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ABSTRACT

Bio resource based metal oxide nanoparticles has potential biomedical applications. In
recent years lot of research is concentrated on the production of semiconductor ZnO nanoparticles
through a greener approach. The present study is focused on the biosynthesis of ZnO nanoparticles
from the ethanolic extract of Delonix Elata leaves. The preliminary phytochemical screening
analysis was carried out for the ethanolic extract of Delonix Elata leaves. The biosynthesized zinc
oxide nanoparticles were characterized using modern analytical techniques such as UV-Visible
spectroscopy, Fourier Transform Infra Red Spectroscopy (FTIR), X-ray Diffraction Analysis (XRD),
Scanning Electron Microscopy Analysis (SEM) and Energy Dispersive X-ray Analysis (EDAX). The
antioxidant potential of the synthesized zinc oxide nanoparticles are investigated by DPPH free radical
scavenging assay and anti-inflammatory activity by bovine serum denaturation assay. The outcome
of the studies clearly showed that the zinc oxide nanoparticles synthesized from the ethanolic extract
of Delonix Elata leaves have potential anti-oxidant and anti-inflammatory properties.

Keywords: Delonix Elata, ZnO Nps, XRD, SEM, Anti-oxidant, Anti-inflammatory.

INTRODUCTION

The field of nanotechnology is considered
to be a wonder in modern science by the researchers
owing to the ability of synthesizing the highly
ordered nanoparticles with different size and shape
which have extensive applications'. A tremendous
expansion in the field of nanoscience is reported
in the past few decades. The major advantage

of synthesizing the materials in the nanorange
(1-100nm) is their distinctive physico-chemical
properties, optical response, non-toxic nature
and catalytic efficiency due to the high surface
area of the nanoparticles compared to that of the
bulk materials?. Although various semiconducting
metal oxides are known, Zinc oxide is one of the
semiconducting nanoparticles which is easily
scalable and can be produced in large quantities

This is an
Published by Oriental Scientific Publishing Company © 2018

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).

(@0




AGILA et al., Orient. J. Chem., Vol. 38(4), 1037-1046 (2022)

due to their environmentally benign non-toxic
nature. Some of the exclusive applications of ZnO
nanoparticles is that they can be used in medicine,
cosmetics, for energy storage applications, as a
catalyst for oxidation reactions as well as in nano-
optical devices®*. The ever-fascinating properties
of zinc oxide nanoparticles made researchers to
design new techniques for the production of ZnO
nanoparticles. Even though various methods such
as sol-gel, hydrothermal and chemical vapour
deposition techniques, as well as physical vapor
deposition, co precipitation and electrochemical
methods are available to synthesize zinc oxide
particles, the literature reports show a wide range
of zinc oxide nanoparticles synthesis proceeded via
bioreduction methods. The disadvantage of using
expensive chemicals and hazardous solvents, and
also the high cost, energy consumption and technical
constraints can be eliminated in the case of bio-
resource mediated synthesis of ZnO. The use of
green sources such as roots, leaves, stem, bark and
flower extracts for the bioreduction of metal oxide
precursor solution not only offers the advantage
of easy fabrication of metal oxides in nanorange,
but it is also acts as capping agent preventing the
agglomeration of nanoparticles®’. Recently, plants
are used a major resource for the synthesis of
non-toxic ZnO Nps. Different plant sources such
as Cassia fistula and Melia azadarach®, Passiflora
caerulea®, Camellia sinensis'®, Eucalyptus globules™,
Aloe vera®, Vitex negundo®, Trifolium pretense'
etc. have been reported in the biosynthesis of ZnO
particles. The phytochemical constituents such
as flavonoids, alkanoids, triterpenoids, catechols,
polyphenols, polysaccharides and heterocyclic
compounds present in the plant sources not
only serve a major role of bioreduction of metal
precursor but also posses capping and stabilizing
ability in the production of nanoparticles™. In this
regard, the present study is focused in the plant
based synthesis of zinc oxide particles using the
ethanolic extract of Delonix Elata leaves. Delonix
Elata otherwise commonly known as creamy
peacock flower plant (or) white gul mohur (or)
yellow gul mohur is a deciduous tree. It grows
5-15 metres tall with drooping branches and is
found in the gardens, avenues, amenity parks in
India. It belongs to the family of fabaceae. This
distinct, magnificient tree is cultivated for shade,
the leaves are used as medicine’®.
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MATERIALS AND METHODS

The leaves of Delonix Elata were collected
from places nearby Ordnance Factory Tiruchirappalli
(OFT).

Preparation of ethanolic extract

The collected leaves were finely ground.
From that 100 g of the plant were weighed and taken
in a beaker. 70% of ethanolic solvent is added to
the grounded leaves. Then using a glass rod the
mixture was thoroughly mixed, covered properly
with aluminum foil, and allowed to stand for 3-4
days. After that, the extract was collected using
both normal and whatmann filter paper. The filtered
extract was taken for phytochemical screening
analysis. The process of extraction is shown in
Figures 1(A), (B) & (C).

Fig. 1(A). Soaked plant in ethanol (B) Filtration
process and (C) Filtered plant extract

Delonix Elata leaf extract for the synthesis of
Zinc Oxide nanoparticles

0.1M of Zinc acetate was weighed about
2.195 g taken in a beaker then added 10 mL of double
distilled water and it was completely dissolved using
a glass rod. After the ZnO was completely dissolved
it was kept in the magnetic stirrer and with 30 min
of time intervals, twenty millilitres of the extract was
added. The stirrer was maintained at 800-1200
rpm at 60°C. After 3 h the solution was kept aside
then it was centrifuged at 6000 rpm and washed
using ethanol. The centrifuged nanoparticles were
collected in a 100 mL beaker and dried at 80°C for
maximum purity of the ZnO nanoparticles and it was
taken for further characterization techniques.

Characterization techniques

The optical response of the formed ZnO
NPs is studied using UV-Visible spectroscopy
(UV=Vis) (UV-2450, Shimadzu). Functional groups



AGILA et al., Orient. J. Chem., Vol. 38(4), 1037-1046 (2022)

identification is done by Fourier transform infrared
(FTIR) spectrophotometer (Perkin-Elmer 1725x).
The crystalline nature of the formed nanoparticles
were determined using X-ray diffractometer (Perkin-
Elmer spectrum one instrument), and shape of the
synthesized particles was characterized using (SEM,
Zeiss ultra-60) equipped with x-ray energy dispersive
(EDS) spectroscopy.

Anti-Inflammatory Activity
Bovine Serum Albumin (BSA) Denaturation Assay
The percentage of anti-inflammatory
activity (%) of each extract was assessed by bovine
serum albumin denaturation assay'’. The solution
containing different concentrations of samples
(10-50 pL) was added to 1 mL of 0.1% Bovine Serum
Albumin (BSA) solution and incubation is done for
5 min at 27°C. Denaturation occurs by keeping
the reaction mixture at 60°C in water bath for few
minutes. After cooling, the turbidity was measured
spectrophotometrically at 600 nm. The percentage
of inhibition was calculated using the formula,
Absorbance of control — absorbance of sample

P tage inhibition = +100
ercentage mubition Absorbance of control

Antioxidant Activity
DPPH Assay Method

The antioxidant activity in terms of
percentage was obtained by DPPH free radical
assay'®. The samples are treated with the stable
DPPH radical in an ethanolic or methanolic medium.
About 0.3 millimolar of DPPH reagent was prepared
in 1000 mL of ethanol or methanol. 5, 10, 20, 40 &
80 pL/mL of synthesized nanoparticle were was
mixed with two point five milliliters of DPPH and store
at cool place then allowed to react for 30 minutes.
DPPH reacts with an phyto-compounds of the leaf
extracts (which can donate hydrogen) reduces the
DPPH and changes its color from deep violet to light
yellow. At thirty minutes, the Ab was recorded at
517 nm and the radical scavenging activity (%) (i.e)
anti-oxidant activity was calculated. Control reading
was taken by mixing one milliliter of solvent with
2.5 mL of DPPH reagent.

Ab of control — Ab of test

% of DPPH Scavenged = Ab of control x 100

Ab of control = Control Absorbance
Ab of test = Test solution Absorbance

The IC,, values were calculated, the
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abscissa represented the concentration of the
sample and the ordinate represents the average
percent of radical scavenging activity.

RESULTS AND DISCUSSION

Qualitative analysis of the Delonix Elata leaf
extract

In qualitative analysis, the presence
of phytochemical constituents was examined
from the synthesized ZnO nanoparticles. The
identification of color changes denotes the presence
of several phytochemical constituents. Alkaloids,
Carbohydrates, Saponins, Protein, Fixed oils &
fat, Phenolic compounds, Flavonoids, Terpenoids,
Anthocyanin, Beta-cyanin here the above-listed
phytochemicals show the positive results in
qualitative analysis.

Table 1: Results of Qualitative analysis of the
Delonix Elata leaf extract

S.No. Phytochemicals Results
1 Alkaloids +
2 Carbohydrates +
3 Glucose -
4 Saponins +
5 Protein +
6 Amino acids -
7 Fixed oils & fat +
8 Phenolic compounds +
9 Flavonoids +
10 Terpenoids +
1" Lignins -
12 Anthocyanin +
13 Beta-cyanin +

(+) = presence of phytochemicals (-) = absence of phytochemicals

Fig. 2. Phytochemical analysis of Delonix Elata extract

Visual Observation

Bio-reduction of Zinc precursor solution
to zinc oxide particles using the plant extract of
ethanolic extract of Delonix Elata leaves could
be followed by a colour change which shows the
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formation of ZnO Nps. The formation of a white
precipitate from the colourless ‘Zn’ precursor
solution after the addition of plant extract is shown
in Figs. 3(A), (B), (C), (D), and (E). This indicates
the reduction of Zn?* ion to Zn® nanoparticles'®.

Fig. 3. (A) Addition of precursor (B) First addition of plant
extract (C) Final addition of the plant (D) After centrifuge
and (E) Liquid nanoparticles

UV-Visible Spectroscopy Analysis
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Fig. 4(A). UV-Visible spectrum of ethanolic leaf
extract of Delonix Elata
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Fig. 4(B). UV-Visible absorption spectra of the
synthesized ZnO nanoparticles
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The optical response of zinc oxide
nanoparticles is monitored with UV-Visible
spectroscopy. The absorption wavelength of zinc
oxide nanopatrticles is reported to be between 300-
450nm?2'23, The UV-Visible absorption spectrum
of extract as well as ZnO nanoparticles is shown
in the Figs. 4(A) and (B). The ethanolic extract of
Delonix Elataleaves showed three absorption peaks
at 247nm, 608nm and 644nm and the synthesized
nanopatrticles showed an absorption band at 360nm
which indicates that the bioreduction of Zn2* ion
to Zn® nanoparticles. The band gap (optical) of
synthesized nanoparticles were found to be 3.63eV.

Fourier Transform Infra-red Spectroscopy

The organic functional groups present
in the leaf extract and metal oxygen bond
in the synthesized ZnO Nps are determined
using the FTIR spectroscopy. For the leaf
extract the bands (Fig. 5(A)) centered on
3600-3400 cm which is due to the —O-H
stretching vibrations of alcohols or phenols.
The bands at around 2900 cm™ are due to the
—N-H stretching vibrations of aldehydes. The
bands ranging from 1600-1510 cm™' are due to
the carbonyl stretching in proteins and those
observed between 1400-1000 cm™ are due
to the methylene groups from the proteins in
the solution and —C-N stretching vibrations of
amines. The band ranging from 879-436 cm!
are due to the presence of ether and esters
having carboxylic acid and aromatic —C-H
bending. Bio-synthesized ZnO Nps reveals
characteristic absorption bands (Fig. 5(B)) at
3407 cm™' corresponds to the —O-H stretching
of alcohols, phenols or due to the adsorbed
water molecules on ZnO Nps. The bands at
around 2977-2901 cm™ are due to the —N-H
stretching vibrations of aldehydes. The bands
ranging from 1647 cm™' indicate -CO stretching
of proteins and those observed between 1451-
1047 cm™ are due to the methylene groups
and —C-N stretching vibrations of amines. The
band ranging from 880-670 cm™ ascribes to
the formation of Zn-O bonds in the synthesized
material. The organic functional groups
observed in the FTIR spectrum for the ZnO Nps
strongly suggests that the functional groups of
the primary and secondary phytoconstituents of
the leaf extract play the role of capping agent
around the zinc oxide nanoparticles?*2.
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Fig. 5(A). FTIR spectrum of ethanolic leaf extract of Delonix Elata
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Fig. 5(B). FTIR spectrum of the synthesized ZnO nanoparticles

X-Ray Diffraction Analysis 31.33°, 35.6°, 56.45°, 68° confirms the hexagonal
wurtzite phase of zinc oxide nanoparticles which are
L — L[] l l shown in Fig. 6 and Table 2. Almost identical results

were also predicted by sharmila devi et al.,?® in the
formation of zinc oxide nanoparticles using Hibiscus
rosa-sinensis leaf extract as reductant. Further the
absence of peaks in XRD pattern of the zinc oxide
nanoparticles are due to the amorphous nature of
phytoconstituents present around the zinc oxide
nanoparticles. The average size of the ZnONPs
were found to be 6.87nm

Table 2: XRD data of green synthesized zinc oxide
nanoparticles

T T T
20 30 40 50 70 80

Postion [*ZTheta] Pos. Height FWHM Left d-spacing Rel. Particle
[°2Th.] [cts] [°2Th.] A1 Int. [%] Size (nm)

24

Fig. 6. XRD pattern of the synthesized ZnO nanoparticles

24.7974 9.30 3.9360 3.59055 17.33 2.16

The synthesized ZnO nanoparticle was  31.3331 53.66 0.6216 2.85492  100.00 13.87
; ; P 35.6520 41.41  0.7872 251836 7717  11.08
subjected to powder-XRD technique which is useful 56.4537 13.72  3.1488 1.63001 o558  2.99

to understand the phase and crystallinity of the  68.3129 9.27 23616  1.37311 17.28 425
nanoparticles. The peaks at 26 positions 24.79°, Average Particle Size 6.87
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Scanning Electron Microscopy Analysis

The morphological characteristics of
the synthesized zinc oxide nanoparticles are
observed from the scanning electron microscopy
analysis. The SEM micrographs of the synthesized
ZnO nanoparticles are shown in the Fig. 7. The
synthesized zinc oxide nanoparticles possess a
moderately spherical shape which is evidenced from
the SEM images.

Date 21 Jan 2022
Time :11:13:34

1 pm EHT = 10.00 kV'
WD = 10.5 mm

Signal A= SE1
Mag = 20.00 KX

Fig. 7. SEM image of the synthesized ZnO nanoparticles
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Energy Dispersive X-Ray Analysis

The composition of elements in the
synthesized material is determined from the energy
dispersive X-ray analysis. The EDAX spectrum of
the synthesized ZnO nanoparticles is shown in the
Fig. 8. The presence of the elements such as ‘Zn’
and ‘O’ in major composition without any other
impurities confirms the presence of ZnONps.

Fig. 8. EDAX image of the synthesized ZnO nanoparticles

Anti-inflammatory Activity

Table 3: Anti-inflammatory activity of the synthesized ZnO nanoparticles

Volume of sample Absorbance at 600nm

Percentage inhibition

(uL/mL) DE-ZnO AA-ZnO Standard diclofenac DE-ZnO AA-ZnO  Standard diclofenac
sodium sodium
10 1.019 1.049 1.010 06.255 03.495 07.083
20 0.882 0.965 0.863 18.859 11.223 20.607
30 0.713 0.842 0.701 34.406 22.539 35.510
40 0.488 0.529 0.460 55.105 51.333 57.681
50 0.243 0.414 0.275 77.644 61.913 74.701
IC,, Value 36.4495 ul/mL  42.6791 uL/mL  36.3163 pL/mL
mOE-Zn0 mStandard
:
. k2
S 0 g
[} R
; g~
=
= = o
§ P
g n &
< 2 e
; 3
x w M
10 20 30 40 50
CONCENTRATION(L/ML)

Fig. 9. Percentage inhibition graph for the bovine serum
denaturation assay using synthesized ZnO nanoparticles

Zinc oxide are widely synthesized and

Fig. 10. The bovine serum denaturation assay result
on synthesized ZnO nanoparticles

investigated for their potential anti-inflammatory
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property (Fig. 9 & 10). The high surface area
with distinctive surface reactive properties of ZnO
Nps helps in the interaction of the metal ion with
the cell membrane and thereby easy dissolution
of these metal ions within the membrane. The
In vitro anti-inflammatory activity was studied for
the bio-synthesized ZnO Nps through bovine serum
denaturation assay. The percentage inhibition
increased from 06.25% to 77% on increasing
the concentration of DE-ZnO Nps from 10-50
(uL/mL). On the other hand the percentage inhibition
observed for AA-ZnO was found to be 61.9% and

Vol. 38(4), 1037-1046 (2022) 1043

that of standard Diclofenac sodium it was found
to be 74.7%. The IC, value for DE-ZnO, AA-ZnO
and for standard Diclofenac sodium was 36.44
pL/mL, 42.67 pL/mL and 36.31 puL/mL respectively. It
is concluded that the formed ZnO Nps showed good
anti-inflammatory property which can be attributed to
the fact that the Zn?* ions released by the dissolution
of ZnO Nps penetrates, blocks the pro-inflammatory
cytokines, interleukin in the mast cells and thereby
inhibits the proliferation of the mast cells 27-2°,

Investigation of Anti-oxidant property of ZnO Nps

Table 4: Anti-oxidant activity of the synthesized ZnO nanoparticles

S.No Concentration Standard Sample Absorbance Standard % of Sample % of DPPH
(uL/mL) Absorbance (DE-Zn0O) DPPH Scavenged Scavenged (DE-ZnO)
1 5 0.539 0.184 0.554 25.506
2 10 0.411 0.167 14.169 32.389
3 20 0.284 0.141 27.601 42,915
4 40 0.198 0.102 53.468 58.704
5 80 0.078 0.083 65.614 66.397
IC,, value 37.3186 28.9746
4 u.Standard the standard ascorbic acid it was found to be
H —| 8OEmD)  37.31% (Fig. 11 & 12). The antioxidant property
80 .
E shown by the ZnO Nps can be attributed to
850 the fact that the methanolic solution of DPPH
E4o free radical (violet colour) in its unstable
&
£ form having an odd electron on the nitrogen
Q
g"zo atom gets reduced to stable DPPH molecule
5
z (yellow colour) by passing through an electron
v
Ew from the oxygen atom. On the other hand, the
0 antioxidant activity exhibited by the ZnO Nps
5 10 20 40 80

Concentration (ul/ml)

Fig. 11. Percentage of DPPH scavenged by the ZnO Nps

synthesized from the ethanolic leaf extract of Delonix Elata

DPPH free radical test is an easy and
rapid method to investigate the antioxidant
property of the zinc oxide synthesized by
bioreduction method. DPPH molecule has
delocalized free electron imparting a violet
color. The characteristic absorption band
of the DPPH molecule is centered around
515-520nm. The percentage inhibition
increases from 25% to 66% on raising the
concentration of ZnO from 5 (uL/mL) to 80
(uL/mL). The ZnO Nps IC_ value to quench the
DPPH is observed to be 28.97% and that for

can also be attributed to their ability to donate
hydrogen for DPPH free radical reduction3®3'.

70

60

w
S

]

 Standard

w
S

B AA-ZnO

Percentage of

~
S

10
5 10 20 40 80
Concentration (ul/ml)

Fig. 12. Percentage of DPPH scavenged by the
AA-ZnO Nps
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Table 5: Anti-oxidant activity of the synthesized AA-ZnO nanoparticles

S.No Concentration Standard Sample Absorbance Standard % of Sample% of DPPH

(uL/mL) Absorbance (AA-ZnO) DPPH Scavenged Scavenged(AA-ZnO)
1 5 0.539 0.218 0.554 11.740
2 10 0.411 0.197 14.169 20.242
3 20 0.284 0.175 27.601 29.149
4 40 0.198 0.149 53.468 39.676
5 80 0.078 0.144 65.614 41.700
IC,, value 37.3186 90.2659

DISCUSSION for the biosynthesized ZnO NPs (89.3% for

The ethanolic leaf extract of the
medicinal tree Delonix Elata containing several
phytoconstituents such as Alkaloids, Carbohydrates,
Saponins, Protein, Fixed oils & fat, Phenolic
compounds, Flavonoids, Terpenoids, Anthocyanin,
Beta-cyanin act as a potential agent for the reduction
and formation of ZnO Nps. The synthesized zinc
oxide nanoparticles possessed were white in
colour, showed an absorption peak at around
360nm. The FTIR studies confirmed the formation
M-O bond in the formed material and the spherical
morphology, hexagonal wurtzite phase and purity
of the ZnO Nps were analyzed from the SEM, XRD
and EDAX data are in consistent with the results
when compared to the similar studies reported by
other researchers for the reduction of zinc oxide
nanoparticles. The IC,; value for the antioxidant
potential of zinc oxide nanoparticles produced from
the ethanolic leaf extract of Delonix Elata was 28.97
pL/mL. Similarly, the antioxidant activities done by
Dogganal Jayappa et al.,'” and Nethravathi et al.,*
for the bio-synthesized zinc oxide nanoparticles
using the leaf extracts of Mussaenda frondosa L.
and Garcinia xanthochymus were 824 pL/mL and
8000 pL/mL. The comparison of the results of
antioxidant activity conducted in the present study
with that of the results of antioxidant activity reported
by other researchers revealed that the formation
of zinc oxide nanoparticles from the ethanolic leaf
extract of Delonix Elata have good potential anti-
oxidant properties. The anti-inflammatory studies
carried out for the green synthesized zinc oxide
nanoparticles showed varying range of percentage
inhibition. The DE-ZnO NPs showed 77% inhibition
for 50 uL/mL of ZnO nanoparticles that is comparable
with the standard drug Diclofenac sodium (74%
inhibition for 50 uL/mL). Similarly, Dogganal Jayappa
et al.," reported significant anti-inflammatory activity

500 uL/mL) thatis comparable with that of the standard
Diclofenac sodium (92.16% for 500 uL/mL). Hence,
the present anti-inflammatory studies evaluated
for the green synthesized zinc oxide nanoparticles
via bovine denaturation assay revealed the good
anti-inflammatory potential of ZnO NPs.

CONCLUSION

The current research work reports the
successful synthesis of ZnO Nps from the ethanolic
leaf extract of Delonix Elata. The phytochemical
screening analysis carried out for the ethanolic
extract of Delonix Elata confirmed the presence
of important primary and secondary metabolites.
The UV-Visible spectroscopy showed a prominent
absorption band centered at around 360nm
indicating the bioreduction of Zn?* ions to Zn°
nanoparticles. From the UV-Visible spectral data
the band gap of Delonix Elata mediated zinc oxide
material is found to be 3.63ev. The increase of
energy band gap will decrease the size of the
nanoparticles thus, the Delonix Elata mediated
nanoparticle size is will be small which is also
supported by the XRD size calculations. The
involvement of primary and secondary metabolites
in the bioreduction of zinc precursor solution to zinc
oxide nanoparticles and their ability as capping
agent is evidenced from the FTIR studies. The
crystallinity of the synthesized nanoparticles is
studied from the XRD studies and by using scherrer
equation the size of the nanoparticle is calculated as
6.87nm. The morphology as well as the composition
of the synthesized ZnO nanoparticles is determined
from the SEM and EDAX analysis. The biogenically
synthesized zinc oxide nanoparticles exhibited
good anti-oxidant and anti-inflammatory activity.
From our present research work we conclude that
the zinc oxide nanoparticles produced from the
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Delonix Elata leaf extract has potential biological
applications and can be explored for more In vitro
and In vivo biological studies.
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