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ABSTRACT

To investigate the effects of Zinc Oxide nanoparticles as adjuvants for inducing immunological responses against Staphylococcus
Lugdunensis, fitty A number of healthy white male rats, aged approximately 8-10 weeks, were randomly divided into five groups
and subjected to the following treatments. The control negative group, Group 1 (n=10), was infected with 0.3 ml of aseptic normal
saline. Group 2 (n=10): infection of rats with Staphylococcus lugdunensis, intra peritoneal (I/P) Challenge Dose of Staphylococcus.
Lugdunensis (1.5x108 Cell/ml) was used according (McFarland standards). (control positive group). Group 3 (n=10): was
immunized S/C with (0.3ml) of whole sonicated Staphylococcus lugdunensis antigens (3mg/ml) 2dose with 2 weeks interval then
infected with Staphylococcus lugdunensis. Group 4 (n=10): was immunized S/C with (0.3ml) of whole sonicated Staphylococcus
lugdunensis antigens(3mg/ml) that uploaded on ZnO nanoparticles then 2dose with 2 weeks interval infected with Staphylococcus
lugdunensis. Group 5 (n=10): were Injection with (0.3ml) of S/C ZnO-NPs. At 28-day post immunization, and serum was collected
for detection of TNF-a, levels. After 30-day post immunization the rats were infected with Staphylococcus lugdunensis Intra
peritoneal(1/P) (1.5x108 Cell/ml). Five rats were sacrificed from each group at day 7, and 21 post infection and samples from internal
organs (liver and spleen) were taken for histopathology. That show high levels of TNF-a in the 2 " and 3" group compared to 1%
and 4" groups. the result express focal granulomatous in the liver parenchyma, Hepatocyte Fatty change, necrosis of the hepatocytes,
Thrombus in the portal area, in animal at thel® Although animals in the second and third groups showed mild to absent
granulomatous lesions, it was determined that vaccinated animals with sonicated Ags containing ZnO-NPs achieve a strong immune
response that fully protects against Staphylococcus lugdunensis infection. This is the first step towards developing a vaccination
therapy.

KEYWORDS: Staphylococcus. Lugdunensis, Sonicated-Ag, ZnO-NPs, green synthesis, immune response

*Author for correspondence: E mail: namer.i@uokerbala.edu.ig, Orcid ID: 0000-0003-0732-6700

Received: 04/11/2024 Accepted: 11/11/2024

DOI: https://doi.org/10.53555/AJBR.v27i3.3628

© 2024 The Author(s).

This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License (CC
BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the
following statement is provided. “This article has been published in the Afirican Journal of Biomedical Research”

Introduction:

Staphylococcus. Lugdunensis is classified as a coagulase-
negative staphylococcus (CoNS species). The organism is part
of the indigenous human skin microbiota, inhabiting several
specific regions including the perineal and inguinal areas.
(Bieber and Kahlmeter, 2010), However, it is today
acknowledged as a powerful human pathogen. In many aspects,
the behavior of Staphylococcus lugdunensis displays similar
characteristics to Staphylococcus aureus. , displaying more
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virulence than other clonal non-specific bacteria (CoNS).
(Frank et al., 2008). S. lugdunensis is capable of inducing a
wide range of infections, spanning from localized to systemic
disorders. It also has the ability to produce biofilms, which in
turn leads to a variety of infections associated with foreign
bodies, such as catheter-related bacteremia, bone infections, and
joint infections. (Argemi et al., 2017) and severe infective
endocarditis (Non and Santos, 2017). Primarily, it has been
documented in cases of skin and soft tissue infections.
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(Papapetropoulos et al., 2013). Previous in vitro investigations
have indicated the presence of many virulence factors, such as
hemolysis and adhesion proteins, namely Fg-binding protein
(Fbl). (Mitchell et al., 2004b), von Willebrand factor-binding
protein vWbI (Nilsson et al., 2004a) and iron-regulated surface
determinant proteins (Heilbronner et al., 2016). Consequently,
S. lugdunensis has been commonly described as a wolf
disguised as a sheep. (Frank et al., 2008).

The colonization of the skin by S. lugdunensis, particularly in
the groin, toes, and axillae, has been shown to be three times
more prevalent among healthy persons compared to S. aureus,
which  mostly colonizes the nose. (Bieber and
Kahlmeter,2010).

The overall pathogenicity of S. lugdunensis has not been well
studied in the field of veterinary medicine. The results of a
comparative study on S. lugdunensis infections in small
companion animals revealed that S. lugdunensis is
predominantly present in deep tissues and wounds, rather than
surface infections. Therefore, it should be considered a credible
pathogen. (Rook et al., 2012). Furthermore, S. lugdunensis has
been demonstrated to induce subcutaneous abscesses,
peritonitis, and osteomyelitis in mice. (Rozalska and Ljungh,
1995) and rabbits (Gahukamble et al., 2014) Despite being
detected in a blood sample of a dog with endocarditis, the role
of S. lugdunensis in the pathogenesis of the disease remains
uncertain. The underestimation of the incidence of S.
lugdunensis in both human and veterinary medicine is attributed
to its vulnerability to comparable colony form, hemolytic
activity, and ability to agglutinate latex particles covered with
fibrinogen, which can result in misidentification as S. aureus.
(Zbinden et al., 1997). In addition to being economical, safe,
and easily synthesisable, zinc oxide nanoparticles are the second
most prevalent metal oxide after iron. (Kalpana and Devi
Rajeswari, 2018). Zinc oxide (ZnO) is well recognized for its
wide range of applications in both industrial and daily chemical
sector as a chemical additive generated from zinc. Nevertheless,
the advancement of nanotechnology has led to the increasing
adoption of ZnO-NPs as a viable alternative to ZnO materials in
several fields such as industrial manufacturing, environmental
management, therapeutic care, food production, and
biomedicine are all areas of focus. (Siddiqi et al., 2018), they
are prepared from ZnO by a variety of methods, such as physical
(Aadim and Abbas, 2023), Chemical methods (Khitam et
al.,2018; Al-Hraishawi et al., 2023) and biological template
techniques. The green synthesis approach enables the large-
scale manufacture of ZnO nanoparticles without any additional
undesirable substances. (Husain et al., 2019; Yusof et al.,
2019; Alwash, 2020; Al-Ghareebawi et al., 2021; Majeed et
al., 2022).

Material and methods

Bacteria were obtaining from Department of Biology, College
of Science, University of Baghdad, Iraq, it was diagnosed by
Vitec and was activated before the experiment began, then
confirmation by polymerase chain reaction (PCR) Assay.

Preparation of Staphylococcus. Lugdunensis Antigens:
It was prepared as follow (Mitov et al., 1992):
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Staphylococcus Lugdunensis cultured on nutrient agar,
incubated at 37 °C for 24 hrs. and harvested by PBS(PH7.2),
centrifuged at 3000 rpm 4 °C /30 minutes then washed the
precipitate three times with PBS, and the precipitate was re-
suspended with PBS and put in the universal tube, the universal
tube that contained S. Lugdunensis suspension was placed in the
ultrasonicator device (at 12 Peak for 2 minutes’ intervals
between them, for 30 minutes in cold environment (ice), the
sonicated suspension was centrifuged at 10000 rpm for 30
minutes in cold- centrifuge, and then the supernatant was
filtered by Millipore filter and examined by Gram stain and
culturing on blood agar to confirm sterility of this antigen. The
Biuret technique was employed to quantify the overall protein
concentration of this antigen, known as sonicated Ags, and it
was determined to be 3 mg/ml.

preparation of Zinc Nano particle

Zinc oxide nanoparticle was prepared in Department of
Biotechnology, College of Science, University of Baghdad.
Synthesis of zinc oxide nanoparticle by biological methods.
The fresh leaf Allium porrum were purchased from vegetable
market in Kerbala, Irag The fresh green leaves were clean,
cutting and air-dried in shadow and made into fine powder. then
250 g of fresh leaf Allium porrum was Mixtured with 500 ml of
deionized water and The combination was a stirrer one hour
then put in 4°C for 24 hrs. After that centrifugation at 8000 rpm
for 10 min. The supernatant was take and put in shadow
container in Refrigerator. 200ml of supernatant was added to
20g from zinc acetate and put the mixture on the shaker device
overnight. Divide the filtrate on the tubes and place it in the
centrifuge. After discarding the supernatant, the precipitate was
washed by adding 5 mL of deionized water by centrifugation at
8000 revolutions per minute for 5 minutes. Discard the
supernatant while collecting the sediment, which was then
placed in a clean petri dish and kept at 37 °C for 24 hours to
facilitate drying. last step dry grinding by the pod very well .in
this time nanoparticles be ready for characterization. Amounts
of ZnO-NPs (size of Nanoparticle was 65.49 nm), 0.312mg
ZnO-NPs was added to 5ml of suspension Ag. The resulting
mixtures was gently stirred at 37°C on a sonicated water path
device.

Characterization of zinc oxide nanoparticle

- Atomic Force Microscope(AFM)

- Fourier Transform Infrared Spectroscopy (FTIR)

- Field emission Scanning Electron Microscopy (FE-SEM)
Analysis

- X-Ray Diffraction

Ethics approval

The Animal Care and Use Committee (College of Veterinary
Medicine) University of Baghdad reviewed and approved the
study. (P.G.2349/ date 24.12.2023)

Experimental Design:

fifty healthy white male rats, age ranged between 8-10 weeks,
were randomly divided into five groups and treated as the
following.
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e Group 1 (n=10): was inoculated with (0.3 ml) of sterile
normal saline and served as control negative group.

e Group 2 (n=10): infection of rats with Staphylococcus
lugdunensis, intra peritoneal (1/P) Challenge Dose of
Staphylococcus. Lugdunensis (1.5x108 Cell/ml) was used
according (McFarland standards). (control positive group).

e Group 3 (n=10): was immunized S/C with (0.3ml) of whole
sonicated Staphylococcus lugdunensis antigens (3mg/ml)
2dose with 2 weeks interval then infected with Staphylococcus
lugdunensis.

e Group 4 (n=10): was immunized S/C with (0.3ml) of whole
sonicated Staphylococcus lugdunensis antigens(3mg/ml) that
uploaded on ZnO nanoparticles then 2dose with 2 weeks
interval infected with Staphylococcus lugdunensis.

e Group 5 (n=10): was inoculated with (0.3ml) of S/C ZnO-NPs.

At 28-day post immunization, and serum was collected for
detection of TNF-a, levels. sunlong medical company Cat:
NSL1184r

After 30-day post immunization the rats were infected with
Staphylococcus lugdunensis Intra peritoneal(1/P) (1.5x108
Cell/ml) was used according (McFarland standards). Five rats
were sacrificed from each group at day 7, and 21 post infection
and samples from internal organs (liver and spleen) were taken
for histopathology.

Results

AFM Analysis Interpretation

The Atomic Force Microscopy (AFM) analysis of the
synthesized nanoparticles of zinc oxide (ZnO-NPs) offers
comprehensive insights into their surface morphology and
dimensions. The AFM data reveals an average height of the
nanoparticles to be 28.934 nm. The height distribution shows
that 10% of the particles have a height of 20.0 nm or less, 50%
have a height of 27.5 nm or less, and 90% have a height of 40.0
nm or less. These Analysis reveals a very limited range of sizes,
which is beneficial for guaranteeing uniform performance of
nanoparticles in various applications.
Moreover, the distribution of granularity accumulation offers
additional evidence to corroborate the systematic morphological
investigation. With a mean diameter of 65.49 nm, the ZnO-NPs
are distributed as follows: 10% have a diameter of 20.0 nm or
less, 50% have a diameter of 45.0 nm or smaller, and 90% have
a diameter of 130.0 nm or smaller. The surface area of the ZnO
nanoparticles, computed using the BET (Brunauer-Emmett-
Teller) technique, ranges from 30 to 60 m/g, contingent upon
the particular distribution and density of particle sizes. In
applications that need rapid reactivity and surface interactions,
such as catalysis and adsorption, the substantial surface area of
this material is beneficial. Malekshah et al.,2021).

The comprehensive atomic force microscopy (AFM)
experiments validate the effective synthesis of ZnO
nanoparticles with a uniform and controlled range of sizes,
meeting the stringent requirements expected in global scientific
research. Their complex surface structure and large surface area
make these nanoparticles very suitable for a diverse array of
advanced applications in the domains of nanotechnology and
materials research. Hernandez-Aguirre et al.,2016)
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Figure 1) Atomic force microscopy (AFM) of Zinc Oxide nanoparticles made from fresh Allium porrum leaves shows the
structure in both two and three dimensions. On average, the nanoparticles are 65.49 nm across.
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Figure 2) Particle Size Distribution of ZnO Nanoparticles Prepared Using Extract

FE-SEM and EDX Analysis

Evaluating the synthesized zinc oxide nanoparticles (ZnO-NPs)
with Field Emission Scanning Electron Microscopy (FE-SEM)
yields accurate data on their structure and size. When subjected
to an accelerating voltage of 20.0 kV and a beam current of
10.000 nA, the FE-SEM images captured at a 1000x
magnification show that the ZnO-NPs exhibit a uniform and
spherical morphology. The mean diameter of the aerosol
particles is 65.49 nanometers. The high-resolution images
demonstrate that the nanoparticles are uniformly dispersed and
possess a planar surface pattern. Furthermore, it is crucial to
ascertain the precise surface area of the ZnO nanoparticles by
the utilization of the BET (Brunauer-Emmett-Teller) technique
to assess their surface properties. From the average particle size
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measured, the surface area is expected to vary between 30 and
60 m2/g, depending on the specific distribution and density of
the particles. The substantial surface area of this material is
advantageous for applications requiring high reactivity and
efficient surface interactions, such as catalysis and adsorption.
The ZnO nanoparticles exact morphological characteristics,
consistent nanoscale dimensions, and extensive surface area
validate the efficacy of the synthesis technique used to produce
them, in compliance with international research standards. The
thorough characterization of ZnO-NPs guarantees their
suitability for a wide range of applications in nanotechnology
and materials science, satisfying the strict quality standards
required in scientific research. Patel and Patel, 2021.
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Figure 3) High-Resolution FE-SEM Imaging of ZnO Nanoparticles (sized less than 100nm)

Quantitative elemental analysis revealed the weight percentages

(W1%) and atomic percentages (At%) of the detected elements.
Carbon (C) was present at 13.89 Wt% (24.09 At%), nitrogen
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(N) at 3.61 Wt% (5.37 At%), oxygen (O) at 28.90 Wt% (37.64
At%), sodium (Na) at 26.94 Wt% (24.41 At%), and zinc (Zn) at
26.66 Wt% (8.50 At%). The analysis employed the PAP
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correction method and was conducted in a standardless manner,
resulting in a chi-square (y?) value of 45.12. Automatic
identification results indicated the presence of multiple elements
with their corresponding line intensities and probabilities. Key

phosphorus (P), zirconium (Zr), nitrogen (N), oxygen (O),
tantalum (Ta), zinc (Zn), copper (Cu), terbium (Tb), and
rhenium (Re).The measurements provide detailed data on the
elemental composition and analytical characteristics of the ZnO

elements identified included neon (Ne), sodium (Na), nanoparticles produced during synthesis. Zabihi et al.,2019).
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Figure 4) Elemental Composition and Distribution of ZnO Nanoparticles Analyzed by EDX
XRD Analysis: by comparing these peaks with the standard ZnO diffraction

Important information on the crystallographic arrangement of
the zinc oxide nanoparticles (ZnO-NPs) was acquired by X-ray
diffraction (XRD) analysis conducted at the XRD Laboratory of
the University of Kashan, using a Copper (Cu) source. The
diffraction pattern, recorded over a 2Theta range of 10° to 80°,
exhibits prominent peaks at approximately 31.7°, 34.4°, 36.2°,
47.5° 56.6°, 62.9°, 66.4°, 68.0°, and 69.1°. Referred to in file
no. 36-1451 of the Joint Committee on Powder Diffraction
Standards (JCPDS), these peaks correlate to the unique planes
of hexagonal wurtzite ZnO crystals. Accurate confirmation of
the successful production and purity of the ZnO-NPs is obtained

Trikkaliotis et al.,2020; Qayoom, and Dar, 2020.)

pattern. Clearly defined diffraction peaks indicate a high level
of crystallinity, consistent with the expected structural
properties of ZnO nanoparticles. The verified X-ray diffraction
(XRD) data verifies the effective synthesis of ZnO
nanoparticles, following established worldwide scientific
research criteria. The clearly distinguishable and well defined
diffraction peaks ensure that the ZnO-NPs produced meet the
expected criteria for generating nanoparticles of exceptional
quality, making them suitable for various advanced applications
in the domains of nanotechnology and materials science.
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Figure 5) XRD Analysis
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FTIR

Zinc oxide nanoparticles (ZnO-NPs) exhibit well defined
absorption bands in their Fourier Transform Infrared (FTIR)
spectra, which confirm the presence of various functional
groups and the successful synthesis of ZnO nanoparticles. The
wide band seen at around 3326.46 cm™ in the first spectrum,
3288.48 cm™ in the second spectrum, and 3348.91 cm™! in the
third spectrum are associated with the stretching vibrations of
the O-H bond. These vibrations suggest the existence of
hydroxyl groups or the absorption of water. The peaks seen at
2924.14 and 2850.99 cm™ in the first spectrum, 2926.89 and
2863.95 cm™ in the second spectrum, and 2926.89 and 2855.95
cm™ in the third spectrum are ascribed to the stretching
vibrations of C-H bonds, suggesting the existence of organic
molecules. The prominent absorption bands seen at around

4000

2000 180

1619.38 cm™ in the first spectrum and 1638.59 cm™ in the
second and third spectra are attributed to the stretching
vibrations of C=0 bonds, indicating the existence of carbonyl
groups. The absorption band seen at around 1385.95 cm™*® (first
and second spectra) and 1384.22 cm™ (third spectrum) is
specific to N-O stretching vibrations, which suggests the
presence of nitrogen-containing chemicals. The detectable
bands at around 875.74 cm™ in all spectra offer dependable
proof of the presence of Zn-O stretching vibrations, which are a
distinctive property of zinc oxide nanoparticles. The FTIR
spectra validate the successful synthesis of ZnO nanoparticles
utilizing organic chemical constituents obtained from the
biological extract used in the synthesis process. Singh and
Sharma, 2017.
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Figure 7). FTIR analysis of ZnO acetate.
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Figure 8). FTIR analysis of ZnO acetate +extract.
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Figure 9). FTIR analysis of ZnO-NPS.

Immunological assay
In the immunological assay include TNF-a, post immunization

notice the figure show The first group served as the control
negative, which represents the baseline level in the absence of
any treatment. The second and third group has high levels of
TNF-o compared to first and fourth group that mean the
exposure to sonication antigen or the combination of zinc oxide
and sonication antigen (group ZnO) may lead to an increase in
TNF-a. levels. Means that significantly higher than the other
groups. The synergistic effect of the zinc oxide nanoparticles
and the sonicated S. lugdunensis led to a much more pronounced
inflammatory response, as indicated by the dramatically
elevated TNF-a levels. The fourth group (S) was exposed to
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sonicated Staphylococcus lugdunensis alone. The high TNF-a
level in this group suggests that the sonicated S. lugdunensis
itself was capable of triggering a strong inflammatory response,
as evidenced by the increased production of TNF-a.

The fourth group (ZnO)was exposed to zinc oxide
nanoparticles, the increase in TNF-a level compared to the
control negative group indicates that the zinc oxide
nanoparticles triggered an inflammatory response, as evidenced
by the elevated production of the pro-inflammatory cytokine
TNF-a. While the result in the figure of post infection show This
negative control group, representing the baseline TNF-a levels
without any treatment. The second group serves as the positive
control, representing the maximum TNF-a response without any

Namir I. Mohammed et al.
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intervention. Third group received the sonicated antigen of S.
lugdunensis, which induced a pro-inflammatory response.
Beyond the first group but falling short of the second group.

Tumor necrosis factor-o (TNF-a) is involved in immune
responses and inflammation. Through the interaction of
bacterial components, such as cell wall components or toxins,
with immune cells, Staphylococcus lugdunensis can induce the
production of TNF-a. Thyrotropin-alpha (TNF-a) orchestrates
the recruitment, activation, and development of inflammation in

immune cells at the site of infection as a protective reaction
against the bacteria. (Koymans et al.,2017). Evidence has
demonstrated that Staphylococcus lugdunensis, a species
belonging to the Staphylococcus genus, has the ability to engage
with the immune system and regulate the production of certain
immunological molecules like interleukin-10 (IL-10), tumor
necrosis factor-alpha (TNF-a), and immunoglobulin G
(1gG).(Porcheron and Dozois, 2015).
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Figure 10) Serum TNF-a level in pg/ml as measured 28 days after immunization.
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Figure 11) Level of serum TNF-a pg/ml (7-day post infection)

Histopathology examination

Histopathological section of the liver and the spleen at day 7
post infection

Histological examination at day 7 post infection in the positive
control group revealed that liver showed disorganization of
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hepatic cord black arrow and MNCs infiltration in the portal
area (figurel2a), focal granulomatous in the liver parenchyma
(figure 12b). While the spleen revealed mild hyperplasia of
white pulp (figure 13a), severe destruction of splenic tissue
characterized by hemorrhage and MNCs infiltration in right

Namir I. Mohammed et al.
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pulp(figurel3b), in other animal showed limited hyperplasia of
the white pulp and significant damage to the splenic tissue
marked by bleeding and infiltration of MNCs in the right pulp.
(Sonicated S) group showed granulomatous lesion in the liver
parenchyma (figure 14a), inflammatory cell mainly MNCs
surrounding necrotic tissue (figure 14b). While the spleen
showed normal spleen tissue (figure 15). The liver (sonicated
S+ ZnO) group showed mild aggregation of MNCs in liver
parenchyma (figure 16a), and mild fatty changes in the
hepatocytes (figurel6 b). While the spleen showed mild
hyperplasia of the white pulp (figure 17).

i b

SR

Figure 12) Histopathological section in the liver (control posit
hepatic cord black arrow and MNCs infiltration in the portal Region yellow arrow (H and E stain 20X) (b) focal granulomatous
within the liver parenchyma black arrow (H and E stain 100X

Histopathological section of the liver and the spleen at day
21 post infection

Histological examination at day 21 post infection in the positive
control group that the liver showed Hepatocyte Fatty change
(figure 18a), necrosis of the hepatocytes (figure 18b), mild
MNCs infiltration with the portal area (figure 18c), thrombus
detected in the portal region (figure 18d). While the spleen
revealed depletion of white pulp and congestion of blood vessels
(figure 19). The liver of (Sonicated S) group showed necrotic
changes of hepatocytes and MNCs in the liver parenchyma
(figure 20a), mild MNCs infiltration in the portal area (figure
20b). While the spleen showed normal section (figure 21). The
liver of (Sonicated S+ ZnO) group showed dilation of central
vein (figure 22a), focal aggregation of MNCs (figure 22 b).
While the spleen showed mild hyperplasia of white pulp (figure
23).

Sy
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Figure 13) Histopathological section within the spleen (control positive) group day 7 post infection showed (a) mild hyperplasia
of white pulp (40X) (b) severe destruction of splenic tissue characterized by hemorrhage and MNCs infiltration in right pulp black
arrow (40X).
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Figure 14) Histb'pathblogicai section in the liver (sonicateS) group day 7 post infection showed (a) granulomatous lesion in the
liver parenchyma black arrow (40X). (b) inflammatory cell mainly MNCs surrounding necrotic tissue black arrow (100X)
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Figure 16) Histopathological section in the liver (sonicated S+ ZnQ) group day 7 post infection showed (a) mild aggregation of
MNCs in liver parenchyma (40X). (b) mild fatty changes in the hepatocytes (20X).
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Figure 18) Histopathological section in the liver of (control positive) group day 21 post infection showed (a) Hepatocyte Fatty
change black arrow (100X) (b) necrosis of the hepatocytes black arrow (100X). (c) mild MNCs infiltration in the portal area black
arrow (100X). (d) Thrombus in the portal area black arrow (100X).
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Figurel9) Histopathological section in the spleen (control positive) group day 21 post infection showed depletion of white pulp
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Figure 20) Histopathological section in the liver of (Sonicated S) group day 21 post infection showed (a) necrotic changes of
hepatocytes black arrow and MNC:s in the liver parenchyma yellow arrow (100X). (b) mild MNCs infiltration in the portal area
black arrow (100X).
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Discussion

Plant-derived nanoparticles are gaining recognition as
promising adjuvants in vaccine development due to their
biocompatibility, low toxicity, and capacity to enhance immune
responses. These nanoparticles can be used to boost the efficacy
of vaccines by enhancing the body’s immune response to the
antigen, ensuring that a more robust and long-lasting immunity
is achieved. The main aim of this study was to evaluate the
ability of plant-derived nanoparticles to enhance
immunoactivity when in combination with sonicated S.
lugdunensis bacteria. Zinc oxide nanoparticles (NPs) have been
demonstrated to trigger the production and release of certain
pro-inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-a), interleukin-6 (IL-6), and interleukin-8 (1L-8), by
various populations of immune cells. (Wahab et al.,2014;
Kaushik et al., 2015; Pandurangan et al.,2015). As well as can
act as adjuvants, enhancing the uptake of antigens by antigen-
presenting cells (APCs) like dendritic cells, leading to improved
T-cell activation, which are crucial for adaptive immunity, and
the phagocytic activity of macrophages cam improved by ZnO-
NPS that lead to clearance of pathogens Sherif et al., 2023).

o The main role of dendritic cells is to stimulate and
regulate immune responses by presenting antigens to other
immune cells and release pro-inflammatory cytokines,
including tumor necrosis factor-alpha (TNF-o) (Kang et
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al.,2013). The maturation of DCs by ZnO NPs stimulation, lead
to increase the expression of co-stimulatory molecules such as
CD80, CD86 and major histocompatibility complex (MHC)
molecules, which are essential for effective T-cell activation as
well as the ability of DCs to present antigens in a more effective
manner improves T-cell activation and subsequently helps in B-
cell activation, differentiation, and antibody production through
T-cell help Lee et al.,2023).

Detection of S. lugdunensis and its pathogenic components in
the liver can trigger an immune response characterized by
inflammation. During the immunological response, immune
cells are recruited and activated, leading to the release of pro-
inflammatory cytokines and causing damage to certain organs.
Successful evasion of innate immune responses is critical for the
survival of a pathogen that causes invasive infections. Several
proteins of Staphylococcus aureus interfere with the activation
and migration of neutrophils in response to the host. and
Bacterial chemotactic agents induce neutrophil lysis and
degradation of neutrophil extracellular traps, disrupt
opsonization, opsonin, and neutrophil phagocytosis, and
enhance bacterial survival within the neutrophil membrane.
(Spaan et al., 2017; Rooijakkers and van Strijp, 2007).
Several molecular processes can elucidate the advantageous
impact of such nanoparticles as adjuvants. One approach
involves the functionalization of plant-derived nanoparticles
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with antigens or other immunostimulatory molecules. Upon
introduction into the body, these nanoparticles rapidly undergo
uptake by antigen-presenting cells (APCs) including dendritic
cells and macrophages. The second mechanism is Within
antigen-presenting cells (APCs), nanoparticles facilitate the
efficient processing and presentation of antigens on major
histocompatibility complex (MHC) molecules. Optimal
presentation is crucial for the stimulation of T-cells, which are
essential for both the commencement of the immune response
and the following generation of antibodies by B-cells. The
sonicated antigen of Staphylococcus lugdunensis can trigger
both the innate and adaptive immune systems. the current study
has shown that the sonicated antigen Ags can stimulate the
innate immune response, namely by being recognized by pattern
recognition receptors (PRRs) and triggering inflammatory
pathways downstream. (Heilbronner et al., 2011). Moreover, it
has been demonstrated to trigger an adaptive immunological
response, resulting in the stimulation of T cells and B cells to
generate antibodies. (Becker et al.,2014; Zipperer etal., 2016).
Activation of helper T cells (CD4+ T cells) occurs when they
identify the antigen-MHC complex on dendritic cells. cytokines
secrete by T lymphocytes cell that have activated and influence
and modify the immune response. (Joffre et al.,2012).

These findings revealed that the co-administration of zinc oxide
nanoparticle and sonication antigen can significantly enhance
the production of TNF-a compared to the individual exposure to
zinc oxide alone (ZnO group).

The boom in TNF-a ranges suggests an immune reaction and
ability activation of inflammatory pathways inside the rats'
blood following immunization. The distinct experimental
settings, as well as the duration of vaccination and the quantity
of materials employed, are crucial factors that will influence the
reported variations in TNF-a stages. Furthermore, the
substantial increase in TNF-a levels seen in the group treated
with the combination of zinc oxide and sonication antigen
indicates a potential synergistic effect between these
components. Furthermore, zinc oxide can serve as an adjuvant
in this combination. Hence, it is plausible that zinc oxide, when
used as an adjuvant, amplifies the stimulation of dendritic cells
and finally augments the synthesis of TNF-a in reaction to the
sonication antigen. (Shang et al.,2014). Furthermore, this
combination may also result in an enhanced immunological
response, leading to the observed increase in TNF-a levels in the
ZnO group. In the bacteria Staphylococcus lugdunensis, the
presence of the Fbl gene, also known as the fibrinogen-binding
protein gene, leads to the buildup of liver thrombus. The
function of this gene is to encode a protein that is involved in
the bacterium's interaction with fibrinogen, a protein present in
the blood plasma. Argemi et al.,2019).

An investigation was conducted to determine the functional role
of the Fbl gene in the development of infections caused by
Staphylococcus lugdunensis. Fibrinogen-binding proteins have
a substantial impact on the attachment of Staphylococcus
lugdunensis to host tissues and the proliferation of biofilms,
which can prolong and worsen infections. Argemi et al.,2018).
Previous research on infectious bacteremia has resulted in the
development of the neutrophil extracellular trap (NET)
theoretical frame work. (Wartha et al., 2007). Pathogen spread
often occurs accompanying infectious bacteremia. (Moreillon
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et al., 2002). Platelets inhibit the transmission of diseases by
their interaction with infectious agents, promoting the formation
of blood clots, and creating neutrophil extracellular traps
(NETS), which have been demonstrated to stop the progression
of infections. (Jung et al., 2015).

The liver granulomatous lesions demonstrate that the immune
system in rats elicits a restricted, granulomatous reaction to
Staphylococcus lugdunensis infection in the liver. (Nishina et
al., 1997). Infection with Staphylococcus lugdunensis in rats has
been found to be associated with the formation of
granulomatous lesions in the liver, most likely triggered by the
host's immune response (Missiaggia et al., 2021). These
aggregate of mononuclear cells reveal an effort by the host's
immune system to limit and eliminate the bacterial infection in
the liver (Seifi et al., 2020).

A study by Li et al.,2020) Identification of minor aggregation
or infiltration of mononuclear cells, such as lymphocytes and
monocytes, in the hepatic tissue of rats affected by
Staphylococcus lugdunensis. Furthermore, it was shown that the
accumulation of lipids inside the hepatocytes resulted in further
deterioration of liver function and heightened susceptibility of
the liver to further injury. (Chen et al., 2022). The researchers
also observed a correspondence between the degree of
hepatocyte necrosis and the bacterial load, where higher levels
of infection led to a more extensive cell death (Wang et al.,
2021). The liver demonstrated an inflammatory reaction as a
mechanism to delimit and eradicate the bacterial infection. Yet,
the presence of these mononuclear cells disrupted the typical
architectural arrangement of the liver. Furthermore, a modest
buildup of mononuclear cells, such as lymphocytes and
monocytes, was seen in the liver tissue of rats challenged with
Staphylococcus lugdunensis (Zheng et al., 2018).

Conclusion, the use of sonicated Staphylococcus lugdunensis
Antigens (sonicated Ags) can effectively activate the immune
system and offer limited defense against S. lugdunensis
infection, particularly when combined with zinc oxide
nanoparticles. That lead This study could be first step for
(foundation step) studying the pathogenesis and developing
vaccination for animals in future studies
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