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Abstract

Copper nanoparticles (Cu-NPs) recently engrossed the attention of investigators due to their incredible
features and numerous applications in the pharmacological industry. This research work focuses on the
manufacture of copper oxide nanoparticles in an aqueous media utilizing Spinacia oleracea leaf extract.
Various analytical methods like UV/Vis Spectroscopy, FT-IR spectroscopy, X-Ray diffraction studies, SEM
analysis were utilized to identify structure of the CuO nanoparticles produced. The CuO nanoparticles
exhibited significant bactericidal action towards Staphylococcus aureus, Escherichia Coli, proteus,
klebsiella & potential antifungal activity towards A.flavus, Rhizopus & A.fumigant. Furthermore,the
synthesized CuO nanoparticles have significant larvicidal activity towards Culex. Quinquefasciatus. This
research shows that CuO can be synthesized in a simple, environmentally friendly way and has a wide
range of uses.

1. Introduction

Nanoparticle standout in the medicine field, nutrition and energy sector because of their diverse
capabilities and compelling applications [1]. Nanomaterials are distinguished from other comparable
materials by their exceptional characteristics. The shapes and sizes of the NPs have an impact on their
optical, stimulative and conductive capabilities [2]. Nanoparticles and Nanostructured Materials have
acquired significance in scientific breakthroughs over their bulk counterparts because of their controllable
physicochemical features like melting point, catalytic action, absorption of light and scattering of light,
electrical conductivity, thermal conductivity [3]. Nanoparticles were widely used in biomedical research in
recent years for antioxidant, antibacterial, antiinflammatory, antiviral, cytotoxic, anticancer, and anti-HIV
effects [4]. The learning of the biological characteristics of metal nanoparticle is becoming more popular.
In recent years, Nanoparticles of noble metal have gained a lot of attention because of their uses in many
industries and improved physical, chemical & biological properties [5].

When compared to other noble metals like Gold, Platinum and Silver, copper is a less expensive material,
but it is prone to microscopic oxidation [6—8]. Several researchers have recently begun evaluating the
biological activities of nanoparticles comprising metal oxide like Copper Oxide & demonstrated superior
biological and photo catalytic activities over those derived from metal nanoparticles have been reported
[9-11]. Nanoparticles of Silver and copper have revealed to exhibit potential inhibitory and antibacterial
properties. Copper is now used in the metallic nanoparticles synthesis in the place of noble metals as
they are low cost than gold and silver [12]. Wide-ranging antibacterial properties of copper are present.
While this might be employed therapeutically, it might also negatively impact symbiotic bacteria in the
environment, on the skin or in the intestine. Cu nanoparticles have been used as disinfectants in water
treatment facilities [13], food processing [14], wound healing ointments [15], bandages [16], and other
applications due to their antibacterial and antiviral properties [17, 18].

The utilization of plant extract in green synthesis techniques is gaining popularity to generate metal
based nanoparticles. Green synthesis techniques often employ relatively benign resources to produce
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nanomaterials such as water, biological extracts & microwave assisted synthesis [19, 20]. With regard to
efficiency, cleanliness, simplicity, non-toxicity, cheap cost and environmental friendliness, biosynthesis of
nanoparticles using bio-green technologies has a number of benefits over chemical and physical
synthesis approaches [21-23].

The majority of the methods include non-biodegradable stabilizing agents, organic solvents and
dangerous chemicals as reducing agents, all of which are risky for the environment and biological
systems. These operations are generally expensive since they require non-standard conditions and are
complicated. Thus, it has been shown that biosynthesis of nanoparticles is a more practical and
sustainable method of producing them than chemical & physical methods [24-29]. Utilizing plant
extracts rather than microorganisms to produce Nano-particles stands more profitable due to the difficult
process of maintaining cell cultures [30]. Metal nanoparticles have been produced consuming plant
extracts is a quick and economical biosynthetic method for producing stable metallic nanoparticles in
large quantities [31, 32]. In this paper, copper nanoparticles were produced from Spinacia oleracea leaf
extract by bio-green technologies and characterized using several spectroscopic techniques before being
tested for antibacterial, antioxidant, antifungal, larvicidal and in-vitro biodegradation assay.

2. Materials And Methods
2.1. Materials

The leaves of “Spinacia oleracea” (Tamil- Pasalaikeerai) were collected from Thorapadi, Vellore District,
Tamil Nadu, India. Copper sulphate analytical grade were procured from Sigma- Aldrich, USA. Other
chemicals utilized are of analytical grade.

2.2. Preparation of Spinacia oleracea leaf extract

To make the Spinacia oleracea leaf extract, 20 g of their leaves were taken and washed thoroughly, dried
out and excellently chopped. The final sliced product was boiled in 200 mL of double-distilled water for
15 minutes at 80°C before being permitted to cool to room temperature. The resultant solution was
filtered to eliminate solid particles & again filtered. The brown colour solution is finally produced.

2.3. Green synthesis of Copper Oxide NPs

About 200 mL of CuSQ, solution (10 mm) was taken in a 500 mL beaker to make Copper Oxide NPs. This
was continually mixed using a magnetic stirrer at 80°C with the addition of 50 mL of leaf extract. The
reaction mixture's colour changing from dark green to light green is proof that copper oxide nanoparticles
have been produced (Fig. 1). After the complete reduction, the light green coloured solution was
centrifuged and the supernatant part was removed. The resultant black coloured precipitate is baked to
dry, and the dried copper oxide nanoparticles are gathered and used for more research.

<Insert Fig. 1>

2.4. Characterization of CuO NPs
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Copper oxide particles prepared by the bio reduction process were analyzed regarding their size and
chemical composition [33, 34]. The initial detection of CuO NPs creation was witnessed by the colour
change visually Using a UV-VIS spectrometer, CuO NPs were examined by UV-Vis Spectroscopy from 200
to 800 nm (HITACHI-U2800) [35]. The functional group present in the Green synthesized CuO NPs was
founded by FT-IR spectrometer [36]. SHIMAZU Spectrometer was used to record Fourier transform
infrared images in the frequency range of 400-4000 cm-1. X-ray powder diffractometer (XRD- SHIMAZU
XD-D1), Ni-filter and Cu K radiation source were utilized to acquire the X-ray diffraction of the materials.
In the scattering range 2 , the relative intensity was measured and ranged from 10- to 90.. SEM was used
to examine and take pictures of the surface morphology of the obtained green synthetic copper oxide
nanoparticles [37].

2.5. In vitro antioxidant activity

The antioxidant action of the created Copper NPs was investigated by DPPH and hydrogen peroxide
scavenging analyses [38].

2.6. Scavenging action for hydrogen peroxide

One of the finest methods for examining the antioxidant properties of produced nanopatrticles is
hydrogen peroxide scavenging activity [39-42]. The phosphate buffer was used to create a hydrogen
peroxide solution (40 mM) (50 mM, pH 7.4). A spectrophotometer was used to measure the hydrogen
peroxide content at 230 nm [43]. After 10 minutes, the absorbance at 230 nm was assessed in
comparison to a control solution made up of phosphate buffer and hydrogen peroxide after the addition
of synthetic compounds at a concentration of 2 mg per 1 mL of double-distilled water.The following
formula is used to determine the amount of hydrogen peroxide scavenging [44].

A
%o finhibition = A—a:lOO

2.7. DPPH scavenging activity

The stock solution was produced up to 50 ml in a standard flask by combining 10 mg of the material with
10 mL of distilled water. To obtain the concentrations of solution from 20 pg/mL to 120 ug/mL, 1, 2, 3, 4,
and 6 mL from the 50 mL of stock solution were taken and built up to 10 mL in the test tubes using
distilled water. One millilitre of 2,2,2-diphenyl-1-picrylhydrazyl (DPPH) with a normality of 0.001 N was
added to three millilitres of solutions of various concentrations [45]. After this, it was placed in a dark
room nearly for 30min & absorbance was measured using a spectrophoto colorimeter (420 nm), using
DPPH as control. The following formula was used to get the scavenging percentage [46].

Acontrol — Asample

%scavenging = Looriiral
contro

2.8. Antibacterial activity
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Using the Muller Hinton Agar (MHA) medium, the disc diffusion method was used to assess the produced
sample's antibacterial activity against the two bacterial strains [47]. Staphylococcus aureus (One gram
positive bacteria) & Escherichia Coli, proteus, klebsiella (three gram negative bacterias) were used as a
test organisms. The One gram positive and gram negative bacteria were originally infected on Muller
Hinton Agar (MHA) medium and disseminated uniformly using a sterile spreader in petri plates to
examine the antibacterial activity of the produced samples [48]. After the MHA medium had set up for the
disc diffusion technique, a little quantity of the sample was placed on many cultivated agar plates.
Before the growth of the organism could begin, the plates were incubated on individual racks for 24 hours
at 37°C to allow the chemicals to diffuse. The antibacterial activity of the prepared sample was then
evaluated by determining the diameter of the zone of inhibition.

2.9. Antifungal activity

Using disc diffusion method and Sabouraud Dextrose Agar medium, the produced sample's antifungal
activity was evaluated against the fungal strains [49]. A.flavus, Rhizopus, and A.fumigant were utilized as
test organisms. To examine the sample's fungal resistance, primarily the microorganisms were inoculated
on Sabouraud Dextrose Agar (SDA) medium and dispersed uniformally using sterile spreader in the petri
plates. For the disc diffusion procedure, a sample little portion was located on cultured agar plates after
the SDA Medium solidified. The plate was permitted to stand for 1 hour at ambient temperature for the
substances to diffuse, and then the plates were incubated on individual racks for one day at 37°C prior to
the growth of organism. Then, using a ruler, the zone of inhibition diameter encircling the discs towards
test microorganisms was calculated to find the fungal resistance of the manufactured sample.

2.10. Larvicidal activity

The larvae culture was done on Culex. quinquefasciatus. The Culex quinquegasciatus eggs and egg rafts
were acquired from Zonal Entomological unit, Vellore, Tamil Nadu. To hatch out larvae, eggs and Culex
quinquegasciatus (Cx. quinquefasciatus) egg rafts were submerged in a plastic container filled with de-
chlorinated water (500 mL) nearly for 30-45 minutes. They were kept in the lab using the techniques
described by Kamaraj et al. in 2009 [50]. Once a day, powdered nutritional soup was given to mosquito
larvae. The newly born larvae were used in subsequent experiments after four days when they reached
the early stages of the fourth stage.

2.11. Larvicidal bioassay test

Larvicidal activity was evaluated using a modified version of the WHO guidelines [51]. A whole of 30
nurtured Mosquito larvae were located in 150 mL of twin distilled sterilized water comprising different
concentration (0.10g, 0.06g and 0.02g) of synthesized compounds. The commercial larvicide with test
solution was utilized as the positive control, whereas the sterilized distilled water complex was utilized as
the negative control. Percentage of mortality was assessed after 0.5 to 4 h of incubation. Some dead
larvae in each batch were counted.
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2.12. Safety of compounds

The brine shrimp (Artemia salina) bioassay was used to conduct the brine shrimp toxicity test [52]. The
Brine Shrimp eggs were allowed to hatch in a 1 L sterile bottle that was filled with synthetic seawater (33
g/L of sea salt adjusted to a 8.5 pH by consuming 1M Na,CO3 solutions) [53]. This took place for 48
hours with continual aeration where enough times were provided to all dynamic nauplii to break free of
their egg shells. Then, the energetic nauplii were gathered from the hatching chamber's brighter area and
employed in the bioassay. The procedure involves transferring 10 shrimp into sterile test tubes after
pulling them via a glass capillary. Each test tube enclosed 5 mL of Brine solution. Different sample
concentrations (250, 500, 1000, 2000, 6000, and 10,000 g/mL) were introduced to test tubes containing
brine solution (5 mL) in each experiment. The tubes were kept for 1, 2, 3, 4 and 24 hours at 37 degrees
Celsius under visible light. The amount of dead larvae was calculated, and the rate of mortality was
determined. For a test substance to be deemed non-lethal, it must result in less than 50% of brine shrimp
deaths. The formula below was used to compute the percentage of mortality [54].

% mortality = (No. of death artemia nauplii)/ (total No. of live artemia nauplii) x 100

2.13. Statistical Analysis

After being analysed, all of the data were reported as the average of three different counts of individual
observations. Mortality was rearranged according to the mean proportion of Artemia nauplii that died
following a 24-hour exposure. The results were presented as the mean minus the standard deviation.

3. Results
3.1. Phytochemical Screening Test

For the extracted Spinacia oleracea leaf extract, phytochemical screening of secondary metabolites such
as alkaloids, flavonoids, sterols, triterpines, proteins, saponins, phenols & glycosides was conducted in
accordance with recent methodologies of plant analysis [55].The results of phytochemical analysis of
Spinacia oleracea leaf extracts were presented in Table 1. The findings showed that alkaloids, flavonoids,
proteins, tannins, saponins, steroids, phenols, reducing sugars, carbohydrates & proteins are among the
biomolecules included in the Spinacia oleracea leaf extract. These phytochemicals are in charge of the
quick ion reduction and nanoparticle production.
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Table 1

Phytochemical screening of Spinacia
oleracea leaf extract [56]

Test
Flavonoids
Tannins
Glycosides
Steroids
Saponins
Phenols
Triterphenoids
Reducing sugars
Anthocyanins
Carbohydrates
Proteins
Alkaloids

Fatty acid
Lignins

Anthraquinones

+: Present - : Absent

Spinach leaf Extract
+

++

+

+

++

bt

++

et

<Insert Table 1>

3.2. UV-Vis Analysis

Spinacia oleracea extract and copper acetate were used in the biosynthesis of Cu-NPs. Within 10 minutes
following the addition, the suspension's colour changed from brown to green. The green manufactured
CuO NPs and leaf extract was subjected to UV-Visible spectroscopy analysis.In these work broad bands
were observed for the synthesized CuO NPs (Fig. 2). While the band at around 790 nm corresponds to the
cupric oxide band edge transition, the core electron transition of copper metal's band at about 270 nm is
induced by an inter-band transition (CuO) [57].

<Insert Fig. 2>

The solution's colour changed to green, with a max wavelength of 700—-800 nm, signifying the production
of CuO NPs as seen in the UV-Visible spectrum. The CuO Nanoparticles created using this process are
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quite stable, and even one month later, no significant changes in the absorption peak's form, location, or
symmetry are seen, demonstrating the stability of CuO NPs.

3.3. FT-IR Analysis

FTIR spectroscopy was used to investigate the relations between various species and the chemical make-
up of the mixtures. The presence of multifunctional groups in the green synthesized CuO NPs using
Spinacia oleracea is studied by FT-IR analysis (Fig. 3). The band at 1103 cm™ confirms that green
synthesised CuO NP has formed.

<Insert Fig. 3>

The O-H stretching of H-bonded alcohols, phenols, C-H stretching of aldehydes and other hetero
compounds are responsible for the unusually broad band at 3392 cm™, while the stretching of groups
with the C=C, N, and O atoms is responsible for the bands at 1647 cm-1. The bands lie between 600 and
400 cm™ are due to M-O (Cu-0). The band at 621 cm™ indicates copper oxide nanoparticles stretching
vibration and confirms the formation of CuO NPs from green synthesis. According to the FTIR data, the
proteins, acids, flavonoids, polyphenols, carboxylic acid and alkaloids that are present around the Cu-NPs
cause copper ion reduction into NanoParticles [58].

3.4. XRD Analysis

To confirm that the CuO NPs are crystalline, the XRD pattern was used. The XRD analysis of the CuO
nanoparticles demonstrates that the Copper oxide is crystalline in nature [33]. The pattern is the same as
that of pure CuO, confirming the creation of monoclinic single-phase CuO (JCPDS-05-0661) (Fig. 4). The
reflection lines of monoclinic CuO nanoparticles were identified by the diffraction patterns, which were
detected at 26 =32.47, 35.49, 38.68, 48.65, 53.36, 58.25, and 61.45.

<Insert Fig. 4>

3.5. SEM Analysis

SEM micrographs of the CuO NPs which was synthesized by the reduction of copper sulphate using
Spinacia oleracea leaf extract revealed oval, spherical, hexagonal and cubical in shape ranging from 20
to 80 nm (Fig. 5). The biosynthesis of Cu-NPs is the result of electrostatic interactions and molecular
bonds between the bio-organic capping molecules. The images exposed that the particles underwent
agglomeration. The CuO nanoparticles are organized in a cylindrical shape over one another in the SEM
image, with a narrow size distribution and nanomaterial size. The size and the size estimated from the
XRD data were also found to be in good agreement.

<Insert Fig. 5>

3.6. Antioxidant assay
3.6.1. Hydrogen peroxide methods
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The change in the optical density of hydrogen peroxide free radicals was observed in order to examine
the antioxidant potential through free radical scavenging by copper oxide nanoparticles at various
concentrations.

<Insert Fig. 6>

Figure 6 represent the scavenging action of the prepared CuO NPs. The findings demonstrate that the
scavenging percent increases along with the solution concentration. The solution taken in the
concentrations of 2 mg/mL shows 86.80% scavenging activity. The concentrations of 4, 6,8 and 10
mg/mL shows of 88.34%, 90.18%, 91.41% and 93.86% scavenging respectively.

3.6.2. DPPH assay

The most used method for determining a material's antioxidant potential is the DPPH scavenging assay
[59]. The colour of DPPH, a stable nitrogen-centered free radical, changes from violet to yellow as it is
reduced through the processes of hydrogen reduction or electron donation.

<Insert Fig. 7>

Figure 7 represent the scavenging action of the prepared Copper oxide nanoparticles. According to the
findings, the scavenging percentage rises together with the concentration of CuO NPs. The solution taken
in the concentration of 20 pg/mL shows about 49.38% and the concentrations of 40 pg, 60 ug, 80 ug, 100
hg and 120 ug shows of 53.75%, 56.25%, 60.62%, 62.62% and 70.18% scavenging respectively.

3.7. Antibacterial Activity

All the synthesized Copper oxide nanoparticle was examined in vitro to identify their antibacterial activity
towards Gram-positive bacteria like Staphylococcus aureus and Gram-negative bacteria like klebsiella
pneumonia, proteus and E.coli by the well diffusion method. The zone of inhibition values of the
synthesized nanoparticle against the growth of the selected bacteria was measured in mm. The results of
screening of antibacterial activities of the nanoparticle are shown in Figs. 8 and 9. When the zone of
inhibition is less than 10 mm, the bacterium is thought to be resistant. As a control, DMSO was utilized as
a solvent.

<Insert Figs. 8 and 9>

3.8. Antifungal Activity

By using the well diffusion method, the produced nanoparticles are tested for their in vitro antifungal
effectiveness against fungi such A. flavus, A. fumigant, and Rhizopus. Figures 10 and 11 provides the
findings in relation to the antifungal activity of the produced complexes. DMSO served as the control.
According to the zone of inhibition values for the produced nanopatrticles, the copper oxide nanoparticles
has strong antifungal activity against Rhizopus and A. flavus.

<Insert Figs. 10 and 11>
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According to the zone of inhibition values for the produced nanoparticles, copper oxide nanoparticles are
effective against Rhizopus and A. flavus.

3.9. Larvicidal Activity

Synthesized nanoparticles' larvicidal activity was tested on Culex quinquefasciatus, and the results are
tabulated. The synthesized Cu oxide nanoparticles show moderate to stronger toxic effect against Culex
quinquefasciatus. However, the maximum mortality was originated in Copper oxide nanoparticles after
24 h of the exposure period.

<Insert Fig. 12>

The results of larvicidal activity reveal that when the concentration of copper oxide nano particles
increases from 2 to 10 mg/mL the percentage of mortality also gets increased. From the Fig. 12, it can be
concluded that when the concentration of nanoparticles increases the percentage of mortality also
increases, thereby acting as the best larvicidal agent.

3.10. Safety of compounds (Toxicity assay)

Due to the different chemical characteristics of molecules in this small size range compared to their
larger counterparts, nanoparticles require specific consideration [2, 60]. Due to their widespread use as a
nutrient-rich live food source for the larvae of a variety of marine organisms, artemiasalina is one of the
most valuable test organisms for marine ecotoxicity testing. Additionally, because of their high levels of
interaction with the environment through nonselective filter feed, they are the most practical and labor-
efficient live food available for aquaculture and will be significantly impacted by the release of
nanoparticles into aquatic systems [61, 62].

<Insert Table 2>

Table 2
Percentage calculation of copper oxide NPs

Compd. Concentration pg/mL

250 500 1000 2000 6000 10000
CuONPs 1.5+0.2 533+*03 9.22+05 1333%06 23.33+x0.6 46.67+1.15

<Insert Fig. 13>

According to the current research, considerable mortality was observed within 24 hours after exposure to
guts that had high nanoparticle aggregate levels. As the concentration increased to the maximum
concentration of 10,000 g/mL, more than half of the nauplii population was discovered to be dead. But
given that the stomachs were entirely filled with Copper oxide nanoparticle aggregates, these
consequences were most likely brought on by a lack of food absorption. The previous study found that
Artemia franciscana cysts exposed to mercury at concentrations as low as 10 nM Hg had a lower
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hatching percentage (Table 2 and Fig. 13). Cysts exposed to higher quantities of mercury saw a longer
delay in the emergence and hatching curves crossing than controls did. This study shows that cysts as
well as living animals are affected by copper oxide nanoparticles. Thus, the findings of the present
investigation showed that the cytotoxic effect rises with increasing concentrations of copper oxide
nanoparticles (250, 500, 1000, 2000, 6000, and 10,000 g/mL).

4. Conclusions

Copper nanoparticles were bio-synthesized from Spinacia oleracea leaf extract in a quick,
environmentally friendly and step-by-step approach that included plant-based bio-resources that also
served as potential reducing agent and stabilizing agents. Surface plasmon resonance, which develops
as a result of the reaction between the compounds in the plant leaf extract, is what changes the colour.
The development of Copper nanoparticles was supported by UV-Vis, FTIR, XRD and SEM analysis. Cu-
nanoparticless are made without the use of any hazardous chemicals in the current process. Cu-NPs
displayed greater antioxidant, antibacterial, antifungal, larvicidal activity, and toxicity assay. In recent
years, NPs have been employed in modern medicine for a number of functions, such as a different
transducer in medical imaging and a carrier for the transport of genes into biological systems. However,
before assigning to the biological system, the injuriousness of nanoparticles must be adjusted suitably
for manufactured nanoparticles. This led to the successful preparation and completion of clinical studies
for a number of manufactured nanoparticles. This infiltrates the sick cell while leaving healthy cells in the
body alone. As a result of the findings, green produced copper oxide nanoparticles will operate as an
excellent biological activity agent and also can be used economically in a variety of medicinal usages.
Future research issues have been brought on by the aggregation of nanoparticles, which prevents their
entry into bacterial cells and interferes with their ability to carry out biological actions, as well as by
variations in production, processing and storage which can result in oxidation and undesirable forms.
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Figures

Figure 1

Leaf extract synthesized CuO nanoparticles
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Figure 2

UV-Visible spectrum of synthesized CuO nanoparticles
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Figure 3

FT-IR spectrum of CuO nanoparticles
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XRD pattern for CuO NPs
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Figure 5

SEM images of CuO NPs
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Figure 7

Scavenging activity of Copper oxide nanoparticles
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Figure 8

Antibacterial activity of CuO nanoparticles towards (a) E.coli; (b) proteus; (c) Staphylococcus aureus; (d)
klebsiella pneumonia
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Antibacterial Activity of Copper Oxide Nanoparticles

Figure 10
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Antifungal activity of CuO nanoparticles towards (a) Rhizopus and (b) A. flavus
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Figure 11

Antifungal activity of CuO nanoparticles
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Larvicidal activity of CuO nanoparticles
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Half maximal effective concentration test
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