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Abstract

In the current study, ZrO, nanoparticles were synthesized using a plant extract derived from Vitex agnus
castus, and an alkaline medium such as sodium hydroxide. A biosynthetic approach was utilized to prepare
zirconium oxide nanoparticles for this research project. This method stands out from others due to its cost-
effectiveness, simplicity, and lack of potential risks.The prepared samples were characterized using
transmission electron microscopy TEM, scanning electron microscopy SEM, Fourier transform infrared
spectroscopy FT-IR, ultraviolet-visible spectroscopy UV-VIS, X-ray diffraction, and energy-dispersive X-
ray spectroscopy EDX. The size of the crystal was determined using X-ray diffraction in conjunction with
the Debye-Scherer equation, resulting in a value of 26.37 nm. Scanning electron microscopy and
transmission electron microscopy were employed to ascertain the particle size of ZrO, nanoparticles.In this
study, these nanoparticles exhibited varying levels of activity against two types of gram-positive
bacteria(Staphylococcus aurous and Streptococcus pneumonia), two types of gram-negative bacteria
(Proteus mirabilis and Escharia coli), and one type of fungus, Candida. Interestingly, synthesized
zirconium oxide nanoparticles' anticancer potential has been uncovered with MTT assays at varied
concentrations for cell line A549 lung cancer. The percentage of inhibition revealed an increase with
increasing concentration. Calculating the inhibition of half of the cells 1C50, which was equal to (58.4
mg/ml), suggests that zirconium oxide nanoparticles have the potential for utilization in cancer treatment.
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Introduction

Manipulating the size and shape of structures,
electronics, and other systems within the nanoscale,
ranging from 1 nanometer to 100 nanometers, is
referred to as nanotechnology 2. Because of their
small size, nanostructures exhibit significantly larger
surface areas compared to their bulk counterparts.
This increased surface area enhances their reactivity
and allows for greater control over numerous
features *5.

Due to their unique characteristics, nanoparticles
(NPs) are increasingly used in various industries,
such as biomedicine, cosmetics, electronics, food

analysis, environmental and remediation, and paints
6-8, The field of nano-scale science and engineering
facilitates an enhanced understanding and
manipulation of materials at the atomic and
molecular scales °. The remarkable electrical,
optical, and magnetic properties of nano-
size particles have garnered significant attention in
academic discourse °.

These nanoparticles exhibit dimensions that make
them suitable candidates for nanotechnology®'*2,
Nevertheless, it is crucial to acknowledge that these
nanoparticles’”  dimensions may  negatively
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affect human health and the environment. While the
physical synthesis approach incurs high costs, the
chemical synthesis method involves the use of
hazardous substances®®.

To address environmental concerns, scientists have
developed an environmentally sustainable and
ecologically sound approach to synthesizing
nanoparticles, harnessing the potential of microbes
and plants. Various plant components, including
leaves, stems, roots, shoots, flowers, barks, seeds,
and their metabolites, have proven effective in
nanoparticle synthesis ** %', Plants known for their
cost-effectiveness and eco-friend liness, offer
sophisticated solutions beneficial for human
utilization.®

Vitex agnus-castus, commonly known as vitex,
chaste tree, Abraham's balm, or monk's pepper,
originates from the Mediterranean region. Although
the Vitex genus primarily includes tropical and
subtropical flowering plants, only a limited number

Materials and Methods

The process of collecting specimens or samples for
scientific analysis involved using zirconium sulphate
in conjunction with Vitex agnus-castus sourced from
a nearby location. NaOH was acquired from the
Indian company, Alpha Chemica, and ZrSO, was
utilized. The experimental setup included a magnetic
stirrer and a sensitive electronic balance model,
specifically 220C1.

The chemicals underwent creation and identification
through various spectroscopic and microscopic
techniques, such as the PLC centrifuge, the electric
oven model (FAITHFUL) - WHL 25 AB, and the
FT-IR (8500S) spectroscopic technique covering the
wave number range of 400-4000 cm?. X-ray
diffraction analysis was conducted using a PW1730
instrument manufactured by Phillips/Holland. The
pH of the samples was measured using a UV-visible
tape measure of the PH-type (160/UV) from
Shimadzu, all of which were located at the center of
examinations.

For energy-dispersive X-ray spectroscopy (EDX)
purposes, an X-ray energy dispersion device,
specifically the scanning electron microscope (SEM)
FESEM-EDS Model MIRAI manufactured by
TESCAN in the Czech Republic, was employed. The
observation of the utilization of Transmission
Electron Microscopes (TEM) equipped with the
model designation EM10C-100Kv was noted.

Preparation of plant extract

of species inhabit temperate zones °. Previous
studies have indicated that the antibacterial efficacy
of several extracts from various parts of the
pomegranate plant against human infections is
moderate %°. Extensive research has documented the
versatile applications of zirconium oxide (ZrO,)

spanning adsorption, photo-degradation,
antibacterial properties, and structural
reinforcement. Zirconium, a transition metal,

exhibits improved mechanical, thermal, catalytic,
and  corrosion-resistant  properties®.  Various
methodologies were employed to assess the ant
oxidative capacity of the acquired Zr-NPs 22, The
primary objective of this work is to prepare
zirconium oxide nanoparticles through green
synthesis, utilizing a plant extract derived from Vitex
agnus castus. Furthermore, the study aims to
evaluate the antimicrobial activity and toxicity of the
synthesized nanoparticles.

After thorough rinsing with tap water to eliminate
any residual impurities, the fresh herbs were dried
sufficiently, first by removing excess water and then
by being left to air dry overnight. Following this, the
material was pulverized to facilitate the subsequent
extraction procedure.

To initiate the extraction, 20 g of the herbs were
added to 200 milliliters of deionized water. The
resulting mixture underwent continuous stirring with
a magnetic stirrer for thirty minutes while
maintaining a temperature range of sixty to seventy
degrees Celsius as shown in Fig. 1. Subsequently, the
mixture was allowed to cool naturally to room
temperature before being discarded. The filtration
process was carried out using a centrifuge apparatus.
The plant extract was placed in test tubes and
centrifuged at 4000 revolutions per minute. This
centrifugation step was crucial to eliminate any
residual debris and fibers while preserving the filter's
integrity 2.

Aqueons of extract

Figure 1. Preparation of plant extracted solution
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Preparation of ZrO; NPs

The manufacture of zirconium oxide (ZrOy)
nanoparticles  was  conducted using an
environmentally sustainable method. After stirring
for 30 minutes, 100 milliliters of filtered plant extract
solution were combined with an equal volume of
aqueous vanadium sulphate solution, with a
concentration of 1.63g per 100 milliliters.
Subsequently, 50 milliliters of sodium hydroxide
solution containing 2 g, were gradually added to the
system until the pH level reached 12. After sixty
minutes at a temperature of seventy degrees Celsius,
a noticeable change in colour was observed,
indicating the formation of a precipitate. Following
an undisturbed overnight period, the substance
underwent separation through a centrifuge. The
specimens were then subjected to repeat rinsing with
deionised water as shown in Fig. 2 and dried in an
electric oven at a temperature of 300 degrees Celsius
for three hours.

Figure 2. Preparation of ZrO; NPs

Results and Discussion

FTIR Spectrum analysis

The presence of the Zr-O bond is evident within the
ZrO; structure, as indicated by the bands in the wave
number range of 425-640.37 cm™ in the Fourier
Transform Infrared (FTIR) spectra of ZrO,,
illustrated in Fig.3. Specifically, the absorption
bands at 2032.37 cm™* due to aliphatic bond of C=C

Characterization

Antimicrobial Activity

The synthesized ZrO, nanoparticles were assessed
for their antibacterial activity against two reference
bacterial strains, namely Staphylococcus aureus,
Streptococcus pneumonia (Gram-positive), and
Escherichia coli, Proteus mirabilis (Gram-negative),
as well as the fungal strain Candida albicans. This
assessment was conducted using the disc diffusion
method on Muller Hinton agar nutritional medium.
An identical procedure was implemented to evaluate
the antifungal efficacy, utilizing a nutrient medium

(agar).

Cytotoxic Assays

The effectiveness of nanoparticles against colon
cancer cells and their impact on the cellular activity
were assessed using the MTT assay. The calorimetric
technique was used to analyze the metabolic activity
of the cells, and the results from this test were
employed to determine the efficacy of the
nanoparticles.

bending vibration, while the bands at 1625.69 and
1552.16 cm? correspond to the C=0 and C=C
bending vibrations respectively, theses peaks may be
evidence for organic impurities. The peak at 1242
cm? is assigned to C-O bending vibration within the
ZrQO; structure 2+ %,
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Figure 3. The FTIR of ZrO, NPs
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The UV-Visible spectrum

The optical properties of the nanoparticles
synthesized through the utilization of plant extract
and vanadium sulphate were analyzed using the
ultraviolet-visible  spectroscopy technique, as
illustrated in the accompanying images. Ultraviolet-
visible (UV-vis) radiation represents a specific range
within the electromagnetic spectrum, characterized

by wavelengths shorter than visible light. Ultraviolet
(UV) rays encompass a broader spatial range than X-
rays. Fig. 4 depicts the UV-Vis absorption spectrum
of ZrO, NPs biosynthesized. The appearance of the
absorption peak at 356.0 nm in this spectrum is
attributed to the transition of holes between Zr and
O, indicating a distinctive feature of the biosynthesis
process.
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Figure 4. UV-Vis spectrum of ZrO; NPs

X-ray diffraction (XRD) analysis

The X-ray diffraction (XRD) analysis reveals that the
orthorhombic ZrO, crystal structure exhibits
diffraction peaks corresponding to various crystal
planes, including (111), (002), (022), (100), (120),
(111), (200) and (211). These peaks are observed at
20 angles of 16.3751°, 18.8804°, 23.5438°,
26.2517°, 34.2207°, 38.1606, 49.0097°, and
59.0104°, respectively. ldentification of these crystal
planes is based on the JCPDS card (no. 44-0141) 8.
Notably, the X-ray diffraction (XRD) examinations
conducted on the ZrO, (NPs) sample revealed the
absence of impurity peaks, indicative of a high
degree of crystalline.

The Debye-Scherer's equation (D = 0.9 A/  cos 0)
was employed to determine the average size of the
crystals. In this equation, D represents the average
crystalline size, A denotes the wavelength of Cu K X-
ray radiation (A= 1.5418 °A). The obtained value was
determined to be 26.37 nm, as depicted in Fig. 5 and
outlined in Table 1.
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Figure 5. XRD of ZrO, NPs

Table 1. The data of XRD for ZrO, NPs.

. FWH Particle Avil’ag
Pos. Height M size crystal
[°2Th.] [cts] [°2Th. .
(nm) size
] (nm)
16.3751  188.47 0.2432 34.50
18.8804 614.50 0.258 32.63
23.5438 3039.56 0.258 32.88
26.2517 5963.14  0.2943 28.97 26.37
34.2207 106155  0.3442 25.24
38.1606 2155.46 0.579 15.18
49.0097 825.46 0.3966 27.79
58.0104 512.50 0.4521 13.79
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EDX analysis

In the energy-dispersive X-ray (EDX) spectra of
ZrO; nanoparticles, zirconium and oxygen exhibit
the anticipated peaks, as illustrated in Fig. 6 while
maintaining a one-to-one ratio between them. The
results demonstrate the high purity level evident in
the synthesized nanoparticles. The results obtained
from the EDX experiment align closely with
basic theoretical calculations, providing robust and
consistent estimates #’.

. 7 Ospatnants
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Figure 6. EDX of ZrO, NPs.

SEM and TEM analysis

The morphology and structure of the nanomaterial
were determined through scanning electron
microscopy (SEM) and transmission electron
microscopy (TEM). The analyses conducted in Figs.
7,8 using SEM and TEM indicate the presence of a
limited quantity of spherical-shaped ZrO;
nanoparticles (NPs) with a nano structured,
unconsolidated morphology.

The TEM image analysis further reveals that the
ZrO- nanoparticles exhibit a nano-scale structure that
lacked consolidation. It is essential to acknowledge
that the samples contain significant pore content,
making them well suited for adsorption applications
28 The TEM image also demonstrates a high packing
density of ZrO, nanoparticles in the sample. The
sample  exhibits  zero-dimensional  spherical
structural properties, with all dimensions at the nano-
scale. This characteristic is highly desirable in the
chemical nature of nanomaterials. However, due to
limitations in measurement accuracy, the exact shape
of the sample cannot be definitively determined 2.

50 nm

Figure 7. TEM of ZrO; NPs
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Figure 8. SEM of ZrO,NPs

Antimicrobial Studies
In this study, the synthesized ZrO, was evaluated
against a total of four bacterial strains, including
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(Staphylococcus  aureus and  Streptococcus
pneumonia (both Gram-positive), as well as Proteus
mirabilis and Escherichia coli (both Gram-negative).
Additionally, one fungal strain (Candida) was
included in the assessment. The well plate method on
nutritional agar was employed to study the effect of
zirconium oxide nanoparticles on organism pouring
(20-25ml) in Nutrient Agar Medium for each Petri
dish 3031, A Nutrient Agar was prepared in a Mast
by dissolving (37.5 gm) of the powder in a Liter of
distilled water, and with a pH (7.3), then, it was
sterilized by using Auto Cleave. This medium is used
to grow organism, maintaining strains, and studying
the antagonistic activity of ZrO, towards the isolates
used in the study.

The biological activity of the Nano oxide was
measured in millimeters (mm) by assessing the
diameter of the inhibition zone (Z1) surrounding each
aperture, with dimethyl sulfoxide (DMSO)
employed as the solvent 3234 After becoming cold,
the Petri dish was kept in an incubator for 24 hours

and in a temperature 37 °C to prevent these Petri
dishes from being polluted. Then, the Petri dish was
soaked in 10 ml of the prepared organism as it had
been mentioned in the previous paragraph and which
contained (1.5 x 810 cell/ml), then, they were
diffused equally on the surface of the Nutrient Agar
Medium by using glass spreader®®*®. A hole was
made on the surface of the cultured medium by using
cork borer. Then, nanoparticles of 100 micro ml were
put in each hole leaving one of these holes to be the
control hole, which only contained the used solvent
(DMSO). The Petri dish was kept in the refrigerator
for half an hour at a temperature 4 °C; then, the Petri
dish was incubated in a temperature 37 °C for 24
hours. The experimental results demonstrated
differences in the antimicrobial effectiveness of the
Nano oxide against four distinct types of bacteria and
fungus. The high activity of ZrO; is shown against
the fungal Candida. These findings are presented in
Table 2, chart 1.

Table 2. The Zone Inhibition in (mm) of ZrO, NPs against Different Microbial

Staphylococcus Streptococcus . . Proteus Candida
Compound . Escharia coli L .
aureus pneumoniae mirabilis albicans
Y S —
ZrO2 NPs 22 25 17 23 29
viability assays for its characteristic hue, was
=f= The Zone Inhibition of Zr02 employed to assess cell vitality37v38.
gg The findings of this study indicate a notable
25 A ‘/’_ cytotoxic impact of the zirconium oxide on cancer
20 4 s cells. The subsequent section will provide a
%g comprehensive explanation of the aforementioned
5 topic. The present study aimed to assess the extent of
0 . . . . the harmful impact by determining the percentage of
é}\% @Q‘v“ _6331 é;\\ D{f& growth inhibition rate (referred to as the Inhibition
\0"0 §:\ .;653 £ @.-P Rate) over 24 hours at a temperature of 37°C.
& P @c}“ & The data presented in Table 3 reveals that the A549
o Gﬁ’ Qﬁ&' lung cancer cell line exhibited the highest inhibition
percentage (17.43%) when treated with the
synthesized nanoparticles at a dose of 500 pg/ mL.

Chart 1. The Antibacterial activity of ZrO; NPs

Viability and Cytotoxicity of Cells Utilizing
Assays (MTT)

The experimental approach in this study involved
utilizing the A549 lung cancer cell line. The dye
known as 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), commonly used in cell

The findings suggest that the concentration of the
substance used plays a crucial role in determining the
extent of cell inhibition. The study further disclosed
that an elevated concentration levels result in a
decrease in viability percentage, subsequently
increasing the inhibition percentage of cell growth in
the malignant cell line. This relationship is
demonstrated in both Table. 3 and Chart 2 3" %,
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Table 3. Statistical values of A549 lung cancer cell

o

line of ZrO,NPs
Concentra Relative Cell Number  Standard
tion mg/ml  Viability % of Values deviation
Control 100 8 0.027
7.81 94.50 8 0.024
15.625 87.31 8 0.027
31.25 65.01 8 0.025
62.5 42.65 8 0.023
125 33.20 8 0.028
250 28.65 8 0.025
500 17.34 8 0.022
120
100
xX
z
E 80 * k%
% 60
K k%%
§4o wew
‘T‘j %k %k k
-4
i i '
250 125

500 62.5 31.25 15.625 7.8125 Control

Concentrations(pg/ml)

Chart 2. The percentage of viability in the cells of
the cancer cell line A549 of ZrO;, NPs

Fifty percent inhibition of ZrO,-NPs
One of the significant findings arising from the
conducted tests on zirconium oxide nanoparticles on

the A549 cancer cell line is the determination of the
half-inhibition ~ concentration ~ (IC50).  This
concentration, represented by IC50 3°42, has the
capability of causing the death of approximately 50%
of the cells. The investigation into the interaction
between nanoparticles and a lung cancer cell line
revealed a notable outcome. Specifically, the half
inhibitory concentration was established at 58.4
ug/mL, indicating a highly favourable result. This
suggests that zirconium nanoparticles derived from
the Vitex agnus castus extract can effectively
eliminate lung cancer cells®®. The findings of this
study bear substantial importance for the potential
application of selective treatment for colon cancer, as
illustrated in Table 3 and Fig. 9.

i‘:idﬁre 9. Céncer cells tréa{éd '\.Nltl’{ Z'rﬂ()zN‘Psf at
different concentrations after addition

4 N
IC50=58.4 pg/ml
100
X
2 80
=
g 60
2
S 40
]
2 20
=
£ 0
0 0.5 1 1.5 2 2.5 3
Concentrations(log)
& J

Figure 10. Determining the half-inhibition concentration (1C50)
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Conclusion

The synthesis of zirconium oxide nanoparticles was
achieved through a sustainable method, involving the
use of Vitex agnus castus extract and ZrSO.. The
resulting crystals exhibited a mono crystalline
structure with a diameter of 26.37 units. These
particles demonstrated varying levels of activity
against four distinct bacterial strains, comprising two
gram-positive  strains  (Staphylococcus aureus,
Streptococcus pneumoniae) and two gram-negative
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