n = 6 per group): 

Group 1: Normal control, received 0.5% CMC 

(5 mL/kg). 

Group 2: Ulcer control, received 0.5% CMC (5 

mL/kg). 

Group 3: Positive control, treated with 

omeprazole (20 mg/kg). 

Group 4: Treated with SNPs (175 ppm, p.o.). 

Group 5: Treated with SNPs (350 ppm, p.o.). 

One hour after the respective treatments, all 

groups except the normal control received 

absolute ethanol (5 mL/kg, orally) to induce 

gastric ulcers. After another 60 minutes, all rats 

were anesthetized with ketamine/xylazine and 

euthanized. Stomachs were immediately 

excised for macroscopic and biochemical 

analyses (7). 

 

Macroscopic Evaluation of Gastric Lesions 

Each excised stomach was opened along the 

greater curvature, rinsed gently with cold 

phosphate-buffered saline (PBS), and examined 

for visible mucosal injury using a 

stereomicroscope. Linear hemorrhagic lesions 

were measured using a planimeter under a 

dissecting microscope (1.8× magnification). 

The ulcer area (UA) in mm² was calculated 

using the following formula: 
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UA (mm²)=(Total number of small squares)×4

×1.8\text{UA (mm²)} = (\text{Total number of 

small squares}) \times 4 \times 

1.8UA (mm²)=(Total number of small squares)

×4×1.8  

The percentage of ulcer inhibition was 

determined as: 

Inhibition ratio (I%) = (UA controller– UA 

cured ⁄ UA control) X 100 (9, 15, 21). 

 

Measurement of Gastric Juice pH and Mucus 

Content  

Gastric juice samples were centrifuged, and the 

pH of the supernatant was measured using a pH 

meter. Total acidity was determined by titration 

with 0.1 N NaOH and expressed in mEq/L (19). 

For mucus determination, the gastric mucosa 

was gently scraped using a clean glass slide, and 

the mucus was weighed on an electronic 

precision balance (19, 22). 

 

Preparation of Gastric Mucosal Homogenate 

Sections of gastric mucosa were rinsed in ice-

cold PBS and homogenized (10% w/v) in PBS 

containing a mammalian protease inhibitor 

cocktail. The homogenate was centrifuged at 

1000 g for 10 minutes at 4°C. The resulting 

supernatant was used for biochemical assays, 

including measurements of superoxide 

dismutase (SOD), catalase (CAT), 

prostaglandin E₂ (PGE₂), and malondialdehyde 

(MDA), according to the manufacturer’s 

protocols (Cayman Chemical, USA) (19). 

 

Assessment of Antioxidant Enzyme Activity 

and Lipid Peroxidation 

SOD, CAT, and PGE₂ levels were quantified 

using commercial assay kits (Cayman 

Chemical, Ann Arbor, USA), following the 

manufacturer’s instructions (12, 19). MDA 

levels, an indicator of lipid peroxidation, were 

measured using standard colorimetric assay 

kits (9). 

 

Histology valuation  

Glandular stomach sections (~2 cm) were fixed 

in 10% buffered formalin for 24 hours at 25 °C, 

dehydrated through graded ethanol, cleared 

with xylene, and embedded in paraffin wax 

using a tissue processor. Sections (5 µm thick) 

were stained with hematoxylin and eosin 

(H&E) and examined microscopically for 

pathological changes (15). 

 

Periodic Acid-Schiff (PAS) Staining 

For the evaluation of mucus secretion and 

glycoprotein distribution in the gastric 

mucosa, 5 µm paraffin sections were stained 

with PAS reagent according to standard 

procedures (19, 22). 

 

Periodic acid Schiff (PAS) stains 

Appraise mucus discharge stomach glandular 

epithelia, sections 5 𝜇m thick were stain by PAS 

to visualize stomach secretion beside alterations 

together acidic besides basic glycoproteins 

succeeding production training technique (19).  

 

Immunohistochemical Analysis 

Paraffin-embedded gastric sections (5 µm) were 

processed using the ARK™ Animal Research 

Kit to detect HSP-70 (1:100) and Bax (1:50) 

protein expression. Both antibodies were 

purchased from Santa Cruz Biotechnology (7). 

 

Measurement of Inflammatory Cytokines 

Levels of TNF-α, IL-6, and IL-10 in gastric 

homogenates were determined using ELISA 

kits (Elabscience, Wuhan, China) following the 

manufacturer’s instructions. Cytokine 

concentrations were calculated using 

recombinant standards (12, 15). 

 

Statistical analysis 

All data were analyzed using GraphPad Prism 

version 9.0. Results were expressed as mean ± 

SEM. Statistical significance was determined 

using one-way ANOVA followed by Student’s 

t-test, with p< 0.05 considered significant. 

 

Results 
Toxicity of B. rotunda Silver Nanoparticles 

Rats treated with B. rotunda-derived silver 

nanoparticles (SNPs) at dosages of 2500 and 

5000 mg/kg showed no signs of toxicity 

throughout the 14-day observation period. All 

animals remained active and healthy, with no 

behavioral or physiological abnormalities. 
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There were no significant changes in body 

weight, food consumption, or general activity 

among the groups. No mortality was recorded 

during the experiment. 

Histological examination of the liver and 

kidney tissues revealed no structural 

abnormalities or lesions in the SNP-treated 

groups compared with the normal controls (Fig. 

1). Similarly, biochemical analyses of blood 

parameters showed no statistically significant 

differences (p > 0.05) between experimental 

and control rats (Tables 1 and 2). 

 

 
Fig. 1. Microscopic views kidney (first column) and liver (second column) of rat tissues in acute toxicity test. A: control 

rats treated with 1% CMC; B: rats treated with 2500 mg/kg B. rotunda SNPs; C: rats treated with 5000 mg/kg B. rotunda 

SNPs. Tissue structures were comparable across groups (H&E, 20×). 

Table 1. Impact of B. rotunda SNP on blood (liver) parameters of rats in toxicity experiment. 

Groups 
Albumin 

(g/L) 

T. bilirubin 

(mmol/L) 

ALP 

(IU/L 

ALT 

IU/L) 

C. glutamyl transferase 

(IU/L) 

G1 33.6 + 1.7 <2 165.4 + 3.2 81.2 + 9.3 0.02 + 0.4 

G2 34.4 + 2.1 <2 163. 11 +2,3 78.72 +7.6 0.08 +0.2 

G3 32.3 + 2.7 <2 162. 5 + 5.3 79.33 + 8.7 0.08 + 0.4 

Values are presented as mean ± SEM (n = 6). No significant differences were observed at p< 0.05. G1: control (1% 

CMC); G2: 2500 mg/kg SNP; G3: 5000 mg/kg SNP. 
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Table 2. Effect of B. rotunda SNPs on renal function parameters in rats. 

Groups 
Sodium 

(mmol/L) 

Potassium 

(mmol/L) 

Chloride 

(mmol/L) 

CO2 

(mmol/L) 

Anion gap 

(mmol/L) 

Urea 

(mmol/L) 

Creatinine 

(mmol/L 

G1 145.3 + 5.3 4.7 + 1.5 105.1 + 4.2 36.7 + 2.3 14.4 + 2.1 5.2 + 1.1 32.3. + 31) 

G2 148.4 + 4.2 5.2 +1.6 106.4. + 2.3 38. 2 + 1.6 15.8 + 0.2 6.3 + 1.5 31.6 + 33 

G3 147.3 + 4.7 5.1 + 2.2 104.5 + 6.5 35.5 + 5.2 14.5 + 0.4 6.7 + 3.3 30.7 + 42 

Values are presented as mean ± SEM (n = 6). Differences were non-significant at p< 0.05.  

 

Effect of B. rotunda silver nanoparticle on 

stomach mucus contented 

Investigational animals nourished B. rotunda 

SNP exhibited a considerable rise in the mucus 

excretion of gastric once related to ulcer 

control gathering (Table 3). 

 
Table 3. Influence of B. rotunda SNP on mucus mass, stomach’s pH, ulceration region, as well as reserve proportion 

ulcer’s part rodent’s stomach. 

Animal groups 
Pre-feeding 

(5mL/kg) 
Mucus (g) pH 

Ulcer area 

(mm)2 

Inhibition 

(%) 

G1 
Normal control (0.5% 

CMC) 
2.22±0.09 a 6.54±0.07 a 0.00 0 

G2 
Ulcer control (0.5% 

CMC + Ethanol) 
0.75±0.02b 2.96±0.10 b 783±4.26 a 0 

G3 
Omeprazole (20 

mg/kg) 
1.94±0.01 a 5.81±0.02 a 103±3.25 b 86.8 a 

G4 SNP (175 ppm) 1.59±0.01 a 5.22±0.01 a 158±1.23 b 79.8 b 

G5 SNP (350 ppm) 1.78±0.004 a 5.37±0.03 a 138±0.70 b 82.3 a 

Values are mean ± SD (n = 6). Different superscripts indicate significant differences at p< 0.05 (Tukey’s HSD). 

 

Effect of B. rotunda SNP on pH of the 

stomach 

Experimental rats nourished B. rotunda SNP 

previously management with ethanol 

meaningfully increased gastric pH-related 

ulcer control collection (Table 3). 

Impact of B. rotunda SNP on histopathology 

assessment of ethanol-convinced stomach 

ulcer rats 

 

Histopathological Findings 

Hematoxylin & Eosin (H&E) Staining 

Ulcer control rats displayed severe epithelial 

injury, necrosis, edema, and marked leukocyte 

infiltration into the submucosal layer. Rats 

treated with B. rotunda SNPs exhibited 

markedly improved mucosal integrity with 

reduced ulceration and minimal inflammation 

(Fig. 2). 
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Fig. 2. Effect of B. rotunda SNPs on histopathology of gastric mucosa in ethanol-induced ulceration. 

a. Normal control; b. Ulcer control showing necrosis (black arrows), edema (blue arrows), and neutrophil infiltration (red 

arrows); 

c. Omeprazole-treated; d–e. SNP-treated groups showing reduced mucosal damage. 
 

Periodic Acid-Schiff (PAS) Staining 

B. rotunda SNP-treated groups showed 

enhanced PAS staining intensity, indicating 

increased glycoprotein content and mucus 

secretion in the gastric mucosa compared with 

ulcer control rats (Fig. 3). 

 
Fig. 3. PAS staining of gastric mucosa showing magenta coloration indicating mucin presence. 

Ulcer control (b) showed weak PAS staining compared with the SNP-treated (d–e) and omeprazole-treated (c) groups. 
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Bax Expression 

The ulcer control group exhibited strong Bax 

expression, indicating apoptotic activation. In 

contrast, B. rotunda SNP-treated rats showed 

downregulation of Bax expression similar to 

the omeprazole group (Fig. 4). 

 

 
Fig. 4. Effects of the SNP of B. rotunda rhizome on the appearance of Bax protein stomach epithelium of alcohol-

convinced gastric injury rats. a. Normal group obtainable deficiency of countenance. b. Ulcer control group showed up-

regulation of Bax protein (yellow arrows) in the stomach epithelia. c. The omeprazole group showed down-regulation of 

Bax protein (yellow arrows) in the gastric epithelia. d. & e. Investigational groups revealed the downregulation of Bax 

protein (yellow arrows) in the stomach epithelia. 

 

HSP-70 Expression 

Ulcer control rats showed downregulation of 

HSP-70 protein, whereas SNP-treated rats 

demonstrated significant upregulation of HSP-

70 expression in gastric epithelial cells, 

indicating enhanced cytoprotection (Fig. 5). 
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Fig. 5. Effects of B. rotunda SNP rhizome on appearance HSP-70 protein gastric epithelia alcohol-convinced stomach 

injury rodents. a. Normal group presented an absence of manifestation. b Ulcer control assemblage presented down-

regulation HSP-70 protein (blue arrows) in the stomach epithelium. c. Omeprazole collection revealed the up-regulation 

of HSP-70 protein (blue arrows) in the stomach’s mucosa. d. & e. Investigational groups showed up-regulation of HSP-

70 protein (blue arrows) in the gastric mucosa. 

 

Antioxidant Enzyme Activities and Lipid 

Peroxidation 

Ethanol-induced ulceration significantly 

reduced SOD, CAT, and PGE₂ levels while 

increasing MDA levels. Pretreatment with B. 

rotunda SNPs restored antioxidant enzyme 

activities and decreased MDA levels close to 

normal (Table 4). 

 
Table 4. Effect of SNP on antioxidant enzymes and lipid peroxidation in stomach tissue homogenate. 

Animal’s group 
SOD (U/g 

protein) 

CAT 

(nM/min/mL) 

PGE2  

(ng/mg protein) 

MDA  

(𝜇M/g protein) 

1. Vehicle 474.7±1.5 a 127±0.9 a 457.8±1.5 a 205.7±1.8 a 

2. Ulcer control 171.5±1.7 b 71.5±1.1 b 72.3±1.3 b 230.8±1.2 b 

3. Omeprazole 393.8±1.5c 130±1.0 a 301.2±1.1 c 108.2±1.6 c 

4. silver nanoparticle 175 ppm 365.2±1.5 c 110.3±2.6 a 272.8±1.6 c 104.5±1.4 c 

5. silver nanoparticle 350 ppm 384.7±1.4 c 132.5±1.3 a 297±2.2 c 107.3±1.6 c 

Values are mean ± SEM (n = 6). Different superscripts indicate significant differences (p< 0.05, Bonferroni post hoc test). 
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Inflammatory Cytokines 

Ethanol administration significantly elevated 

pro-inflammatory TNF-α and IL-6 levels while 

reducing anti-inflammatory IL-10 levels. 

Treatment with B. rotunda SNPs significantly 

 

(p< 0.05) decreased TNF-α and IL-6 levels and 

increased IL-10 compared to the ulcer control 

group, particularly at the 350-ppm dose (Fig. 

6). 

 
Fig. 6. Effects of B. rotunda SNPs on (A) TNF-α, (B) IL-6, and (C) IL-10 levels in ethanol-induced gastric ulcers. 

Values are expressed as mean ± SEM (n = 6). ns: non-significant; * p< 0.05; *** p< 0.001; **** p< 0.0001. 
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Discussion 
The acute toxicity study revealed no evidence 

of toxicity or mortality, indicating that silver 

nanoparticles (SNPs) are safe and non-toxic 

when administered orally at doses up to 5 g/kg. 

This observation aligns with previous studies 

utilizing SNPs synthesized from various 

medicinal plant extracts (15, 19, 21). It has 

been reported that anti-ulcer agents enhance 

the secretion of gastric mucus (7, 9, 15). In the 

present study, SNPs demonstrated significant 

anti-ulcer activity in rats, as evidenced by 

reduced ulcer index, increased gastric pH and 

mucus volume, and attenuation of submucosal 

edema and leukocyte infiltration (8, 23). These 

results are consistent with earlier findings on 

the gastroprotective and anti-ulcer effects of 

SNPs and herbal composites (7, 24, 25). 

Pretreatment with SNPs effectively suppressed 

gastric acidity and restored the integrity of the 

gastric mucosa in ethanol-treated rats. This 

gastroprotective effect may be attributed to the 

preservation of the gastric mucus barrier. The 

balance between gastroprotective mechanisms 

and gastric toxicity is crucial in the 

pathogenesis of acute inflammation, which is 

often associated with the release of pro-

inflammatory cytokines (26). Ethanol-induced 

acute gastritis is characterized by massive 

neutrophil infiltration into the gastric mucosa 

(15, 27). n this study, SNP pretreatment 

markedly inhibited submucosal infiltration, 

suggesting that SNPs protect the gastric 

mucosa by mitigating ethanol-induced 

inflammatory responses. 

Reactive oxygen species (ROS) and free 

radicals are key mediators of oxidative stress 

and tissue damage (28). In the current study, 

rats pretreated with SNPs exhibited preserved 

epithelial integrity, reduced submucosal 

edema, and minimal inflammatory cell 

infiltration compared with ulcer control 

animals. Histopathological evaluation 

revealed a pronounced reduction in 

hemorrhagic lesions and edema, along with 

limited leukocyte infiltration in the SNP-

treated group. Periodic acid–Schiff (PAS) 

staining confirmed an increase in mucus  

 

production in SNP-pretreated rats, supporting 

the hypothesis that the gastroprotective effects 

of SNPs are mediated through enhanced mucus 

secretion. These findings are consistent with 

earlier studies showing increased gastric 

mucus secretion following pretreatment with 

synthetic or natural compounds against 

necrotizing agents (7, 21).  

ROS such as hydroxyl radicals and 

superoxide anions initiate lipid peroxidation, 

leading to cellular and epithelial damage. 

Malondialdehyde (MDA), a major byproduct 

of lipid peroxidation, serves as a reliable 

biomarker of oxidative stress (29, 30). 

Prostaglandin E₂ (PGE₂) plays an essential role 

in maintaining gastric mucosal integrity by 

stimulating mucus secretion and modulating 

local blood flow (31). Ethanol exposure 

markedly decreases mucosal PGE₂ levels, 

thereby contributing to gastric injury (32, 33). 

In this study, SNP administration significantly 

elevated mucosal PGE₂ levels, suggesting that 

the gastroprotective activity of SNPs may be 

partially mediated through the upregulation of 

PGE₂ synthesis.  

Moreover, SNP treatment enhanced the 

activities of the antioxidant enzymes 

superoxide dismutase (SOD) and catalase 

(CAT), while simultaneously reducing MDA 

levels. These observations are consistent with 

previous reports demonstrating improved 

antioxidant enzyme activity in SNP-treated 

animals compared with ethanol-treated 

controls (7, 21). The reduction in MDA levels 

observed here is also supported by findings 

from studies employing various plant-derived 

antioxidants (15, 21, 34). Since free radicals 

play a pivotal role in the pathogenesis of 

gastric ulcers, the antioxidant potential of 

SNPs likely contributes to their protective 

effect by scavenging ROS and restoring 

antioxidant balance (35). 

Apoptotic pathways are also involved in 

ethanol-induced gastric mucosal damage. Bax, 

a pro-apoptotic member of the Bcl-2 family, 

regulates mitochondrial membrane 

permeability and facilitates cytochrome c 
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release (6, 19). Ethanol exposure promotes 

Bax overexpression and downregulates anti-

apoptotic proteins such as Bcl-2, leading to 

increased apoptosis in gastric epithelial cells 

(7, 21). Conversely, heat shock protein 70 

(HSP-70), an anti-apoptotic molecular 

chaperone, inhibits the Apaf-1/cytochrome 

c/caspase-9 apoptotic cascade by binding to 

Apaf-1 (7, 36). n this study, SNP pretreatment 

significantly downregulated Bax and 

upregulated HSP-70 expression in gastric 

tissues, suggesting that SNPs confer 

cytoprotection by suppressing apoptosis and 

stabilizing mitochondrial function. 

HSP-70, a 70 kDa stress-inducible protein, 

plays a fundamental role in maintaining 

cellular homeostasis and protecting cells 

against various stressors such as toxins, 

oxidative agents, and heat shock (7, 21). 

Ethanol-induced oxidative stress can suppress 

HSP-70 expression, leading to cellular 

dysfunction and mucosal injury (15, 19, 37). 

Several studies have demonstrated that natural 

or synthetic compounds capable of inducing 

HSP-70 expression protect gastric mucosa 

from ethanol-induced lesions (19, 21). In 

agreement, our findings showed that SNP 

administration significantly upregulated HSP-

70 expression, indicating that its 

gastroprotective effects may involve HSP-70-

mediated stabilization of mitochondrial 

integrity and inhibition of stress-induced 

apoptosis. 

Cytokines are crucial regulators of immune 

homeostasis, modulating immune cell activity 

and intercellular communication (38). Ethanol 

exposure significantly increased the levels of 

pro-inflammatory cytokines (TNF-α, IL-6) and 

decreased the anti-inflammatory cytokine (IL-

10), indicating immune dysregulation. In 

contrast, pretreatment with B. rotunda-derived 

SNPs markedly downregulated TNF-α and IL-

6 while upregulating IL-10, thereby restoring 

immune balance (39).  

To the best of our knowledge, this is the first 

study to report the gastroprotective effects of 

B. rotunda-mediated SNPs against ethanol-

induced gastric ulcers in rats, as supported by 

histopathological, immunohistochemical, and 

biochemical analyses. Treatment with B. 

rotunda SNPs significantly enhanced the 

antioxidant defense system (CAT, SOD, and 

PGE₂), reduced lipid peroxidation (MDA), and 

modulated apoptotic and inflammatory 

markers (upregulation of HSP-70, 

downregulation of Bax, TNF-α, and IL-6, and 

elevation of IL-10). The observed bioactivity 

of B. rotunda SNPs can be attributed to their 

antioxidant and anti-inflammatory potential, 

likely mediated by the synergistic action of the 

plant’s phytochemical constituents and the 

nanoscale properties of silver nanoparticles. 
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