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Abstract. - OBJECTIVE: It is highly required
to find novel alternatives to the antibiotics cur-
rently used due to the increasing dissemination
of antibiotic resistance among bacteria, espe-
cially enteric bacteria. The current study aimed
to produce selenium nanoparticles (SeNPs) by
Euphorbia milii Des Moul leaves extract (EME).

MATERIALS AND METHODS: The produced
SeNPs were characterized using different tech-
niques. After that, in vitro and in vivo antibacte-
rial activity against Salmonella typhimurium was
elucidated. Moreover, phytochemical identifica-
tion and quantification of the chemical compo-
sitions of EME were performed using HPLC. The
broth microdilution method determined the min-
imum inhibitory concentrations (MICs).

RESULTS: The MIC values of SeNPs ranged
from 128 to 512 pg/mL. Additionally, the im-
pact of SeNPs on membrane integrity and per-
meability was investigated. A marked decline
in the membrane integrity and inner and out-
er membrane permeability was noticed in 50%,
46.15%, and 50% of the tested bacteria, respec-
tively. Subsequently, a gastrointestinal tract in-
fection model was used to study the in vivo anti-
bacterial potential of SeNPs. Remarkably, treat-
ment with SeNPs resulted in average-sized in-
testinal villi and colonic mucosa in the small in-
testine and caecum, respectively. In addition, it
was revealed there was no inflammation or dys-
plasia in the studied tissues. SeNPs also en-
hanced the survival rate and significantly de-
creased the number of colony-forming units per
gram tissues in the small intestine and caecum.
Concerning the inflammatory markers, SeNPs
significantly (p < 0.05) decreased interleukins
(6 and 1B).

Corresponding Author: T.A. EI-Masry, MD; e-mail: thanaa.elmasri@pharm.tanta.edu.eg

CONCLUSIONS: The biosynthesized SeNPs
revealed antibacterial potential in vivo and in vi-
tro; however, this finding should be elucidated
clinically in the future.

Key Words:
GIT infection, HPLC, Membrane integrity, Mem-
brane permeability, Proinflammatory cytokines.

Introduction

During the past decades, the concerns about
bacterial infections have grown significantly ow-
ing to the significant threat to the healthcare sys-
tem worldwide. Unfortunately, the world is going
towards the post-antibiotic era due to disseminat-
ing misuse of antibiotics, which spread resistance
to the current antibiotics'.

Now, nanotechnology provides solutions for
different medical problems because it employs
materials with tiny dimensions (below 100 nm)
and a high biological activity owing to their high
ratios of surface to volume?. However, various
nanomaterials are available, such as polymeric,
metallic, and biomolecule-based nanomaterials.
These nanomaterials have been widely studied in
the current years to reveal their different biologi-
cal activities®.

However, the drawbacks of the chemical and
physical nanoparticle synthesis methods on the
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environment limited their use. Thus, it was essen-
tial to find environmentally friendly alternative
methods of synthesis. Therefore, incorporating
green synthesis methods, in which living organ-
isms are used to produce nanomaterials, could be
a promising solution®.

Moreover, one of the largest genera of medici-
nal plants, Euphorbia, is found in tropical nations
such as China and Pakistan; however, it is a mem-
ber of the Euphorbiaceae family. Meanwhile, in
the literature the phytochemistry of many species
of Euphorbia has been identified a variety of sec-
ondary metabolites, such as diterpenes, B-sitos-
terol, p-hydroxybenzoic acid, flavones, and flavo-
nol glucosides. Further, the Euphorbia genus of
plants has been widely studied for its pharmaco-
logical activities, which include anticancer, anti-
viral, and antibacterial effects’.

Due to the fast emergence of nanotechnolo-
gy, which has had a major effect on materials
science, biomedicine, environment, agriculture,
and industry during the last few decades, there
have been great advances in science and technol-
ogy over the past few decades®’. Metal nanopar-
ticles such as silver (Ag), gold (Au), cerium
(Ce), iron (Fe), and selenium (Se) have attained
a unique position in the field of nanotechnology
due to their tremendous potential for delivering
drugs, proteins, genes, and siRNA. They are also
potential candidates for use as chemotherapeutic
and anti-inflammatory agents. Since selenium
is a semi-solid metal discovered in 1817 by Jon
Jacob Berzelius, selenium nanoparticles have
been studied the most®. Selenium nanoparticles
(SeNPs) exhibit less cytotoxicity than selenium
molecules and have a variety of therapeutic and
diagnostic applications, making them potential
components for clinical and biological applica-
tions”'°.

Salmonella Typhimurium is a Gram-negative
bacterium that belongs to the Enterobacteriace-
ae family. This species is regarded as one of the
most common reasons for food poisoning caused
by food or water consumption contaminated with
this pathogen. It results in gastroenteritis in hu-
mans and can infect many hosts. These pathogen-
ic bacteria are acquiring resistance to many anti-
biotics'!. Therefore, the current research aimed to
utilize Euphorbia milii as a natural source for pro-
ducing SeNPs. Subsequently, the characterization
of the produced nanoparticles has been evaluated.
Then, the in vivo and in vitro antibacterial activity
of nanoparticles against S. Typhimurium isolates
was examined.
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Materials and Methods

Plant Materials, Chemicals, and Media

Euphorbia milii Des Moul leaves were gath-
ered from a local garden in Gharbia Governorate
in March 2021. Dr. Esraa Ammar, Plant Ecology
department, Faculty of Science, Tanta Universi-
ty, confirmed the plant identification. A voucher
specimen (PG-A-EM-W-16) was kept at the Plant
Ecology Department. Leaf powder (250 g) was
extracted three times with 70% methanol in wa-
ter. Next, the aqueous extract was evaporated un-
der reduced pressure to yield 18.96 g of Euphor-
bia milii extract residue (EME). All the utilized
chemicals were purchased from Merck (Rahway,
New Jersey, USA), while the culture medium was
from Oxoid (Basingstoke, Hampshire, UK).

HPLC Analysis

High performance liquid chromatography
(HPLC) analysis of the EME was performed ac-
cording to Seliem et al'? and Attallah et al®.

Green Synthesis of SeNPs

For environmentally friendly SeNP synthesis,
the previously reported method by Ramamurthy
et al”? was conducted. The EME is combined with
a selenium precursor salt (sodium selenite solu-
tion, 1 mM) and heated at 50°C for 48 hours to
produce nanoparticles. The nanoparticles are syn-
thesized, then collected by centrifugation, washed
with water several times, and dried before usage.

Characterization of the Synthesized
SeNPs

The characterization was conducted by a
JEOL JEM-2100 high-resolution transmission
electron microscope (TEM, Akishima, Tokyo,
Japan) at a 200-kV accelerating voltage. The air-
dried powder form of the samples was ground
with KBr pellets for Fourier transform infrared
spectroscopy (FTIR) measurements (SHIMAD-
ZU, Kyoto, Nakagyo-ku, Japan). The diffuse re-
flectance mode of a Thermo Nicolet model 6700
spectrum instrument (Waltham, Massachusetts,
USA) with a resolution of 4 cm™ was used for
analysis. Subsequently, 512 scans were recorded
to get a satisfactory signal-to-noise ratio. The re-
sulting peaks were plotted with wave number (cm
") on the Y axis and percent transmittance on the
X axis. Using the Malvern Particle Size Analyzer
MS2000 (Malvern, Worcestershire, UK), the dy-
namic light scattering (DLS) method was used to
examine the size distribution of SeNPs'*>.,
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In Vitro Antibacterial Potential

Bacteria

Twenty-six Salmonella Typhimurium clinical
isolates from the department of microbiology and
immunology at Tanta University, Tanta, Egypt,
have been used.

Agar well diffusion assay

It was carried out as previously reported's on
Muller-Hinton agar (MHA) plates. The bacterial
suspensions were spread on the MHA surface us-
ing sterile cotton swabs. The wells were produced
in the MHA plates. Subsequently, SeNPs (1000
ug/mL) were added to the wells with positive and
negative controls. The MHA plates were incubat-
ed for 24 h at 37°C and inspected for the appear-
ance of inhibition zones around the wells.

Minimum inhibitory concentrations (MICs)

The MIC values were detected as the mini-
mum concentration of SeNPs, which can inhibit
the growth of bacteria. The broth microdilution
method was employed using microtiter 96-well
plates”. However, the utilized concentrations of
SeNPs had a range from 1 to 1024 pg/mL. Pos-
itive and negative controls were used; the plates
were incubated for 24 h at 37°C.

Influence on the membrane integrity

As previously reported, the integrity of the
membrane was elucidated by measuring the absor-
bance at 260 nm using a UV-Vis spectrophotome-
ter (SHIMADZU, Nakagyo-ku, Kyoto, Japan)'®.

Influence on the membrane permeability

The impact of SeNPs on the inner and outer
cell membrane permeability was investigated.
Briefly, the inner membrane permeability was
studied by tracking the discharge of -galacto-
sidase enzyme from inside the cell to the out-
side using O-nitrophenyl-f-galactopyranoside
(ONPQG) as a substrate for the enzyme. As a result
of the enzyme’s activity, O-nitrophenol (ONP)
was formed; meanwhile, its quantity was mea-
sured at 420 nm by an ELISA reader (Sunrise Te-
can, Seestrasse, Mannedorf, Switzerland)”®. The
outer membrane permeability was investigated by
adding the fluorescent agent 1-N-phenylnapthyl-
amine (NPN)”. Using a fluorescence spectro-
photometer (SHIMADZU, Nakagyo-ku, Kyoto,
Japan), the fluorescence was determined at exci-
tation and emission wavelengths of 340 and 420
nm, respectively.

In Vivo Antibacterial Activity

Animals

Forty adult Swiss albino mice, weighing 22-26
g, were obtained from the animal house of Cairo
University, Egypt. Mice were given filtered water
with a standard pellet at room temperature. The
Committee of the Research Ethics of the Faculty
of Pharmacy at Tanta University, Egypt, autho-
rized the experimental procedures (code number
was TP/RE/1/23P-004).

Experimental model
Mice were allocated into four groups as fol-
lows (n = 10 mice)*:

— Group I (normal control): they took the regular
diet.

— Group II (S. Typhimurium group): they took S.
Typhimurium (1 x 10° CFU/mL) orally?'.

— Group III (ciprofloxacin treated, 10 mg/kg):
they took ciprofloxacin orally twice a day for
three days. The first dose was 12 h after infec-
tion.

— Group IV (SeNPs treated, 10 mg/kg): they
took SeNPs orally twice daily for three days.
The first dose was 12 h after infection.
Animals were observed for two weeks, and

their survival rate was calculated. At the end
of the experiment, the remaining alive animals
were anesthetized and euthanized; meanwhile,
their small intestine and caecum were removed
for the histological, immunohistochemical, and
biochemical investigations. Besides, the burden
was detected in the small intestine and caecum by
determination of the number of colony-forming
units (CFU/g)*.

Histological evaluation

Small intestine and caecum samples were put
in 10% formalin. After dehydration, they were
placed in paraffin wax and spliced into thin sec-
tions. Further, sections were stained with hema-
toxylin and eosin (H&E)*?*. Photos were cap-
tured for the stained sections.

Immunohistochemical
exploration

Polyclonal antibodies of the tumor necrosis
factor-alpha (TNF-a) and nuclear factor kappa B
(NF-xp), purchased from Invitrogen (Carlsbad,
CA, USA), were implemented in the immunohis-
tochemical investigation. The immunostaining
degrees were either negative, weak, moderate, or
strong, as previously reported’?.
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Biochemical studies

The proinflammatory biomarkers, including in-
terleukin 6 and 1P (IL-6 and IL-1P), were evaluated
in the small intestine and caeccum using ELISA.

Statistical Analysis

The test results were revealed as mean + stan-
dard deviation (SD) with n = 3. An ANOVA with
a post hoc test (Tukey) was employed to assess
the differences among the groups. A significant
difference was considered if p < 0.05. The Ka-
plan-Meier survival curve was performed to as-
sess the animals’ survival in the experimental
groups using Prism software version 8 (Graph-
Pad, San Diego, CA, USA).

Results

Chemical Composition HPLC Analysis

The identification and quantification of the
chemical composition of EME were performed
using HPLC. Figure 1 represents the HPLC chro-
matogram for EME’s identified flavonoids and
phenolic compounds. The HPLC experiment
allowed for the identification of 16 compounds.
However, the abundant phenolic compound was
chlorogenic acid (7.34 pg/mL), while the major
identified flavonoid compound was naringenin
(30.19 pg/mL), as shown in Table 1.

Characterization of the Synthesized
SeNPs

The color of the solution changed from pale
yellow to red during the SeNPs synthesis pro-
cess, signifying the reduction of SeNPs. Fourier
transform infrared (FT-IR) analysis was utilized
to evaluate the presence of functional groups at
400-4000 cm™, as shown in Figure 2. Transmis-
sion electron microscopy (TEM) was used to as-
sess the morphology and size distribution of the
biosynthesized SeNPs, as shown in Figure 3. The
produced SeNPs had particle sizes less than 50
nm and spheroidal shapes. SeNPs were evenly
scattered. The results of this study agree with
previous findings”'*. Using zeta potential and
dynamic light scattering (DLS) analysis (Figure
4), the stability and hydrodynamic size of synthe-
sized SeNPs were evaluated. In addition, the zeta
potential measures the surface charge of nanopar-
ticles. Therefore, the nanoparticle size distribu-
tion was carried out at room temperature and un-
der ideal circumstances.

In Vitro Antibacterial Activity

SeNPs revealed antibacterial activity against
S. Typhimurium as there were inhibition zones
around the wells in the agar diffusion assay. The
MIC values were determined using the broth
microdilution method, ranging from 128 to 512
ug/mL.
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Figure 1. HPLC chromatogram for the identified compounds.
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Table I. Phytochemical analysis of EME phenolic and flavonoid compounds using HPLC.

RT Area Conc. Identified
(Min) (mAU*s) (ug/mL) compound
1 3.38 25.80 2.07 Gallic acid
2 4.11 52.09 7.34 Chlorogenic acid
3 4.59 102.95 26.79 Catechin
4 5.5 2.19 0.14 Methyl gallate
5 5.93 3.34 0.29 Caffeic acid
6 6.57 1.09 0.11 Syringic acid
7 6.94 4.24 0.56 Pyro catechol
8 8.16 1.71 0.23 Rutin
9 8.68 5.82 1.02 Ellagic acid
10 8.94 8.24 0.24 Coumaric acid
11 9.86 1.93 0.11 Vanillin
12 10.25 1.38 0.11 Ferulic acid
13 10.5 297.11 30.19 Naringenin
14 12.25 13.07 0.89 Daidzein
15 12.65 9.67 1.19 Quercetin
16 13.98 45.03 1.08 Cinnamic acid

Membrane Integrity

The impact of SeNPs on the integrity of the
bacterial membranes was elucidated by detecting
the release of the materials with absorption at 260
nm from the bacterial cells. The results exhibited
a marked decrease in the membrane integrity in
50% of the tested bacteria (Figure 5).

Membrane Permeability

A marked increase in the permeability of the
bacterial inner membrane was noticed after treat-
ment with SeNPs in 46.15% of the isolates (Figure
6A). The outer membrane permeability increased
considerably after treatment with SeNPs in 50%
of the tested isolates (Figure 6B).
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Figure 2. FTIR spectrum of synthesized SeNPs.
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Figure 4. DLS diagram
and zeta potential of syn-
thesized SeNPs.

Figure 3. TEM images of the prepared SeNPs.
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Figure 5. Linear charts reveal a representative example of
increasing the discharge of the material absorbing at 260 nm
after treatment with SeNPs, indicating their destructive effect
on the membrane (i.e., they decrease the membrane integrity).

In Vivo Antibacterial Activity

Bacterial burden and survival are presented in Fig-
ure 7. SeNPs significantly declined the count of CFU/g
tissues of the small intestine and caecum (p < 0.05).

Moreover, SeNPs improved the survival rate
of the infected mice (Figure 8). Regarding group
I, all mice remained alive. In group II, two mice
died after six days, one after seven days, other
two after eight days, and two after thirteen days.
Concerning group 111, only one mouse died after
four days, and another one died after ten days. In
group IV, two mice only passed after a week.

Histology

Hematoxylin and eosin (H&E) staining was
used to assess the influence of SeNPs on the histo-
logical features of the small intestine and caecum,
as revealed in Figure 9 and Figure 10.
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Figure 6. Linear charts display the impact of SeNPs on inner membrane permeability (A) and outer membrane permeability (B).
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Figure 7. The count of CFU/mL. A, small intestine and caecum (B).
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Figure 8. Survival curve of the differ-
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Figure 9. H&E stained sections of the small intestine. A, Group I exhibit average-sized intestinal villi (blue arrows) with
underlying submucosa and serosa (red arrow) (x100). B, A higher magnification of group I exhibit villi (red arrow) lined with
columnar cells with goblet cells (blue arrows) (x400). C, Group II reveals disrupted intestinal villi (blue arrows) with under-
lying chronic inflammation with infiltration of the inflammatory cells (red arrow) (x100). D, A higher magnification of group
II exhibits disrupted intestinal villi with mild epithelial dysplasia (hyperchromasia with depletion of goblet cells, blue arrows)
with underlying chronic inflammation manifested by infiltration of the inflammatory cells (red arrow) (x400). E, Group III
exhibits a mild disrupted intestinal villus (red arrows) with focal chronic inflammation (black arrow) (x100). F, A higher mag-
nification of group III exhibits average-sized intestinal villi (red arrows) with columnar cells lining and few goblet cells (black
arrow) with no dysplasia and normal tissues (x400). G, Group IV reveals average-sized intestinal villi (black arrows) with no
inflammation or dysplasia and normal tissues (x100). H, A higher magnification of group IV exhibits average-sized intestinal
villi (red arrows) with columnar cells lining and many goblet cells (black arrows) with no dysplasia and normal tissues (x400).
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Figure 10. H&E stained sections of the caecum. A, Group I reveal average-sized colonic mucosa (black arrow) with underly-
ing normal submucosa (blue arrow) and muscularis mucosae (red arrow) (x100). B, A higher magnification of group I exhibits
normal colonic mucosal glands, average in size and shape, lined with columnar cells (blue arrows) and goblet cells (black
arrows) separated by fibroblastic stroma (red arrow) (x400). C, Group II exhibits disrupted colonic mucosa and muscularis
mucosae (red arrows) with underlying focal chronic inflammation with infiltration of the inflammatory cells (blue arrow)
(x100). D, A higher magnification of group II exhibits disrupted colonic mucosa and muscularis mucosae (red arrow) with
mild dysplasia (hyperchromasia with depletion of goblet cells, black arrows) (x400). E, Group III is exhibiting normal colonic
mucosa with focal basal dysplasia (black arrows) (x100). F, A higher magnification of group III exhibits colonic glands with
mild focal dysplasia (black arrows) with no inflammation (x400). G, Group IV is exhibiting a normal average-sized colonic
mucosa (black arrows) with no inflammation or dysplasia (x100). H, A higher magnification of group IV exhibits average-sized
colonic glands with many goblet cells (blue arrows) with no dysplasia (x400).

Immunohistochemistry

TNF-a and NF-xf immunostained sections
of the small intestine and caecum are revealed in
Figures 11-14.

ELISA

The analysis showed that SeNPs significantly
reduced (p < 0.05) the proinflammatory interleu-
kins (IL-6 and IL-1p), as revealed in Table 11.

Discussion

Misusing different antibiotics has led to the
development and spread of bacterial resistance. In
addition, a few newly discovered antibiotics can-
not withstand the disseminating resistance to var-
ious antibiotics. Therefore, there is a need to re-
veal alternative approaches to treatment®. Here,

the green synthesis approach was employed to
synthesize SeNPs from EME. After the complete
characterization of the formed nanoparticles, their
antibacterial potential against S. Typhimurium iso-
lates was elucidated. The SeNPs had MIC values
of 128 to 512 pg/mL. Other researchers reported
that SeNPs possessed antibacterial activity against
Gram-negative bacteria like Serratia marcescens,
Alcaligenes faecalis, and Enterobacter cloacae™.
In addition, they revealed inhibitory potential
against Salmonella abony, Escherichia coli, Kleb-
siella pneumoniae, and Pseudomonas aeruginosa’.

Many antibacterial agents use the cell mem-
branes of bacteria as their main target”’. Herein,
membrane integrity was studied before and after
treatment with SeNPs; however, a marked de-
crease in membrane integrity was noticed in 50%
of the tested bacteria. Membrane integrity defines
the quality of the bacterial membrane.
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Figure 11. TNF-a immunostained sections of the small intestine. A, Group I is exhibiting a negative TNF-a expression (no
positively immunostained cells, score 0) (x100). B, Group II is exhibiting a marked TNF-a expression (88% positively immu-
nostained cells, score 4) (x100). C, Group III is exhibiting a moderate TNF-a expression (33% positively immunostained cells,
score 2) (x100). D, Group IV exhibits a weak TNF-a expression (15% positively immunostained cells, score 1) (x100).

Figure 12. TNF-a immunostained sections of the caecum. A, Group I is exhibiting a negative TNF-a expression (no positive-
ly immunostained cells, score 0) (x100). B, Group II is exhibiting a marked TNF-a expression (90% positively immunostained
cells, score 4) (x100). C, Group III is exhibiting a strong TNF-a expression (52% positively immunostained cells, score 3)
(x100). D, Group IV exhibits a moderate TNF-a expression (26% positively immunostained cells, score 2) (x100).

Figure 13. NF-kp immunostained sections of the small intestine. A, Group I is exhibiting a negative NF-k[ expression (no
positively immunostained cells, score 0) (x100). B, Group II is exhibiting a marked NF-«kf expression (93% positively immu-
nostained cells, score 4) (x100). C, Group III is exhibiting a weak NF-xf expression (12% positively immunostained cells, score
1) (x100). D, Group IV exhibits a negative NF-k[ expression (no positively immunostained cells, score 0) (x100).
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Figure 14. NF-xf immunostained sections of the caecum. A, Group I is exhibiting a negative NF-k[3 expression (no positively
immunostained cells, score 0) (x100). B, Group II is exhibiting a marked NF-kp expression (78% positively immunostained
cells, score 4) (x100). C, Group III is exhibiting a moderate NF-kf expression (30% positively immunostained cells, score 2)
(x100). D, Group IV exhibits a weak NF-k expression (14% positively immunostained cells, score 1) (x100).

Table Il. The proinflammatory interleukins (IL-6 and IL-1f) in different groups.

IL-6 (pg/mg tissues) IL-18 (pg/mg tissues)
Groups Small intestine Caecum Small intestine Caecum
Group I 772+ 1.2% 78.5 + 6.5*% 20.8 +4.5% 21.1 £2.1*
Group II 252423 239.2+4.2 80.4+57 89+3.6
Group II1 103.6 + 3.3* 95.7+2.3* 24.5 +5.4* 19.4 £2.2%
Group IV 110.8 + 4.2* 103 £ 5.3* 29 +3.3* 26.6 £ 3.1*

*Indicates a significant difference (p < 0.05) compared to group II.

When the bacterial membrane is negatively
affected and its integrity decreases, the release
of nucleic acids (DNA and RNA) increases out-
side the cell?’. Another essential characteristic
of the bacterial membrane is its permeability.
Gram-negative bacteria like S. Typhimurium
possess two membranes: the outer and inner
membranes. Here, the influence of SeNPs on
the outer and inner membrane permeability
was elucidated. Noticeably, SeNPs increased
the inner and outer membrane permeability in
46.15% and 50% of the isolates, respectively.
The membranes of the bacterial cell act as a
vital compartment, which helps in the mainte-
nance of cellular homeostasis and consequent-
ly conserves different physiological processes.
Furthermore, they act as a barrier that preserves
the bacterial cells?®. Previous studies®' have
reported the influence of various nanoparticles,
such as cerium oxide NPs%, zinc oxide NPs*,
silver NPs®, and titanium oxide NPs?!, on bacte-
rial membrane permeability.

However, S. Typhimurium is one of the most
common pathogenic bacteria that cause gastroenteri-
tis; thus, a gastrointestinal tract in vivo model was
conducted to elucidate the antibacterial activity of
SeNPs. Furthermore, SeNPs exhibited promising in
vivo antibacterial activity as they improved the small
intestine and caecum histological findings. Treatment
with SeNPs resulted in average-sized villi in the small
intestine and average-sized colonic mucosa in the
caecum with no inflammation or dysplasia.

Regarding the inflammation markers, the
impact of treatment with SeNPs on different in-
flammation markers like TNF-a, IL-6, and IL-
1B was elucidated. The results explored that the
inflammation markers increased in the infected
tissues to initiate the inflammatory process?. In
the group treated with SeNPs, there is a remark-
able decline in the proinflammatory interleukins
(IL-6 and IL-1B) compared to the control group.
Additionally, the TNF- o immunostaining de-
creased in the small intestine and caecum of the
group treated with SeNPs. Regarding NF-«xB, a
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transcription factor essential for the inflammato-
ry response®, its immunostaining was declined in
the SeNPs-treated group.

To our knowledge, this is the first study elu-
cidating the in vivo (using an oral infection mod-
el in mice to simulate the real infection with this
enteric pathogenic bacterium) and in vitro (by
studying its effect on the membrane characters
of the tested bacteria) antibacterial activity of the
green synthesized SeNPs by EME against S. 7j-
phimurium®>*,

Conclusions

This study underlined the green synthesis of
SeNPs by EME as a cheap, simple, and harm-
less method compared to physical or chemical
processes. The SeNPs were characterized using
different techniques, including UV, TEM, FTIR,
DLS, and DRD. The antibacterial activity of
SeNPs was elucidated in vitro and in vivo. SeNPs
revealed a remarkable antibacterial action against
S. Typhimurium clinical isolates. In addition, it
affected membrane integrity and permeability.
Concerning the in vivo effect, the SeNPs treated
group exhibited a reduction in dysplasia and in-
flammation, as noticed in the histological, immu-
nohistochemical, and ELISA studies. Conclusive-
ly, SeNPs could be efficient future candidates that
can be elucidated for their effectiveness against
other gastrointestinal tract infections.
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