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Abstract

Background and objectives: Peptic ulcer disease is a complex and multifactorial condition.
Despite advances in medical science, the treatment of gastric ulcers and their complications
remains challenging. Conventional treatment with chemical medications is often associated with
numerous side effects, highlighting the need for alternative therapeutic approaches. The green
synthesis of silver nanoparticles has attracted increasing attention as a potential approach for the
treatment of gastrointestinal ulcers. This study aimed to investigate the effect of silver
nanoparticles synthesized using the aqueous extract of Quercus brantii Lindl. flour (SNQBF) on
ethanol-induced gastric ulcers in rats.
Methodology: Silver nanoparticles were first synthesized using an aqueous extract of oak flour.
The reaction between the extract and silver nitrate, accompanied by a change in the color of the
solution, indicated the formation of silver nanoparticles under optimized conditions of
concentration, pH, temperature, and reaction time. Spectrophotometric analysis of the resulting
solution showed an absorption peak within the wavelength range of 380—430 nm, confirming the
formation of silver nanoparticles. Following synthesis, thirty male Wistar rats weighing 200 + 20
g were randomly selected and divided into five groups. The groups included a normal control
group, an ethanol-treated group that received 1 mL of ethanol, a standard group that received
ranitidine at 50 mg kg~ !, and two experimental groups that received silver nanoparticles
synthesized from oak flour at 5 and 20 mg kg~ £, respectively. One hour after oral administration
of the nanoparticles or ranitidine, all rats except those in the normal control group received 1 mL
of 96% ethanol by gavage to induce gastric ulceration. One hour after ethanol administration, the
rats were anesthetized with ketamine. Blood samples were collected by cardiac puncture for
serum preparation. After excision of the stomach, the volume and pH of the gastric juice were
measured. The ulcer index and percentage of ulcer inhibition were then determined. Finally, the
gastric tissue was divided into two portions. One portion was used for histopathological
examination, while the other was used for biochemical analyses.
Results: Silver nanoparticles were synthesized from the aqueous extract of Quercus brantii flour
by optimizing the concentration, temperature, pH, and reaction time. Extract and silver nitrate
solution concentrations ranging from 3 to 6, a temperature of 60 °C, pH 7, and a reaction time of
24 h were identified as the optimal conditions. The structure and morphology of the synthesized
nanoparticles were confirmed using several techniques, including UV-Vis spectroscopy, Fourier-
transform infrared spectroscopy, scanning electron microscopy, transmission electron
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microscopy, X-ray diffraction, energy-dispersive X-ray analysis, and dynamic light scattering.
The pH of the gastric juice was lower in the ethanol-treated group than in the normal control
group. In contrast, the gastric juice pH increased in the ranitidine-treated group and in
experimental groups 1 and 2, accompanied by an increase in the percentage of ulcer inhibition.
Biochemical analyses showed that the levels of malondialdehyde, protein carbonyl, reactive
oxygen species, and serum nitric oxide were higher in the ethanol-treated group than in the other
groups. Conversely, the levels of reduced glutathione, catalase, superoxide dismutase, tissue nitric
oxide, and gastric mucus were lowest in the ethanol-treated group. In the standard group and
experimental groups 1 and 2, malondialdehyde, protein carbonyl, reactive oxygen species, and
serum nitric oxide decreased, whereas reduced glutathione, catalase, superoxide dismutase, tissue
nitric oxide, and gastric mucus increased.

Conclusion: Green synthesis is a rapid, low-cost, and environmentally friendly approach for
producing silver nanoparticles. The findings demonstrated that silver nanoparticles synthesized
using oak flour may represent a promising approach for the treatment of gastric ulcers. In addition
to reducing environmental impacts, this method has considerable potential for medical
applications and warrants further investigation in future studies.
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Figure 1. Color change of silver nitrate solution and
formation of silver nanoparticles synthesized using
the agueous extract of Quercus brantii flour
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Figure 2. Investigating the effect of concentration (2-A), pH (2-B), time (2-C), and temperature (2-D) on the
synthesis of silver nanoparticles using the aqueous extract of Quercus brantii flour
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Figure 3. Determination of structural characterization of silver nanoparticles synthesized from the aqueous extract
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Table 1. Treatment with doses of 5 and 20 mg-kg~ ¢ of silver nanoparticles synthesized using aqueous extract of
Quercus brantii flour (SNQBF) and ranitidine on the treatment of gastric ulcer in rats.

Groups The pH of gastric The volume of Ulcer index Ulcer inhibition percentage
juice astric juice (ml) un (190)
Normal group 6.73+0.08 1.6x0.4 0 0
Ethanol group 3.6+0.09 3.5+0.9 4.60.1 0
Ranitidine (50
7.52+0.06 1.7+0.5 2.16+0.4 70
mg-kg~ 1)+ethanol*
SNQBF (5 mg-kg~ 1) +ethanol 4.1+0.07 2.90+0.6 4.5+0.5 25
SNQBF (20 mg-kg~ )+ethanol 4.4%0.05 3.1+0.1 3.510.6 33

The results are shown based on the mean+standard deviation of the data for 6 rats in each group.
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Figure 4. Macroscopic evaluation of stomach tissue of rats in all groups: normal group (A), ethanol group (B),

group receiving 5 mg-kg~ 1 silver nanoparticles synthesized from aqueous extract of Quercus brantii flour (C),

group receiving 20 mg-kg~ t silver nanopatrticles synthesized from aqueous extract of Quercus brantii flour (D),
group receiving 50 mg-kg~ * ranitidine (E)
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Figure 5. Microscopic evaluation of stomach tissue of rats in all groups: normal group (A), ethanol group (B),

group receiving 5 mg-kg~ ! silver nanoparticles synthesized from aqueous extract of Quercus brantii flour (C),

group receiving 20 mg-kg~ t silver nanopatrticles synthesized from aqueous extract of Quercus brantii flour (D),
group receiving 50 mg-kg~ * ranitidine (E)
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Table 2. Effect of SNQBF and ranitidine silver nanoparticles on reactive oxygen species (ROS), malondialdehyde
(MDA), protein carbonyl (PCO) and tissue and serum nitric oxide (NO)

Biochemical Ranitidine SNQBF SNQBF
Normal group Ethanol group P-value
factors (50mg-kg™ ) (5 mgkg™ Y (20 mg-kg™ 1)
ROS 76.11+0.13f 364.29+3.20° 124.09+2.41% 287.17+2.42¢ 297.82+2.42¢
MDA 0.11+0.01¢ 0.733+0.012 0.116+0.01¢ 0.213+0.08¢ 0.341+0.002°
PCO 0.40+0.1° 19.25+1.32 12.97+0.35¢ 17.46+1.62% 16.26+1.50% P<0.05
Tissue NO 1.85+0.15% 0.77+0.03¢ 1.60.08° 1.20+0.08° 1.38+0.10°
Serum NO 24.51+0.58f 43.46+0.51% 25.47+0.31¢ 37.2+0.33° 36.04+0.48°

The results are shown based on the meanzstandard deviation of the data for 6 rats in each group.
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Figure 6. Changes in the activity of superoxide dismutase (6-A), catalase (6-B), gastric mucus content (6-C), and
reduced glutathione (6-D) in rats of different experimental groups
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