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INTRODUCTION

Nanoparticles because of their innate physical and chemical
characteristics compared to its bulk form has created a fascina-
tion in their application in a variety of fields [1]. The nano-
materials with tuneable morphology and different composition
display a variety of functions and novel properties. These nano-
materials exhibit prospective capabilities in drug delivery,
sensing, imaging, separation, catalytic and as effective anti-
oxidant and antibacterial agents [2-8]. Recently, a variety of
nanoparticles including metal, metal oxides, metal chlorides
and metal sulphides have been fabricated [9]. The process of
synthesizing nanoparticles through the implementation of
green chemistry principles involves the utilization of methodo-
logies and procedures that strive to reduce or eradicate the use
of harmful chemicals that may pose a risk to human well-beings
and the ecosystem. Moreover, the green nanosynthesis
methodology is straightforward and offers numerous benefits
in contrast to physical and chemical approaches [1].
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In the current scenario, environmental friendly methods of synthesizing nanoparticles and their composites have become a desirable trend. |
Phytochemicals derived from plant extracts are now being employed as a distinctive method for synthesizing nanoparticles due to their
ability to serve as both reducing and capping agents. In present study, copper oxide nanoparticles (CuO NPs), zinc oxide nanoparticles
(ZnO NPs) and their mixed composites (CuO/ZnO) were synthesized using the flower extract of plant Cassia alata. The synthesis of |
nanoparticles was confirmed by observing the colour change of the reaction mixture and was determined by detecting the surface plasmon |
resonance band at 280, 320 and 359 nm for CuO, ZnO and CuO/ZnO, respectively. The antioxidant activity of nanoparticles was characterized |
for DPPH, ABTS, NO and iron reducing power method. In addition, the antibacterial properties of these bioactive nanoparticles were also |
investigated. The CuO/ZnO nanocomposites showed superior antioxidant and antibacterial activity than CuO and ZnO nanoparticles. |
|
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Copper oxide nanoparticles also exhibits high yields under
moderate reaction conditions. They have short reaction time
compared to conventional catalysts [ 10]. The synthesis of copper
oxide nanoparticles using physical, chemical, thermal decompo-
sition, electrochemical, photochemical, vacuum vapour deposi-
tion, sol-gel and irradiation methods has been reported [11,12].
The synthesis of copper oxide nanoparticles has been reported
to involve a biological mode of nanosynthesis, which includes
the participation of plants, bacteria and fungi [13]. Similarly,
zinc oxide nanoparticles are highly effective as antibacterial and
antimicrobials. Zinc oxide nanoparticles show excellent photo-
catalytic degradation and hence can be utilized as effective candida-
ture in environmental remediation through photo catalysis [14,15].
The combination synthesis of metal oxide and metal nanoparticles
gained considerable interest recently and made a major contri-
bution to the advancement of nanomaterial chemistry [16]. A
number of combinations of metallic elements and oxides, inclu-
ding zinc, titanium, graphene, magnesium oxides and ferrous
sulphate have been found to serve as efficient supports [17-21].
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The nanosynthesis approach with the use of biological
entities involves the development and design of chemical
materials and procedures that minimize the use of hazardous
chemicals, which can potentially endanger the health of humans
and the environment. The utilization of plant products is advan-
tageous over other methods of nanosynthesis such as photo-
chemical reduction [22], chemical reduction [23], thermal
decomposition and thermochemical reduction [24]. The green
route of nanosynthesis is cost effective, safe, simple and utilizes
natural products for reduction [25-27]. The presence of alkal-
oids, phenolic compounds, polyphenols [28], carbohydrates
[29], proteins [30,31], and terpenoids has been found to play
a significant and effective role in reducing metal ions and stabil-
izing the resulting nanoparticles.

The plant Cassia alata (family: Fabaceae) is an important
medicinal herb that is widely used by traditional medical practi-
tioners in India and many parts of South-East Asia. Therapeutic
properties such as anti-inflammatory, ability to eliminate water
from bowels (hydragogue), induce sweating (sudorific), insec-
ticidal and pesticidal activities have been reported [32]. Almost
all parts of this plant, such as roots, leaves and flowers exhibit
various biological activities. Fatmawati et al. [33] reviewed
the antimicrobial, anticancer, expectorant and curing urinary
tract infections functions of C. alata. Joshi [34] reported the
plant to possess effective pharmacological properties in the
treatment of asthma, constipation and bronchitis. Similarly,
Varghese et al. [35] reported the use of C. alata leaves to treat
malarial infection, yellow fever, etc. Further, the leaves are
also used as antiasthmatic and in treating diabetes. The juice
obtained from fresh leaves is effective in treating ringworm
infections, snake and scorpion bites. The medicinal properties
of C. alata was attributed to alkaloids, anthroquinones, flavo-
noids, tannins, terpenoids and sterols [36].

EXPERIMENTAL

Bright yellow coloured C. alata flowers were collected
from Thanjavur, India and were taxonomically identified at
Department of Botany, St. Joseph’s College, Tiruchirappalli,
India. The chemicals used in this study were of analytical grade
chemicals procured from Sigma-Aldrich Pvt. Ltd.

Preparation of aqueous extract: To prepare the aqueous
extract of C. alata flowers, a quantity of 5 g of dried flower
powder was combined with 100 mL of deionized water in a
500 mL conical flask. The mixture was then heated to 60 °C
and boiled for 10 min. The solution underwent filtration utilizing
Whatman filter paper No. 1 and was subsequently preserved
at -4 °C for further studies.

Synthesis of copper oxide nanoparticles: A 10 mL of
5% aqueous extract derived from C. alata flowers was intro-
duced into a solution containing 40 mL of copper chloride (3
mM) with continuous stirring for a period of 24 h at 80 °C,
utilizing a magnetic stirrer. The formation o CuO NPs was estab-
lished through the visual observation of a chromatic transition
from a light to a dark brown hue. The centrifugation process
lasted for a duration of 15 min at a speed of 10,000 revolutions
per min. After decanting the supernatant, the solid was colle-
cted and dried at 80 °C in oven [37].

Synthesis of zinc oxide nanoparticles: The protocol of
Karimi et al. [38] was followed in the synthesis of ZnO NPs.
In brief, 10 mL of 5% aqueous extract of C. alata flowers
was added to 50 mL of 0.1 M zinc nitrate and heated the solution
to 75 °C for 2 h. Then the solution was allowed to cool to amb-
ient temperature and centrifuged at a rate of 8000 rpm for 15
min. The collected solid residue was washed thoroughly using
distilled water and again centrifuged for 10 min at a speed of
1000 rpm. The obtained white solid nanoparticles were oven-
dried for 12 hat 70 °C. The solid product was ground and calcined
at 350 °C for 10 min.

Synthesis of mixed CuO-ZnO nanoparticles: The mixed
nanocomposite of copper oxide and zinc oxide was synthesized
utilizing the modified protocol as described by Elemike ef al.
[39]. A solution of 400 mL of zinc acetate (10 mM) was added
to 160 mL of 5% flower extract of C. alata followed by the
addition of 10 mL of 1 N NaOH and then heated the solution
to 80 °C for 4 h, while being continuously agitated with a mag-
netic stirrer. The solution was allowed to equilibrate to ambient
temperature, after which 400 mL of 2 mM solution of copper
sulphate was added and then then heated the solution to 80 °C
for 4 h. After centrifugation, the solid product was separated,
washed thoroughly with deionized water and then dried at 80
°C in an oven for 48 h.

Characterization of nanoparticles

UV-Vis spectrophotometer analysis: Reduction of Cu,
Zn and CuO-ZnO by C. alata flower extract and the resulting
colour change indicated the formation of nanoparticles which
were observed using UV-Vis spectroscopy. In order to assess
the excitation of the reduced metal oxide, the specimen was
diluted with distilled water and subjected to UV-visible spectro-
photometry. The absorption maxima was then scanned within
the 200-800 nm range, utilizing the Perkin-Elmer Lambda 2
UV 198 visible spectroscopy instrument.

Antioxidant activities: The DPPH radical scavenging
and the total reducing power assay were evaluated following
the protocol of Syed et al. [40]. Nitric oxide scavenging of
synthesized nanoparticles and nanocomposites was evaluated
by following the method of Hashemi & Ebrahimzadeh [41],
whereas ABTS free radical inhibition was measured using
Hajebi er al.’s method [42].

DPPH scavenging activity: The present study investi-
gated the DPPH scavenging activity of C. alata flowers using
CuO NPs, ZnO NPs and CuO/ZnO NPs. The experimental
protocol employed was based on the methodology as described
by Syed et al. [40] following with minor modifications. A 1 mL.
of 0.1 mM DPPH in ethanol was introduced into a test tube
that contained varying concentrations (ranging from 10 to 50
ng/mL) of material. After agitation, the mixture was kept light-
free for 30 min. The UV-visible spectrometry was utilized to
read the optical density of the reacting mixture at 517 nm with
respect to a blank (ethanol) and ascorbic acid was employed
as standard. The following equation was used to deter-mine
the percentage of inhibition of free radical:

Inhibition (%) = Somtrol =Sample

Control
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ABTS assay: The ABTS radical scavenging assay of C.
alata flowers mediated nanoparticles and nanocomposites were
estimated in terms of the decolourization of the free radicals
[42]. Briefly, equal volumes of the various concentrations (w/v)
(10, 20, 30, 40 and 50 pg/mL) of nanoparticles/nanocomposites
were combined with the freshly prepared ABTS solution (1 mL)
vortexed for few seconds and incubated for 6 min. Absorbance
of the sample at 734 nm was measured in triplicate. The scaven-
ging activity was measured in terms of low absorbance.

Nitric oxide scavenging assay: In this study, 1 mL of nano-
particles/nanocomposites from C. alata flowers at various con-
centrations of 10, 20, 30, 40, and 50 pg/mL was added to 0.5
mL of sodium nitroprusside (5 mM) solution followed by phos-
phate buffered saline (PBS) solution (pH 7.4). The reaction
mixture was incubated at 25 °C for 150 min. The Griess reagent
was utilized to measure the amount of nitrite produced from
sodium nitroprusside and then the absorbance at 570 nm was
measured quickly using a UV-visible spectrophotometer. The
nitric oxide scavenging effect was quantified by comparing
the absorbance values of the control and the positive standard
(L-ascorbic acid) to determine the percentage using eqn. 2:

Control —Sample

Inhibition (%) = %100 (2)

Control

Reducing power assay: In this assay, different concen-
trations of nanoparticles and nanocomposites in the range
between 10 to 50 pg/mL were used. To 1 mL of sample, 2.5
mL of 1% potassium ferricyanide (2.5 mL) and 0.2 M phosp-
hate buffer (pH = 6.6) were added and incubated at 50 °C for
20 min. A 2.5 mL of 10% TCA was added to stop the reaction
and then centrifuged the mxiture for 10 min. Following
centrifugation, a volume of 2.5 mL of the resulting supernatant
was combined with equal amounts of distilled water and ferric
chloride (0.1 mL). L-Ascorbic acid was used as standard and
the absorbance was determined at a wavelength of 700 nm [40].

Antibacterial activity: The susceptibility of both Gram-
negative bacteria, namely Escherichia coli and Klebsiella
pneumoniae, as well as Gram-positive bacteria, specifically
Staphylococcus aureus and Streptococcus pneumoniae, were
assessed using C. alata flower extract-mediated CuO NPs, ZnO
NPs and mixed CuO/ZnO NPs. The nutrient agar medium was
utilized to conduct the Agar well diffusion assay. The bacterial
strains were standardized to a 0.5 McFarland standard, which
corresponds to a concentration of 1 x 10*® CFU mL". The
standardized bacterial strains were then evenly distributed on
the sterile nutrient agar plates. The plates were dried for 15 min
before the susceptibility tests were performed. Wells with a
diameter of 6 mm were created on nutrient agar and subseq-
uently filled with CuO NPs, ZnO NPs, CuO/ZnO NPs and 20 L
of crude extract. The antibiotic amoxicillin was utilized as a
positive control in the experiment. Following a 24 h incubation
period at 37 °C, the measurement of the zone of inhibition
was conducted.

RESULTS AND DISCUSSION

The copper oxide nanoparticles were synthesized with
aqueous flower extract of C. alata by addition of 5% aqueous

flower extract to copper chloride solution. The reacting solution
turned to a dark brown colour with the addition of flower
extract. The aqueous leaf extract of S. auriculata showed the
formation of a dark brown colour, indicating the formation of
copper oxide nanoparticles was in agreement with the present
observation. In present study, the aqueous flower extract of C.
alata mediated CuO NPs exhibited a SPR absorbance peak
measured at a wavelength A A = 280 nm (Fig. 1), which is
in agreement with the previous reports [43-45].
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Fig. 1. UV-visible absorption spectrum of CuO nanoparticles mediated
through C. alata flowers

The confirmation of the formation of zinc oxide nano-
particles was established through direct visual inspection, as
indicated by the significant alteration in the color of the solution
from brown to a light white colour. A change in colour to light
white during the formation of ZnO NPs using a aqueous extract
of C. alata flower was accompanied by a strong absorption
peak at 320 nm (Fig. 2). The reduction of zinc ions into zinc
oxide nanoparticles is attributed to the presence of phytochemi-
cals such as flavonoids, tannins, terpenoids, cardiac glycosides
and steroids in C. alata [46].
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Fig. 2. UV-visible absorption spectrum of ZnO nanoparticles mediated
through C. alata flowers
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The reduction of copper and zinc ions to copper oxide
and zinc oxide nanoparticles, respectively was monitored using
UV-visible spectroscopy in wavelength ranging between 200-
800 nm. The reaction mixture underwent a change in colour
transitioning from a pale brown colour to a deep brown colour,
which is attributed to the vibration of surface plasmon reson-
ance. The C. alata aqueous flower extract mediated nanocom-
posite exhibited a SPR peak at wavelength of 359 nm (Fig. 3).
The absorption peak for CuO/ZnO nanocomposite was lower
in the ultraviolet region and shifted and broaden in the visible
region compared to pure ZnO nanoparticles. The interfacial
coupling between the CuO and ZnO nanoparticles might have
caused this shift in plasmon absorption.
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Fig. 3. UV-visible absorption spectrum of CuO/ZnO nanocomposite
mediated through C. alata flowers

Antioxidant activities: Table-1 represents the DPPH
scavenging activity of CuO NPs mediated through the aqueous
flower extract of C. alata. A colour change from purple to yellow
with the addition of CuO NPs indicated the completion of DPPH
free radical quenching by CuO NPs, which was measured spectro-
photometrically at 517 nm. The DPPH free radical scavenging
activity of CuO NPs ranged between 29.21 to 50.94% with incre-
asing concentration of CuO NPs. Maximum DPPH scaven-
ging activity of 50.94% was observed with 50 g/mL concen-
tration. The ICs value of CuO NPs against DPPH was 54.696
pg/mL and 24.90% of ABTS free radicals were scavenged
with 10 pg/mL concentration of CuO NPs. A gradual increase
in ABTS scavenging activity by CuO NPs was evident and at
50 ug/mL concentration of CuO NPs, ABTS scavenging activity
was found to be 46.85%. The ICs, value of CuO NPs against

ABTS free radicals was found to be 54.696 pg/mL. The scaven-
ging activity of CuO NPs was found to be low compared to
the standard, ascorbic acid. The C. alata mediated CuO NPs
showed 30.98% of NO free radical scavenging activity at 10
ng/mL concentration. A gradual increase in NO radical scaven-
ging activity by CuO NPs was evident and at 50 pg/mL concen-
tration of biogenic copper oxide nanoparticles, NO scavenging
activity was found to be 49.83%. The ICs, value of CuO NPs
against NO free radicals was found to be 66.04 pg/mL. The
reduction of Fe** was found to be dose dependent. The CuO
NPs at 10 pg/mL exhibited 27.17% of reduction potential. At
50 pg/mL concentration, CuO NPs had a maximum reduction
potential of 42.92%. The ICs, value of reduction potential was
reported to be 47.807 pg/mL with CuO NPs.

The reductive effect of C. alata mediated CuO NPs incre-
ased with increasing concentration of dosage. The reducing
power of CuO NPs was observed to be close to the control
(Fig. 4) indicating the possible role of hydrophilic polyphenolic
compounds present in C. alata that surrounded the synthesized
CuO NPs which exerted high reducing power [47]. The present
study observed that ascorbic acid is effective in quenching the
free radicals compared to the C. alata mediated CuO NPs.
This low antioxidant activity of CuO NPs compared to ascorbic
acid may be attributed to the difference in the concentration
of phytochemicals present in the flowers of C. alata.

The enhanced antioxidant activity exhibited by ZnO NPs
in comparison to its bulk counterparts can be attributed to the
increased surface area to volume ratio. The current study inves-
tigated the antioxidant properties of ZnO NPs synthesized using
C. alata flower extract, which demonstrated significant efficacy
in scavenging free radicals. The DPPH reduction process causes
a substantial change in the colour of the reaction mixture, shifting
from purple to yellow. This shift can be precisely quantified
and evaluated using UV-visible spectroscopy, specifically by
determining the wavelength at which maximum absorption
(Amax) Occurs at 517 nm [48]. The ICs, value of DPPH was
determined to be 33.570 pug/mL, in the same way, the ABTS
assay yielded a value of 41.125 pg/mL, while the NO assay
resulted in a value of 71.554 pg/mL. The ferrous reducing power
was determined to be 42.383 pg/mL. The observed quenching
of DPPH radicals may be attributed to the electron transfer
process from oxygen to the unpaired electron in the nitrogen
atom of DPPH. This electron transfer leads to a decrease in
the transition intensity at 517 nm, following the n— transition
[49]. Therefore, the antioxidant activity is contingent upon
the capacity to donate hydrogen. The reducing power assay is
utilized to determine the transfer of an electron and the subse-
quent reduction of oxidized intermediates of lipid peroxidase.

TABLE-1
ANTIOXIDANT ACTIVITY OF C. alata FLOWER EXTRACT MEDIATED CuO NPs
Antioxidant assay Inhibition of free radicals (%) 1C,, value
10 pg/mL 20 pg/mL 30 pg/mL 40 pg/mL 50 pg/mL

DPPH 29.21 +1.23 33.22 +1.31 39.20 = 1.35 44.07 + 0.65 50.94 + 1.66 54.696
ABTS 24.90 = 1.26 29.08 = 1.24 34.96 = 1.29 41.73 £ 1.80 46.85 = 1.81 54.696

NO 30.98 = 1.24 36.12 £ 0.56 43.38 = 1.04 46.47 £1.27 49.83 = 0.07 66.040
Red.Power 27.17 = 0.65 30.94 + 1.26 35.25 = 1.20 39.02 + 1.67 42,92 +1.51 47.807
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Fig. 4. Antioxidant potential of CuO NPs mediated through aqueous flower extract of C. alata

In current study, the test solution underwent a colour change
from yellow to green and blue at a wavelength of 700 nm. This
transformation was attributed to the conversion of ferrous ions
by the reducers, which were present in different concentrations
of ZnO NPs. The observed trend of increasing reducing power
as the concentration of ZnO NPs increases suggests the existence
of electron-donating compounds within ZnO NPs that can
effectively interact with free radicals, thereby terminating the
chain reactions initiated by these radicals [50]. The ICs, value
for the reducing power of ZnO NPs was determined to be 42.383
pg/mL. The observed phenomenon of ZnO NPs exhibiting a

capacity to absorb NO was determined to be contingent upon
the dosage administered. No scavenging activity was detected
at a concentration of 50 pg/mL as indicated in Table-2.

The C. alata mediated mixed nanocomposites (CuO/ZnO
NPs) antioxidant activity is presented in Table-3. The percen-
tage of DPPH radical scavenging activity of CuO/ZnO nano-
composite was observed to be 64.3% at maximum concen-
tration evaluated in the present study, which concluded that
CuO/ZnO NPs exhibited 14% more than ZnO NPs. The nano-
composite showed better scavenging activity with ICs, value
of 27.708 (DPPH), 29.620 (ABTS) 44.246 (NO) and 36.883

TABLE-2
ANTIOXIDANT ACTIVITY OF C. alata FLOWER EXTRACT MEDIATED ZnO NPs

Inhibition of free radicals (%)

Antioxidant assay 1C, value
10 pg/mL 20 pg/mL 30 pg/mL 40 pg/mL 50 ug/mL
DPPH 33.37 + 1.09 40.37 £1.21 47.19 £ 1.45 55.06 + 0.61 61.51 +1.16 33.570
ABTS 30.34 +1.53 37.03 +£0.44 43.10 £ 1.07 48.62 £ 1.09 55.96 + 1.06 41.125
NO 27.28 +1.85 32.48 = 1.09 37.36 = 1.10 44.17 £ 0.52 51.29 = 1.45 71.554
Red.Power 24.93 +1.20 32.92 +1.29 32.94 +1.27 38.53+1.14 39.65 + 1.07 42.283
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TABLE-3
ANTIOXIDANT ACTIVITY OF C. alata FLOWER EXTRACT MEDIATED CuO/ZnO NPs

Inhibition of free radicals (%)

Antioxidant assay 1C;, value
10 pg/mL 20 pg/mL 30 pg/mL 40 pg/mL 50 ug/mL
DPPH 37.12 £ 1.14 4437 +1.75 52.17 £ 1.75 59.39 + 1.09 64.30 + 1.96 27.708
ABTS 34.180 = 1.70 43.82+1.74 50.94 + 1.22 58.50 = 1.25 64.05 +0.48 29.620
NO 2427 £ 1.11 35.40 £ 1.08 44.49 + 1.26 52.27 £ 1.81 62.19 + 1.03 44.246
Red.Power 26.00 = 1.26 34.47 +1.05 38.66 = 1.06 45.05 +1.19 55.64 = 1.05 36.883
TABLE-4
ANTIBACTERIAL ACTIVITY OF C. alata FLOWER EXTRACT AND NANOPARTICLES
Bacteria Antibiotic Zone of inhibition (mm)
Extract CuO NPs ZnO NPs CuO/ZnO NPs
S. aureus 14.0 14.5 14.9 12.5 15.0
E. coli 14.5 14.2 17.5 16.5 18.0
K. pneumoniae 15.0 14.4 15.0 14.0 14.0
S. pneumoniae 14.5 14.6 15.0 14.8 16.5
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