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DENV-2 virus when introduced to cells post-infection.

INTRODUCTION

Zirconium oxide nanoparticles (ZrO, NPs) possess excellent
attributes due to their significant stability, biocompatibility and
band gap. Consequently, ZrO, NPs are extensively employed
in various applications, including in producing photocatalysts
[1], biosensors [2], antifungal [3] and antibacterial [4]. The
ZrO,NPs are synthesized through several processes, including
chemical approaches, such as precipitation, sol-gel and hydro-
thermal and microwave-assisted. Yadav et al. [5] also suggested
a hydrothermal method of obtaining high-quality ZrO, NPs.
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Zirconium oxide nanoparticles (ZrO, NPs) were synthesized with an effective capping agent using aqueous extract of Chlorentus erectus |
at the optimized conditions. The aqueous leaf extract contained phytochemical compounds that could regulate the size and shape of the |
nanoparticles. The average size of C. erectus-ZrO, NPs crystallite was 10.42 nm, which was determined based on Scherrer Debye’s
equation. The finding indicated the effectiveness of the phytochemical compounds to diminish the agglomeration of the particles. The C. erectus |
mediated ZrO, NPs were in spherical clusters when observed through a transmission electron microscope (TEM). An elemental energy |
diffraction X-ray (EDX) assessment also revealed a significant zirconium and oxygen percentage, suggesting that the phytochemicals present |
in the leaf extract did not alter the purity of C. erectus-ZrO, NPs. Moreover, 200 ug/mL of synthesized ZrO, NPs effectively inhibited K. |
pneumoniae. Up to 300 pg/mL of C. erectus- ZrO, NPs demonstrated non-toxicity to vero cells and low antiviral properties against the |
|
|
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The study only employed precursor chemicals and precipitation
agents. The generated samples were 30 nm, which fulfilled the
nano-size criterion and agglomerated with a spherical cluster.
Tantuvoy et al. [6] documented similar findings when utilizing
similar chemicals and the microwave irradiation method.
Recently, capping agents and surfactants have demonstrated
abilities to produce nanoparticles with controllable shapes and
sizes when applied during nanoparticles synthesis. For instance,
Tapak et al. [2] prepared ZrO, NPs with 1-butyl-3-methylimid-
azolium trifluoroacetate as a capping agent to obtain superior
NPs (10.60 nm) with less spherical clusters. In another study,
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Ordoéiiez et al. [7] synthesized ZrO, NPs with different surfact-
ants, sodium dodecyl benzene sulfonate and hexadecyltrimethyl-
ammonium bromide and polyvinylpyrrolidone as a stabilizer
to improve the nanoparticles dispersion during synthesis.

Capping agents cover the particle surfaces and inhibit particle
agglomeration. Ahmad et al. [8] employed organic stabilizers
as capping agents could result in tiny particles with uniform
distribution. Nucleation accelerates with rising temperature,
causing particles to grow larger and inclined to form clusters.
Conversely, conventional approaches utilize chemical subst-
ances as capping agents to stabilize particles, which are costly
and might lead to pollution.

The utilization of plant extracts in the synthesis of ZrO,
NPs provides a highly efficient, rapid and environmental
friendly approach. Alagarsamy et al. [9] synthesized a plant-
mediated ZrO, NPs with pericarps from the Indian soapberry
Sapindus mukurossi. Pala indigo plant Wrightia tinctoria leaves
[1], pomegranate Punica granatum peels [4], sunflower
Helianthus annuus seeds [10] and Indian bael Aegle marmelos
fruits [11] have also been employed. In another study, Yuan et al.
[12] reported the superior properties of the plant-mediated ZrO,
NPs synthesized with a leaf extract from Gale of the wind,
Phyllanthus niruri. The nanoparticles were small (19.25 nm)
and exhibited stone-like morphologies and also demonstrated
bactericidal activities against Bacillus subtilis, Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae and Aspergillus
niger, suggesting the potential of the leaf extract in synthesizing
ZrO, NPs with excellent characteristics.

Chloranthus erectus is a shrub that thrives in shaded areas
near to streams on the forest floors of tropical and temperate
zones in east Himalaya, Indo-Burma and South-East Asia. C.
erectus leaf paste has been employed in herbal therapies to
treat joint discomfort, body aches and localized swelling [13].
The plant is rich in phytochemical compounds, such as flavo-
noids, terpenoids, seroids, amino acids, saponins, quinones,
tannins, sugar and glycosides [ 14]. Moreover, the total phenolic
content in C. erectus indicated its potential as a capping agent
in nanoparticles production [15]. Nonetheless, no study has
been conducted to examine the effectiveness of C. erectus leat
during plant-mediated ZrO, NPs synthesis.

Typically, nanoparticles are monoclinic, tetragonal and
cubic, which determine their performances in various applica-
tions. High-performance nanoparticles could be obtained by
optimizing the synthesis parameters, which are crucial in regul-
ating the growth of the particles. Several studies have exten-
sively discussed the effects of particular conditions, including,
pH, precursor and plant extract concentration, temperature and
incubation time. Alahdal ez al. [16] determined the importance
of pH, precursor concentration and incubation time in copper
nanoparticles manufacture. Similarly, Sukweenadhi et al. [17]
synthesized silver nanoparticles with varying plant extract
concentrations and temperatures. The natural reducing agents
in the phytochemical compounds can reduce Zr ions to Zr metal,
forming ZrO,. Nevertheless, the effects of optimizing synthesis
parameters on the formation of ZrO, NPs have not been reported,
hence ideal conditions to procure high-quality ZrO, NPs are
unavailable.

In present study, the biosynthesis of ZrO,NPs as efficient
biological characeristics was achieved by using C. erectus leaf
extract. This study also determined the effects of critical para-
meters including pH, plant extract concentration and incubation
time, on the quality of ZrO, NPs. The optimized ZrO, NPs
was assessed for their antibacterial and antiviral activities against
pathogens.

EXPERIMENTAL

The current study employed zirconyl chloride octahydrate,
sodium chloride, gentamycin (Sigma Aldrich, USA), ethanol
(Chemiz, Malaysia) and deionized water without further puri-
fication. Fresh C. erectus leaves were gathered from Taman
Negara Gunung Ledang, Johor National Park (GPS: 2.34349,
102.6225). The leaves were authenticated by a taxonomist
at the Forest Research Institute Malaysia (FRIM) (PID no.
160820-12).

The pathogen cultures utilized in this study were obtained
from the Unit Culture Bank, UiTM Negeri Sembilan Branch.
The bacteria were cultivated in a Mueller-Hinton agar (MHA)
(Sigma-Aldrich, USA). The Vero cells (ATCC, USA) were grown
in 5% CO, environment in a Dulbecco’s modified Eagle medium
(DMEM) at 37 °C. The medium was also supplemented with
10% heat-inactivated fetal bovine serum (FBS) (Gibco, New
York, USA) and 1% penicillin-streptomycin (Gibco, New York,
USA).

Preparation of leaf extract: The leaves samples were
cleaned with distilled water and allowed to dry for a few weeks.
Subsequently, the leaves were crushed into a fine powder and
kept at4 °C in an airtight storage bottle. Subsequently, 10 g of
leaf powder was mixed in a beaker with 100 mL of distilled
water. The mixture was heated to 80 °C for 2 h, left overnight
and was filtrated with a no. 42 Whatman filter paper to remove
any residues. The solution collected was utilized to synthesize
C. erectus mediated ZrO, NPs.

Synthesis of C. erectus mediated ZrO, NPs: The green
synthesis of ZrO, NPs using C. erectus leaf extract was per-
formed according to the protocol outlined by Alagarsamy et al.
[9]. In brief, ZrCl,-8H,0O was mixed with 50 mL of leaf extract
and stirred for 1 h. Subsequently, 2 M NaOH was added drop-
wise under magnetic stirring until a white precipitated formed
at pH 9. After continuously stirring for another 2 h, the preci-
pitate was centrifuged at 2000 rpm for 2 min several times
and washed with ethanol and distilled water alternately after
each centrifugation. The precipitate was then dried at 80 °C
overnight, with the powder calcined at 500 °C for 3 h.

Characterization: The UV-Vis spectra of C. erectus medi-
ated ZrO, NPs were obtained in the range of 200 and 600 nm
with a T80+ UV-vis spectro-photometer (PG Instruments). A
Rigaku diffractometer was utilized to obtain X-ray diffraction
(XRD) data, which were employed to determine the sample unit
cell parameters by employing PDXL software. The surface mor-
phologies and shapes of the green synthesized ZrO, NPs were
examined with an energy dispersive X-ray (EDX)-equipped
scanning electron microscope (SEM) (Hitachi TM3030 PLUS
model) and transmission electron microscope (TEM) (Talos
L120C). A Fourier-Transform infrared (FTIR) (Perkin-Elmer)
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analysis within the 4000—400 cm™ range was also conducted to
determine the significant functional groups in the C. erectus
mediated ZrO, NPs.

Antibacterial activities

Bacterial strains: Antibacterial activities of C. erectus
mediated ZrO, NPs synthesized in this study were established
against pathogenic isolates of Gram-positive (S. aureus and
B. cereus) and Gram-negative bacteria (P. aeruginosa, E. coli
and K. pneumoniae). The strains were obtained from the Bank
Culture Unit, Universiti Teknologi MARA Cawangan Negeri
Sembilan, Malaysia.

Antibacterial properties: The antibacterial activities of
the C. erectus mediated ZrO, NPs and standard antibiotic (gent-
amycin, 10 pg/mL) were evaluated via the disc diffusion method
[4] with slight modifications. First, a 250 mL bacterial suspen-
sion adjusted to 10° CFU/mL was combined with 30 mL molten
HMA. After the mixture solidified, a sterilized disc (6 mm)
containing ZrO, NPs (0.5 mg/mL) of different concentrations,
ranging from 50 to 250 pg/mL, was transferred aseptically to
the surface of inoculated agar. A standard antibiotic (gentamycin)
and DMSO (negative control) were also applied. The inhibition
zone diameters were then determined in mm. Subsequently,
the plates were incubated at 37 °C for 24 h and each sample
was assessed in triplicates.

Antiviral activities

Viral preparation: In this study, the DENV-2 stock was
prepared based on the guidelines reported by Kothai ez al. [18]
with minor alterations. The Vero cells were seeded at 3 x 10°
per well in a 6-well plate with 2 mL medium. The plate was
left for 24 h in a 5% CO, incubator until a confluent monolayer
of cells was observed through a microscope. The virus growth
medium utilized in the current study was prepared ina 15 mL
tube by combining serum-free DMEM with 0.2% FBS and
1% pen-strep. The Vero cell monolayer in the 6-well plate was
deterged with phosphate-buffered saline twice.

The cells were infected with the DENV-2 inoculum at 0.1
multiplicity of infection (MOI) for 1 h at 37 °C and shaken
front-to-back and side-to-side every 15 min. After 1 h of incu-
bation, 1.5 mL of virus growth medium was added to each well
and the 6-well plate was incubated in a 37 °C 5% CO, incubator
for 72 h. The infected cultures were checked daily to observe
any cytopathic effects (CPE). Once 80% of the cells were detached
from the surfaces, the virus-containing supernatants were harv-
ested and centrifuged at 500x g for 5 min and the virus was then
stored in a —80 °C freezer.

Preparation of different C. erectus mediated ZrO, NPs
concentrations: In this study, 20 mg of biosynthesized nano-
particles were added to 1000 uL autoclaved distilled water to
prepare a 20000 pg/mL ZrO, NPs solution. A two-fold serial
dilution was performed to prepare nanoparticles of different
concentrations (500, 250, 125 62.50, 31.25, 15.63,7.81 and O
pg/mL).

Cell cytotoxicity assay: The cytotoxic effects of the nano-
particles synthesized were evaluated through a 3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) assay (Promega, USA). The procedure

was performed according to the manufacturer’s instructions.
Vero cells at 1 x 10° per well were seeded in a 96-well plate
with 100 uL of the growth media. The 96-well plate was left
for 24 h until a confluent monolayer of cells was observed
under a microscope. The used medium in the plate was then
removed. The wells were washed with phosphate buffer solu-
tion (PBS) to remove the remaining medium. Subsequently,
100 pL of the synthesized ZrO, NPs were added to the 96-
well plates. Each ZrO, NPs concentration was evaluated in
triplicates and the control group in this study only received
cell culture media.

After being incubated for 72 h, each well was added with
20 uL MTS reagent (Promega, USA) and incubated again in a
5% CO, incubator (Labserv, Thermo-Fisher Scientific, USA)
for 1 h. A microplate reader (BioTek Synergy, USA) was utilized
to determine the amount of solubilized formazan crystals formed
in each well. The viability (VR) of the nanoparticles-treated
cells was calculated according to the formula VR = A/A,, where
A denotes the absorbance of the experimental group and A
represents the absorbance of the control group. The average
absorbance of the control cells (treated with only the cell culture
medium) was considered at 100% viability. Wells with 80% or
more viability following the treatments were considered non-
cytotoxic.

Cytopathic effect reduction assay: Vero cells of 1 x 10°
per well were seeded in a 96-well plate with 100 uL DMEM
media. The 96-well plate was left for 24 h until a confluent
monolayer of cells was observed under a microscope. In an
Eppendorf tube, 400 uL of 2% DMEM was mixed with 400
UL of ZrO, NPs solution. The used media in the plate was
discarded and washed with PBS before 50 puL of prepared synth-
esized ZrO, NPs solution at different concentrations and 50
UL of DENV-2 solution with MOI = 0.1 were pipetted into the
wells and resuspended to thoroughly mix them. Each ZrO,
NPs solution concentration and the virus and cell controls were
evaluated in triplicates. Subsequently, the treated cells were
incubated and observed daily for the presence of cytopathic
effect. A microplate reader was employed to read the absor-
bance of the 96-well plate at 490 nm. The cytopathic inhibition
percentage of each sample was calculated according to eqn. 1:

OD of [T-VC(C]
opofjcc-vc] P
where OD represents optical density, T is the cells treated with
the compound, CC denotes cell control and VC is the virus
control [19].

Statistical analysis: The experimental data obtained from
the cell cytotoxic and cytopathic effect reduction assays cond-
ucted in this study were statistically evaluated with GraphPad
Prism version 9 (GraphPad Software Inc., San Diego, USA).
The information acquired from the cell cytotoxic assessment
was then analyzed with a four-parameter dose-response curve
fit to derive the half-maximal cytotoxic concentration (CCso)
and half-maximal inhibitory concentration (ICs) of each sample.
The maximum non-toxic dose (MNTD) value, where 95% of
cells were viable was also obtained from the cell cytotoxicity
dose-response curve. Consequently, the CCsy-to-ICs ratio of

Cytopathic inhibition (%) =
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the compound was determined to establish the selectivity index
(SI) value.

RESULTS AND DISCUSSION

Effect of pH: The effects of different parameters employed
were determined with the UV-Vis spectroscopy between 200
and 600 nm (Fig. 1). The formation of biosynthesized ZrO,
NPs was confirmed when an absorbance band at 214 nm was
observed.

Plant extract
—pH3
—pH5
——pH7
——pH9
——pH 10
——pH 11

Absorbance

T
200 250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 1. UV-Vis spectroscopy at different pH during synthesis C. erectus-

71O, NPs

Plant extract concentration: The optimal sample concen-
tration in this study that generated the maximum UV-Vis absor-
bance response was 5 g/150 mL of ZrO, NPs (Fig. 2). Plant
extract concentration has demonstrated significant influences
on the shape and size of nanoparticles.

—5g/50 mL

—— 59/100 mL
— 5 g/150 mL
=—— 5 g/200 mL

Absorbance

T T T T T T T
200 250 300 350 400 450 500 550 600

Wavelength (nm)

Fig. 2. UV-vis spectroscopy at different concentrations of plant extract
during synthesis C. erectus-ZrO, NPs

Incubation time: In this study, the effects of different incub-
ation times (3, 6 and 24 h) were evaluated utilizing the optimized
pH and plant extract concentration. Fig. 3 illustrates that the

— 3h
— 6h
— 24h

Absorbance

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 3. UV-Vis spectroscopy at incubation times during synthesis of C.
erectus-ZrO, NPs

ideal absorbance signal was obtained after 6 h of incubation,
which allowed the precursor to react with NaOH and the plant
extract. Alagarsamy et al. [9] also demonstrated the importance
of the incubation period in producing excellent ZrO, NPs.

XRD studies: The XRD spectra in Fig. 4 demonstrate
the biogenic capped and uncapped ZrO, NPs. The data revealed
distinct diffraction peaks at 30.29°, 35.32°, 50.44°, 60.28°,
63.12° and 82.28°, corresponding to the (011), (110), (020),
(121), (202) and (220) diffraction planes. These findings are
matched with the standard diffraction data provided in JCPDS
card No.: 00-050-1089. On average, the crystallite size of the
synthesized C. erectus mediated ZrO, NPs in the current study
was 9.96 nm. Nevertheless, the uncapped ZrO, NPs documented
an average crystallite size of 12.28 nm, slightly bigger than its
capped counterpart. Moreover, the biosynthesized ZrO, NPs
in the current study was also smaller (34.33 nm) than the ZrO,
NPs synthesized from native Enterobacter sp. [3].

(o11 —— Capped NPs

—— Uncapped NPs

(020)

Intensity (%)

10 20 30 40 50 60 70 80 90
26 (°)
Fig. 4. XRD spectra of uncapped and capped C. erectus-ZrO, NPs

Based on the XRD data, the nanoparticles prepared in this
study had tetragonal crystal systems, which was in accordance
with the report of Saraswathi & Santhakumar [20]. The XRD
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diffraction peaks were also significantly similar to the ZrO, Scherrer’s equation. According to Alagarsamy et al. [9], the
NPs prepared utilizing Indian bael fruit extract [11]. Nonethe- size of nanoparticles contributes to its stabilisation phase. ZrO,
less, the uncapped ZrO, NPs peaks were more intense than the NPs are more stable when in monoclinic crystal structures if
C. erectus capped nanoparticles. The uncapped nanoparticles their size range is over 20 nm. On the other hand, particles

also had no peak corresponding to (220), indicating the effective- between 7 and 20 nm exhibit tetragonal crystal structures. The
ness of C. erectus to produce substantial ZrO,NPs crystallinity. average size of the nanoparticles in this study was 6.73 + 1.44
The synthesized ZrO, NPs diffraction pattern exhibited higher nm, which parallels the tetragonal phase.

intensity peaks than the uncapped nanoparticles. The results FTIR studies: The infrared spectra of C. erectus leaf extract
were similar to the report by Putri ef al. [21], who also synthe- and biosynthesized ZrO, NPs were recorded to identify the
sized green CeO, NPs. functional groups of the biomolecules responsible for the syn-

TEM studies: The morphology of the C. erectus mediated thesis and stabilization of the nanoparticles. The ZrO, NPs
ZrO, NPs and uncapped ZrO, NPs procured in this study was documented distinct the functional groups at 3396 and 1611
established with TEM (Fig. 5). Agglomerated spherical-shaped cm™ (Fig. 6). The observation indicated that the plant extract
particles were observed. The particle size distribution analysis contained significant functional groups derived from its phyto-

recorded 6.06 + 2.18 nm. The assessment was performed utili- chemical compounds, which had a pivotal role in stabilizing
zing Image-J software on 100 random particles and the mean the C. erectus mediated ZrO, NPs.
particle size range was determined with a histogram. The images The band observed at 486 cm™ was assigned to the form-

closely matched the size calculated from XRD by employing ation of ZrO, NPs. The C. erectus leaf extract also exhibited

40
Mean = 9.97 +2.90 nm
35 (b) Relative std. dev. = 29.07
N =100
30
25
2
€ 20
=}
z
15
10
5
0
ol e 5 IR 0-2 3-4 5-6 7-8 9-10 11-12 13-14
A e O 50 nm S '7 B Particles diameter
40
(d) Mean = 6.07 £2.18 nm
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N =100
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25
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Fig. 5. (a) TEM image of uncapped ZrO, NPs, (b) histogram plot of uncapped ZrO, NPs, (c) TEM image of capped C. erectus-ZrO, NPs and
(d) histogram plot of capped C. erectus-ZrO, NPs
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Fig. 6. FTIR spectra of C. erectus-ZrO, NPs

4000 3500 3000

significant peak at 1636 cm™ due to the C=0 carboxyl group
stretching. The broad O-H band at 3450 cm™ indicated by the
bonds linked to the secondary metabolites suggested flavo-
noids, polyphenols and alkaloids in the plant extract, which
might stabilized the ZrO, NPs formed. According to Karthik
et al. [22], the phytochemical compounds in plant extracts are
critical as a capping agent as they could protect the nanoparticles
by suppressing the cluster developments. These findings were
in accordance with the data recorded by Goyal et al. [10], which
synthesized ZrO, NPs with H. annus using seed extract.
Antibacterial activities: The present study employed the
agar well diffusion method to assess the antibacterial activities
of plant medidated synthesized ZrO, NPs against E. coli, K.
pneumoniae, S. aureus and B. subtilis. Gentamycin, the preferred
bacterial infection treatment was also utilized as a control (broad
spectrum). The results indicated that the most significant inhi-
bition zone was observed in the absence of the nanoparticles.
Nevertheless, the synthesized ZrO, NPs demonstrated K.
pneumoniae growth-reducing potential. The nanoparticles did
not affect E. coli, S. aureus and B. subtilis. Increasing the concen-
tration of nanoparticles resulted in enhanced inhibition zones
against K. pneumoniae, measuring 1.23 mm at 200 pg/mL
(Table-1). The positively charged Zr ions effectively caused
cell death by disrupting the negatively charged bacterial cell
wall [23]. The electromagnetic attractions between microor-
ganisms with negative charges and positively charged metal
oxides lead to oxidation and the death of microorganisms [24].

The sulphated ZrO, NPs synthesized by Mftah et al. [25]
demonstrated the considerable antibacterial actions against
methicillin-resistant S. aureus and P. aeruginosa (30 nm ZOI),
B. subtilis and S. choleraesuis. In another study, Banerjee et
al. [26] found that ZrO, NPs exhibited antibacterial activities
against E. coli bacteria but not S. aureus or fungi. The findings
documented in this study indicated that the C. erectus
medidated ZrO, NPs could be employed as an anti-bacterial
agent against the Gram-negative K. pneumoniae bacteria also.
The NPs improved the generation of reactive oxygen species
(ROS), eradicating bacterial cells. Nevertheless, the capacity
of the nanoparticles to bind to bacteria is contingent upon size
and dosage. Smaller particles with larger surface volumes faci-
litated extensive contact areas with the microbes. The inherent
ZrO, characteristics significantly enhance the biological and
chemical properties of its nanoparticles, rendering them consi-
derably effective and robust bacteriostatic materials.

Antiviral properties: The cytotoxicity of the green synth-
esized C. erectus medidated ZrO, NPs was also determined with
Vero cells in an MTT assay. The cells were treated with varying
concentrations of the nanoparticles, which ranged between 0
and 500 pg/mL.The evaluation revealed significant ZrO, NPs
cytotoxicity at concentrations > 314.30 pg/mL after 72 h of
incubation (Fig. 7a). The substantial CCs, value suggested that
the synthesized ZrO, NPs possessed relatively low toxicity
towards the Vero cells. Although the cytotoxicity of metal nano-
particles is dependent on different factors, such as shape, size,
nanoparticles concentration, exposure time and cell types [27],
some cells, including macrophages, fibroblasts and epithelial
cells, are more sensitive towards metal nanoparticles [28].

The maximum non-toxic dosage (MNTD) value refers to
the maximum dosage of a medicine utilized to produce serious
or unacceptably negative side effects [29]. The C. erectus
mediated ZrO, NPs produced in this study recorded a higher
MNTD value (290.56 pg/mL) than medicinal plant-synthesized
AgNPs, which recorded 30-250 pg/mL [30]. A cytopathic effect
reduction assay was also performed to determine the C. erectus
mediated ZrO, NPs abilities to inhibit DENV-2 infections.
Smee et al. [31] reported the capabilities of the assessment to
assess the antiviral activities of compounds of interest against
DENV-2. In this study, the C. erectus mediated ZrO, NPs
documented 229.00 pg/mL ICs, indicating a weak antiviral
activity against DENV-2 (Fig. 7b). Varying concentrations of
the synthesized ZrO, NPs also did not substantially inhibit the
cytopathic effect (CPE) caused by DENV-2 viral infections.
Moreover, increasing the ZrO, NPs concentration to 500 pg/

TABLE-1
ANTIBACTERIAL ACTIVITIES OF THE C. erectus-ZrO, NPs AGAINST BACTERIA PATHOGENS

Bacterial ZrO, NPs concentration (ug/mL) Gentamycin (ug/mL)

pathogen 50 100 150 200 250 10
E. coli NIZ NIZ NIZ NIZ NIZ 4.00 £ 0.05
K. pneumonia NIZ NIZ NIZ 1.2 +£0.23* NIZ 2.73 +0.14
S. aureus NIZ NIZ NIZ NIZ NIZ 2.51 =0.10
B. subtilis NIZ NIZ NIZ NIZ NIZ 3.33 £0.05

Note: NIZ: No inhibition zone, NS: not significant, all data represent mean + standard deviation (*p < 0.05) of three replicates and all comparisons

were conducted with gentamicin as the standard drug.
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Fig. 7. C. erectus-ZrO, NPs exhibit low antiviral activity against DENV-2. (a) Cytotoxicity assay of C. erectus-synthesized ZrO, NPs at
various concentrations on vero cells at 96 h post-treatment using MTS assay. Results from triplicates are shown as the percentage of
cell viability against different concentrations of C. erectus-ZrO, NPs. (b) Cytopathic effect (CPE) reduction assay against DENV-2 by
MTS assay. Vero cells were treated with increasing concentrations of C. erectus-ZrO, NPs for 4 days. The data are normalised to non-
treated control cells which were set to be 100% in triplicate assay. Error bars represent the standard deviation of the mean

mL only yielded a slight CPE inhibitory effect reduction. The
phenomenon might results from cell toxicity (Fig. 7a-b).

Generally, the SI values are employed as a pre-clinical
screening technique for drugs and a pertinent indicator in pre-
liminary procedures for further assessments. The data is
obtained by calculating CCsy-to-1Cs, ratios. A significant SI is
an early pharmacological success predictor of the relative
safety of a drug product for clinical applications [32]. Ideally,
a compound with a considerable SI value would kill the virus
before the host cells, indicating the selectivity of the towards
the virus instead of the host cells.

Although the ICs of C. erectus mediated ZrO, NPs synthe-
sized in the current study was higher (229.00 ug/mL) than the
Ag NPs on SARS-CoV2 (0.005 pg/mL), its SI value was signifi-
cantly lower at 1.37 than the 12.40 reported by Flérez-Alvarez
etal. [33]. The low SI value indicated that C. erectus mediated
ZrO, NPs had a low potential antiviral activity against DEN'V-
2 virus. The nanoparticles were also observed aggregated when
viewed under a microscope (data not shown) with inconsistent
sizes, which might have decreased their antiviral effectiveness.

Conclusion

The current study successfully synthesized and character-
ized C. erectus mediated ZrO, NPs utilizing C. erectus leat
aqueous extract. The biosynthesized demonstrated a signifi-
cantly discernible UV-vis absorption peak at 214 nm. The present
study also determined the optimized conditions for producing
high-performance ZrO, NPs, which were pH 5, 5 g/150 mL of
the plant extract and 6 h of incubation. The UV-vis absorption
band confirmed the ideal conditions. Furthermore, the purity,
morphology and average particle size of C. erectus mediated
ZrO, NPs were characterized by XRD, FTIR, TEM, SEM and
EDAX. Nevertheless at 200 ug/mL, C. erectus mediated ZrO,
NPs exhibited low antibacterial efficacy against K. pneumoniae
and antiviral activities against DENV-2 viruses. Quantitative
approaches, such as plaque reduction assay, could be conducted
to obtain more information, including the degree of inhibition

of viral replication of serially diluted C. erectus mediated ZrO,
NPs. An immunofluorescent assay could also be performed to
investigate how the NPs affect DENV-2 virus antigen expres-
sions on Vero cell surfaces.
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