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Abstract

Context: Peptic ulcers are a challenging problem. Silver nanoparticles (AgNPs) play a substantial role in bioactivity and have distinct characteristics. There are
several biomedical uses for bioreduction nanotechnology. Historically, traditional healthcare has employed Juglans regia L.

Aims: To evaluate how well fruit pellicle extract-derived bio-reduced silver nanoparticles (AgNP/FP) can treat peptic ulcers.

Methods: Ultraviolet spectra, dynamic light scattering, transmittance electron microscopy, and Fourier transform infrared were used to characterize AgNPs
and AgNP/FP. AgNPs and extracts were compared to omeprazole in ethanol-induced stomach ulcers in mice. Six groups of 36 mice were created at random.
AgNPs were given orally to the experimental groups, using 300 mg/kg as a dose. The reference proton pump inhibitor, omeprazole, was employed as a
control.

Results: As evidenced by a falling ulcer index and an increase in the percentage of ulcer inhibition, bio-reduced AgNPs decreased the adverse effect of ethanol-
induced stomach injury. Reduced mucosal damage and hemorrhagic lesions, necrobiotic alterations in the stomach epithelium, submucosal edema, and
blood vessel congestion were all indicators of substantially reduced ethanol-induced gastric lesions and greater anti-inflammatory results.

Conclusions: Fruit pellicle extract-derived bio-reduced silver nanoparticles have an efficacy similar to proton pump inhibitors like omeprazole and a lower
incidence of possible side effects, making them a safe herbal therapy for ulcers.

Keywords: bioengineering; fruit; Juglans regia; metal nanoparticles; peptic ulcer; silver.

Resumen

Contexto: Las Ulceras pépticas constituyen un problema dificil. Las nanoparticulas de plata (AgNPs) desempefian un papel sustancial en las bioactividades y
tienen caracteristicas distintivas. La nanotecnologia biorreductora tiene varios usos biomédicos. Histéricamente, la atencién sanitaria tradicional ha
empleado Juglans regia L.

Objetivos: Evaluar la eficacia de las nanoparticulas de plata biorreducidas (AgNP/FP) derivadas del extracto de la pelicula de la fruta en el tratamiento de las
llceras pépticas.

Métodos: Para caracterizar las AgNP y las AgNP/FP se utilizaron espectros ultravioletas, dispersién dindmica de la luz, microscopia electrénica de
transmitancia e infrarrojo transformado de Fourier. Las AgNPs y los extractos se compararon con el omeprazol en Ulceras de estémago inducidas por etanol
en ratones. Se crearon al azar seis grupos de 36 ratones. Se administraron AgNPs por via oral a los grupos experimentales, utilizando 300 mg/kg como dosis.
Elinhibidor de la bomba de protones de referencia, omeprazol, se empled como control.

Resultados: Como lo demuestra el descenso del indice de Ulcera y el aumento del porcentaje de inhibicién de la Ulcera, las AgNPs biorreducidas disminuyeron
el efecto adverso de la lesidén estomacal inducida por etanol. La reduccién del dafio de la mucosa y de las lesiones hemorragicas, las alteraciones
necrobidticas del epitelio estomacal, el edema de la submucosa y la congestidn de los vasos sanguineos fueron indicadores de una reduccién sustancial de
las lesiones gastricas inducidas por etanol y de mayores resultados anti-inflamatorios.

Conclusiones: Las nanoparticulas de plata biorreducidas derivadas del extracto de pelicula de fruta tienen una eficacia similar a la de los inhibidores de la
bomba de protones como el omeprazol y una menor incidencia de posibles efectos secundarios, lo que las convierte en una terapia herbal segura para las
Ulceras.

Palabras Clave: bioingenieria; fruta; Juglans regia; nanoparticulas metalicas; plata; dlcera péptica.
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INTRODUCTION

One of the most significant subfields of nanotech-
nology is the bioreduction of silver nanoparticles. The
focus of several research domains is using green
chemistry to better and/or protect the environment
on a worldwide basis. Electronics, biology and bio-
medical applications, material science, physics, and
environmental remediation sectors all employ metal-
lic nanoparticles in a variety of catalytic applications.
Therefore, it is still a scientific challenge to create low-
cost, ecologically benign ways to synthesize nano-
materials (Singh et al., 2018). Silver nanoparticles
have been created using a variety of processes, in-
cluding physical and chemical ones (Patra et al.,
2018). Due to slower kinetics, natural methods of pro-
ducing nanoparticles in an environmentally friendly
way have turned out to be superior; they provide
better control and manipulation over crystal devel-
opment and stabilization. Particular emphasis has
been paid to plant extracts as reducing and capping
agents (Njagi et al., 2011). Numerous studies on the
bioreduction of silver nanoparticles employing a vari-
ety of plants have been published (Nasrollahzadeh et
al., 2014; Njagi et al., 2011; Sharifi-Rad et al., 2018).
Enhanced oxidative pressure, inflammation, and rup-
ture of the mucosal fence of the gastric covering are
all symptoms of peptic ulcers (PU), a common inves-
tigational gastrointestinal demonstration. Ulcer sus-
ceptibility is exacerbated by damaging issues. Smok-
ing, NSAIDs, alcohol, Helicobacter pylori infection,
excessive pepsin and HCI production, leukotriene,
refluxed bile, stress oxygen classes, and non-steroidal
anti-inflammatory drugs (NSAIDs) are a few endo-
genic antagonistic causes of stomach lesions that have
been linked to endogenesis (Ibrahim et al., 2022; Ku-
madoh et al., 2021). Among the self-protective endo-
genic mechanisms against damage to the stomach
mucosa are surface mucus, the participation of stom-
ach mucosal blood flow, antioxidants, bicarbonate,
surface-active phospholipids, and the acceleration of
epithelium renewal, including the protection of epi-
thelial hemostasis. If not properly treated, stomach
ulcers can develop considerable complications, such
as blood and perforations. Proton pump inhibitors,
anticholinergic medicines, antibiotics, antacids, Ho-
receptor antagonists, mucosal stomach protectors,
and other pharmaceuticals are used to treat stomach
ulcers (Ibrahim et al., 2022). The sores might return as
a result, which could have undesirable side effects.
Therefore, there is an increased need for safe and
effective antiulcer mediators (Kumadoh et al., 2021).
Globally, many herbal medications have been utilized
to treat PU. Their promise for usage in conditions like
PU is based on their relative safety, availability, and
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affordability compared to most traditional medica-
tions. The results of some toxicological research on
selecting herbal materials have also contributed to a
rise in trust in the use of herbal merchandise (Ku-
madoh et al., 2021). The medicinal plant known as
walnut (Juglans regia L.) (Fig. 1) has long been utilized
in traditional medicine.

Figure 1. Juglans regia L. plant.

It is a deciduous tree from the Juglandaceae family.
Studies indicate that regular consumption of walnuts
may be protective against oxidative stress-mediated
illnesses like cancer and cardiovascular disease be-
cause of the products' high antioxidant activity (Al-
Nadaf et al., 2018a). In traditional medicine, the air-
dried leaves of ]. regia are used to make an aqueous
decoction or alcoholic preparation that is drunk daily
to alleviate the symptoms of diabetes mellitus. In the
past, medicinal plants have been applied topically to
aid in the healing of wounds and ulcers. Some of
these topical preparations' effects can be attributed to
the tannin content of the plant, while others come
from the anti-inflammatory and antimicrobial quali-
ties of the plant. The unripe fruit extract was reported
to have wound-healing capability (Al-Nadaf et al,,
2018b). Medicinal plants are being used to synthesize
silver nanoparticles, with extracts acting as reducing
and capping agents. Biomolecules such as enzymes,
proteins, polysaccharides, and vitamins reduce Ag*
ions, which are environmentally benign yet chemical-
ly complex. Absolute ethanol produces highly cyto-
toxic free radicals, which act as a necrotizing mediator
to cause oxidative stress and stomach mucosal ulcers.
The oxygen-derived free radical species produced by
administering ethanol are one of the mucosal invasive
elements involved in the development of peptic ulcers
(Kumadoh et al., 2021).

J. reqia is well recognized for its antioxidant prop-
erties, which may shield against diseases brought on
by oxidative stress. Due to its tannin concentration
and anti-inflammatory qualities, have also been used
to treat ulcers and wounds. These plants' silver nano-
particles function as capping and reducing agents.
Ethanol can result in oxidative stress and stomach
mucosal ulcers, with oxygen-derived free radical spe-
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cies playing a crucial role in the development of pep-
tic ulcers. As A result, the study plan intends to pro-
duce stable silver nanoparticles using Juglans regia
extract as a reducing agent and assess their gastropro-
tective capabilities in mice with ethanol-induced
stomach ulcers. |. regia fruit pellicle of the unripe fruit
extract in the form of acetonitrile extract is employed
as a releasing mediator.

MATERIAL AND METHODS

Chemicals

All the chemicals and reagents used were of the
analytical reagent grade and originated from the Sig-
ma-Aldrich Company. Omeprazole (40 mg, powder
for infusion, Sandoz Ltd., UK, Sigma-Aldrich); abso-
lute ethanol (>99.9%, molecular weight = 46.07,
CHsCH>OH); AgNOs (298%, powder, Sigma-Aldrich);
and acetonitrile (98%, Sigma-Aldrich). Centrifuge
(Manufacturer B. herml AGD-7209 Gosheim). UV-VIS
spectrophotometer (Biotech Engineering Management
Co. Ltd., UK). FTIR (Model FTIR-8400S, Serial No.
A21014000181 LP, Shimadzu, Japan). Zeta size ana-
lyser (Nano Series [Nano-ZS], Malvern Instrument,
England).

Plant material

The University of Jordan authenticated the Juglans
regia L. plant, which was harvested on May 1st, 2021,
from a private garden in Shmeisani (coordinates:
31°58'33"N 35°53'24"E) in Amman, Jordan (Dr. Shatat
F., Faculty of Agriculture). Research laboratory re-
ceived the voucher specimen and assigned specimen
number R006 for deposit. The plant's name was veri-
fied on ThePlantList: http://www.theplantlist.org
and World Flora Online:
https: / /www.worldfloraonline.org / taxon/wfo-
0000355051. Al-Nadaf et al. (2018a) previously pub-
lished extraction techniques.

J. regia L. immature fruit was harvested, washed,
and kept in a deep freezer at -80°C. Subsequently, the
immature fruit pellicle was easily separated from the
inner part and chopped to a particle size suitable for
this part of the fruit. The samples were then weighed
in preparation for the extraction procedure. Acetoni-
trile solvent was used in a Soxhlet system to extract
fruit pellicles (20 g of the outer shell portion of the
fruit). The extraction procedure took four hours, with
a solid to solvent ratio of 1:8. The Soxhlet equipment
was used, and the number of extraction cycles was
calibrated based on the results of thin-layer chroma-
tography (Al-Nadaf et al., 2018b).
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Biosynthesis of silver nanoparticles (AgNPs) with
J. regia fruit pellicle extract (AgNFP/FP)

About 3 g of acetonitrile fruit pellicle extract (for
the unripe green fruit) was added to an Erlenmeyer
flask containing 100 mL of one molar AgNO;, stirred,
and heated to boiling (Njagi et al., 2011). The obtained
solutions were heated and vigorously stirred
throughout the procedure until a noticeable color
change (from pale vyellow/brown to darker
brown/green) occurred. Before sample characteriza-
tion, the resulting AgNPs (chemically prepared) and
AgNP/FP (nanoparticles bio-reduced with fruit pelli-
cle extract) were centrifuged and resuspended in 1
mL of trisodium citrate 2.2 mM (Ibrahim et al., 2022).
A UV-VIS spectrophotometer was used to track the
synthesis of silver nanoparticles, with spectrophoto-
metric readings taken at various time intervals (200-
600 nm). AgNOs was added to the reaction at a con-
stant concentration (1 mM) and extract volume, and
the reaction was run with extract at different time
intervals, such as 15 and 30 min, 1, 2, 12, 24, and 48 h.
With steadily rising extract concentrations in a 1 mM
AgNO:s solution, the ratio of J. regia fruit pellicle ex-
tract to silver nitrate was adjusted.

Physiochemical characterization of bio-reduced
AgNP/FP

UV-visible spectroscopy (UV-vis), dynamic light
scattering (DLS), and transmission electron microsco-
py (TEM) were used to identify and characterize
AgNPs. UV-vis spectrometry was used to validate the
creation of AgNPs and estimate the shape and size of
the particles. Dynamic light scattering was used to
estimate the hydrodynamic diameter and polydisper-
sity index. FTIR spectroscopy was used to character-
ize functional groups that may oversee AgNP produc-
tion and capping protection. Transmission electron
microscopy (TEM) imaging was used to determine
the average diameter.

UV-visible spectroscopy

AgNPs exhibit unique optical properties that are
sensitive to shape, size, concentration, aggregation
state, and refractive index near the nanoparticles’
surface, making UV-vis spectrometry a viable tool for
identification and characterization. To validate the
creation of AgNPs and to make an estimate of the
shape and size of the particles, the dispersed AgNPs
were scanned between 300 and 700 nm wavelengths.

Dynamic light scattering

Freshly produced AgNPs were subjected to DLS
analysis utilizing a Zeta sizer to estimate the hydro-
dynamic diameter and polydispersity index (PI)
(Malvern Instruments, UK). After centrifugation,
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cleaning three times, and sonication at 25°C with a
nominal 5 mW HeNe laser operating at 633 nm wave-
length, the scattered light was recorded at an angle of
173° for analysis.

FTIR spectroscopy

The characterization of functional groups that may
oversee AgNP production as well as capping protec-
tion was done using FTIR spectroscopy. The spectrum
indicated a potential interaction between the bioactive
compounds in plant extract and the Ag. The KBr was
used to pellet both the dried extract and the synthe-
sized AgNPs, which were then scanned against a
blank KBr pellet using an FTIR spectrometer (Perkin
Elmer, Japan) in the 4,500-400 cm-! range with a 20
cm! resolution.

Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM) imaging
was used to determine the shape and size of NPs (FEI
Morgani 268, operating voltage of 60 kV, Holland).
The nanoparticle suspensions were dried on copper
TEM grids with Formvar coating (300 mesh, Electron
Microscopy Sciences, USA) before being photo-
graphed by TEM. The Image J1.52a program was
used to estimate the average diameter.

In vivo study

Experimental design

Thirty-six Swiss male mice (average weight of 25 g
and age of 4 weeks) were obtained from the animal
breeding house of the Faculty of Science at Mutah
University to be used in the current study. The ani-
mals were kept under standard conditions of temper-
ature, humidity, and light/dark cycles (12 hours of
light and darkness, 22-28°C, and 60-70% air humidi-
ty). Prior to the first treatment, all animals were given
at least 7 days to acclimate. Prior to the experiment,
the mice were housed for a week to let them adjust.
During this time, they were given a regular pellet
meal and unlimited access to water. The National
Institutes of Health's recommendations (US regula-
tions, NIH publication #85-23, amended in 1985) for
the use and care of laboratory animals were followed
throughout all experimental procedures. The Faculty
of Pharmacy at Mutah University's Research Ethics
Committee approved the experimental methods
(permission number: 11-2021-3). Throughout the
course of the trial, animals were monitored for symp-
toms of toxicity and adverse effects. The dose calcula-
tion was based on research that has already been pub-
lished by Daburu et al. (2012) and Ibrahim et al
(2022).
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The mice were divided into 6 groups (6 animals
each) as follows:

Group 1: Mice received 0.1 mL of 0.9% w/v NaCl
saline solution by oral gavage for 14 days, where it
served as the normal control group.

Group 2 (the ulcer group): Mice received 0.1 mL of
0.9% w/v NaCl saline solution by oral gavage for 14
days, plus a single ethanol oral dose (5 mL/kg body
weight) on the 14th day of the experiment.

Group 3: Mice received omeprazole (Omeprazole
for injection, 40 mg, freshly dissolved in normal saline
just before use) at a dose of 20 mg/kg body weight
orally for 14 days, and this group served as a stand-
ard antiulcer drug as previously mentioned in Dab-
buru et al. (2012), plus absolute ethanol.

Group 4: Mice received 0.1 mL of the chemically
synthesized AgNPs orally for 14 days plus absolute
ethanol.

Group 5: Mice received 0.1 mL of the acetonitrile
plant extract (E), which is equivalent to the dose of
300 mg/kg orally for 14 days (Dabburu et al., 2012),
plus absolute ethanol.

Group 6: Mice received 0.1 ml of AgNP/FP, which
is equivalent to the dose of 300 mg/kg orally for 14
days, plus absolute ethanol (Dabburu et al., 2012).

On the 14th day of the experiment and after 24 h of
animal fasting from diet, but the water was supplied,
mice of groups 2-6 received a single absolute ethanol
dose (5 mL/kg body weight, orally) 2 h after the last
treatment to induce the peptic ulcer, according to
Ibrahim et al. (2022). One hour later, all animals were
sacrificed after being anesthetized by diethyl ether.

Gastric tissues preparation

The stomachs were dissected out, opened longitu-
dinally across the greater curvature, washed thor-
oughly with normal saline, and fixed by pins on the
cardboard for photographing with a digital camera to
evaluate the gastroprotective effect of different treat-
ments. After that, each stomach was cut into two
parts: the first part was fixed in a 10% formalin-
buffered solution for histopathology analysis, and the
second part was homogenized in cold phosphate-
buffered saline (PBS) solution to prepare 10% gastric
tissue homogenates for further biochemical meas-
urements.

The inhibition percentage (IP) was calculated (Ib-
rahim et al., 2022). For this purpose, the percentage of
the ulcerated area relative to the stomach's total sur-
face area was measured using Image]J software (NIH,
USA) and declared according with the formula [1].
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UAc - UAt

Inibition (%) = UAC

%100 [1]

Where, UAc: Ulcerated area of the ulcer control, and UAt: Ulcerated
area of the treated sample.

Histopathology examination by hematoxylin and eosin
stain

The fixed stomachs in 10% formalin in saline solu-
tion were used for histopathology analysis. The tis-
sues were dehydrated in graded alcohol, socked in
paraffin, and finally cut into 4 pm -thick slices. These
slices were then stained with hematoxylin and eosin
and examined by a histopathologist under a light
microscope, as previously mentioned in Suvarna et al.
(2018).

Measurement of the inflammatory markers

The gastric tissue homogenates were used for
measuring the levels of prostaglandin E» (PGEy), In-
terleukin 6 (IL-6), and interleukin 10 (IL-10) using
Mouse PGE, IL- 6, and IL-10 ELISA kits, respectively,
from MyBiosource.com (USA), according to the pro-
vided instructions.

Statistical analysis

The mean and standard error were used to express
the results. GraphPad Prism 5 (USA) software was
used to analyze the data using the ANOVA test and
Tukey's test. The difference was deemed statistically

Juglans regia silver nanoparticles as gastroprotective

significant when the p-value was shown to be lower
than 0.05.

RESULTS

Biosynthesis of AgNPs with J. regia fruit pellicle
acetonitrile extract

J. regia unripe fruit pellicle extract was used to
prepare AgNPs using acetonitrile as a solvent. The
addition of the extracts to an aqueous silver nitrate
solution caused a color change in the solution, indi-
cating the formation of AgNP. Previous studies
(Bhakya et al., 2016, Hamady and Mohammed, 2019;
Nasrollahzadeh et al., 2014) have found similar color
changes, confirming the completion of the reaction
between extracts and AgNO:s.

Characterization of AgNPs

Fig. 2 displays the UV-vis spectra taken 30, 45, and
60 min, 24 h, and 48 h after the reaction started. In the
spectra formed, AgNP/FP has an absorbance peak in
the range of 388 to 425 nm.

The PI value of 0.339 for NPs was prepared using
fruit pellicle extract with a mean size of 107 nm (Fig.
2). AgNP prepared chemically has a smaller size of
65.8 nm and a PI of 0.68. The larger size, which is
attributed to the presence of phytochemicals in J. regia
fruit pellicle, indicates better stability achieved by
bioreduction.

A
25
2 4
1.5 1
[}
(=)
j
[
£ 1
[=]
@
Q
< o5 i
0 W,W\ ———
Zio 238 275 313 350 388 425 463 500 538 575
0.5
Wavelength (nm)
(o
Size Distribution by Intensity
g
7
=6
g
T PP
o
<
I A
53
£
£, o
N
1 FER ST
0 \
0.1 1 10 100 1000 10000
Size (d.nm)

B
Size Distribution by Intensity
16T
141
<= 127
c -
@
£ 10t ‘
O L
[ N
z 8 f
T Lo b
8 6T [ \
E { \
£ 4t - P
-2 'f" ‘
0 - ‘
0.1 1 10 100 1000
Size (d.nm)

Figure 2. UV-Vis absorption spectrum and size distribution meas-
ured by DLS of silver nanoparticles.
(A) UV-Vis for AgNP synthesized using fruit pellicle extract (AgNP/FP); (B)

DLS of AgNP synthesized using fruit pellicle extract (AgNP/FP); and (C) DLS
of AgNP.
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AgNP/FP

AgNP synthesized via AgNP chemical reduction.

500 1000 1500 2000

Figure 3. (A) Simulation for graphs obtained from FTIR analysis of AgNP synthesized using fruit pellicle extract (AgNP/P); (B)
Transmission electron microscopy (TEM) images AgNP synthesized using fruit pellicle extract (AgNP/FP) and (C) TEM images

2500 3000 3500
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Fig. 3 illustrates the FTIR analysis used to identify
the AgNDPs obtained from the plant extract. The spec-
trum shows significant absorbance bands at 1065,
1320, 1381, 1580, 1670, 2301, 3000, and 3350 cm™.
Peaks are ether linkages, germinal methyl, alkene
groups, hydroxy, aromatic rings, amine, and alkyne
bonds. These bands correspond to vibrational and
stretching bands found in compounds such as tan-
nins, alkaloids, flavonoids, and phenolics (Al-Nadaf
et al., 2018a; 2018b) and may thus be attributed to the
efficient reduction of the obtained AgNPs. Fig. 3B-C)
shows the TEM images produced by reacting 2% of
each leaf extract with a solution containing 1 mM
silver nitrate. The two prepared NPs were shaped
into spheres.

Effect on the macroscopic lesions of the stomach

The results showed that acute intragastric ethanol
administration to mice is associated with severe mu-
cosal damage and hemorrhagic lesions. Group 2
showed an increased ulcer area of 35.0 + 3.8% com-
pared to Group 1 (2.2 £ 0.5%) and significantly de-
creased the IP at p<0.05. Interestingly, the pretreat-
ment with either omeprazole, AgNP, fruit pellicle
extract, or AgNP/FP significantly decreased the ulcer
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area to 4.8 £+ 0.6%, 13.2 + 2.4%, 10.7 +1.1%, and 4.8 +
0.6% in groups 3-6, respectively, compared to group
2. In addition, Groups 3-6 exhibited significantly
higher IP values by 86.3%, 62.3%, 69.6%, and 86.3%,
respectively. No significant differences were detected
between Group 6 and Groups 1 or 3 (normal or
omeprazole-treated groups), indicating its protective
effect (Fig. 4 A-C).

Effect on the histopathological alterations of the
gastric tissues

The histopathological examination of gastric tis-
sues confirmed ulcer formation in Group 2 compared
to Group 1, which showed normal gastric tissues.
Remarkably, Groups 3-5 showed necrobiotic changes
in gastric epithelium, submucosal edema, and blood
vessel congestion, while Group 6 showed healing of
the ulcer, indicating its significant protective effect

(Fig. 5).
Effect of treatments on gastric inflammation

The control ulcer group (Group 2) showed a signif-
icant increase in the proinflammatory IL-6 levels by
431.6% compared to the normal group, whereas re-
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ductions in PGE; (65.7%) and the anti-inflammatory
cytokines IL-10 (58.2%) were detected. Remarkably,
groups 3-6 showed significantly decreased IL-6 levels
by 60.8%, 33.1%, 60.2%, and 78.7%, respectively, com-
pared to the ulcer group (Group 2) (Fig. 6A). Fur-
thermore, Groups 3, 5, and 6 showed significantly
increased IL-10 levels by 106.6%, 81.5%, and 120.7%,
respectively, compared to the ulcer group (Fig. 6B).

Juglans regia silver nanoparticles as gastroprotective

Similarly, Groups 3, 5, and 6 showed significantly
increased PGE; levels by 92.6%, 93.8%, and 119.2%,
respectively, compared to Group 2 (Fig. 6C). The re-
sults showed that Groups 5 and 6 exhibited better
anti-inflammatory effects compared to Group 4, alt-
hough no significant differences were detected be-
tween Groups 5 and 6.
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Figure 4. Effect on the macroscopic lesions of the stomach.

groups. Data are expressed as mean + SEM, n = 6/group.
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Group 1: Normal group; Group 2: Ethanol-treated mice; Group 3: Omeprazole + ethanol group; Group 4: AgNP + ethanol group; Group 5:
Fruit pellicle extract + ethanol group; and Group 6: AgNP/FP + ethanol group.

a: significantly different when compared to Group 1; b: significantly different when compared to Group 2; c: significantly different when
compared to Group 3; d: significantly different when compared to Group 4, p<0.05.
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Figure 5. Hematoxylin and eosin staining of gastric tissues.

(S) with submucosal edema (E). Scale bar =25 um.

Group 1: Normal group shows a normal histological picture of the gastric epithelium. Group 2: Ulcer group shows severe damage of the surface
epithelium (D) with hemorrhagic regions (Hg). Group 3: Omeprazole + ethanol shows the hemorrhage (Hg) in lamina propria with mononuclear
inflammatory cells infiltration (1), the presence of severe vacuolar degeneration (V) in the gastric epithelium, and the presence of submucosal
edema (E) with mononuclear inflammatory cells (1). Group 4: AgNPs + ethanol shows necrobiotic changes in the gastric epithelium (N) and the
presence of submucosal edema (E) with inflammatory cell infiltration, mainly plasma cells (P). Group 5: Fruit pellicle extract + ethanol shows
hypotrophy (H) and sloughing (S) of the gastric epithelium, infiltration of lamina propria by mononuclear inflammatory cells (1), and congestion of
lamina propria blood vessels (C). Group 6: AgNP/FP + ethanol shows healing of ulcer by formation of keratinized stratified squamous epithelium
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Figure 6. Effect of treatments on the inflammatory markers.
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DISCUSSION

Silver nanoparticles are used in many applications,
such as antimicrobial agents, drug carriers, regenera-
tion materials, biomaterial coaters, and ulcer-covering
materials. |. regia acetonitrile extracts from fruit pelli-
cle fragments were used to prepare bio-reduced silver
nanoparticles, which were then tested for their ability
to promote peptic ulcer protection. The bioreduction
process was sped up, and the formation of nanoparti-
cles with diameters of about 107 nm was encouraged
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by the presence of a potent reductant in the fruit pelli-
cle extract. TEM images of green-synthesized AgNPs,
i.e., AgNP/FP, revealed that silver nanoparticles were
predominantly spherical, but AgNP was agglomerat-
ed and embedded in a dense, thick pattern. The metal
nanoparticles of plant fruit pellicle extracts that react-
ed with the AgNO; suspension excited Surface Plas-
mon Resonance, which drastically changed the ab-
sorption maxima of biologically produced nanoparti-
cles (Bhakya et al., 2016). The size and form of nano-
particles in liquid solutions were studied using this
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method by Wiley et al. (2006). UV-Vis spectroscopy
data (AgNPs) indicated the conversion of silver to
silver nanoparticles by both phytoextracts of J. regia.
Peaks make use of the crystalline properties and cubic
structure of biologically generated nanoscale silver
nanoparticles (Gaikwad et al., 2022). According to the
DLS size distribution histogram (Fig. 2B-C), the mean
size of the fruit pellicle extract was 107 nm, and the
average PI value for AgNP was 0.68.

The distribution of bio-reduced NP was uniform
and did not significantly differ, as shown by PI values
of 0.339 with AgNP/FP. AgNP is more prone to ag-
glomeration and has poorer stability. It indicates in-
creased stability brought on by bioreduction, but a
bigger size brought on by the presence of phytochem-
icals in the fruit pellicles of J. regia. The pellicle extract
includes a strong reductant that speeds up the biore-
duction process and promotes the creation of nano-
particles with sizes of about 107 nm. The FTIR visible
peaks at 3350 cm? with N-H and OH bond stretching
clearly demonstrate the functional groups present in
bio-reduced AgNPs. The stretched vibrational bands
that give rise to compounds like tannins, alkaloids,
flavonoids, and phenolics are represented by these
bands. These findings concur with the already availa-
ble literature (Al-Bahrani et al., 2020; Bi et al., 2014;
Njagi et al., 2011) and demonstrate that a variety of
bioorganic elements in extracts produce long-lasting
reducing agents on silver nanoparticles.

Stomach mucosal epithelium can be injured by ab-
solute alcohol, which is considered a necrotizing me-
diator. According to Ibrahim et al. (2022), it might
have several adverse effects, such as injuries that low-
er the attention span of the abundant protein. Since
the mucus sheath is thought to be the first line of de-
fense for the stomach tissues, 100% ethanol eliminates
it, causing a potentially irreversible loss to be noticed.
Enzymes that cause digestion to break down, such as
pepsin through the gastric partition, cannot enter the
stomach through the gastric mucosa. Large particles,
like pepsin, have little capacity to penetrate the mu-
cus. However, pure ethanol improves penetration by
releasing vasoactive substances and damaging blood
vessels. The stomach ulcer can be treated by reducing
the body's capacity to release stomach acid. Omepra-
zole is known to lessen the amount of extra bulk acid
in the stomach. The self-regulating reproduction of
acids is influenced by omeprazole, which also uses
mucosal defense in non-antisecretory doses (Ku-
madoh et al., 2021). The ability of stomach cells to
necrotize increases with vasculature destruction,
which also causes differences in the bicarbonate and
mucus that are expelled (Sharifi et al., 2018). A stom-
ach ulcer's mode of action is a reduction in the capaci-
ty to release stomach acid. Omeprazole lowers sup-
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plemental bulk acid in the stomach, as is widely
known. Omeprazole utilizes mucosal defense in non-
antisecretory doses and aids in self-regulating acid
reproduction (Kumadoh et al., 2021). Therefore, the
predicted antioxidants have the expected anti-gastric
ulcer effect.

In the current study, animals were examined for
any aberrant physiological features or alterations in
behavior. During the monitoring period at the levels
utilized in the two weeks, changes in body weight
were observed, but no deaths or toxicological symp-
toms were found.

The stomach mucosal epithelium of mice pre-fed
bioreduced Ag NPs was shown to be enhanced in this
study, which boosted protein attention in the pre-fed
clusters' gastrointestinal excretions. The results of the
investigation agreed with other studies that examined
the gastroprotective and antiulcer effects brought on
by various Ag NPs and herbal compounds (Hamady
and Mohammed, 2019). Mice's gastric wall mucosa is
protected against ethanol-induced harm by pretreat-
ment with extract, AgNPs, and AgNP/FP. Submuco-
sal permeability was successfully stopped in mice
pre-fed with Ag NPs, leading to metabolic decline
and long-term cell damage. Examining the inflamma-
tory reactions of the submucosal coat in rats pre-fed
Ag NPs allowed researchers to identify the protection
of the stomach mucosa and a decrease in edema. The
protection of the stomach mucosa, a decrease or lack
of edema, and inflammatory reactions of the submu-
cosal coat in mice pre-fed Ag NPs were all confirmed
by examining the histology of the stomach tissue. The
formation of stomach mucus was significantly in-
creased, and the acidity of the gastric content was
decreased by pretreatment with AgNPs (Bi et al,
2014; Al-Bahrani et al., 2020).

The findings of the current investigation suggest
that oral administration of bioreduced AgNPs may
protect against stomach ulcers by enhancing the activ-
ity of protective pathways and lowering the level of
lipid peroxidation. The findings of the current inves-
tigation are in line with the conclusions made by pre-
vious studies that found that clusters fed AgNPs per-
formed better in terms of superoxide dismutase and
catalase activity than mice given ethanol (Hamady
and Mohammed, 2019).

These processes might be the cause of the tannins,
flavonoids, and polyphenols that are plentiful in the
fruit pellicle extract (Al-Nadaf et al., 2018a; Dabburu
et al., 2012). Furthermore, a reduction in the quantity
of lipid peroxidation among animals provided several
herbal and synthetic substances plants, as previously
noted (Al-Bahraniet et al, 2020; Bi et al., 2014;
Hamady and Mohammed, 2019). Free radicals even-
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tually cause stomach tissue damage, resulting in lipid
peroxidation. Free radicals are neutralized by antioxi-
dants, which is a key factor in avoiding cellular dam-
age. By limiting the production of free radicals that
may happen during the formation of ulcers, the injec-
tion of AgNPs improved the function of antioxidant
enzymes in comparison to the ulcer clusters. Numer-
ous researchers have reported finding similar out-
comes (Al-Bahraniet al., 2020; Bi et al., 2014; Hamady
and Mohammed, 2019).

CONCLUSION

The results of the current investigation demon-
strated the gastroprotective effects of bio-reduced
AgNP/FP against ethanol-induced stomach injury in
mice, which were validated by the macroscopic ap-
pearance, histology, and immunohistochemistry. By
activating protective proteins and suppressing lipid
peroxidation via a wealth of antioxidant phytochemi-
cals, bio-reduced AgNP/FP nanoparticles effectively
ward off stomach damage brought on by ethanol.
AgNP/FP's ability to minimize oxidative stress and
lipid peroxidation, as well as its antioxidant and free
radical-scavenging activities because of flavonoids,
tannins, and polyphenols, as well as silver metal, may
be the cause of its preventive activity against stomach
ulcers caused by ethanol. The results of this study
suggest that fruit pellicle extract-derived bio-reduced
silver nanoparticles could be utilized as a possible
safe herbal ulcer therapy with efficacy equivalent to
that of proton pump inhibitors like omeprazole and a
lower incidence rate for potential adverse effects.
More research is required to improve toxicity and
dosage profiles.
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