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Abstract

The present study principally concentrated on developing environmentally responsive, plant-mediated, less dangerous copper
oxide nanoparticles (CuO NPs) using Clausena dentata leaf extract and exploring the mosquito larvicidal action. The
biosynthesized CuO NPs were characterized by UV-Visible, FT-IR, XRD, SEM, and EDX spectroscopy, which explain the
development of CuO NPs. A mosquito larvicidal study of the green-synthesized CuO NPs was assessed, and the LC50 value of
13.45 pg/mL shows the strong larvicidal potential of the synthesized NPs. This was further confirmed by the molecular
docking study with mosquito larval protein (PDB Code: 6XYU), and the binding energy of -5.8 kcal/mol indicates the
favorable contact with the chief amino acid residues. Hence, these findings reveal that the plant-mediated CuO NPs serve as a

promising, ecological agent for mosquito larvae control.
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Introduction

Nowadays, Nanotechnology is a remarkable and rapidly
advancing research domain. Its infinitesimal particles are
extensively exploited through numerous sectors due to their
effectiveness and cost-efficiency. Nanoparticles are
currently essential in fields like medicine, chemistry,
physics, engineering, and agriculture. In these regions, they
behave as catalysts, sensors, and nano-adsorbents in the
chemical industries and pitch in to nano-coating, energy
storage, and nano-photonics [,

In this context, metal oxide nanoparticles are noteworthy
materials for their tremendous applications in biological and
environmental applications such as drug delivery,
bioimaging, vaccines, diagnostics, engineering,
photocatalytic, dye removal, and many ecological remedies.
These materials were fabricated through several
methodologies, including  sol-gel,  co-precipitation,
hydrothermal, micro-emulsion, and microwave-assisted
synthesis 2, They are very toxic to the environment, and the
remedy to reduce the toxic nature is the bio fabrication,
which is effective than the chemical approach. To reduce
the ecological risk, green-synthesized nanoparticles are a
promising factor, which is achieved by various
phytochemicals present in the plants as reducing, capping,
and stabilizing agents ©1.

In this background, we employed the generation of green-
synthesized CuO NPs using the extract of Clausena dentata
leaf, which holds various phytochemicals like flavonoids,
alkaloids, and polyphenols. Biosynthesized nanoparticles
offer numerous benefits, including the reduction of
hazardous solvents and toxic reagents and the mitigation of
environmental concerns. Among these, mosquito
propagation is one of the important problems to control,
which was suppressed by the biofabricated CuO NPs due to
their inherent capacity to reduce the propagation. In
addition, the biomolecules present in the plant contribute to
this mitigation in an environmentally friendly manner ™.
The efficacy of the larvicidal capacity of the green-
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synthesized CuO NPs was explored with an ICso value of
13.45 mg/mL, revealing noteworthy toxicity, which was
confirmed by a molecular docking study. Conclusively, the
bio-fabricated CuO NPs showed their potential as an

effective and eco-safe mosquito larvae vector control agent
5]

Materials and Methods

Materials

Copper acetate monohydrate [(CHsCOO) »Cu-H20], sodium
hydroxide (NaOH), and ethanol (C:HsOH) were obtained
from Techno Scientific, Thanjavur. Clausena dentata leaves
were collected from the green background of the Thanjavur
district, Tamil Nadu, India, for the larvicidal bioassay. Late
third- to early fourth-instar larvae of Aedes aegypti
mosquitoes were collected from stagnant water sources in
the local environment of Thanjavur.

Plant extract preparation

Freshly collected Clausena dentata leaves were cleaned
with running tap water, followed by double-distilled water.
About 20 g of the washed leaves were mixed with 200 mL
of distilled water and boiled at 80°C for 30 min.
Subsequently, the extract was filtered using Whatman No. 1
filter paper to eliminate impurities. The cultured extract was
set aside for the following use at 4°C [,

Biofabrication of CuO NPs

20 mL of 0.2 M (CHsCOO) 2Cu - H20 solution were
prepared and heated to 60°C using a magnetic stirrer. After
that, 20 ml of the prepared leaf extract solution was added
drop-wise at a constant temperature. The pH was adjusted to
10 by introducing 1 M NaOH solution, and the reaction
mixture underwent continuous stirring for 3 hours to
terminate the process of synthesis. Subsequently,
centrifugation at 14,000 revolutions per minute for a period
of 10 minutes was utilized to separate the synthesized
nanoparticles, and the residue was thoroughly rinsed with
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deionized water and ethanol to improve the level of purity.
The biogenic CuO NPs were kept in a hot air oven at 140°C
and then dried in a muffle furnace for 3 hours at 400°C "],

Larvicidal Bioassay

The larvicidal activity was executed under the guidelines of
the World Health Organization (WHO) with slight
modifications. A 1000 ppm stock solution was prepared by
dissolving bio-fabricated CuO NPs using deionized water,
and the suspensions were diluted to concentrations of 10,
20, 30, 40, and 50 pg/mL. For the larval mortality assay, 10
mosquito larvae were shifted to plastic cups containing 100
mL of each trial solution [, Triplicates were carried out to
ensure reproducibility, along with bare deionized water as a
control. The test solutions were maintained under identical
conditions, and the larval mortality was recorded after 24
hours 1. When larvae did not react to light poking, they
were deemed dead. The mortality rate was determined using
the formula:

number of dead larvae

% of mortality = 100 - ———(1)

total larvae introduced

Data Analysis

The mean percentage and the * standard deviation were
calculated from the triplicate mortality data. The median
lethal concentration (LCso) was estimated between doses
that produced mortalities closest to 50% with a significance
level of p < 0.05.

Results and discussions

UV analysis

Fig. 1 shows the UV-visible absorption spectrum of CuO
NPs synthesized from Clausena dentata leaf extract,
reported in the wavelength range between 200 and 1000 nm
110 Two distinguished absorption peaks were observed at
214.3 nm and 375.3 nm, attributed to the surface plasmon
response (SPR) absorption band, which confirms the
formation of CuO NPs. As an attuned result, the UV
absorption spectrum exhibits the formation of CuO NPs [*4,
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Fig 1: UV spectrum of the biosynthesized CuO NPs using
Clausena dentata leaf extract

FT-IR analysis

Fig. 2 shows the FTIR spectrum of CuO NPs synthesized
from Clausena dentata leaf extract 114, A distinctive
absorption band at 3432.78 cm™ indicates the presence of
phenolic -OH, and the absorption bands observed at 1630.44
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cm™' and 1470.06 cm™ are correlated with C=O stretching
and C-H bending absorptions, respectively. Moreover, the
absorption bands at 569.78 cm™ and 510.05 cm™ represent
the Cu-O bond. The aforementioned information confirms
the presence of photochemicals in the Clausena dentata leaf
extract that acted as the reducing, capping, and stabilizing
agents for the synthesis of CuO NPs process '3,
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Fig 2: FT-IR spectrum of biosynthesized CuO NPs using Clausena
dentata leaf extract

XRD analysis

Clausena dentata leaf extract was utilized to prepare CuO
NPs, which were analyzed by x-ray diffraction pattern as
shown in Fig. 3. Miller indices (110), (-111), (111), (202),
(202), (-113), (311), (113), (221), and (004) are consistent
with the monoclinic phase with COD number 1011148. This
XRD analysis confirms the stability, crystalline nature, and
phase purity and the successful formation of CuO NPs [14],
Moreover, the average size of the synthesized CuO NPs was
determined by the following Scherrer equation (2).

Where k is 0.94, B is the full width at half maximum of the
peak, 0 is the diffraction angle, and A is the wavelength. The
average particle size of the biosynthesized CuO NPs is 28
nm, which validates the nanoscale growth [%,
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Fig 3: XRD patterns of CuO NPs synthesized using Clausena
dentata leaf extract

SEM and EDS Analyses

Fig. 4a represents the surface structure of the biosynthesized
CuO NPs, which visibly establishes the nanostructure, form
of all the particles 161, From this result, the SEM micrograph
clearly reveals that CuO NPs are in cubic and spherical
shapes, with less evidence of agglomerations, and the
average particle diameter is 46.2 nm, confirming the
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formation of biosynthesized CuO NPs. This is because bio-
reduction frequently produces nanoparticles with different
sizes and shapes of CuO NPs [17],

The surface elemental investigation of the biosynthesized
CuO NPs and the corresponding weight percentages are
shown in Fig. 4b, which reveals the presence of copper,
oxygen, and carbon with weight percentages of 77.41%,
19.85%, and 2.74%, respectively 18, The presence of
carbon present in the EDS spectrum confirms the fabrication
of CuO NPs using Clausena dentata leaf extract.
Conclusively, the aforementioned SEM and EDS analyses
corroborate the biofabrication and potential uses of CuO
NPs 1],

Element Weight % /
C K 2.74 8.50
O K 19.85 46.16
Cu K 77.41 45.34
TOTAL 100.00 100.00

(1]
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Fig 4: (a) SEM micrograph (b) EDS spectrum of CuO NPs
synthesized using Clausena dentata leaf extract

Larvicidal activity

Fig. 5 shows the larvicidal bioassay of the different
concentrations of the biosynthesized CuO NPs, indicating
the effective control of larval endurance.

Fig 5: Larvicidal bioassay for different concentrations of CuO NPs
synthesized using Clausena dentata leaf extract

Subsequently, Fig. 6 shows that the larval mortality
increases in a dose-dependent manner even at 10 pg/mL,
which confirms the strong deadly efficacy of synthesized
CuO NPs 21, As we see in Fig. 6, 44.73% of mortality was
achieved at 10 pg/mL, and the utmost mortality was
observed at 90.49% for 50 pg/mL, suggesting the effective
penetration of the larval biological system by the
biosynthesized CuO NPs [?1. The experimental results of the
triplicate assay showed that the mortality rate is consistent.
Half of the larval population mortality was obtained by the
LCso value, which is 13.45 pg/mL, indicating the potential
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larvicidal activity of the biosynthesized CuO NPs. It is
making them promising and eco-friendly members for
mosquito vector control 22,
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Fig 6: mortality rate for different concentrations of CuO NPs
synthesized using Clausena dentata leaf extract

Molecular docking study

Fig. 7a shows the deep positioning of the CuO ligand with
the active site of the 6XYU protein, suggesting a favorable
interaction with a binding energy of -5.8 kcal/mol. The
orientation is also displayed in Fig. 7a, indicating the
mortality ability of the CuO ligand 23l Further, Fig. 7b
reveals the binding chief residues, such as Ser329, Thr275,
and Lys403, of the protein with the ligand, confirming the
stability of the protein-ligand complex of the larvae death.
Consequently, Fig. 7c shows the hydrogen bonding
interaction ranging from 2.08 to 3.14 A corroborates the
biological significance 4. Fig. 7d further confirms the
positioning of the ligand in the active site and the disruption
of the structural integrity of the protein in the larvae.
Conclusively, these theoretical evaluations suggest that the
synthesized CuO NPs inhibit the biological process of the
mosquito larvae %%,

Fig 7: (a) 6XYU protein-CuO ligand binding (b) key amino acid
residues (c) bond distance (d) hydrogen bonding

Conclusion

The CuO NPs were synthesized using Clausena dentata leaf
extract as a sustainable and environmentally friendly
approach. The structural, morphological, and elemental
characterizations of the biosynthesized CuO NPs were
illustrated by UV-Vis, FTIR, XRD, SEM, and EDS
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analyses. The larvicidal activity of the synthesized CuO NPs
revealed potential larvicidal activity with the LC50 value of
13.45 pg/mL, suggesting it as an effective alternative to
conventional chemical larvicides. The theoretical evidence
for the experimental outcomes was achieved by the
molecular docking analysis with the mosquito larval protein
6XYU, and the binding energy of -5.8 kcal/mol indicates a
strong affinity of CuO NPs against the target protein.

Finally,

all outcomes strongly suggest that the

phytomediated CuO NPs reveal an eco-friendly, strong, and
cost-effective candidate for mosquito larval control.
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