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Background/Objectives: Seleniumnanoparticles (SeNPs) have gained importance
due to their potential biological properties. The present work is the first study to
investigate the protective effect of selenium nanoparticles (SeNPs) synthesized
using Nigella sativa L. seed extract on stomach ulcers in adult rats.
Methods: The formation of SeNPs was confirmed by Ultraviolet–visible (UV),
Fourier Transform Infrared Spectroscopy (IR), Thermal-gravimetric analysis (TGA-
DTA coupled system), X-ray diffraction analysis (XRD) and scanning electron
microscope (SEM) analysis. Animals were classified into 4 distinct groups. Group 1,
serving as controls; group 2, serving as ulcer-group where rats received a single
oral dosage of 96% ethanol (5 mL/Kg BW). Rats in Group 3 were given orally
0.5 mg/kg BW of SeNPs 1 hour before ethanol-induced gastric ulcer. Group
4 received SeNPs only (0.5 mg/kg BW) by intragastric way and served as a
positive control.
Results: Green synthesis was confirmed via UV-Vis spectroscopy (230 nm peak),
FTIR revealed functional groups (O–H, C=O, Se–O or Se–Se). XRD pattern shows
an average crystallite sizes of nanoparticles were around 26 (4) and 268 (4) nm for
β-SeO2 and g-SeO2 forms, respectively. SEM examination indicated that SeNPs
have a predominantly spherical to sub-spherical morphology. TG-DTA analysis
demonstrates the good thermal stability of selenium nanoparticles, evidenced by
initial moisture loss, controlled degradation of organic stabilizers and the formation
of a stable inorganic selenium core. SeNPs’ protective effects were assessed by
evaluating the ulcer index, conducting histological analysis, measuring oxidative
stress markers and antioxidant defenses, as well as examining key factors involved
in gastric mucosal protection. Our results demonstrated that SeNPs reduced
malondialdehyde (MDA), and advanced oxidation protein product (AOPP) levels,
nitric oxide (NO) levels in stomach of ethanol-induced gastric ulcer, as well as the
activities of Catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase
(SOD); while glutathione (GSH) and non-protein thiols (NPSH) levels were restored
reaching control values.Moreover, the gastric healing effect of SeNPs pretreatment
was associated with an improvement in hematological parameters and a reduction
in CRP levels.
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Conclusion: These findings underscore the potential of SeNPs to enhance the
antioxidant defense system of gastric mucosal cells and prevent ethanol-induced
gastric damage in rats.
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1 Introduction

Gastric ulcers are a serious gastrointestinal condition that
occurred when there is a disruption in the balance between the
stomach’s protective mechanisms, known as the gastric mucosal
barrier, and various damaging factors (Khan et al., 2024; Shaik,
2024). The mucosal lining of the stomach is particularly sensitive to
various harmful factors such as excessive alcohol intake, frequent
use of nonsteroidal anti-inflammatory drugs (NSAIDs), chronic
stress, and irregular dietary habits (Choi et al., 2024). These
factors lead to drastic stomach alterations and eventually to the
development of gastric ulcers. Given the severity of these
complications, researchers have increasingly focused on the
development of new gastro-protective medications from both
synthetic and natural sources (Uthansingh et al., 2024; Yadav
et al., 2024).

Recently, treatments by based-herbal are currently receiving
more attention, particularly nanoparticles loaded-plant (Sharifi-
Rad et al., 2020; Shoman et al., 2025). Nanoparticles (NP) have
gained significant attention in the pharmaceutical industry due to
their advantageous properties (Sharifi-Rad et al., 2024; El
Messaoudi et al., 2025; Mirzaei et al., 2025). NP-based drug
delivery systems can effectively address pharmacokinetic
limitations and enhance the efficacy of conventional
therapeutic agents. Moreover, these nanoparticle formulations
facilitate rapid entry into the bloodstream, prolonged circulation
time, improved bioavailability (Dewangan et al., 2022), and
reduced adverse effects of medications. Selenium is an
essential trace element that exhibits both antioxidative and
prooxidative properties depending on its concentration and
bioavailability (Islam et al., 2023; Pyrzynska and Sentkowska,
2024; Wang et al., 2024). It can act as a co-factor for various
antioxidant enzymes. Selenium interacts with selenoproteins to
exert antioxidant, anti-inflammatory, antiviral, and antitumor
effects within the body (Rua et al., 2023). SeNPs have garnered
interest due to their excellent bioavailability, low toxicity, and
unique biological activities (Zambonino et al., 2023; El
Messaoudi et al., 2025). The antioxidant properties of
selenium nanoparticles stem from their ability to enhance the
body’s natural defense against oxidative stress, boost the activity
of key antioxidant selenoenzymes like glutathione peroxidase,
which neutralize harmful reactive oxygen species (ROS).

Additionally, SeNPs can directly scavenge free radicals,
thereby reduce inflammation and protect organs from damage.
Their nanoscale size improves bioavailability and efficacy,
making them potent antioxidants with low toxicity and high
biocompatibility. In recent work, researchers demonstrated that
SeNPs can mitigate oxidative stress induced by toxic substances
like chromium the activities of SOD, CAT, and glutathione levels
in treated animals (Karas et al., 2024; Mumtaz et al., 2024).
Additionally, SeNPs have shown potential in alleviating
neurotoxicity and nephrotoxicity caused by cadmium chloride
through the reduction of oxidative stress. The protective effects of
various nanoparticles in minimizing drug-induced side effects
are promising. Recent studies have explored the utilization of
nanoparticles for delivering therapeutic agents like Nigella sativa
(Ambreen et al., 2024; Daoudi et al., 2024; Hadian et al., 2024).
An environmentally responsible way to produce nanoparticles is
using green synthesis. Due to its well-known therapeutic effects,
Nigella sativa L.—belonging from Renunculaceae family—is a
plant that shows great attention and use in different civilizations.
Its seeds represent the main useful and nutraceutical product for
the treatment of such diseases related to kidney and liver
function, circulatory and immune system, respiratory,
intestinal and stomach diseases, and for the general wellbeing
(Ben Amara et al., 2025).

Our study addresses a significant research need by exploring, for
the first time, the combined use of Nigella sativa L. seed extract and
selenium for the green synthesis of SeNPs aimed at protecting and
healing gastric ulcers. Although previous research has demonstrated
the gastroprotective and antioxidant properties of Nigella sativa L.
and SeNPs, separately, as well as the ability of Nigella sativa L. seed
extracts to enhance drug accumulation and reduce toxicity (Hannan
et al., 2021; Nauroze et al., 2023), their combined effects have not yet
been investigated.

In this study, we synthesize SeNPs using Nigella sativa L. seed
extract and evaluate their protective effects against ethanol-induced
gastric ulcers in adult rats. We hypothesize that this novel, green
nanotechnology approach will yield nanoparticles with enhanced
antioxidant activity, improved biocompatibility, and reduced
toxicity, thereby offering a safer and more effective therapeutic
strategy for the prevention and treatment of gastric ulcers.

2 Materials and methods

2.1 Drug and chemicals

Nigella sativa L. [Ranunculaceae; Nigellae sativae semen],
commonly called black cumin and “sinouj” in Tunisia, is an
annual herbaceous plant cultivated in different parts of the

Abbreviations: XRD, X-ray diffraction analysis; SEM, scanning electron
microscope; FT-IR, Fourier transform infrared; TGA-DTA, Thermal-
gravimetric analysis; NO, nitric oxide; NSAIDs, nonsteroidal anti-
inflammatory drugs; SeNPs, Selenium nanoparticles; Na2SeO3,
Sodium selenite.
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world, mainly in countries bordering the Mediterranean Sea. Nigella
sativa L. seeds were purchased from local area in Sfax (Tunisia). This
plant was botanically identified by Pr Khalil Mseddi, Professor of
Vegetal Biology in Science Faculty of Sfax, Tunisia. A voucher
specimen (No. NS-2025) was deposited in the herbarium of the
biology department, Science Faculty of Sfax.

All other chemicals were acquired from commercial suppliers.

2.2 Nigella sativa L. seed extract preparation

The Nigella sativa L. seeds were first washed several times then
they were dried at room temperature. After the seeds were allowed to
dry for a specified duration, they were ground into a fine powder and
dissolved in distilled water. The drug-extract ratio (DER) for our
preparation was 1:5 (w/v). The mixture was continuously stirred and
heated (60 °C), for 30 min under constant agitation (Waseem et al.,
2024). Finally, the extract of Nigella sativa L. seeds was collected and
filtered in Whatman No. 1 to be stored (4 °C) in dark for further use
in the nanoparticle synthesis without any further concentration
standardization.

2.3 Green synthesis of SeNPs

The biosynthesis of SeNPs using Nigella sativa L. seed extract
was outlined according to (Ahmad et al., 2024) with slight
modification. Briefly, 2.5 mL of 10 mM Na2SeO3 was added to
20 mL of N. Sativa seed extract and the mixture was mixed for 5 min
in a magnetic stirrer. Then, 1 mL of aqueous ascorbic acid solution
(40 mM) was added dropwise into the resulting mixture under
magnetic stirring at 80 °C for approximately 4 h at pH 9. The
resulting complex was collected after centrifugation at 10,000 rpm
for 10 min, washed with water and centrifuged again at 5,000 rpm
for 10 min. The separated complex was dried in an oven at 40 °C for
8 h. After drying, SeNPs were scratched and stored in Eppendorf
tube for further use.

2.4 Characterization of SeNPs

UV–VIS spectra was used to follow the absorption spectrum
measurements of the formed SeNPs in the extract ofNigella sativa L.
seeds which were read in the range of 200–800 using a UV–visible
spectrophotometer (GENESYS 50, UV-2600). The Fourier
transform infrared (FT-IR) spectra of SeNPs samples (1–2 mg)
was recorded at the scanning range of 400–4,000 cm−1 using Vetex70
(Brock, Germany).

2.5 XRD, SEM and TGA-DTA analysis
of SeNPs

XRD analysis was carried out on the selenium nanocomposite to
study their crystalline structure and phase composition. Sample was
examined using an X’Pert Philips diffractometer, which operated
with CuKα radiation (λ = 1.54 Å) at 40 kV. The surface morphology
and particle shape of the selenium nanocomposites were

characterized using a JEOL JSM-6510LV scanning electron
microscope (SEM) (JEOL Ltd., Japan). Thermal stability and
decomposition behavior were investigated by thermal analysis
with a TGA-DTA coupled system (Mettler/Toledo). The
experiments were conducted at a heating rate of 10 °C/min under
a nitrogen atmosphere, with a temperature precision of ±0.3 K,
ensuring accuracy and reproducibility of the thermal measurements.

2.6 Animals and experimental design

2.6.1 Animals
Central Pharmacy (SIPHAT, Tunisia) provided Female Wistar

rats (180–200 g) which were acclimatized in a room with relative
humidity and temperature of 40% and 22 °C ± 2 °C, under a 12-h
light-dark phase. All of the rats were treated in conformity with the
General Guidelines on the Use of living Animals in Scientific
Investigations (1986) and approved by the Committee for the
Care and Use of Laboratory Animals.

2.6.2 Ethanol-induced gastricmucosal injury in rats
The Wistar rats were randomly assigned to five groups each

consisting of 6 animals (1) control, (2) model (ethanolic group =
Eth), (3) SeNPs-Eth (0.5 mg.kg−1), 4 SeNPs (0.5 mg.kg−1) as positive
group. The intragastric gavage of SeNPs used for all treatments
lasted for 7 days. At the end of the experiment (7 days) and 1 hour
after SeNPs administration, 1 mL of 96% ethanol (Beiranvand and
Bahramikia, 2020; Araújo et al., 2024) was administered per gavage
to induce gastric ulcer, in the second and third groups. In order to
avoid coprophagy, which obstructs the development of stomach
ulcers, all the animals were not provided with food but given
unrestricted access to water in metabolic cages for 24 h prior to
sacrifice. All the rats were decapitated after 1 hour of ulcer induction
(Figure 1). Before taking pictures, their stomachs were taken out and
divided along the larger curvature. They were then put on a white
paper to measure the length of the ulcers and rapidly washed with
cold saline solution. Each tissue was then dichotomized. For
histological assessment, one moiety was preserved in 10%
formaldehyde, while the other was kept at −80 °C for further
examination.

2.6.3 Hematological parameters and C-Reactive
protein (CRP) assessment

All hematological parameters and C-Reactive Protein (CRP)
were analyzed by electronic automate coulter MAXM (Beckman
Coulter, Inc., Fullerton, CA).

2.6.4 Stomach ulcer index (UI) and inhibitory rate
(%) determination

Stomach ulcer index (UI) (Equation 1), expressed in square
millimeters (mm2), was determined using (Aliouche et al., 2024)’s
method to assess the severity of the observed red injury bands. These
were evaluated under magnification in a blinded manner and graded
as follow: [0] = no lesion; [1] was awarded for erosion lengths less to
1 mm, [2] for erosion lengths between 1 and 2 mm, [3] for erosion
lengths between 2 and 4 mm. Random measurements of ulcer index
scoring were performed to assess intra-observer consistency and
inter-observer reliability improving the accuracy of the results.
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The following calculation was used to calculate ulceration
protection (Equation 2):

Ulcer index UI( ) � Total degrees of Ulcers in each group
Number of animals in eachUlcer

(1)

The percentage of ulcer inhibition rate was calculated as below:

Protection of ulceration I%( )
� ulcer index in themodel group − ulcer index in group 3( )

ulcer index in themodel group
x100

(2)

2.6.5 Determination of the related biochemical
indexes in gastric tissues

The stomach samples were weighed, homogenized in ice cold
saline, and split into two groups. One part was centrifuged at
4,000 rpm for 10 min, and the supernatant was used to measure
MDA,AOPP, andNO levels, as well as SODandCAT andGPx activity.

2.6.5.1 Nitric oxide (NO) level assay
Nitric oxide (NO) levels in liver tissue were measured using the

colorimetric Griess reaction, with quantification based on
absorbance at 540 nm [24].

2.6.5.2 Evaluation of stomach tissue lipid peroxidation
Gastric lipid peroxidation was measured using a colorimetric

assay for thiobarbituric acid reactive substances (TBARS), with
results expressed as malondialdehyde (MDA) concentrations,
following the method of Draper and Hadley [25]. MDA levels
were reported in nanomoles per milligram of protein.

2.6.5.3 Advanced oxidation protein products
(AOPP) content

As commonmarkers of protein oxidation, the levels of advanced
oxidation protein products was measured in stomach homogenate

tissues (Turkyilmaz et al., 2021) to identify the level of oxidative
stress. Briefly, the stomach AOPP level was determined
spectrophotometrically, and the absorbance of each sample was
measured at 340 nm using the extinction coefficient of
26,000 M−1 cm−1.

2.6.5.4 Evaluation of stomach non-enzymatic oxidative
stress markers and antioxidant enzymatic activities

Stomach glutathione (GSH), Non-protein thiols (NPSH)
stomach tissue levels, and the SOD, the CAT and the GPx
activities were determined.

2.6.6 Histological assessment of gastric tissue
Small sections of stomach tissue were preserved and prepared.

Histological assessment was performed using five micrometer-thick
sections stained with hematoxylin and eosin (H&E). The severity of
stomach histology scores was determined using scores on a scale of
none (−), mild (+), moderate (++) and severe (+++) damages.

2.7 Statistical analysis

Data was analyzed with GraphPad Prism 10.4.0 and presented as
mean ± SEM. One-way ANOVA with Tukey’s post hoc test was used
for statistical analysis.

3 Results

3.1 UV–visible and IR analyses

The formation of selenium nanoparticles (SeNPs) from Nigella
sativa L. seed extract was primarily confirmed by UV–Visible
spectroscopy at the wavelengths between 200 and 800 nm. The
absorption spectrum displayed a characteristic peak around 230 nm,

FIGURE 1
Protocol design.
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attributed to the surface plasmon resonance of the biosynthesized
SeNPs, indicating their successful formation and nanoscale
dimension (Figure 2A). This optical behavior is consistent with
previous reports on green-synthesized selenium nanoparticles and
suggests stable colloidal dispersion and various locations for the
absorption peak (Pyrzynska, 2024; Stella et al., 2025). Further insight
into the functional groups involved in the reduction and
stabilization of SeNPs was provided by FTIR analysis
(Figure 2B). The spectrum revealed a broad absorption band
near 3,211 cm−1, corresponding to O–H stretching vibrations of
hydroxyl groups from phenolic compounds present in the Nigella
sativa L. seed extract. This peak aligns well with reported FTIR
spectra of selenium nanoparticles, where O–H stretching vibrations
typically appear between 3,200 and 3,300 cm−1, indicating the
presence of hydroxyl and phenolic functional groups that often

cap or stabilize the nanoparticles. Similar findings have been
reported in green-synthesized selenium nanoparticles
characterized by FTIR, confirming these characteristic absorption
bands associated with surface functional groups (Alvi et al., 2021). A
distinct peak at 1,541 cm−1 was assigned to the C=O stretching of
amide or carbonyl groups, indicating the involvement of proteins or
other bio-organic molecules in the stabilization of selenium
nanoparticles. This observation is consistent with recent reports
where reports where amide II absorption bands around 1,540 cm−1

was observed in selenium nanoparticles, confirming the role of
biomolecules as capping agents (Kamnev et al., 2021). Additional
peaks observed around 1,400 cm−1 and 1,100 cm−1 were attributed to
C–H bending and C–O stretching vibrations, respectively. Our
findings are consistent with previous reports on selenium
nanoparticles where peaks near 1,400 cm−1 correspond to methyl

FIGURE 2
UV-vis spectrum (A) and FTIR analysis (B) of SeNPs mediated by Nigella sativa L. seed extract.
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or methylene C–H bending vibrations, and peaks around 1,100 cm−1

are commonly linked to C–O stretching vibrations of phenolic
compounds involved in nanoparticle capping and stabilization
(Ahmed et al., 2025). A weak band near 631 cm−1 may be
associated with Se–O or Se–Se bond vibrations, supporting the
presence of elemental selenium. Similar absorption bands have
been reported in FTIR spectra of selenium nanoparticles,
indicating characteristic vibrations of selenium-selenium or
selenium-oxygen bonds related to the elemental or oxidized
selenium species (El-Batal et al., 2021). These findings collectively
confirm that selenium compounds not only reduce selenium ions
but also stabilize the formed nanoparticles, facilitating controlled
synthesis and enhanced nanoparticle stability. This dual role has
been reported in several studies investigating selenium nanoparticle
synthesis and stabilization mechanisms.

3.2 XRD analysis

Figure 3 shows the result of the XRD analysis of selenium
nanoparticles synthesized from Nigella sativa L. seed extract.
Indexing of the different diffraction peaks reveals the presence of
two forms of selenium oxides (β and γ), suggesting that the Se
nanoparticles have partially oxidized (formation of SeO2 or other
oxidized phases) either during synthesis, or during drying and/or
storage. SeO2 has several polymorphs, and β/γ phases have been
described experimentally (Orosel et al., 2004). It is common, in so-
called “green” synthesis (plant extract), for a fraction of the selenium
to remain in oxidized form, either because the reducing power of the
extract is insufficient, or because there is reoxidation in air. The
refined structure of the present selenium nanoparticles coincides
with the orthorombic structure with space group Pmc21 and lattice
parameters a = 5.082 (1), b = 4.522 (2), and c = 7.658 Å for the form β

and a = 5.036 (1), b = 4.63 (2), and c = 14.64 (3) Å for the form γ

(Orosel et al., 2004).
The crystallite sizes (D) of the selenium nanoparticles in their

two identified β and γ forms were measured using Scherer’s relation
(Khitouni, 2003):

D � k.λ
β cos θ

(3)

where k is a constant (k = 0.94), λ represents the XRDwavelengths, β
is the line width at the half-maximum of the peak intensity, and θ is
the diffraction angle. The estimated average crystallite sizes of
nanoparticles were around 26 (4) and 268 (4) nm for β-SeO2
and γ-SeO2 forms, respectively.

3.3 SEM analysis

SEM analysis shows that selenium nanoparticles obtained from
Nigella sativa L. seed extract have a predominantly spherical to sub-
spherical morphology (Figure 4). The particles appear generally
well-formed, but with a marked tendency to agglomerate, leading to
the formation of more or less compact clusters. The isolated particles
observed display nanometric dimensions mainly between 100 and
300 nm, with an average size close to 200 nm. In contrast, the
inclusion of agglomerated particles in the analysis reveals a broader

size distribution and increased polydispersity, with some entities
reaching several hundred nanometers. This morphology confirms
the role of the plant extract as a reducing and stabilizing agent,
allowing the nucleation and growth of spherical nanoparticles, while
allowing interparticle interactions responsible for agglutination
to persist.

3.4 TG-DTA analyses

The thermal features of the selenium nanoparticles synthesized
from Nigella sativa L. seed extract were studied by using a TGA-
DTA coupled instrument. The TGA-DTA spectra are shown in
Figure 5. Thermogravimetric analysis (TGA) of selenium
nanoparticles reveals an initial slight mass loss below 200 °C
(6.7%), primarily attributed to the elimination of physically
adsorbed water and residual volatile compounds. Significant
degradation is observed in the 250 °C–320 °C range, reflecting
the progressive decomposition of biomolecules from the plant
extract (proteins, polyphenols, and other secondary metabolites)
that act as stabilizers and capping agents around the SeNPs. The
corresponding mass loss is approximately 36%. The third mass loss
stage (320 °C–500 °C) can be attributed to the degradation of carbon
residues and the oxidation of selenium-to-selenium dioxide (SeO2),
which is volatile and can sublime at these temperatures. The final
residue (~23%) mainly corresponds to the stable mineral salts of the
extract. In parallel, the DTA curve shows an endothermic effect
below 147 °C, corresponding to the desorption of water, followed by
exothermic peaks between 250 °C and 500 °C (Maximum
temperatures at 338 °C and 450 °C), characteristic of the
combustion or oxidation of organic constituents. All of these
results confirm the good thermal stability of selenium
nanoparticles, with the formation of a stable inorganic core after
elimination of the organic constituents.

3.5 Effects of SeNPs on the ulcer index and
ulceration protection of ethanol-induced
gastric ulcers in rats

The photomacrographs (Figure 6) view illustrating the effect of
SeNPs on the stomach tissue were summarized following ethanol-
induced gastric ulcer in rats. The control group exhibited a normal
shape and color of their stomach, and there were no signs of

FIGURE 3
XRD diffractogram of selenium nanoparticles synthesized from
Nigella sativa L. seed extract.
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ulceration (Figure 6A). However, the ethanol-exposed rats showed a
damaged gastric mucosa, with bloody ulcer streaks which were
observed upon opening the stomach (Figure 6B). Interestingly,
when rats pretreated with SeNPs for seven consecutive days, their
stomach tissue exhibited significant improvement. This was
evidenced by a marked reduction in the gastric lesion index in
ethanol-treated rats, as compared to those receiving only ethanol
(Figure 6C). The stomach of rats from control positive group
pretreated with SeNPs remained normal without any observed
lesion, or edema (Figure 6D).

As illustrated in Figure 7A, the ulcer index in ethanol-group rats
was significantly (p < 0.001) higher when compared to the controls.
In contrast, our results indicate that pretreatment of SeNPs at a dose
of 0.5 mg/kg/p.o markedly (p < 0.001) reduced stomach lesions
when compared to ethanol-treated rats (ulcer-group). The
preventing ulceration effect of SeNPs was further assessed by the
inhibitory rate of ulcer induction (Figure 7B), where SeNPs
pretreatment significantly increased the protection rate reaching
69.64%, compared to the ethanol-treated rats.

3.6 SeNPs attenuates ethanol-induced
gastric oxidative stress in rats

3.6.1 Effects of SeNPs on the level of MDA
gastric tissue

As indicated in Figure 8A, our results revealed a significant (p =
0.001) increase in lipid peroxidation (+69%) levels in the stomach
homogenate of exposed rats to ethanol when compared to the
controls. However, pretreatment of rats with SeNPs (0.5 mg/kg)
restored MDA to near control values (p < 0.001). Administration of
SeNPs (0.5 mg/kg) had no impact onMDA levels when compared to
the controls.

3.6.2 Estimation of protein oxidation
The effect of SeNPs on protein oxidation was shown in

Figure 8B. Our findings reveal that ethanol significantly (p <
0.0001) increases protein oxidation, evidenced by a 34% elevation
in advanced oxidation protein product (AOPP) levels in gastric
tissue when compared to the controls. However, intragastric
pretreatment of animals with SeNPs (0.5 mg/kg) significantly

mitigated AOPP levels as compared to corresponding ethanol
alone treated group.

3.6.3 Effects of SeNPs on the level of NO
gastric tissue

As shown in Figure 8C, intragastric ethanol administration to
adult rats significantly (p = 0.0015) enhanced nitric oxide (NO)
levels of gastric tissue, in comparison with the controls. On the other
hand, pretreatment of rats with SeNPs (0.5 mg/kg), was able to
reduce NO levels by 54.9% when compared to ethanol-induced
gastric ulcer group. Administration of SeNPs alone did not influence
NO levels when compared to the controls.

3.7 Effects of SeNPs on non-enzymatic
antioxidant status

As shown in Figure 9, in the ethanol-group, the gastric tissue
levels of GSH and NPSH elevated considerably by 26% and 37%
(p =0.0019 and p =0.0009) respectively, when distinguished to the
control group. An incomplete improvement of GSH levels, without

FIGURE 4
SEM images of selenium nanoparticles obtained from Nigella sativa L. seed extract for low and high magnification (500x and 5.500x).

FIGURE 5
TGA-DTA curves of the selenium nanoparticles synthesized from
Nigella sativa L. seed extract.
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reaching control and SeNPs group’s values, was observed in the
pretreated group when compared to the ethanol-group. Compared
to the controls, intragastric SeNPs administration alone had no
effect on the nonenzymatic antioxidant status.

3.8 Effects of SeNPs on enzymatic
antioxidant status

As mentioned in Figure 10, exposed adult rats to ethanol
resulted in a significant decrease in the activity of SOD
(Figure 10A) as well as CAT (Figure 10B) and GPx (Figure 10C)
(−64, −40% and −58%) (p < 0.0001, p =0.0002 and p < 0.001)
respectively, in stomach tissue when compared to the control
group. However, pretreatment with SeNPs at doses of 0.5 mg/kg
notably improved the activities of antioxidant enzymes which

reached control values (p < 0.01). Furthermore, the enzymatic
antioxidant status of the pretreated rats with SeNPs only at this
dose remained unaffected.

3.9 Effects of SeNPs on hematological
markers and CRP levels

The effects of pretreatment with SeNPs on hematological
parameters are depicted in Table 1. Compared to the controls,
the RBCs number, Hb concentration, Ht value and Plt count
decreased significantly in ethanol-treated rats by 64, 8, 22% and
47% (p < 0.0001, p =0.0041, p < 0.0001 and p < 0.0001) respectively.
No significant changes were recorded for MCV, MCH and MCHC,
although there was a significant (p < 0.001) increase was recorded in
WBC count by 115% in ethanol-treated rats, compared to the

FIGURE 6
Photomacrographs view illustrating the effect of Se-NPs on the stomach tissue. (A) Control group showing gastric mucosa without signs of lesions,
(B) Ulcer group (Ethanol 5 ml/Kg B.W) showing damaged gastric mucosa, with bloody ulcer streaks which were observed upon opening the stomach, (C)
Se-NPs pretreated group (0.5mg/kg B.W) showingmild gastric ulceration in ethanol-treated rats, (D) Se-NPs pretreated group (0.5mg/kg BW) displaying
a healthy gastric mucosa with no detectable injuries, lesions, or signs of edema.

FIGURE 7
Panel (A) represents the ulcer index of the different groups. Panel (B) represents the inhibitory rate of SeNPs pretreatment. Control group (saline
solution) without gastric ulcer; Ulcer group, induced by intragastric administration of ethanol; ulcer pretreated group with Se-NPs at a dose of 0.5 mg/kg
B.W; SeNPs represent the positive group which rats were treated with Se-NPs (0.5mg/kg B.W). Data are presented as Mean ± SD, n = 6. *** represents p <
0.001: significantly different from control group; $$$ represents p < 0.001: significantly different from ulcer group.
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controls. Compared to the ulcer-group, those that ingested SeNPs
show their hematological markers attenuated.

On the other hand, as illustrated in Figure 11, plasma CRP levels
in ethanol-treated rats increased markedly (p < 0.001), compared to
the control group. However, the administration with SeNPs during
seven consecutive days significantly (p < 0.01) improved plasma
CRP levels in ulcer-group.

3.10 Histopathological findings

Light microscopic analysis of the stomach in control group
indicated a normal architecture of the gastric tissue, with arranged
glands and no inflammatory cell infiltration (Figure 12A). However,
several histopathological disorders have shown stomach tissue of
rats exposed to ethanol with lesions on the surface of the epithelium

(black star) with a lot of secretions of gastric mucus (Figure 12B). In
addition, there was an extensive edema of submucosa (Red arrow),
inflammatory infiltrate (ahead arrow) and a marked degeneration of
muscular wall (Red star) (Figure 12C). Ethanol-treated group had
also manifested hemorrhage in the superficial mucosal layer of
stomach (Black arrow) and necrosis (yellow ahead arrow)
(Figures 12D,E). Pretreatment with SeNPs at a dose of 0.5 mg/kg
resulted in reduced mucosal injury the gastric tissue and epithelium
lining (Figure 12F) compared to the ulcer group. Pretreatment with
SeNPs only (0.5 mg/kg) conserved the normal histological structure
of the gastric tissue (Figure 12G). These findings were corroborated
by the histological scoring (Table 2) where the ethanol-treated group
exhibited severe histological damage when compared to the control
group. The administration of adult rats with SeNPs (0.5 mg/kg)
reduced pathological changes from mild to moderate compared to
ethanol-induced gastric ulcer.

FIGURE 8
Effects of pre-treatment with SeNPs on MDA (A), AOPP (B), and NO (C) levels on the gastric tissue. Data are presented as Mean ± SD, n = 6. **, ***
represents p <0.01 and p < 0.001, respectively: significantly different from control group; $, $$$ represents p < 0.05 and p < 0.001, respectively: significantly
different from ulcer group.

FIGURE 9
Effects of pre-treatment with SeNPs on reduced glutathione (GSH) and nonprotein thiols (NPSH) levels on the gastric tissue. Data are presented as
Mean ± SD, n = 6. *, ** represents p < 0.05 and p < 0.01, respectively: significantly different from control group; $ represents p < 0.05: significantly different
from ulcer group.
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4 Discussion

Gastric ulcers and other gastrointestinal conditions are
prevalent serious health concerns worldwide due to their
elevated morbidity and mortality rates as well as a notable rise
in their incidence over the past decades. Gastric ulcers were often
managed through a broad-spectrum of conventional chemical-
based therapies (Arfeen et al., 2024). However, the continued use
of synthetic therapeutic medications is frequently associated with
undesirable effects, prompting a growing need for safer and more
natural treatment alternatives. Thus, researchers have
increasingly focused their efforts on applying plant-based
remedies based on nanotechnology for managing gastric ulcers,
as these alternatives are considered relatively safe and free from
adverse side effects (Prayoga et al., 2024). The present study was
designed, for the first time, (i) to combine the extract of Nigella
sativa L. with selenium in the nanoparticles, and (ii) to assess the
possible effectiveness of SeNPs in adult rats subjected to ethanol-

induced gastric ulceration. In this study, the successful
biosynthesis of selenium nanoparticles (SeNPs) using Nigella
sativa L. seed extract, as confirmed by the characteristic
UV–Visible absorption peak around 230 nm, provides a strong
foundation for evaluating their biological effects. The nanoscale
dimensions and stable colloidal nature of these SeNPs, indicated
by their surface plasmon resonance, suggest enhanced surface
reactivity and bioavailability. Given their well-documented
antioxidant and anti-inflammatory properties, these green-
synthesized SeNPs are promising candidates for in vivo
investigations to explore their protective potential against
oxidative stress and tissue damage (Fan et al., 2020). In our
study, intragastric administration of ethanol, as a necrotizing
mediator was used to induce gastric ulcer model. It has been
widely employed to assess the activity anti-ulcerative of various
substances such as plants and drugs. The harmful effects of
ethanol on the stomach were evident, leading to gastric mucosa
barrier damage, inflammation, edema, hemorrhage, and

TABLE 1 Effect of pretreatment with SeNPs on hematological parameters in adult rats following gastric ulcer induction.

Parameters and groups Controls Ulcer Ulcer + SeNPs SeNPs

RBC (106/µL) 8.728 ± 0.33 3.076 ± 0.515*** 6.475 ± 0.8***$$$ 8.691 ± 0.225

WBC (103/μL) 6.826 ± 0.437 14.704 ± 0.221*** 9.025 ± 0.845***$$$ 6.774 ± 0.278

Hb (g/dL) 13.28 ± 0.571 12.2 ± 0.39** 13.07 ± 0.435$$ 13.16 ± 0.248

Ht (%) 41.7 ± 1.44 32.36 ± 2.082*** 38.21 ± 3.143*$ 41.44 ± 0.487

MCV (μL/RBC) 47.48 ± 2.031 45.64 ± 3.260* 45.86 ± 1.768$ 48.08 ± 2.409

MCH (pg/RBC) 16.92 ± 0.622 15.858 ± 0.540 16.048 ± 0.728* 16.81 ± 0.844

MCHC (g/dL) 38.36 ± 2.00 33.56 ± 2.518** 36.84 ± 2.426$ 38.7 ± 2.804

Plt (103/μL) 1,045.5 ± 55.979 546 ± 40.589*** 869.2 ± 69.804**$$$ 1,055.2 ± 106.805

Significant differences: values are means ± SD for 6 rats in each group.

*p < 0.05; **: p < 0.01; ***: p < 0.001 compared to Controls.

$: p < 0.05; $$: p < 0.01, $$$: p < 0.001 compared to Ulcer group.

FIGURE 10
Effects of pre-treatment with SeNPs on Superoxide dismutase (SOD) (A), Catalase (CAT) (B), and Glutathione peroxidase (GPx) (C) activities on the
gastric tissue. Data are presented as Mean ± SD, n = 6. **, *** represents p < 0.01 and p < 0.001, respectively: significantly different from control group; $$,
$$$ represents p < 0.01 and p < 0.001, respectively: significantly different from ulcer group.
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ulceration. Such alterations subsequently disrupt the balance
between mucosal protective mechanisms and overproduction of
free radicals.

Our study demonstrates that single ethanol administration
resulted in significant gastric mucosal injury, as shown by
macroscopic examination and ulcer index determination in the
gastric mucosal layer. The latter is considered the first line of
defense against external xenobiotics (Lyon et al., 2024). As
expected, in the ethanol-treated group, stomach pathological
findings, stained with hematoxylin–eosin, showed gastrointestinal
injury such as inflammatory cell infiltration, injury of the surface
epithelial, hemorrhage, and erosion of gastric mucosa which are
likely consequences of the heightened creation of ROS levels (Qiao
et al., 2024; Liu et al., 2025). The SeNPs pretreatment at doses of
0.5 mg/kg BW decreased the development of gastric mucosal
injuries, eventually demonstrated by a decrease in ulcer index,
and higher inhibitory and therefore mitigate histological
abnormalities following ethanol administration.

Such gastric mucosal impairments are associated with
alterations in hematological parameters, which serve as crucial
indicators of overall health in both animals and humans (Wu
et al., 2023; Obeagu et al., 2024). Our results regarding blood
analysis revealed substantial alterations in the stomach following
gastric ulcer induction as indicated by a significant decrease in the
RBC count, Ht, Hb levels, MCV and MCHC concentrations in the
ethanol-treated group suggesting the occurrence of anemia. This

may be attributed to several factors such as iron bioavailability, as
the majority of this metal is associated with hemoglobin (Srole and
Ganz, 2021). Reduced iron levels limit heme synthesis, which in turn
inhibits erythropoiesis and decreases RBC production in the bone
marrow, ultimately leading to anemia (Mueller and Scheller, 2023).
Our findings were in line with previous studies showing that acetic
acid and ibuprofen exposure induced the impairment of
hematological parameters in rats (Saad and Qutob, 2023;
Aliouche et al., 2024). On the other hand, our results revealed a
significant increase in WBC following ethanol ingestion, while
platelet counts (Plt) were markedly reduced, suggesting direct
activation of immune response and the occurrence of secondary
thrombocytosis (Han et al., 2023). Interestingly, we showed that
pretreatment with SeNPs of ethanol-treated rats effectively
prevented ulceration as assessed by a significant improvement of
hematological parameters. Our results are supported by previous
studies where SeNPs can mitigate diabetes in mice and protect
against gastrointestinal damage induced by patulin in adult rats (Qiu
et al., 2022; Karas et al., 2024).

C-reactive protein (CRP) is another well-known plasma
indicator protein involved in inflammatory reactions. Upon
xenobiotics exposure, CRP released by hepatocyte cells into the
bloodstream in response to pro-inflammatory cytokines (Geyer
et al., 2021). Herein, our findings showed a high level of plasma
CRP in the ethanol-treated group when compared to controls,
reflecting the presence of an intense inflammatory response in
the site of ulceration. Our results were consistent with previous
findings following a high dose of ibuprofen and indomethacin
administration resulting in gastric ulcer and the development of
epithelium inflammation, which ultimately leads to a rising in WBC
levels (Lisna and Stepchenko, 2022; Uslu et al., 2022). Importantly,
we have shown that SeNPs pretreatment reduces CRP thereby
promoting ulcer healing. This protective effect is attributed in
part to the bioactive constituents of Nigella sativa L. particularly
the thymoquinone, which exhibited antimicrobial activity againstH.
pylori and, consequently, anti-ulcer properties (Cherrada
et al., 2024).

Gastric inflammatory response, including CRP elevation, is
involved with the formation of reactive oxygen species (ROS),
which can ultimately lead to disruption of oxidant/antioxidant
balance (Guo et al., 2024). It is well known that free radicals can
react with lipids to form lipid peroxides (Zheng et al., 2024), which
in turn disrupt membrane permeability and ultimately resulting in
cell death and or apoptosis (An et al., 2024). In our present study,
single-dose ethanol administration to adult rats enhanced free
radical production, as evidenced by the raised lipid peroxidation
(MDA) indicating cellular damage and increased in protein
oxidation biomarker (AOPP) (Ortega-Pérez et al., 2024).
Excessive production of cellular ROS not only damages lipids
and proteins but also compromises the body’s endogenous
antioxidant defense system (Mondal and Bandyopadhyay, 2024).
Both enzymatic and non-enzymatic antioxidant systems work
together to enhance gastric protection and promote healing
effects (Beiranvand et al., 2021). In the present study, the
system’s imbalance was evident through a reduction in non-
enzymatic antioxidants, in particular GSH and NPSH. Cysteine-
rich polypeptides and tripeptides of low molecular weight are
abundant in the gastric mucosa where they displayed a vital role

FIGURE 11
Effects of pre-treatment with Se-NPs on C Reactive Protein
(CRP) Level on the gastric tissue. Data are presented as Mean ± SD, n =
6. ** represents p < 0.01 and p < 0.001, respectively: significantly
different from control group; $$ represents p < 0.01: significantly
different from ulcer group.
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in preservingmucosal layer integrity (Araújo et al., 2024). Further, in
our current study, ethanol administration also compromised the
activities of key antioxidant enzymes including SOD, CAT, and GPx.
These results support earlier findings that ethanol exposure can
reduce the gastric mucosa’s defenses and increases lipid peroxide
formation, resulting in a notable decline in the activity of key
enzymes such as SOD, CAT and GPx in gastric tissue
(Bahramikia and Izadi, 2023). Ethanol is well known to directly
induce damages in the gastric mucosal barrier, increases its
permeability, and alters gastric acid cells, resulting in stomach
injuries. Pretreatment with SeNPs significantly enhanced gastric
ulcers through enzymatic antioxidant activities improvement,
suggesting its protective effect against oxidative stress. As
previously reported, Nigella sativa L. seed aqueous extract

enhances gastric ulcer healing by boosting antioxidant enzymes
(SOD, CAT, GPx), restoring gastric mucus and NP-SH levels, and
protecting the mucosa from oxidative damage. Its anti-ulcer activity
is mainly due to bioactive compounds like thymoquinone, which
inhibits acid secretion, increases mucus, and combats H. pylori,
while thymohydroquinone and thymol contribute antioxidant and
anti-inflammatory effects (Al Mofleh et al., 2008; Khan et al., 2016;
Paseban et al., 2019). However, its clinical use is limited due to its
poor bioavailability. Selenium nanoparticles synthesized with
Nigella sativa L. improve bioavailability and antioxidant activity,
enabling targeted delivery and enhanced gastric protection, making
them a more effective therapeutic option (Sowunmi et al., 2025).
SeNPs play a crucial role in the antioxidant defense system by
directly scavenging reactive oxygen species (ROS) and enhancing

FIGURE 12
Representative photomicrograph of gastric tissue sections stained with H&E in ethanol-induced gastric ulcer in adult rats. Control group showed a
normal architecture of the gastric tissue, with arranged glands and no inflammatory cell infiltration (A). The gastric tissues of the ethanol-treated rats
showed lesions on the surface of the epithelium (black star) with a lot of secretions of gastric mucus (B), an extensive edema of submucosa (Red arrow),
inflammatory infiltrate (ahead arrow) and a marked degeneration of muscular wall (Red star) (C), hemorrhage in the superficial mucosal layer of
stomach (Black arrow) and necrosis (yellow ahead arrow) (D,E). Pretreatment with SeNPs at a dose of 0.5 mg/kg showed less mucosal disruption of the
gastric tissue and epithelium lining (F). Pretreatment with SeNPs only (0.5 mg/ kg) conserved the normal architecture of the gastric tissue (G) group.

TABLE 2 Scoring of the severity histopathological findings.

Histopathological changes/Groups Controls Ulcer Ulcer + SeNPs SeNPs

Lesions on the surface of the epithelium – +++ + –

Hemorrhages – ++ + –

Inflammatory cell infiltration – ++ - –

Degeneration of muscular wall – +++ - –
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the activity of selenoenzymes such as glutathione peroxidase (GPx)
and thioredoxin reductase, thereby reducing oxidative stress
(Azmoonfar et al., 2024), alleviating liver injury, and lowering
enzyme levels related to liver function in rats subjected to
gamma-ray radiation (Sohrabi et al., 2020). Additionally, SeNPs
improve cellular redox balance by activating antioxidant pathways
and inhibiting oxidative damage, making them effective in
protecting cells against oxidative stress-related injury (Chen et al.,
2023; Nogales et al., 2024).

Nitric oxide (NO), among important mucosal protective
factors and act as a vasodilator. Upon toxic substance exposure,
the blood flow increases drastically in response to hyperaemia
leading to a high vulnerability of the gastric mucosa. NO is also
implicated in stimulation of gastric mucus, maintenance of gastric
blood flow, bicarbonate secretion, and inhibition of inflammatory
process. In the present study, the reduction of NO in ethanol-
treated rats may result from oxidative damage. This reduction can
lead to compromised blood flow and increased risk of ulceration.
Our findings align with previous studies who have reported that
ethanol administration decreases NO levels in gastric tissue,
highlighting the complex role of NO in gastric health and
disease (Moawad et al., 2019; AbdelAziz et al., 2021; Liu et al.,
2021). Importantly, our present work reported that SeNPs
pretreatment could prevent oxidative damage in gastric tissue
and accelerate the process of ulcer healing. Previous study have
reported that SeNPs may alleviate the kidney damage induced by
vancomycin and improve the level of nitric oxide (Mehanna
et al., 2022).

5 Conclusion

Our findings summarized for the first time that pretreatment of
SeNPs successfully alleviate ethanol-induced gastric ulcer reduced
mucosal damage, oxidative stress, and performed the redox
imbalance and histopathological alterations. These positive
outcomes are probably due to its antioxidative (through
improvement of the endogenous antioxidant system), anti-
inflammatory activities (by normalization of the level of WBC
and NO). Moreover, the hematological parameters of ethanol-
induced gastric ulcer rats underwent marked improvement after
pretreatment with SeNPs. Although the promising outcomes,
further research are needed to examine genes related to the
antioxidant and anti-inflammation genes in order to clarify the
underlying protective effect of SeNPs to mitigate gastric ulcers.
Additionally, their long-term safety, bioavailability, and their
potential synergistic effects with other therapeutic agents are
essential. Our findings may represent a potential therapeutic
approach to further developed nanoparticles-based plants as an
effective alternative or complementary to conventional
medication in the prevention of gastric ulcers.
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