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This study evaluated zinc oxide nanoparticles (ZnO-NPs) as immunological adjuvants
against Staphylococcus lugdunensis. Fifty male rats (8-10 weeks old) were divided into
five groups. Group 1 received sterile saline (negative control), Group 2 was infected with S.
lugdunensis (positive control), Group 3 was immunized with sonicated S. lugdunensis antigens,
Group 4 received sonicated antigens loaded on ZnO-NPs, and Group 5 received ZnO-NPs only.
Serum levels of IL-10 and IgG were measured 28 days post-immunization, and internal organs
(heart, kidney, and lung) were examined histopathologically at 7 and 21 days post-infection.
Groups immunized with antigens (Groups 3 and 4) showed significantly higher IL-10 and IgG
levels compared to controls. Histopathological findings revealed severe vascular congestion in
the heart, mild glomerular atrophy with edema in the kidney, and lung hemorrhages in infected
groups, while granulomatous lesions were only found in Groups 2 and 3. Immunization with
sonicated antigens alone or combined with ZnO-NPs improved immune response and reduced
tissue damage. The most effective immune stimulation and protection were observed in the
group receiving ZnO-NP-loaded antigens, demonstrating their potential as adjuvants to enhance
immune defense and mitigate the effects of S. lugdunensis infection.
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Zinc oxide nanoparticles (ZnO-NPs) are
the second most prevalent metal oxide besides
iron. They are cost-effective, safe, and easy to
synthesize.! (ZnO-NPs) is well recognized for
its extensive application as a chemical additive
produced from zinc, which is used in both industrial
and daily chemical processes. However, the
progress of nanotechnology has resulted in the
rising adoption of ZnO-NPs as a good alternative

to ZnO materials in several fields, such as
industrial manufacturing, biomedicine, clinical
treatment, food processing, and environmental
management 2. These materials are synthesized
from ZnO using several techniques, including
physical approaches?®, chemical methods*°, and
biological template methods. Environmental
synthesis technology enables the large-scale
manufacture of ZnO nanoparticles without any
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additional contaminants®”#%!°, The green synthesis
NPs approach has been expanded to include
the application of microbes, fruits, bacteria,
fungi, algae, and plants in the manufacture
of nanoparticles. This technique possesses
intrinsic qualities of environmental benignity,
economic efficiency, biocompatibility, safety, and
sustainability'’.

The primary nanoparticles used are
ZnO-NPs. Because of their capacity to absorb
UV radiation, they are often used in sunscreen
compositions'>"*. Furthermore, ZnO-NPs are
utilized as a photoconductive additive in electronics,
as well as as an antibacterial and anti-yeast agent
in the food and packaging industries'*. ZnO-NPs
also show promise as potentially useful therapeutic
tools for neurological disorders and novel anti-
tumor therapeutic agents'®. Novel antileishmanial
agents based on ZnO nanoparticles were designed
as an alternative choice to traditional drugs for
Leishmania tropica parasites'®

Despite its rising prevalence,
pathogenicity, and antibiotic resistance, no vaccines
currently exist to prevent S. lugdunensis infections.
This represents a significant gap in the available
prophylactic measures. Innovative approaches
are needed to address this gap and reduce reliance
on antibiotics for managing infections caused
by this pathogen. One such approach involves
immunization using sonicated S. lugdunensis
antigens carried by zinc oxide nanoparticles (ZnO-
NPs) as an adjuvant. ZnO-NPs have demonstrated
antimicrobial and immune-modulating properties,
making them a promising candidate for enhancing
antigen-specific immune responses '"'®1°. By
combining bacterial antigens with ZnO-NPs, this
study seeks to develop an effective immunization
strategy against S. lugdunensis infections, offering
a novel therapeutic and preventive avenue for
combating this emerging pathogen.

Widely recognized as a potent human
pathogen, the behavior of S. lugdunensis closely
mimics that of Staphylococcus aureus, exhibiting
more virulence than other CoNS agents®.
Staphylococcus lugdunensis is capable of inducing
awide range of infections, spanning from localized
to systemic disorders. It can develop biofilms,
which in turn leads to a variety of infections
associated with foreign bodies, such as catheter-
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related bacteremia, bone infections, and joint
infections?!. Severe infective endocarditis? has also
been documented in cases of skin and soft tissue
infections®.

Staphylococcus lugdunensis has emerged
as a significant opportunistic pathogen within the
Staphylococcus genus, causing severe infections
such as wound and bloodstream infections. Unlike
other species such as Staphylococcus aureus and
Staphylococcus epidermidis, the attention given to
S. lugdunensis has historically been limited, despite
its growing clinical relevance. Recent studies in
Iraq have highlighted the pathogenicity, antibiotic
resistance, and prevalence of Staphylococcus
lugdunensis. * reported the isolation of methicillin-
resistant S. lugdunensis (MRSL) from clinical
samples, identifying high resistance rates to
a-lactam antibiotics, including oxacillin (46.6%)
and ampicillin (73.3%), with the mecA gene
detected in 40% of isolates. Similarly, > found that
S. lugdunensis isolates exhibited 100% resistance
to methicillin and oxacillin in samples collected
from dental staff. These findings highlight the
bacterium’s growing resistance to conventional
antibiotics, presenting significant challenges for
clinical management. Furthermore, its presence
has been documented in diverse clinical samples
in Iraq, including burns, skin, pus, and blood 2
The prevalence of S. lugdunensis in healthcare
and community settings indicates its adaptability
and pathogenic potential. Beyond its antibiotic
resistance, S. lugdunensis exhibits additional
characteristics that complicate treatment.?’
identified biofilm-associated genes (icaA and icaD)
in S. lugdunensis, underscoring its ability to form
biofilms, which enhance resistance to antibiotics
and immune evasion. Moreover, the study by*
demonstrated the bacterium’s high resistance to
environmental stressors, such as mercury and
chromium, and its ability to thrive in polluted
environments, reflecting its resilience and survival
adaptability.

MATERIALS AND METHODS

The steps for Staphylococcus lugdunensis
isolate are mentioned according to *3° The
bacterial cultures used in the current study were
obtained from the Department of Biology, College
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of Science, University of Baghdad, Iraq. Vitec
and PCR Assay confirmed The Staphylococcus.
Lugdunensis
Preparation of Staphylococcus. Lugdunensis
Antigens

This was prepared as follow?!, briefly,
Staphylococcus lugdunensis cultured on nutrient
agar was incubated at 37 °C for 24 hrs., harvested
in PBS (pH7.2), centrifuged at 3000 rpm (4°C/30
minutes), then the precipitate was washed three
times with PBS, re-suspended in PBS in a universal
tube, placed in the ultrasonicator device (at 12
Peak for 2 minutes intervals for 30 minutes in a
cold environment (ice ). The sonicated suspension
was centrifuged at 10,000 r.p.m. for 30 minutes
in a cooled centrifuge. The resulting liquid was
then filtered using a Millipore filter with a pore
size of 0.22 micrometers. The supernatant was
then analyzed using Gram stain and cultured on
blood agar to verify the sterility of the antigen.
Quantification of the antigen using the Biuret
technique revealed a total protein concentration
of 3 mg/ml, classifying it as soluble sonicated S.
lugdunensis antigen (Sonicated Ag).
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Preparation of Zinc Oxide Nanoparticles

The synthesis of zinc oxide nanoparticles
was conducted using biological methods at the
Department of Biotechnology, College of Science,
University of Baghdad, Iraq. The Allium porrum
leaves were collected from the cultivation site in
Kerbela, Iraq, rinsed with tap water, and thoroughly
desiccated. The desiccated foliage was pulverized
into a fine powder. Next, 250 grams of the powder
were combined with 500 ml of deionized water.
The combination was then stirred for one hour and
then stored at 4°C for 24 hours. Next, the mixture
was centrifuged at 8,000 r.p.m. for 10 minutes. The
supernatant was promptly collected and placed in
the refrigerator for the subsequent procedure. 200
cc of the prior preparation was combined with
20 g of zinc acetate and agitated overnight in a
shaker. Next, the mixture was briefly centrifuged
to gather the nanoparticles. After being rinsed
twice with 5 ml of deionized water, the precipitated
nanoparticles were centrifuged at 8,000 r.p.m. for
5 minutes, recovered, and transferred to a sterile
Petri plate and maintained at 37°C for 24 hours to

Fig. 1. The arrow shows that PCR products as 420 bp represented on agarose gel electrophoresis, well 1: DNA
ladder marker, well 1 and 2 represented positive sample
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dry. Finally, the end product was characterized to
verify the incorporation of nanoparticles.
Preparations for in vivo administration
Amounts of ZnO-NPs (size of nanoparticle
was 65.49 nm), 0.312 mg ZnO-NPs was added to
5 ml of S. lugdunensis antigen suspension. The
resulting mixtures were gently stirred at 37°C on
a sonicated water path device.
In vivo experimental Design
Forty healthy white male rats, ages
ranging between 8-10 weeks, were randomly
allocated into five groups and administered the
treatments as follows:
* Group | (n=5): rats injected with 0.3 ml of sterile
normal saline serving as a negative control group.
* Group 2 (n=10): rats injected i.p with S.
lugdunensis (1.5x108 Cell/ml) serving as positive
control group.
* Group 3 (n=10): rats immunized s.c. with 0.3
ml (3mg/ml) of whole sonicated S. lugdunensis
antigens, 2 doses with 2 weeks intervals, then
infected with S. lugdunensis (1.5x108 cells/ml).
* Group 4 (n=10): rats immunized s.c. with 0.3ml
(3mg/ml) of whole sonicated S. lugdunensis
antigens uploaded on ZnO nanoparticles, 2 doses
with 2 weeks intervals, then infected with S.
lugdunensis.
* Group 5 (n=5): rats injected s.c. with 0.3 ml
of ZnO-NPs, serving as an additional negative
control group.
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At day 28 post-immunization, serum was
collected for detection of IgG and IL-10, according
to the manufacturer’s suggested protocol (Sunlong
Medical Company /Catalogue Number: IgG/
EL0020Ra; Sunlong Medical Company /Catalogue
Number: IL10/ EL0032Ra).

At day 30 post-immunization, the rats
were infected with S. lugdunensis given i.p. Five
rats from each group were sacrificed at days 7
and 21 post-infection, and samples from internal
organs (heart, kidney, and lung) were taken for
histopathology.

Statistical Analyses

A datasheet of IBM SPSS version 26.0
was used to tabulate the data and conduct the
statistical analysis. Data are expressed as mean and
standard errors of continuous variables. Statistical
comparison was performed using an analysis of
variance (ANOVA) test to identify significant
differences, followed by an evaluation of the
least significant difference (LSD). A p d”0.05 was
considered significant.

RESULTS
As shown in Figure 1, the PCR approach

detected the Fbl gene of S. lugdunensis to confirm
the bacterial species.
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Fig. 2. Level of serum IgG pg/ml (28-day post immunization)
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Figures 2 and 3 revealed high levels of
IgG at day 28 post-immunization and day 7 post-
infection in the 2nd and 3rd groups, respectively.
In addition, the level of IL-10 also showed
a significant increase in the same groups. This
suggests that exposure to sonicated antigen (group
3) or the combination of zinc oxide and sonicated
antigen (group 4) can lead to an increase in IgG
and IL-10 levels.
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The group 5 (ZnO-NPs) showed a decrease
in the levels of IgG and IL-10 at day 7 post-infection
compared with day 28 post-immunization (before
infection). The sonicated antigen could potentially
enhance the immune response by increasing its
presentation efficiency to the immune cells. This
can lead to a robust activation and proliferation of
B cells, which are responsible for producing IgG
antibodies. As a result, the levels of IgG and IL10
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in the blood were higher in the group exposed to
the sonicated antigen compared to the other groups.

When the sonicated antigen was delivered
in conjunction with ZnO-NPs, it helped maintain
higher levels of IL-10 compared to ZnO-NPs
alone. The sonicated antigen generated from S.
lugdunensis partially offset the immunosuppressive
effects of ZnO-NPs. ZnO-NPs appeared to interfere
with the immune system’s typical response
since they inhibited the production of the anti-
inflammatory cytokine IL-10 and IgG. However,
this immunosuppressive impact of the ZnO-NPs
was partially offset by the sonicated antigen.
Compared to the group that received ZnO-NPs
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alone, higher levels of IL-10 were achieved by
co-administering the sonicated antigen with the
ZnO-NPs. it implies that the sonicated antigen
blunts the ZnO-NPs’ immunomodulatory effects.
Histopathological examination
Histopathological examination on day
7 post-infection in the positive control group
revealed that the heart showed severe congestion
of blood vessels and mild hemorrhage (Figure 6a).
At the same time, the kidney showed infiltration
of mononuclear cells (MNCs) in the interstitial
tissue and mild atrophy of the glomerular tuft with
edematous fluid in the Bowman space (Figure 6b).
The heart showed at day 7 post-infection that the
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Fig. 5. Level of serum IL10 pg/ml (7-day post infection)

Fig. 6. Histopathological sections of the positive control group 7-day post infection showed: (a) heart: congestion
and mild hemorrhage (yellow arrow) (100X); (b) kidney: mild atrophy of glomerular tuft with edematous fluid
in the bowman space (black arrow) (100X); (c) lung: severe congestion and hemorrhage with MNCs infiltration
yellow (yellow arrow) (100X).
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group 3 rats immunized with the sonicated Ag
showed normal cardiac tissue (Figure 7a), and the
kidney showed congestion of blood vessels and
MNC:s infiltration (Figure 7b). The lung revealed
mild MNCs infiltration in the parenchyma and
severe perivascular cuffing of MNCs (Figure 7c).
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At the same time point, the group 4 rats given
the sonicated Ag+ZnO-NPs showed normal
architecture of the heart (Figure 8a) and slight
peri-glomerular MNC:s infiltration (Figure 8b). The
lungs were characterized by mild thickening in the
alveolar walls and mild emphysema in addition to

Fig. 7. Histopathological sections from the group immunized with sonicated Ags group 7 days post-infection
showed: (a) heart: normal architecture (20X); (b) kidney: congestion of blood vessels and MNCs infiltration in
kidney parenchyma (black arrow) (40X); (c)lung: severe perivascular cuffing of MNCs (black arrow) (100X).
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Fig. 8. Histopathological sections of sonicated Ags+ ZnO group 7 days post-infection showed: (a) heart: normal

architecture (10X); (b) kidney: periglomerular MNC:s infiltration (black arrow) (100X); (c) lung: perivascular
and peribronchiolar cuffing of MNCs black arrow with mild thickening in the alveolar walls (yellow arrow) and
mild emphysema ((40X).
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Fig. 9. Histopathological section from (positive control) group 21-day post-infection showed (a) heart: mild
MNC:s infiltration between cardiac muscles bundles (black arrow) (40X); (b) kidney: periglomerular infiltration
mainly MNCs (black arrow) (100X) ;(c) lung: MNCs infiltration around the bronchiol and in the interstitial
tissues (black arrow) (40X).
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Fig. 10. Histopathological sections in the group immuniz

&

ed with sonicated Ags showed: (a) heart: mild MNCs

filtration between cardiac muscles bundles (black arrow) (40X); (b) kidney: focal granulomatous lesion in kidney
parenchyma (100X); (c) lung severe MNCs infiltration in lung parenchyma (black arrow) (40X).
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Fig. 11. Histopathological sections from group immunized with sonicated Ags+ZnO-NPs), 21-day post-infection
showed: (a) heart: normal architecture(40x); (b) kidney: MNCs adjacent to the glomeruli (black arrow) (100X);
(c) lung; granulomatous lesion in the lung (black arrow) (100X).

perivascular and peribronchiolar cuffing of MNCs
(Figure 8c).

The histological sections from the hearts
of the positive controls (group 2) at day 21 post-
infection showed congested blood vessels and
mild MNCs infiltration in the cardiac interstitium
(Figure 9a). The kidney showed peri-glomerular
and interstitial infiltration with MNCs (Figure
9b). The lung showed severe MNC infiltration
in the alveolar and peri-bronchial interstitium
(Figure 9c). In group 3 rats immunized with the
sonicated Ag at day 21 post-infection, the heart
showed congestion of blood vessels and mild
MNC interstitial infiltration (Figure 10a). The
kidney showed congestion of blood vessels, MNCs
infiltration, and focal granulomatous lesions in the
kidney parenchyma (Figure 10b). The lung showed
severe MNCs infiltration in the parenchymal
interstitium (Figure 10c).

In group 4 rats immunized with sonicated
Ag+ZnO-NPs, the heart showed a normal

architecture (Figure 11a). The kidney showed
MNCs adjacent to the glomeruli (Figure 11b),
while the lung showed MNC:s infiltration and focal
granulomatous lesions in the lung parenchyma, as
well as cellular debris in the bronchiolar lumina
(Figure 1lc).

DISCUSSION

‘When harmful invaders are detected, the
immune system responds by either neutralizing
them or eliminating them > Nanoparticles (NPs)
derived from plant extract have emerged as a
promising approach in the field of nanotechnology
and nanomedicine, particularly for their ability
to modulate the immune response. Moreover,
immune stimulation after using nanoparticles as
adjuvant can be considered a safe and effective
approach to stimulate IgG production, IgG playing
a crucial role in the host’s defense mechanism.
Plant-derived nanoparticles can stimulate IgG
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production owing to their inherent biocompatibility
and ability to be easily recognized by the immune
system. Interestingly, many bioactive compounds,
such as flavonoids, terpenoids, and alkaloids,
have been detected in these nanoparticles, which
are capable of interacting with immune cells and
triggering their innate and adaptive response. Upon
administration of these nanoparticles, T-accessory
cells, such as dendritic cells and macrophages, can
improve the phagocytosis of vaccine components
and increase antigen presentation to Th2 cells,
which in turn stimulate B cells to produce IgG**
IgG is known to contribute to the adaptive
immune response. During an infection caused by
Staphylococcus. lugdunensis, B cells can identify
the bacterial antigens and generate specific IgG
antibodies to target and inactivate the pathogen.
Once bound to the bacteria, IgG designates them
for elimination by other components of the innate
defense system, such as phagocytic cells and
complement. Our study reveals that the use of
sonicated S. lugdunensis antigen coupled with
Zn-O nanoparticles enhanced the production of
specific IgG antibodies. It, in turn, promotes the
opsonization and subsequent eradication of S.
lugdunensis ** More importantly, these antigen-
bound nanoparticles shorten the time needed for
B cell stimulation and increase the production of
IgG compared with the rats vaccinated with the
sonicated antigen alone.

Zinc oxide nanoparticles (ZnO-NPs)
have been shown to have immune-modulatory
properties, being able to influence the function of
the immune system. Nevertheless, their effects may
differ based on their dimensions, configuration,
density, and surface characteristics, as well as
the experimental parameters and cell types under
investigation. A previous pre-clinical study?**
demonstrated the effectiveness of using sonicated
antigens from S. lugdunensis added with an
adjuvant to improve the development of a vaccine
that can efficiently induce a robust and protective
immune response against S. lugdunensis infection.

The cytokine IL-10 possesses anti-
inflammatory properties needed to down-regulate
the immune response and reduce excessive
inflammation. When exposed to bacterial antigens
or inflammatory signals, immune and related
cells, such as T cells, macrophages, and dendritic
cells, can initiate the synthesis of IL-103%¢

MOHAMMED & AL-AWADI, Biomed. & Pharmacol. J, Vol. 17(4), 2717-2728 (2024)

which has a role in modulating the inflammatory
response and mitigating tissue damage caused
by an exaggerated reaction to the infectious
agents. Infection by S. lugdunensis can trigger an
immune response characterized by the synthesis
of IL-10 7. Previous studies have shown that
Zn-0 nanoparticles intrinsically possess immuno-
stimulatory properties, being able to stimulate the
molecular pattern recognition receptors, such as the
Toll-like receptors (TLRs), on immune cells. This
activation can trigger immunological responses
and promote the production of inflammatory
mediators, including TNF-4 and IL6*. The present
study fits well with the previous findings that a
sonicated S. epidermidis preparation induces IL-
10 secretion from human mast cells, potentially
influencing the immune response*’. Other studies
have also demonstrated that exposure to sonicated
Staphylococcus species can stimulate the release
of IL-10 in different cell types*"

Although no research has specifically
investigated the effect of combining sonicated S.
lugdunensis with ZnO-NPs on IL-10 production,
the studies mentioned above performed on other
Staphylococcus species indicate that a similar
effect may occur. Inflammatory cells may exploit
the anti-inflammatory properties of IL-10 to
mitigate the reaction to sonicated antigen-bound
ZnO-NPs. A further investigation revealed that
the co-administration of sonicated S. aureus and
ZnO-NPs resulted in increased release of IL-10
from human lung epithelial cells, interpreted as
a possible defensive mechanism to the potent
immune stimulus**

In cases of endocarditis due to S.
lugdunensis, the congestion of coronary arteries
is likely attributable to the inflammatory response
induced by the bacterial infection. The resulting
inflammatory response causes vasodilation and
increased permeability of the coronary vessels,
leading to exudate extravasation in the cardiac
interstitium. The infection has the potential to
harm the endothelial cells, resulting in exacerbated
permeability and potential arterial rupture** The
present histological findings suggest glomerular
damage, possibly caused by the inflammatory
response induced by the S. lugdunensis infection.
Itis characterized by infiltration by mononuclear
cells, such as lymphocytes and monocytes, into
the kidney interstitium**
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S. lugdunensis is known for its capacity
to produce many virulence factors, such as toxins
and adhesins, that can directly undermine the
structural and functional integrity of the pulmonary
blood vessels*. Enhanced permeability resulting
from this vascular damage induces extravasation
of exudate and blood into the adjacent lung
tissue, leading to congestion. The collapse of the
vascular endothelium can cause a loss of normal
vascular tone, which in turn can result in bleeding
and hemorrhage in the lung aerial spaces. In
the lungs, S. lugdunensis also triggers a strong
inflammatory response, marked by the recruitment
of mononuclear cells, such as lymphocytes and
monocytes, in the site of infection** In turn,
inflammatory cells release several mediators,
such as chemokines and cytokines, that can
exacerbate vascular dysregulation and recruitment
of inflammatory cells. The chronic inflammatory
response can lead to lung tissue damage and
dysfunction, therefore compromising the gas
exchanges. Besides its indirect adverse effects
mediated by blood vessel injury, S. lugdunensis
also produces several enzymes and toxins that can
directly damage lung tissue’, such as hemolysins
and leukocidins. These molecules can cause lysis
and destruction of host cells, such as alveolar
epithelial cells and endothelial cells, as well as
disassemble the extracellular matrix and disrupt the
alveolar-capillary barrier, further contributing to
the development of severe congestion, hemorrhage,
and impaired gas exchange in the lungs®.

CONCLUSIONS

This study shows the potential of zinc
oxide nanoparticles as an effective adjuvant with
sonicated Staphylococcus lugdunensis antigens
to stimulate immune responses, offer protection
against tissue damage from infection, and enhance
antigen-based immunization strategies.
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