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ABSTRACT

Objectives: The current work concentrated on the characterization of , Dodonaea Viscosa extract, investigations into
its antibacterial properties, and the synthesis of copper oxide nanoparticles (CuO NPs).

Methods: Under ideal circumstances (pH=11), 1 mM copper(l1) sulfate pentahydrate was combined with 2%
(m/v) aqueous , Dodonaea Viscosa extract of Dodonaea viscosa to create the CuO NPs.

Results: The color shift from colorless to light yellow and finally to brownish has been used to first confirm the
formation of CuO NPs. The kinetics of the reaction were examined with a UV-Visible spectrophotometer,
revealing surface plasmon resonance at 382 nm. The calculated values of zeta potential and particle size were
—15.2 mV and 197 nm, respectively. Gram-positive and gram-negative cultures were used to test CuO NPs'
antibacterial activity, and the results demonstrate desirable activity.

Conclusion: The study's conclusion shows that Dodonaea Viscosa extract converts Cu2+ metallic ions into CuO
NPs by acting as a reducing and stabilizing agent. Following a successful green synthesis of the CuO NPs using
Dodonaea Viscosa extract, the antibacterial activity, characterization, and activity against gram-positive
(Staphylococcus aureus) and gram-negative (Escherichia coli) bacteria were examined.
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INTRODUCTION

Because of their unique qualities, nanotechnology
and nanoscience have a significant impact on food,
medicine, agriculture, cosmetics, and human
health. Particles with a size range of 1-100 nm are
known as nanoparticles (NPs). Over the past ten
years, a great deal of research has been done on the
synthesis and application of NPs. Because of their
special qualities and potential uses, which are
heavily impacted by their size, shape, and structure,
nanoparticles (NPs) have garnered a lot of attention
[1]. There are several ways to synthesize NPs,
including chemical, biological, and physical
techniques. The biological method is a safer, more
affordable, nontoxic, and environmentally friendly
way to produce NPs. To raise living standards,
metal nanoparticles (NPs) such as copper, gold,
platinum, silver, and gold are frequently used in a
variety of industries. Metal nanoparticle (NP)
stabilization and reduction are achieved by
employing pharmacologically significant plant and
microbial extract compounds [2, 3].

In recent times, various plant parts such as stems,
fruits, roots, calluses, peel, seeds, flowers, and
leaves have been employed to prepare metal oxide
nanoparticles (NPs) in various forms and
dimensions through the use of biological systems
[4]. Within the current research space, there are
limited reports on copper NPs, despite the fact that
gold and silver NPs have been studied extensively.
Because of their superior electrical, conductivity,
catalytic, and antimicrobial qualities, copper oxide
NPs (CuO NPs) have attracted attention [2]. For
the synthesis of CuO NPs, a number of physio-
chemical technigues have been reported, including
precipitation, sonochemistry, microwave
radiation, electrochemical reduction, etc. [3,5,6].
While there are a number of practical ways to
create CuO NPs, the field of green synthesis of
NPs is a rapidly developing field of study that uses
plant extracts. Certain experimental parameters,
such as the mass ratio of extract to copper salt, the
type of plant extract, temperature, and reaction
time, have been found to have a direct impact on
the morphology of CuO nanoparticles when
utilizing the plant extract mediated synthesis
method [1].

CuO NPs made chemically limit their use in
biological systems and contaminate the ecosystem
by releasing harmful process byproducts into the
atmosphere [7]. Researchers concentrated on
creating an environmentally friendly biological
synthesis of nanoparticles after realizing the
drawbacks of physiochemical methods [8].
Although many microorganisms find copper toxic,
mammals do not [9] find it to be a toxic metal. This
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opens up new possibilities for antimicrobial
treatments. Several reports on the antimicrobial
properties of Copper NPs are available based on the
literature [10-13]. Strong antibacterial activity of
CuNPs against strains of Salmonella choleraesuis,
Pseudomonas aeruginosa, Bacillus  subtilis,
Staphylococcus aureus, and Escherichia coli has
been demonstrated [14]. Numerous studies have
been conducted on the bioreduction of metal ions
to form nanoparticles (NPs) using phytochemicals
and compounds found in plant extracts, including
those from Momordica charantia [17], Gum karaya
[15], Ocimum basilicum [16], and Leucaena
leucocephala L. [18].

The goal of the current study was to evaluate the
antibacterial activities of the synthesized CuO NPs
against specific pathogenic organisms using the
disc diffusion method, as well as to investigate the
potential applications of Dodonaea Viscosa extract
as a capping and reducing agent for the CuO NPs
[19]. This was accomplished by green synthesis of
the CuO NPs using this extract.

METHODS

Every chemical was of the analytical variety. The
following materials were obtained from Loba
Chemie Pvt. Ltd. in India: Benedict's solution,
iodine solution, hydrochloric acid (HCI), sulfuric
acid (H2S0.), ethanol (C,HsOH), ferric chloride
(FeCls), sodium hydroxide (NaOH), deionized
water, and copper (Il) sulfate pentahydrate
(CuS04.5H,0).

Bacterial strain
For this experiment, strains of both Gram-positive
and Gram-negative bacteria were used.

Collection of Dodonaea Viscosa

Dodonaea viscosa was gathered from nearby
regions. The Dodonaea viscosa was then cleaned,
allowed to air dry, and ground into a fine powder,
yielding about 100 g of powder.

Preparation of Dodonaea Viscosa extract

The decoction method was used to carry out the
extraction. After that, it was permitted to reach
room temperature. Using Whatman filter paper, the
mixture was first filtered. The filtrate was then
collected and stored at 4°C to facilitate the further
synthesis of CuO NPs.

Phytochemical screening

Test for alkaloids (Wagner’s test: lodine-
potassium iodide solution)

A solution of 100 milliliters was created by mixing
1.2 g of iodine with 2 mL of H.SO4. 1.5% (v/v) of
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HCI was added to 10 mL of the alcoholic extract to
acidify it, and then a few drops of Wagner's reagent
were added. To verify the presence of alkaloids, the
formation of brown or yellow precipitates was
evaluated.

Test for glycosides

A small amount of the alcoholic extract was
combined with the distilled water, and then
aqueous NaOH solution was added. This solution
was diluted in one milliliter of distilled water. The
development of a reddish brown hue was
interpreted as a glycoside presence indicator.

Test for tannins (FeCl; test)

When one milliliter of extract and one milliliter of
FeCls solution were combined, a greenish-black
precipitate formed, which suggested the presence
of tannins.

Test for flavonoids

2 mL of 10% (m/v) FeCl; solution were combined
with 1 mL of extract, and the mixture was shaken.
The presence of flavonoids was indicated by a
brownish, woody precipitate.

Test for phenols

A solution containing 3-5 drops of FeCls; was added
to the extract. After that, it was allowed to develop
a bluish-black hue, which is indicative of the
presence of phenols.

Test for carbohydrates (benedict test and iodine
test)

The plant extract was mixed with a few drops of
Benedict solution, and its ability to produce the
color brick red—which indicates the presence of
glucose—was observed. When a few drops of
iodine were added to the other extract, starch was
confirmed to be present by the formation of a dark
blue color.

Green synthesis of CUONPs

Two milliliters of 2% (m/v) Dodonaea Viscosa
extract were added to a 1 mM CuSO. .5H.0
solution, which was then magnetically stirred at
room temperature until the light blue hue turned
light yellow. After that, the mixture was heated for
30 minutes at 80°C. After that, it was given time to
cool. The mixture was then subjected to a drop-by-
drop treatment with a 1 M NaOH solution until the
pH reached 11. After centrifuging the mixture for
15 minutes at 10,000 rpm, it was dried for 24 hours
at 100°C. Using UV-visible spectroscopy and
visual observation, the synthesized CuO NPs were
characterized [20].
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Characterization

Visual observation

When copper NPs are formed during the bio-
reduction of the copper sulfate aqueous solution
using extract, a brown color appears.

UV-Vis spectroscopy

Monitoring the reduction of copper sulfate to
copper was done by taking UV-Vis spectra at 200—
700 nm in wavelength. The measurements were
made using a lambda 25 spectrometer made by
Perkin Elmer.

pH analysis. A microprocessor pH meter (ESICO
model 1010) was used to measure the pH of the
extract, precursor, and final combination after
NaOH was added

Particle size and zeta potential measurement
Using the Malvern Zetasizer instrument, the
dynamic light scattering (DLS) method was used to
determine the particle size and zeta potential.

Antibacterial activity of CuO NPs using the disc
diffusion method

Double-distilled water, 2% (m/v) Dodonaea
Viscosa extract, 1 mM CuSQO, .5H,0 solution, and
solutions containing CuO NPs of each kind
individually were all soaked into the discs.
Tetracyclin served as a positive control and was
positioned in the middle of the plates.
Subsequently, the discs underwent sterile air
drying. The microbial cultures (S. aureus and E.
coli) were swabbed onto the plates to prepare them
for nutrient agar media. Every section of the plate
had a disc that had been previously prepared on it.
The order of the discs was as follows: As a negative
control, a disc was soaked in double-distilled water;
solutions containing extract-mediated CuO NPs in
ratios of 1:2 and 1:3; and a disc soaked in Dodonaea
Viscosa extract. For a full day, the plates were
incubated at 37°C. Lastly, a measurement and
observation of the zone of inhibition were made
against every variety of test microorganism [21].
RESULTS AND DISCUSSION

Phytochemical test

The results of the phytochemical analysis of the
extract are shown inTable 1, which revealed the
presence of secondary metabolites.

Table 1: The result of phytochemical screening

test
Test Result
Alkaloids +
Glycoside -
Tannins +
Phenols +
Flavonoids +
Carbohydrate -
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Visual observation

» The formation of CuO NPs is indicated by the
color changes that result from the metal NPs'
surface plasmon resonance being excited.

» As soon as the Dodonaea Viscosa extract was
added, the colorless 1 mM CuSOQO, .5H,0 solution
began to turn pale yellow. The solution had a
brownish hue when the NaOH solution came into
contact with it, which suggested that CuO NPs
were forming.
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UV-Vis analysis

The pure Dodonaea Viscosa extract displayed a
strong absorbance at 294 nm, while the UV-Vis
spectra result indicated a strong absorbance at 382
nm, suggesting the formation of CuO NPs.(Fig .1)
This outcome is unquestionably consistent with the
200—400 nm range of emax values of the CuO NPs
found in various earlier studies employing plant
extracts other than cinchona. The measurements
were made using a lambda 25 PerkinElmer
spectrometer.
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Fig. 1: UV-visible absorption spectra of copper oxide nanoparticles synthesized by using Dodonaea
Viscosa extract as shown in
(a) UV-Visible spectrum of Dodonaea Viscosa, (b) UV-visible spectrum of CuSQs, (c) UV-visible
spectrum for the formation of CUONPs under optimum conditions

Optimization of precursor concentration

Two procedures were followed in order to
maximize the precursor's concentration. The initial
phase occurred when pH was not changed. In this
case, the CuO NP peaks were all closer to the pure
extract peak, which is located at 294 nm. Several
earlier studies on the synthesis of CuO NPs
indicated that the media needed to be changed to a
basic condition by adding NaOH solution in order
to adjust the pH. Therefore, the next step was to add
a NaOH solution with the recommended pH=11
(prior to optimization). Upon its addition, there was
an immediate and notable shift in the peaks'
positions [20].

Ratio of volume of extract: CuSO4, CuO NPs were
synthesized for 1:3 ratios of extract to copper
sulfate at various pH values, which were 4, 5, 6, 7,
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8,9, 10, and 11. The reaction mixture's UV-visible
spectrum and the amount of time it took for the
color to change were both observed. An increase
in precursor salt concentration was associated with
a blue shift in wavelength from 382 to 328 nm.
This shift can be explained by a higher nucleation
rate brought on by more Cu? ions in the solution
as well as the production of smaller nanoparticles.
However, a red shift from 328 to 294 nm was seen
in the SPR with an additional increase in the
precursor ion from 1:2 to 1:3. Particle growth may
result from smaller NPs colliding with one another
[22]. The brown hue was identified as the ideal
concentration of precursor and extract, resulting in
the highest quantity of copper nanoparticles in the
aqueous medium. (1:3). Since the biosynthesized
NPs exhibited maximum absorption at 382 nm, it
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was determined that this ratio was optimal.Fig. 2
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Size Distribution by Volume
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Fig. 2: Particle size distribution of Copper(ll) Sulphate pentahydrated measured by Dynamic light
scattering

Effect of temperature on biosynthesis of
CuONPs

The study examined the impact of temperature on
the rate of CuO NP formation in the extract and
CuS04 solution with a 1:3 composition. At 80°C,
the CuO NPs formed in less than 30 minutes.
However, the formation of CuO NPs took place
after 1 day and 2 hours at room temperature and
60°C, respectively, and above 80°C under boiling
conditions, the solution burns and no particle
formation is observed. Therefore, the biosynthesis
of CuO NPs using extract is favored by the reaction
at 80°C.

Optimization of the pH of the mixture of extract
and the precursor

The pH values of the precursor, the extract, and the
NPsPrior to pH adjustment, the precursor, extract,
and NPs had pH values of 4, 5 and 5.4,
respectively. CuO NPs that were synthesized at

various pH values (6, 7, 8, 9.5, 10, 11, and 12) were
found to be optimal based on the Amax values' red
shift and peak intensity. At pH=11, the synthesis of
CuO NPs produced the best results.

This demonstrates that the synthesis of CuO NPs
can be done effectively using a more basic medium.
It is anticipated that the additional NaOH solution
will catalyze the formation of the nanoparticle by
causing particles to collide and bond with one
another to create homodispersed NPs [23].
However, raising the pH above 12 may prevent
CuO NPs from forming. By comparing the UV-Vis
spectra of the synthesized CuO NPs at various ages,
the stability of the material was evaluated [24].

Particle size and zeta potential measurement
The DLS method was used to determine the particle
size and zeta potential. The Malvern Zetasizer
instrument measured 197 nm and -15.2 mV, in that
order.Fig.3

Zeta Potential Distribution
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Fig. 3: Zeta potential of precursor
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Antibacterial activity of CuO NPs

The zone of inhibition served as the basis for the
analysis  of  copper NPs' antibacterial
activity.(Fig.4) Using the disc diffusion method,
CuO NPs demonstrated antibacterial activity
against gram-positive and gram-negative bacteria,
including S. aureus, B. subtilis, E. coli, and P.
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aeruginosa. Table 2 displays the effects of the
synthesized CuO NPs against gram positive and
gram negative bacteria, with a zone of inhibition of
12 mm and 10 mm, respectively. The outcomes of
conventional antibiotics and these ones were also
contrasted.

—

Fig. 4: Zone of inhibition produced by copr oxide nanoparticles

Table 2: Antibacterial activity of CuO NPs using some human pathogenic bacteria by disc diffusion

method

Test organism

Zone of inhibition (mm)

Staphylococcus aureus

12

Escherichia coli

10

CONCLUSION

CuO NPs can now be produced in an easy,
straightforward, economical, and ecologically
friendly manner. Dodonaea Viscosa extract
converts Cu?" metallic ions into CuO NPs and acts
as a reducing and stabilizing agent. CuO NPs were
successfully synthesized using Dodonaea Viscosa
extract in a green manner, and their antibacterial
activity was determined. By measuring the zone of
inhibition, the antibacterial activities of the
synthesized CuO NPs against gram-positive (S.
aureus) and gram-negative (E. coli) bacterial strains
were assessed. Gram-positive (S. aureus) bacteria
demonstrated greater activity than gram-negative
(E. coli) bacteria.
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