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Abstract: The need to investigate therapeutic alternatives has increased due to the rise in bacterial
infections that are resistant to antibiotics. One promising direction is the synergy between natural materials
and nanoparticles, which can benefit various fields, including medicine, agriculture, and environmental
science. Combination therapy is particularly relevant in the context of antimicrobial CaO nanoparticles with
Naringenin on multidrug-resistant S. aureus. The current study studied the effect of treatments on the
expression of luk/IukD in isolates collected from different samples. All isolates were identified as S. aureus
according to morphological, cultural, biochemical, VITEK-2, and 16S rRNA. The study found that the
isolates were resistant to Cefoxitin, Oxacillin, Erythromycin, Vancomycin, Clindamycin, Tetramycin,
Levofloxacin, Moxifloxacin, Imipenem, and Meropenem. CaO nanoparticles were prepared from eggshells
using the milling method followed by calcination at 900 (°C) and characterized by XRD, SEM, and TEM
analysis. A qPCR assay was performed to evaluate the transcription level of IukE /lukD genes in S. aureus.
The results showed a synergistic effect of CaO nanoparticles with Naringenin on multiresistant cocci.
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Introduction and finding alternative and safer

Staphylococcus aureus is a common
cause of wounds, postoperative,
prosthetic joint steps, and even fatal
pneumonia infections. Treatment of S.
aureus infections is difficult due to
several virulence factors, antibiotic
resistance, and no effective vaccine (1).

Toxins, immunomodulators, and
adhesins are virulence factors that have
various harmful roles in S. aureus. There
has been continued interest in the
unusually high number of toxins and
other virulence factors produced by S.
aureus, how they contribute to disease,

treatments (2).

Leukocidin ED is a type of pore-
forming toxin. LUKED toxin plays a
prominent role in the pathogenesis of S.
aureus. Where can destroy host cells by
perforating their membranes, causing
them to lyse (3). The toxin LUkED was
present in 87-93% of pathogenic strains
from Japan and 88-99% of Methicillin-
resistant S. aureus strains worldwide,
indicating its possible role in the
pathogenicity of S. aureus (4). S. aureus
strains can produce up to five
leukocidins that target and kill host
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phagocytes (5). Drug-resistant S. aureus
isolates that show elevated expression of
genes encoding Leukocidin toxins (IukE,
D, F, S) are often responsible for hospital
infections (6). The rapid development of
microbial resistance outpaces the
creation of new antibacterial agents,
highlighting the urgent need for effective
alternatives. In this context, metal
nanoparticles and metal oxides emerge
as promising candidates in the battle
against antimicrobial resistance. (7).
Additionally, combination therapy is an
under-explored strategy that holds the
potential for addressing AMR more
effectively. This approach could offer a
viable solution to the growing resistance
challenge (8). Targeting bacterial cell
membrane lipids and virulence factors
such as bacterial toxins, represent a
novel alternative to conventional
antibiotic therapies. This approach can
enhance antibiotic susceptibility by
altering the bacterial membrane's
composition and affecting properties
such as stability, permeability, fluidity,
and surface charge(9).

Nanomaterials are materials with
external dimensions of one nanometer.
Several manufacturing processes create
these materiales. They are used in the
pharmaceutical industry, which is the
most important industry Shape, size,
surface  morphology,  crystallinity,
solubility, affect the physical and
chemical properties of these
nanostructures (10). The rise in bacterial
infections and their multidrug-resistant
properties are driving the development
of a new class of antimicrobial agents,
including the use of metallic
nanoparticles in novel formulations (11).

There is a lot of promise for using
CaONPs as antibacterial agents in the
food industry (12). CaONPs are

beneficial in catalysis, and adsorption.
CaONPs are also applicable against
Escherichia coli, Streptococcus mutans,
and Proteus vulgari (13). CaONPs with
salicylic acid enhance the effectiveness
of plant defenses against Fusarium
oxysporum by increasing the production
of antimicrobial peptides, which
increases the production of resistance to
this fungus (14). CaO nanoparticles
(CaONPs) prepared using 600 mJ laser
energy showed high resistance against S.
aureus and Klebsiella pneumoniae (15).
CaONPs with Graphene oxide reduced
the expression of water stress-related
genes (mtr-miR159 and mtr-miR393) in
alfalfa (16).

Naringenin (NAR) is a compound
trihydroxy flavanone found in citrus
fruits and some plants, known for its
many health benefits, like fighting
cancer and infections (17). Naringenin
provides protection against oxidative
stress, enhances the ability of cells to
fight damage caused by free radicals, and
reduces toxicity caused by substances
such as paraquat. Thus, it promotes cell
health(18). Modifying their chemical
structures can significantly impact their
solubility, stability, and biological
activity. It reduces harmful biofilm
formation and works well with
antibiotics like oxacillin, enhancing their
effectiveness. This makes it a potential
candidate for treating resistant infections
(19). Novel Naringenin derivatives
showed varying levels of antimicrobial
activity, with some  substitutions
enhancing effectiveness while others
reduced it. Naringenin's ability to kill
bacteria is linked to damaging the
protective membrane and interfering
with the DNA.

This dual action makes it a powerful
antibacterial agent (20). NAR helps
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colistin fight bacteria more effectively
by blocking resistance, confusing the
bacteria's  defense  systems, and
increasing damage to the bacteria (21).
NAR shows clear effects on gut bacteria,
which in turn improve microbiome
health and increase the expression of
iron uptake genes in Ruminococcus
gauvreauii. In Bifidobacterium
catenulatum, increased expression of
metabolic and DNA repair genes was
observed, with a decrease in thymidine
synthesis genes. Enterococcus caccae
showed increased expression  of
transcription and protein transport
pathways, with a decrease in sugar
transport and purine synthesis genes
(22). The present study aimed to
investigate the synergistic effect of
CaONPs with NAR to inhibit the growth
of S. aureus and the expression of
leukocidin toxin genes in this bacterium.
The study is assuming that the
synergistic effect of CaONPs with NAR
gave good inhibition results and reduced
the expression of toxin genes more than
using each substance alone, which is
encouraging for future work as an
antimicrobial agent.
Materials and Methods
Isolation of Staphylococcus aureus
Staphylococcus aureus was isolated
from 160 samples with Mannitol salt
agar plates for 24 hr. They were picked
out and identified as S. aureus, based on
their morphological and biochemical
characteristics, VITEK-2  compact
system (Biomerieux, France), and
Detection of 16SrRNA FW
GGGACCCGCACAAGCGGTGG RW
GGGTTGCGCTCGTTGCGGGA (191)
bp (23)—conventional PCR. The primer
was supplied in a lyophilized form by the
Macrogen company (Korea).

Detection of IukE and IukD by
conventional PCR

IuKE and lukD conventional PCR
primers were supplied by the Macrogen
company (Korea). The primers of
amplify the two genes are:

Fw
TGCGTAAATACCAGTTCTAGGG,
Rw TCCAACAGGTTCAGCAAGAG
(199 bp) and

Fw
ACCAGCATTTGAACTACTTTGT,
Rw
TCTAATGGCTTATCAGGTGGAT
(240bp) respectively (24).
Antimicrobial Resistance (AMR) Test

A total of ten Staphylococcus aureus
isolates were subjected to an antibiotic
susceptibility test (AST) card in the
Vitek2 compact system (Biomerieux,
France). The isolates were tested for 10
different  antimicrobials, namely,
Cefoxitin, Oxacillin, Erythromycin,
Vancomycin, Clindamycin, Tetramycin,
Levofloxacin, Moxifloxacin, Imipenem,
and Meropenem.

Synthesis of CaO nanoparticles
(CaONPs)

The chicken eggshells were
collected, cleaned thoroughly, ground,
washed three times with deionized water
to remove impurities, then ground into a
fine powder using a blender. The
resulting eggshell powder was roasted
for 1 hour in a sealed vessel at 900 °C in
a furnace oven (India), the powder was
cooled (25). CaO powder was added to
deionized water next, and an ultrasonic
probe from Hilcher (Germany) was used
for 15 minutes. Operating at a frequency
of 20-30 kHz, this probe helps distribute
calcium  oxide particles evenly
throughout the solution. The ultrasonic
waves generate a cavitation effect, which
breaks up the particles and prevents
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agglomeration, enhancing the mixture's
effectiveness and making it suitable for
preparing nanofluids and improve its
antibacterial properties (12).
Preparation of naringenin (NAR)

Naringenin (purity 97 %) was
purchased from MACKLIN (China) for
this study. In the disk diffusion assay.
The solvent of choice for NAR was
methanol(26). Serial dilutions (23 to 0.7
mg/ml).

Preparation of CaONPs-NAR

One mL of CaONPs (0.7mg/ml) was
mixed with one mL (23mg/ml) of
naringenin  solution under stirring
conditions at 30 °C. This resulted in the
formation of a yellow substance.
Characterization of CaO
nanoparticles (CaONPs)

Calcium oxide nanoparticles were
characterized using several tests to
determine some of their physical and
chemical properties, such as XRD, SEM,
and TEM (27,28).

The structural characteristics of the
produced CaONPs were examined using
an X-ray diffraction apparatus with a
(°2Th) 0.0110 step size and a wavelength
of 1.54060 as the powdered sample was
applied to silicon wafer chips.

The surface of a sample can be
captured in high-resolution images
through scanning electron microscopy
(SEM). This method is applied in many
disciplines, such as materials science and
biology. SEM directs a concentrated
electron beam onto the sample's surface
to produce finely detailed images with
compositional and topographical details.
Important information regarding their
size, shape, and crystallinity can be
obtained through transmission electron
microscopy (TEM).

Effect of CaO  nanoparticles
(CaONPs) and Naringenin (NAR) on
Staphylococcus aureus isolates and
expression IUKE/D genes

The effect of treatments (CaONPs,
NAR, CaONPs-NAR) on S. aureus
isolates was tested using the agar
diffusion method. By mixing 0.007 g of
CaONPs with 10 ml of deionized water
(0.7 mg/mL), a CaONPs stock solution
was prepared, and serial dilutions (1/2
(0.35), 1/4 (0.175), 1/8(0.0875),
1/16(0.043), and 0) were used by
combining deionized water with a
known amount of base solution.
Dilutions of NAR were also made from
0.23 g of stock solution in 10 mL of
methanol (23 mg/mL) (/2 (11.5),
1/4(5.75), 1/8 (2.875), 1/16 (1.437), and
0) and a stock solution of CaONPs/NAR
at the same concentrations. A suspension
of bacteria was prepared and compared
with a 0.5 McFarland tube. The bacterial
suspension was spread on Mueller-
Hinton agar plates. Prepared Petri dishes
with wells of 10 mm diameter on agar
plates. 100 pL of prepared CaONPs,
Naringenin solution, and prepared
solutions of CaONPs-NAR were loaded
in different wells in the Mueller agar
plates. The agar plates remained
undisturbed for 15 min to ensure even
diffusion of samples into the agar. The
plates were incubated for 18-24 hours at
37°C.

A (gPCR test was carried out to
evaluate the transcription level of the
IukE, IukD, and 16SrRNA as reference
genes in S. aureus. A one-step RT-PCR
kit was used that uses RNA as a template
for replication. In this study, two primers
were used to detect the effect of CaONPs
and NAR on gene expression (29, 30).
The percentage increase in fold for the
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treatments was calculated as follows:
Increase in fold % =(C)-(CD) /(C)x100.
Whereas:
C: The mean of the change in the fold for
the control
CD: The mean of the change in the fold
for the treatment.
Statistical Analysis

Data from three replicates was used
to calculate the mean and standard
deviation. GraphPad Prism 10 software
was used to plot graphs, and analysis of
variance (ANOVA), followed by the
Tukey test, was performed to determine
statistically ~ significant  differences
between treatments.

Results and Discussion
Detection and Identification of S.
aureus isolates

Sixty of S. aureus isolates were
obtained from several clinical sources.
The isolates of S. aureus that grew on the
mannitol salt agar after 24-48 hr. at 37°C
(Figure 1) or blood agar media were
subjected to microscopic, cultural, and
biochemical analysis, VITEK-2, and
16SrRNA (31,32). Figure (2) showed
one band of 191 bp (product size) in the
S. aureus isolates and the control as a
result on agarose gel compared with
DNA marker (100-1500 bp).

SeHNALL

191bp

Figure (2): Results of the polymerase chain reaction (PCR) of STRNA16 genes in S. aureus isolates
on 1.5% agarose gel electrophoresis stained with Ethidium Bromide, M: 100bp ladder marker.
Lanes 10 resemble 191bp PCR products.
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Detection of IukKE and lukD in S.
aureus isolates

The molecular investigation was
carried out on ten isolates that carried
IukE, and lukD genes that encode to

Leukocidin ED toxin using the

polymerase chain reaction PCR (33).
The PCR products of the IukE (199bp),
lukD (240bp) were confirmed using a gel
electrophoresis system as shown in
(Figures 3-a and 3-b).
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Figure (3-a): Results of amplifying IUKE in S. aureus isolates on 1.5% agarose gel electrophoresis
stained with Ethidium Bromide, M: 100bp ladder marker. Lanes 10 resemble 199bp PCR products.
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Figure (3-b): Results of the polymerase chain reaction of lukD in S. aureus isolates on 1.5% agarose
gel electrophoresis stained with Ethidium Bromide, M: 100bp ladder marker. Lanes 10 resemble
240bp PCR products.

Antimicrobial Resistance (AMR) Test

Ten isolates were subjected to ten
antimicrobial agents for antimicrobial
resistance testing. The results of

antimicrobial resistance testing showed
that the ten S. aureus isolates were
resistant to oxacillin and cefoxitin
(100%) and showed different resistance
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rates to eight antimicrobials (Table 1)
isolates were found to be resistant to
eight antimicrobials, namely
Erythromycin 90%, Vancomycin 80%,

221

Clindamycin70%, Tetracycline70%,
Levofloxacin 70%, Moxifloxacin 70%,
Imipenem 30%, Meropenem 30%.

Table (1): Resistance of Staphylococcus aureus isolates to 10 different antimicrobials.

Isolates number Resistance
Antibiotic S1| S2 | S3|S4|S5| S6 |S7|S8|S9 | Si10 %
Cefoxitin R|R|R|R|R R R|R|R R 100
Oxacillin R|R|R|R]J|R R R|R|R R 100

Erythromycin R R R|R|R R R|IR|R S 90
Vancomycin S R R|S|R R R|R|R R 80
Clindamycin R R R|R| S R S S R R 70
Tetracycline R R R|R| S R R | S R S 70
Levofloxacin R R R|R|R R S| R | S S 70
Moxifloxacin R R R|R|R R S| R | S S 70

Imipenem S R R|R| S S S S S S 30
Meropenem S R R|R| S S S S S S 30
Characterization of CaO shown. The peaks at 32.3, 37.4, 54, 64.2,

nanoparticales (CaONPs)

X-ray diffraction analysis (XRD)
XRD pattern of the CaONPs,

Figure (4), showed crystalline phases

with cubic structure according to Card

No ICDD 00-037-1497. In Figure (4),

the XRD peaks of the CaONPs are

67.5, 79.8, 88.5, and 91.4 correspond to
the (111), (200), (220), (311), (222),
(400), (331), and (420), respectively.
These findings confirm the formation of

a well-defined cubic crystal structure in
the synthesized CaONPs.
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Figure (4): XRD OF CaO nanoparticles.

Field Emission Scanning Electron
Microscopy (FE-SEM):

FE-SEM images, CaONPs were as
about spherical nanoparticles with a size

between 84.8 -163 nm, as shown in
Figure(5). Recognizing that these
particles contain fragments of diverse
sizes and shapes.
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Transmission Electron Microscopy
(TEM)

TEM was employed to enhance the
accuracy of our examination, as shown
in Figure (6a). TEM image of the
synthesized CaONPs revealed a particle
size distribution ranging from 2 - 23 nm,
with an average size estimated at 8 nm.
This observation highlights the presence
of quantum dots within the prepared
nanoparticles and the previously

Figure (5): FE-SEM of the prepared CONPs.

mentioned nanosheets, as demonstrated
in Figures (6a, b). Simultaneously, the
mix of CaONPs and NAR produced a
random network with a clear prominence
of naringin-containing areas (dark
areas), where the average particle size
was about 20 nm, with the largest size
being observed for the dark areas, which
can be inferred to be naringenin-
containing CaONPs Figure 6c¢, d.

Figure (6): TEM of (a) the prepared CaONPs, (b) Size distribution of the prepared CaONPs

TEM of (c) the prepared CaONPs-NAR (d): Size distribution of the prepared CaONPs-NAR

Effect of CaONPs and Naringenin
Synthesized on Staphylococcus aureus

Figure (7) shows an increase in the
size of the inhibition diameter around the

hole of the comping CaONPs-NAR, and
statistical analysis showed a
significantly enhanced antibacterial
activity against  S. aureus.
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Figure (7): a: Zone inhibition of serial dilution CaONPs and Naringenin b: Zone inhibition of serial
dilution CaONPs-Naringenin.

The maximum activity of CaONPs
was with an average inhibition diameter
of 10 £ 0.67 mm. The highest activity for
Naringenin with an average inhibition
diameter of (10 £ 0.33 mm), while
CaONPs-NAR  showed the  best
antibacterial results of 18 £ 0.67 Table 2.

The statistical analysis of the ANOVA
showed that the effect of the two
substances on bacterial growth was
highly significant ***(P< 0.001), which
means that the effects observed are not
due to random variation or chance
Figure(8).

Table (2): Determinations of zone inhibition (mm) of prepared material against S. aureus.

S. aureus Zone inhibition of CaO Zone inhibition of NAR Zone inhibition of CaO
isolates NPs (mm) (mm) NPs-NAR (mm)
S2 10 10 19
S3 12 10 20
S4 10 11 17
Mean 10.67 10.33 18.67
e e e 1
e o ok '
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g 16
£ 104 ‘
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Figure (8): Mean inhibition zone (mm) of prepared treatments against S. aureus isolates.

CaONPs vs CaONPs-NAR (***P)
NAR Vs CaONPs-NAR (* **P)

After confirming the antimicrobial
activity of CaONPs, NAR, and CaONPs-

NAR, the broth dilution method was
used to determine the MIC and sub-MIC
concentrations of CaONPs, NAR, and
CaONPs-NAR to study their effect on
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the expression of IuKE/D genes in S.
aureus isolates. MIC of all the treatments
was scrutinized, and subMIC of
CaONPs, Naringenin, and CaONPs-
NAR was observed to be 1 /8, 1/ 4, and
1/16 mg/mL, respectively, against three
replicates of S. aureus. The expression
level of the IUKE and lukD genes was
assessed by real-time PCR, and the
results (fold changes) were obtained
using the 2—AACt comparative method.
The gene expression is quantified for
each sample, and the CT results for each
sample are compared with the CT results
for gene expression of the SrRNA 16

(reference gene). Gene expression
results showed decreased expression
under the influence of different
treatments, Tables 3 and 4. When NAR
was used, a 73.1% and 67.1% reduction
in IuKE and IukD gene expression,
respectively. In contrast, the effect of the
CaONPs was used, resulting in a
decrease of 91.17% and 95.5%.
However, a 94.5% and 92.6% reduction
were observed in gene expression when
the two substances were combined.
indicated a strong effect on the
expression mechanisms in the bacteria.

Table (3): Gene expression values for the IUKE gene and the reference gene S. aureus isolates under
the effect of CaONPs, NAR, and CaONPs-NAR.

Sample SrRNA 16 lukK E dct ddct Folding

Control 2 12.44 16.01 3.57 0.00 1.000
NAR 16.04 20.87 4.83 1.26 0.417
CaONPs 24.73 33.32 8.59 5.03 0.031
CaONPs-NAR 17.43 24.53 7.10 3.53 0.087
Control 3 9.15 14.88 5.73 0.00 1.000
NAR 16.12 23.75 7.63 1.90 0.268
CaONPs 20.13 28.60 8.47 2.74 0.150
CaONPs-NAR 7.34 22.15 14.81 9.08 0.002
Control 4 11.98 15.56 3.58 0.00 1.000
NAR 19.21 25.83 6.62 3.04 0.122
CaONPs 22.92 30.08 7.16 3.58 0.084
CaONPs-NAR 17.76 25.06 7.30 3.72 0.076

Table (4): Gene expression values for the lukD gene and the reference gene S. aureus isolates under
the effect of CaONPs, NAR, and CaONPs-NAR.

Sample 16SrRNA luK D dct ddct Folding
Control 2 12.44 16.07 3.63 0.00 1.000
NAR 16.04 20.65 4.61 0.99 0.505
CONPs 24.73 38.39 13.66 10.04 0.001
CONPs-NAR 17.43 23.97 6.54 291 0.133
Control 3 9.15 15.26 6.10 0.00 1.000
NAR 16.12 23.69 7.57 1.46 0.363
CaONPs 20.13 30.31 10.18 4.07 0.059
CaONPs-NAR 7.34 22.48 15.14 9.03 0.002
Control 4 11.98 15.01 3.03 0.00 1.000
NAR 19.21 25.32 6.11 3.08 0.119
CONPs 22.92 29.72 6.80 3.77 0.074
CONPs-NAR 17.76 24.34 6.58 3.54 0.086
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Analysis of variance (ANOVA)
showed statistically significant
differences between treatments at ****
(P < 0.0001), indicating statistically
significant differences between the
means. CaONPs-NAR was the most
effective in reducing gene expression
levels, showing a stronger effect than
NAR (Figure 9). The use of CaONPs-

NAR significantly enhanced the efficacy
of NAR, resulting in more potent
inhibition of bacterial growth and greater
reduction in gene expression of
Lukocidin ED toxin. This could mean
that the combined substance may affect
additional growth mechanisms or have
multiplying effects on cellular processes.

1.5 o ok ok L3 2 23
Em Control

gl = Ca0
€ 1.0 ns ns =1 NAR
m &
£ | | —
; * % ok = CaO-NAR
£ 1 —
% 0.5 T
w |_| |

ool Ml = | | o %Il_l =

LukD gene LukE gene

Figure (9): Fold of gene expression of luk E/D in three replicates of S. aureus with CaONPs, NAR,
and CaONPs-NAR. Control vs CaONPs, NAR, CaONPs-NAR (****P), CaONPs vs CaONPs-NAR
(ns), NAR Vs CaONPs-NAR (**P).

The ability of CaONPs to
significantly enhance the antibacterial
efficacy of bioactive naringenin against
multidrug-resistant (MDR) S. aureus has
been demonstrated. The synergistic
effect between CaONPs and NAR
suggests a dual mechanism of action:
physical disruption of the bacterial cell
membrane by the nanoparticles,
followed by increased intracellular
access and bioactivity of NAR. This
synergistic interaction is consistent with
previous findings published in scientific
literature. Yeh et al. (34) demonstrated
that metallic nanoparticles can induce
microscopic  lesions in  bacterial
membranes, facilitating the penetration
of therapeutic molecules. Similarly, the
increased activity of NAR when

delivered  via  nanocarriers  has
implications for both antibacterial and
anticancer applications(35, 36).
Mechanistically, CaONPs are likely
to compromise the integrity of the
bacterial cell wall through oxidative
stress or direct physicochemical
interactions, such as electrostatic
binding or lipid peroxidation. These
changes reduce the structural resistance
of the bacterial envelope, allowing more
efficient passage of the bioactive
compound. Once inside the cell, the
natural compound, known to target
bacterial enzymes or genetic material,
can exert its effects more effectively,
resulting in  higher antibacterial
outcomes. The reduction in the
minimum  inhibitory  concentration
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(MIC) observed in our study is
consistent with that reported by Iram et
al. (37), who found that CaONPs
reduced the MIC of vancomycin against
resistant ~ enterococci by  50%.
Additionally, the improvements in drug
solubility and bioavailability observed
when CaONPs were combined with
sulfamethoxazole (38) further
demonstrate the potential of
nanoparticle-assisted delivery systems to
overcome the solubility limitations of
hydrophobic drugs.

Khan et al. also reported that the use
of silver nanoparticles (AgNPs) with
CaONPs  demonstrated  significant
efficacy against methicillin-resistant S.
aureus (MRSA) at concentrations
ranging from 25-150 pg/ml, along with
their ability to inhibit biofilm formation.
The study also demonstrated that the
compound maintained its antibacterial
activity while reducing its toxicity to
mammalian cells(39). In a study by
Cristian et al., it was shown that CaONPs
surface-modified with oleic acid and 25
nm in size achieved the highest reduction
in Escherichia coli cell count, reaching
99.99% (40). In another study, lkram et
al. reported that CaONPs supplemented
with 4% aluminum and starch resulted in
an inhibition zone of 10.25 mm against
S. aureus and 4.95 mm against E. coli,
demonstrating the high efficacy of the
composite particles (41).

Despite the promising results, some
limitations must be acknowledged. This
study was conducted in vitro, and while
the results are encouraging, further in
vivo studies are necessary to evaluate the
pharmacokinetics, biodistribution, and
long-term biocompatibility.

Overall, the results suggest that
CaONPs, when combined  with
Naringenin, represent a promising and

versatile platform for the development of
next-generation antimicrobial
therapeutics. These approaches could be
particularly valuable in combating
infections caused by multidrug-resistant
pathogens, where traditional antibiotics
alone are no longer effective.
Conclusion

The effect of calcium nanoparticle
(CaONPs) or naringenin (NAR) may be
limited when used alone, but their effect
can be significantly enhanced when
combined. Natural materials may help
improve the distribution of calcium
monophosphates on surfaces or in the
medium, increasing their antibacterial
efficacy. The interaction between
CaONPs and bacteria can have different
effects depending on the bacterial
species and the properties of the
material. Using naringin synergistically
with nanoparticles also makes it more
stable and effective as an antibacterial
agent than when used alone. Interactions
between different materials can lead to
different outcomes in gene expression
and bacterial response, with some
formulations being more effective at
killing bacteria, while others require a
greater gene response.
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