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Abstract:

It has been observed that metal nanoparticles containing oxides of Znic Oxide, copper, silver, nickel, iron furthermore other
elements exhibit antibacterial qualities. The antibacterial action of zinc oxide nanoparticles against a variety of species of
pathogenic bacteria, including Klebsiella pneumonia, Escherichia coli, Proteus vulgaris and Pseudomonas aeruginosa is examined
in this study. Using dilutions of [200, 100, 50, 25, and 12.5 p.g/mL], the disk diffusion test existed employed to judge the
antibacterial action of Zno NPs and conclude the MIC, MBC of each isolate. Through arise in inhibition area diameter that is
straight proportionate to a rise in nanoparticle concentration, Zno NPs exhibits potent wide-ranging antibacterial action against
tested bacteria, even surpassing the activity of certain medications. When compared to the chosen antibiotics, P.vulgaris appeared
to be the least sensitive isolate, while Pseudomonas aeruginosa demonstrated great sensitivity even at 12.5 p.g/ mL. P.aeruginosa,
with the MBC ranging since 25 to 200 ug/mL and the MIC of Zno NPs ranging from 12. p.g/mL to 50 ug/mL.It is greatly

recommended consuming Zno NPs as a profitable alternate antibacterial cause particularly in handling ectopic pathogenic

outbreaks deprived of attractive danger of evolving resistant bacterial isolates with antibiotics.
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Nanoparticles through a great exterior area offer a wide variety

1. Introduction

of responses with the bacterial surface because the anti-

bacterial activity of the NPs remained originate to be reliant on

Diverse kinds of metallic as well as metal oxide . . .
the external area in touch through the microbe (Liao et

nanoparticles through antibacterial: action has been created
appreciations to current advancements in nanotechnology. It
has been observed that metal nanoparticles containing oxides
of Znic Oxide, Copper, silver, nickel, iron furthermore other
elements exhibit antibacterial qualities (Qi, K et al.,2017;
Padilla-Cruz et  al.,2025).

Pachaiappan et  al.,2021;
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al.,2020).

Nanoparticles (NPs) are minuscule materials with sizes
ranging from one to one hundred nanometers. They were
categorized according to their sizes, shapes, and other
attributes. Fullerenes, metal nanoparticles, ceramic
nanoparticles, and polymeric nano particles are a few of the
categories. These characteristics have resulted into several
home and commercial applications, including as imaging, uses
in medicine, catalysis, and the environment (Kolodziejczak»

Radzimska and Jesionowski, 2014).
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Znicoxide nanoparticles, or ZnO-NPs, are intriguing inorganic
materials (Zanet et al., 2019). These nanomaterial's have many
unique characteristics, and ZnO has been thoroughiy studied
and shown to exhibition antibacterial inaction together with a
diversity of bacteria. Furthermore, ZnO is an inexpensive,
easily accessible, and biocompatible material. Furthermore, this
oxide has some beneficial features over widely used Ag NPs,
such as their photochemical stability and cheap production
costs (Hoseinzadeh et al., 2014 ; Jiang and Cai, 2018).).

ZnO-NPs, or Zno oxide nanoparticles, are utilized in a
number of sectors, including antibacterial agents, concrete,
textiles, cosmetics, medicine, and cancer prevention. This is
because they can cause cell death (apoptosis) and create
reactive oxygen species (ROS) (Tiwari et al.,2018; Alothman
and Albagami, M. 2020).

Since several NPs have been thoroughly studied and have

demonstrated promising antibacterial activity, the combination

of nanotechnoiogy besides natural science is utilized to resolve
numerous biomedical complications then canister be appiied
successfuliy besides carefuiiy in the arena of healthiness
(Karekar et al.,2015). Since Zno is the most basic member of
the zinc compound family also exhibits a variety of practical
mental structures, counting great heat, electron relationship
properties, superconductivity besides rotation diminuendos, it
has garnered special attention among different metal oxide
nanoparticles (Siddigi et al.,2018; Agarwal et al.,2018; Tripathy
and Sahu, 2019).

2. Materials and Methods

2.1 Nanoparticle, Culture Media, Antibiotic disks were
used in this training

Nanoparticle, Culture Media, Antibiotic disks were used in this

training listed in table (1).

Table 1. Nanoparticle, Culture Media, Antibiotic Disks.

Antibiotic Discs

Company

Amikacin (AK30)

Cefotaxime (CX30)
Ciprofloxacin (CPR5)
Gentamicin (CN10)
Culture media
Blood agar
MacConkey's,
Mueller-Hinton agar

Nutrients agar

Znic Oxide nanoparticles (40nm).

Zhengzhou,Dongyao Nano Materials Co., LTD, China,

Bio-analyses in Turkey

Company
HIMEDIA, India

2.2 Antibacterial Activity of Zno NPs

Patients that stay the Education Hospital in Hillah, Babylon
province, Iraq, providing the bacterial isolates. For isolation
and purification, all materials stayed cultured proceeding
MacConkey's, blood agar plates for 24 to 48 hours at 37°C
using normal bacterioiogicai procedures. The Viteck 2 compact

system was castoff to check each isolate. Four-gram negative

10.61704/pr.655

bacteria isolated from skin infections (Escherichia coli,
Klebsiella pneumonia, Pseudomonas aeruginosa, and Proteus
Vuigaris) that remained grown on slants of nutrient agar stayed
empioyed to test the antimicrobial action of the Zno
nanoparticles (Raheem et al.,2022). Was followed in the
execution of the antibacterial activity. A disk diffusion examine
is ernployed to investigate bacterial sensitivity to Zno
nanoparticles or antibiotics. Zno NPs were employed in

triplicate in sterilized deionized water at thinning of (200, 100,
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50, 25, and 12.5) pg/ mL. The bacteria were principal incubated
at 4°C for 15 minutes and formerly they were incubated at
37°C for the entire night. At what time a zone of inhibition
was seen (surrounding the fine following the incubation
period, confident test results were scored. The inhibition zone
distance was then dignified using a numerical venire caliper

(CLSIL, 2025).

2.3 Detection of Minimum Inhibitory Concentration
and Minimum Bactericidal Concentration

To make (0.5 McFarland), the bacterial isolates existed
cultured for a whole night at 37°C. After preparing a (10 ml
tube of nutrient broth) medium, every taster was aseptically

infected by (1ml) of the corresponding bacterial postponement
(108 CFU/MI).

In sterilized deionized water, dilutions of Zno nanoparticles
(200, 100, 50, 25, and 12.5) ug/mL were made, along with a
negative control that included no Zno nanoparticles. For
Isolation, tests were run in triplicate. Overnight, the inoculated
collections were hatched at 37°C.The visual turbidity in all
tube was observed following the growth dated. The MIC for
the isolates under test is the lowest concentration at which
there is no turbidity. Nutrient agar plates stayed castoff to
cultivate tubes that had no turbidity, and they were incubated
at 37°C for the entire night.

The concentration that exhibits no growth is known as the
MBC. The growing of bacterial colonies was examined (EI-
Fallal et al.,.2023).

3. Results and Discussion

3.1 Antibacterial Activity of Zno NPs

When tested against bacteria, Zno NPs exhibit potent broad
spectrum antibacterial action. We compared the impact of

various medications on isolated microorganisms.

The results in Figures (1—4) demonstrated that the chosen
antibiotics were effective against every strain that was chosen,
whereas the CX antibiotic exhibited the least amount of
activity. With an increase in nanoparticle concentration, Zno
NPs demonstrated an increase in inhibitory zone diameter that

uneven outdid the act of some antibiotics.

10.61704/pr.655

The highest area of inhibition alongside the test bacteria was
observed at a dose of 200 pg/mL. Pseudomonas aeruginosa
demonstrated great sensitivity even at 12.5p.g/mL, with a

maximum zone of inhibition of 26 mm (Figure 4).

When compared to the chosen antibiotics, P.vulgaris is the

isolate that is least sensitive (Figure 3).

In addition to releasing reactive oxygen species (ROS), which
produce superoxide species and aid in the breakdown of
biomolecules, Zno NPs cause an abrupt decrease in the
integrity of bacterial cell membranes potential mechanisms of

ZnO NPs, such as:

® Generation of Reactive Oxygen Species (ROS):
including hydroxyl radicals, superoxide anions, and
hydrogen peroxide. These reactive molecules induce
oxidative stress within bacterial cells, leading to severe
damage to essential biomolecules such as lipids,
proteins, and nucleic acids Oxidative stress disrupts
normal cellular metabolism, causes lipid peroxidation
of the membrane, denatures enzymes, and may result
in DNA fragmentation (Punjabi and Deogharkar,
2018).

® Cell Wall Disruption: ~ Direct interaction of
nanoparticles with the bacterial cell membrane
leading to leakage of cytoplasmic contents: ZnO NPs
can directly interact with the bacterial cell wall and
cytoplasmic membrane due to their Nano scale size
and high surface area. Electrostatic attraction between
positively charged zinc ions and negatively charged
bacterial surfaces facilitates nanoparticle adhesion to

the membrane (Shanmugam et al.,2023).

This interaction alters membrane permeability and integrity,
resulting in: Structural deformation of the cell wall, Formation
of membrane pits or pores, Leakage of intracellular materials
such as proteins, ions, and nucleic acids, Loss of membrane
potential and metabolic dysfunction (Rasha et al.,2021).
Another important mechanism involves the gradual dissolution
of ZnO NPs and the release of zinc ions. These ions can
penetrate  bacterial cells and interfere with multiple
physiological processes. Released zinc ions may: Inhibit

enzymatic activity, Disrupt protein synthesis, Interfere with
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ATP production, Alter membrane transport systems, The
synergistic effect between nanoparticle surface activity and
released zinc ions significantly enhances the overall
antibacterial efficacy of ZnO NPs (Hameed et al.,2016; Tiwari

et al.,2018).
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Figure 1. Antibacterial Action of Zno Nps on E. Coli.
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Figure 4. Antibacterial Action of Zno NPs on P. Aeruginsosa.

3.2 Minimum Inhibitory and Minimum Bactericidal
Concentration

According to Table (2), P.aeruginosa ,K.pneumoniae exhibited
the highest sensitivity, with the MIC of Zno NPs ranging from

12.5pg/mL to SOl.lg/mL and the MBC ranging from 25pg/mL
to 200pg/mlL .

Table 2. MIC and MBC of Zno NPs for some Pathogenic

K. pnumoniae
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Bacteria.
Bacteria Isolate MIC pg/mL MBC pg/mL
K. pneumonia 25 100
P. Vuigaris 50 100
E. coli 50 200
P. aeruginosa 25 50

Figure 2. Antibacterial Action of Zno NPs on K. Pnumoniae.
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Figure 3. Antibacterial Action of Zno NPs on P. Vulgaris.
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4. Conclusion

According to the study's findings, Zno NPs have a significant
inhibitory besides antibacterial action on the selected
pathogenic bacterial strains, which is consistent with. It is
strongly advised to use Zno NPs as a cost-effective substitute
antibacterial agent, mainly for treating skin infections, without
running the hazard of creating bacterial strains that are

resistant to antibiotics.
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