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Abstract

Zinc oxide nanoparticles (ZnO NPs) synthesized using extracts from medicinal plants were
characterized and evaluated for their antimicrobial properties. Scanning electron microscopy
(SEM) and Zeta sizer were used for characterization and to study the size. The nanoparticles
exhibited significant antibacterial activity against a range of pathogens, including bacteria.
These results suggest that ZnO NPs synthesized from medicinal plant extracts hold promise for
applications in medicine and environmental remediation. Zinc oxide nanoparticles (ZnO NPs)
synthesized via green synthesis using medicinal plant extracts have emerged as an eco-friendly
and cost-effective alternative to traditional synthesis methods. Green synthesis involves using
plant-based materials, which act as both reducing and stabilizing agents, eliminating the need
for harsh chemicals and high energy inputs typically associated with chemical or physical
synthesis processes.

Keywords: Zinc oxide nanoparticles (ZnO NPs), Medicinal plant extracts, antimicrobial
activity, Scanning electron microscopy (SEM), Environmental remediation

Introduction:

The field of nanoparticle technology is making significant strides, with its applications in
medicine expanding at an impressive pace. Scientists have discovered that nanoparticles (NP)
can be used as a promising solution to combat bacterial multidrug resistance, which has become
a global issue due to the misuse of antibiotic [1]. Utilizing nanoparticles as antimicrobial agents
has the potential to overcome bacterial resistance by directly targeting the bacterial cell wall.
This microbicidal effect occurs without the nanoparticles needing to penetrate into the cell [2].
Given their small size and expansive surface area, nanoparticles possess distinct chemical as
well as physical characteristics that set them apart from their larger counterparts. These
characteristics render them highly desirable for a wide range of applications, such as delivery
of drugs, image processing, and antimicrobial action [3]. When it comes to antimicrobial
activity, nanoparticles can interact with microbial cells in various ways, ultimately resulting in
cell death. One mechanism includes the immediate contact of nanoparticles alongside the
membrane of bacterial cells, causing its structure to be disrupted and resulting in cell lysis.
Another mechanism involves the production of ROS, or reactive oxygen species, by tiny
particles, which can lead to oxidative stress and harm to microbial cells. In addition, tiny
particles can disrupt microbial cell processes, including the activity of enzymes and cell
signaling, which enhances their antimicrobial capabilities [4].

Zinc oxide nanoparticles (ZnO NPs) are highly regarded for their exceptional antimicrobial
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properties, making them a prime contender for various antimicrobial applications. When
moisture is present, ZnO NPs can release zinc ions (Zn2+), which can effectively disrupt
microbial cell membranes and prevent the growth of microorganisms [5]. In addition, ZnO NPs
have demonstrated photocatalytic activity when exposed to ultraviolet (UV) light, which
enhances their antimicrobial properties. With its unique properties, ZnO NPs offer a promising
solution to address the challenge of antimicrobial resistance.

Plant extracts have been utilized in conventional healthcare for their antimicrobial qualities for
centuries. These extracts contain a diverse range of bioactive compounds, including flavonoids
that are alkaloids, which and phenolic substances, which have demonstrated antimicrobial
activity [6]. When plant extracts are combined with nanoparticles, they may improve the
antimicrobial effects of nanoparticles via complementary interactions. Plant extracts contain
bioactive compounds that can target various components within microbial cells, thereby
impeding the development of resistance by microbes. Ultimately, the utilization of zinc oxide
nanoparticles produced through plant extracts shows immense potential in addressing the issue
of antimicrobial resistance. Through the utilization of nanoparticles and the potent properties
found in plant extracts, scientists can create powerful antimicrobial agents to combat the
escalating issue of antimicrobial resistance.

Over the past few years, the rise of AMR (antimicrobial resistance) has presented a major
hurdle for global public health. Excessive and incorrect use of antibiotics has led to the
emergence of resistant strains of microbes, resulting in more challenging infections to manage
and placing a greater strain on the medical system [7]. Investigators have been investigating
substitute antimicrobial agents, such as ceramic nanoparticles as well as extracts from plants,
which have demonstrated encouraging antimicrobial activity in their studies [8]. Zinc oxide
nanoparticles (ZnO NPs) are attracting significant interest because of their distinct physical
characteristics, including a substantial surface area, their biocompatibility, and antimicrobial
capabilities. ZnO NPs possess properties that make them a promising option over antimicrobial
substances. In addition, plant extracts have been utilized in medical practices for their
antimicrobial effects [9]. Recent studies have also demonstrated their ability to increase the
antimicrobial agent activity of tiny particles. This study seeks to explore the antimicrobial
properties of ZnO nanoparticles that have been created using specific extracts from medicinal
plants [10]. The chosen plant extracts have well-established antimicrobial properties and
consist of extracts from plants like neem (Azadirachta indica) and Ashwagandha. The
combination of plant extracts and nanoparticles is intriguing because of their powerful
antimicrobial effects when used together. Plant extracts contain a wide range of bioactive
compounds, including flavonoids, alkaloids, and phenolic compounds. These compounds
can boost the antimicrobial activity of nanoparticles by targeting various aspects of microbial
cells [11-13]. In addition, incorporating plant extracts can help decrease the cytotoxicity of
nanoparticles, enhancing their safety for various biomedical applications. Furthermore, it has
been demonstrated that using green technology to synthesize NPs is more dependable and
efficient than using physico-chemical methods [14].
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Mechanical strength, chemical reactivity, biological characteristics, and diffusivity are all
enhanced when a material's particle size drops from the micrometer to the nanometer region
[15]. The synthesized ZnO NPs will be tested for their antimicrobial activity against a range
of infectious microbes, including microbial and fungal pathogens. This study will offer
helpful insights into the possible use of ZnO NPs synthesized using extracts from medicinal
plants as antimicrobial agents. These findings could help with the establishment of innovative
strategies for combating antimicrobial resistance.

Materials & Method:

Characteristics of synthesis ZnO nanoparticles: The dimensions and structure of the
produced zinc oxide nanoparticles (ZnO NPs) were analyzed utilizing advanced imaging
methods such as scanning electron microscopy (SEM) and Zeta sizer.

Bacterial growth conditions:

The growth conditions for Escherichia coli and Bacillus subtilis were optimized to ensure
robust and reproducible results. E. coli cultures were grown in Luria-Bertani (LB) broth at
37°C with constant agitation at 180 rpm to promote aeration. For B. subtilis, growth was carried
out in nutrient broth at 30°C under similar agitation conditions to support aerobic metabolism.
Both organisms were cultured to the mid-logarithmic phase to ensure active cell division, with
the optical density at 600 nm (OD600) monitored to assess growth. These conditions provided
an ideal environment for the respective bacteria, enabling consistent experimental outcomes.

Antimicrobial activity: Testing the antimicrobial properties of zinc oxide nanoparticles (ZnO
NPs) specifically for Escherichia coli (E. Coli) and B. Subtilis. As part of the procedure, ZnO
NPs are prepared and then carefully analysed to determine their size, morphology, structure,
and optical properties.

Nutrient agar plates are prepared to evaluate the effect of concentrations of zinc oxide
nanoparticles (ZnO NPs) on bacterial growth, specifically to gram negative Escherichia coli
(E. Coli) and gram positive Bacillus subtilis nonpathogenic bacterial strains. The nutrient agar
powder is dissolved in distilled water to create a nutrient-rich agar solution. This solution is
then poured into sterile Petri dishes and left to solidify. Various concentrations of ZnO NPs are
incorporated into the discs of Whatman filter paper (6bmm size) and placed to the agar media
plates after the spreading of E. coli and B. Subtilis broth culture to agar plate surface, resulting
plates having with different ZnO NP concentrations on discs. The growth of E. Coli and B.
Subtilis are then closely monitored to examine the impact of ZnO NPs on bacterial growth and
study the zone of inhibition.

Statistical analysis is employed to assess the significance of the findings, such as the minimum
inhibitory concentration (MIC) of ZnO NPs. This assay offers helpful insights through the
antimicrobial properties of ZnO NPs and its potential utilization in regulating the growth of
bacteria.
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Result & Discussion:

The results of the study provided a comprehensive characterization of zinc oxide (ZnO)
nanoparticles and their antimicrobial activities. Scanning electron microscopy (SEM) images
(Figure 1) revealed that the photosynthesized ZnO nanoparticles were uniformly distributed
with an average size of approximately 20 nm, predominantly spherical in morphology,
indicating successful synthesis. The Zeta sizer (Figure 2) confirmed the crystalline nature of
the ZnO nanoparticles, showing an average size of around 90 nm.

- 100nm MUJ-JEOL 4/27/2023
5.0kV SEI SEM WD 10.1lmm 09:52:57

Intensity (Percent)

I 1 1 1 1 1
0.1 1 10 100 1e+03 1e+04

Size (d.nm)
— Ni_700C_Size_MM-JM [Steady state]
Figure 2 — ZETA sizer analysis of ZnO nanoparticles

The antimicrobial activity assessment demonstrated significant antibacterial properties of ZnO
nanoparticles. In the disc diffusion method, ZnO nanoparticles exhibited notable antibacterial
activity against Bacillus subtilis at the highest concentration, with zones of inhibition
measuring 12 mm at a concentration of 2 mg/ml and no zone of inhibition less than 2 mg/ml
concentration of ZnO nanoparticles (Figure 3). Similarly, effective antibacterial activity was
observed against Escherichia coli, with inhibition zones of 13 mm at 1 mg/ml and 20 mm at 2
mg/ml (Figure 4).
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Test

Figure 3 - Zone of Inhibition (Bacillus subtilis)

The disc diffusion assay for Escherichia coli (Figure 4) showed zones of inhibition around the
disc containing ZnO nanoparticles, with more pronounced inhibition at higher concentrations.

Test Control

Figure 4 - Zinc Oxide Nanoparticles (disc diffusion, E. Coli A-Test and B control)
The antimicrobial activity of ZnO nanoparticles highlighted their broad-spectrum antibacterial
properties, effectively inhibiting the growth of both Gram-positive and Gram-negative bacteria.
This demonstrated the potential of ZnO nanoparticles as promising candidates for various
antimicrobial applications.

The results of this study provide compelling evidence for the effective synthesis and
characterization of zinc oxide (ZnO) nanoparticles and their significant antimicrobial
properties. The successful synthesis of uniformly distributed ZnO nanoparticles with an
average size of approximately 20 nm, as observed through TEM images, indicates the potential
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of phytosynthesis using medicinal plant extracts. This method is advantageous due to its
environmentally friendly nature and the ability to produce nanoparticles with desirable
morphological characteristics.

The antimicrobial activity assays revealed significant antibacterial properties of ZnO
nanoparticles against both Bacillus subtilis and Escherichia coli. The zones of inhibition in the
disc diffusion method demonstrated the effectiveness of ZnO nanoparticles in inhibiting
bacterial growth. The larger inhibition zones at higher concentrations suggest a dose-dependent
antibacterial activity, which is consistent with the production of reactive oxygen species (ROS)
that damage bacterial cell components, ultimately leading to cell death. The activity against
both Gram-positive and Gram-negative bacteria highlights the versatility of ZnO nanoparticles
as antimicrobial agents.

The comparison of two strains of bacteria revealed slight variations in susceptibility, with
Escherichia coli showing larger inhibition zones. This could be attributed to differences in cell
wall composition and permeability, which affect the uptake and interaction of ZnO
nanoparticles with bacterial cells. The crystallite analysis using zeta sizer patterns confirmed
the high purity and quality of the synthesized nanoparticles, which is crucial for ensuring
consistent antimicrobial performance.

Table 1- Antimicrobial Activity of ZnO

S.n|Compounds|Concentratio| Zone of | Antimicrobi| Zone of | Disc |Antimicrobi|Control
0 n of Inhibitiofal activity of| Inhibition |Diametejal activity of(DMSO
compounds n compound |(Escherichi| r(in | compound )
(Bacillus| a coli) mm)
subtilis) In mm
In mm
2 mg 12 +++ 13 6 ++++ No
Zn0O Green .
) 1 mg -- - 12 6 +++ activity
1 |Nanoparticl S me - — 9 s " found
© 125mg | - 7 6 n

The antimicrobial activity of ZnO nanoparticles against Bacillus subtilis and E. Coli was tested.
With millimeter-measured inhibition zones, compound ZnO was tested at 0.25 mg, 0.5 mg,
Img and 2 mg. ZnO nanoparticle zone of inhibition at 2 mg was 12 mm for Bacillus subtilis
indicating moderate antimicrobial activity (++). At 2 mg, 1 mg, 0.5 mg and 0.25mg for E. coli
zone of inhibition was 13 mm, 12 mm, 9 mm and 7 mm respectively for the concentration of
ZnO nanoparticles concentrations.

ZnO nanoparticles showed slight antimicrobial activity against Bacillus subtilis and high for
Escherichia coli at 2 mg, with zones of inhibition of 12 mm and 13 mm, respectively.
Maintaining antimicrobial activity for E. coli but not for Bacillus subtilis. zone of inhibition
decreased to 7 mm for Escherichia coli but zones of inhibition against Bacillus subtilis at 1 mg
and below no activity observed.
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No DMSO-treated control group had antimicrobial activity against either bacterium.
Compounds ZnO have varying degrees of antimicrobial activity against Bacillus subtilis and
E. Coli.

The study demonstrates that ZnO nanoparticles synthesized using medicinal plant extracts
possess significant antimicrobial properties, with numerous applications across various sectors
[16] such as in medicine, environmental settings, and act as effective photocatalyst in water
purification applications. Zinc oxide nanoparticles are advantageous for agricultural
applications as well due to their antibacterial characteristics. The findings demonstrated the
superior antibacterial activity of the smaller ZnO NP [17-19]. The environmentally friendly
synthesis method, coupled with the nanoparticles' broad-spectrum antibacterial activity, offers
a sustainable and effective solution to combat bacterial multidrug resistance. Additionally,
targeted metal nanoparticles can help stop the virus and infections from spreading to essential
organs [20]. Future research could explore the synergistic effects of combining ZnO
nanoparticles with other antimicrobial agents, as well as their potential applications in real-
world scenarios to further validate their efficacy and safety.

Conclusion:

Zinc oxide nanoparticles (ZnO NPs) made from extracts of Azardica indica shows a great
promise as an efficient and sustainable substitute for traditional nanoparticle manufacturing
techniques. Utilizing biomolecules obtained from Azardica indica as stabilizing and reducing
agents, the green synthesis approach lowers manufacturing costs and its impact on the
environment. SEM and Zeta sizer were used for characterization, which verified the
nanoparticles' effective production and desired morphological characteristics. With
encouraging implications for both medicinal applications and environmental clean-up, their
noteworthy antibacterial activity demonstrates their suitability in the fight against infections.
These results highlight the potential of green-synthesized ZnO NPs as a flexible and
environmentally benign nanomaterial to tackle present and upcoming issues in environmental
sustainability and healthcare.
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