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Abstract

This study aimed to produce zinc oxide nanoparticles with Calendula officinalis
flower extract (Co-ZnO NPs) using the green synthesis method. In addition, the
antioxidant and wound healing potential of synthesized ZnO NPs were evaluated.
The absorbance band at 355 nm, which is typical for ZnO NPs, was determined
from the UV-Vis absorbance spectrum. The energy-dispersive X-ray spectroscopy
(EDS) measurements revealed a high zinc content of 42.90%. The x-ray diffractom-
eter data showed Co-ZnO NPs with an average crystallite size of 17.66 nm. The
Co-ZnO NPs did not have apparent cytotoxicity up to 10 pg/mL (ICsy 25.96 pg/
mL). C. officinalis ZnO NPs showed partial cell migration and percent wound clo-
sure (69.1%) compared with control (64.8%). In addition, antioxidant activities of
Co-ZnO NPs with 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
and 2,2 diphenyl-1 picrylhydrazil (DPPH) were evaluated and radical scavenging
activity of 33.49% and 46.63%, respectively, was determined. These results suggest
that C. officinalis extract is an effective reducing agent for the green synthesis of
ZnO NPs with significant antioxidant and wound healing potential.
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Key Messages

« In this study, zinc oxide nanoparticle synthesis and characterization were
carried out for the first time using the Calendula officinalis plant with a
green and environmentally friendly biosynthesis method.

« The cytotoxicity of the synthesized zinc oxide nanoparticles in 1929 cells
was evaluated and the wound healing effect was evaluated in 1929 cells
in vitro with the determined therapeutic dose.

« The antioxidant activity was also evaluated.

« The study is an original study in terms of evaluating the wound healing
effects of zinc oxide nanoparticles.
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1 | INTRODUCTION
Diabetes mellitus is a metabolic disease characterised by
high blood sugar. According to the data of the World
Health Organization (WHO), there are approximately
422 million diabetic patients worldwide and 1.5 million
people die from diabetes every year. Both the number of
cases and the prevalence of diabetes have been increas-
ing steadily over the past few decades.' Drugs currently
available for the treatment are of various classes such
as sulfonylureas, thiazolidinedione, a-glucosidase
inhibitors, repaglinide and insulin treatments. Unfor-
tunately, the most widely used drug metformin has
various side effects and shows a slow therapeutic
response.” Therefore, there is a need to develop new
therapeutic drugs. According to the WHO, about
80% of the world's population consider traditional med-
icines to be the best for the treatment of various dis-
eases. Medicinal plants are considered extremely
beneficial in many ways in combating various diseases,
including diabetes.' > At the same time, most compli-
cations of diabetes are due to oxidative stress accompa-
nied by a decrease in the cellular content of zinc and
zinc-dependent antioxidant enzymes. Zinc has roles in
homeostasis, immune function, defence against oxida-
tive stress and apoptotic cell death. In addition, it effec-
tively cures type 2 diabetes and its complications.®’ In
the last few years, many nanomaterials have been
designed and researched for the healing of chronic
wounds, one of the complications of diabetes. Espe-
cially metal-based nanomaterials are of great interest.
These include metal oxide nanoparticles (NPs) such as
silver, gold, iron, copper, titanium and zinc oxide
(ZnO) NPs. These NPs have proven effective in eradi-
cating multidrug-resistant strains and promoting
wound healing and re-epithelialisation.®’
Nanotechnology is an important and developing sci-
ence for the development of an environmentally friendly
and reliable methodology, which aims to develop mate-
rials with dimensions of 1-100 nm, which has become
increasingly important in recent years.'"” NPs find wide
use in the health, food, aerospace, pharmaceutical and
cosmetic industries. Nanotechnology deals with the
molecular scale properties of nanostructures such as size,
shape, surface morphology and applications, and the
interface between the chemical, biological, physical, opti-
cal and electronic properties of nanomaterials."' With the
development of industrial production at nanoscale, metal
oxides such as silver oxide (AgO), gold oxide (AuO), tita-
nium dioxide (TiO,), copper oxide (CuO) and cerium
oxide (CeO,) have found a wide market area.'? Thanks to
medical and pharmaceutical applications, NPs of noble

metals such as gold, silver, platinum and ZnO are widely
applied."

Three different synthesis methods have been devel-
oped for NPs: physical, chemical and green syntheses.
Expensive equipment, high temperature and high pres-
sure are required in NP synthesis by physical methods. In
the synthesis of NPs by chemical methods, toxic chemi-
cals that can cause serious damage to the environment
and living things are used.'* Due to the disadvantages of
physical and chemical synthesis, these methods have
been replaced by green synthesis, which is an eco-
friendly and cost-effective method. Biological resources
containing various natural molecules such as plants, bac-
teria, fungi and algae are used for the green synthesis of
NPs.">"'® NPs produced from plant extracts are more sta-
ble and more diverse in shape and size than those pro-
duced by other organisms."” Among metal oxide NPs,
ZnO NPs have been at the forefront of research due to
their unique properties and wide range of applications.*

In particular, the use of the extracts of medicinal
plants as potential reducing and stabilizing agents to syn-
thesize ZnO NPs provides many advantages over tradi-
tional, physical and highly toxic chemical methods.*' The
advantages of ZnO NPs over other metal NPs are due to
their lower cost, UV blocking properties, high catalytic
activity, large surface area, as well as their remarkable
applications in medicine, environmental remediation,
antimicrobial activity and agriculture.”*** Various plant
extracts have been successfully used for efficient and
rapid extracellular biosynthesis of ZnO NPs, for example,
Pongamia pinnata,* Vitex trifolia,”® Ficus benghalensis,”’
Punica granatum,”® Trifolium pratense,”® Hibiscus
subdariffa®® and Couroupita guianensis Aubl.>'

Calendula officinalis is an annual plant of Mediterra-
nean origin. It is known that its medicinal use is mostly
from the 13th century and especially in the direction of
wound healing. It was used as balms and creams during
the North American Civil War and as antiseptic and anti-
inflammatory agents during World War 1.** It has medici-
nal uses as an anti-inflammatory agent, particularly for
the treatment of wounds, first-degree burns, contusions
and skin eruptions. German health authorities recom-
mended superficial use in leg ulcers and internal use
against inflammatory lesions in the oral and pharyngeal
mucosa. The main chemical components found in its
flowers are saponins, triterpenes, alcohol triterpenes,
fatty acid esters, carotenoids, flavonoids, coumarins,
essential oils, hydrocarbons and fatty acids.>*** In this
study, it was aimed for the first time to synthesise ZnO
NPs with calendula (C. officinalis) flower plant extract
and to evaluate the wound healing, antioxidant and cyto-
toxic activities of these NPs.
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2 | MATERIALS AND METHODS
2.1 | Preparation of aqueous extract of
C. officinalis flower

The dried flowers of C. officinalis were purchased from a
local market (Arifoglu Spice and Food Ind. Trade. Ltd.
Sti) and used for extraction. 10 g of dried calendula
flowers was weighed and transferred to a 500-mL con-
tainer. 100 mL of distilled water was added to it. This
mixture was heated at 100°C for 2 h on a magnetic stir-
rer. After this process, the mixture brought was to room
temperature and passed through Whatman No.1 filter
paper. The filtrate was stored in a refrigerator at +4°C
until used for NP synthesis.

2.2 | Green synthesis of ZnO NPs

Zinc nitrate hexahydrate (Zn(NOj),-6H,0) as the zinc
precursor was purchased from Sigma-Aldrich. 50 mL of
filtered C. officinalis flower aqueous extract was boiled at
60-80°C using a magnetic stirrer and 5 g of zinc nitrate
hexahydrate was added. The mixture was heated continu-
ously on a magnetic stirrer until it reduced to 10 mL or
turned into a paste. The resulting ZnO NPs were dried in
an oven at 60°C overnight. The obtained Co-ZnO NPs
was stored in the tube at room temperature until further
use.®

2.3 | Characterization of green-
synthesised ZnO NPs

The optical properties of ZnO NPs were characterized by
taking ultraviolet-visible (UV-Vis) region spectra
between 300 and 700 nm. UV-Vis spectral analysis was
performed on T60 UV-visible spectrophotometer
(PG Instruments). The surface morphology and elemen-
tal composition of Co-ZnO NPs were observed using
scanning electron microscope (SEM) (FEI Quanta FEG
250) with energy-dispersive X-ray spectroscopy (EDS).
Co-ZnO NPs' structure and composition were analysed
using x-ray diffractometer (XRD) (Bruker D8 Advance
Twin-Twin). SEM, EDS and XRD analyses were carried
out at Suleyman Demirel University YETEM—
Innovative Applications and Research Center.

2.4 | Cell culture

L929 mouse fibroblast cells belonging to the American
Type Culture Collection (ATCC, Manassas, VA) were
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used in this study. 1929 cells were cultured in Dulbecco's
Modified Eagle's Medium (DMEM) (Sigma D6429)
containing 10% fetal bovine serum (FBS) (Pan Biotech
P30-3303) and 1% antibiotic/antimycotic solution
(100x) (Capricorn Scientific AAS-B). The cells were
grown in T-75 flasks in a 5% CO, atmosphere at 37°C
until they reached confluence. The cultured cells were
removed with the help of 0.25% Trypsin (Biowest
L0909) and passaged. The morphological changes of
the cells were checked under an inverted microscope
(Olympus CK40).

2.5 | MTT assay

MTT (3-[4,5-Dimethylthiazole-2-yl]-2,5-diphenyltetrazo-
lium bromide) measurement is the colorimetric detection
of viable cells at a certain cell density. Cells were seeded
on 96-well cell culture plates and incubated with differ-
ent concentrations of Co-ZnO NPs (0, 1, 5, 10, 20, 30,
40, 50, 100, 200 pg/mL) for 48 h in an incubator with
5% CO, at 37°C.*® After incubation, cytotoxicity testing
was performed using the MTT cell proliferation measure-
ment kit (Sigma M5655). After the incubation with differ-
ent concentrations of Co-ZnO NPs was completed, the
medium was discarded and 100 pL of fresh medium was
added. 10 pL of MTT stock solution (5 mg/mL of stock in
phosphate buffered saline (PBS)) was added to the cells
and incubated for 4 h in the dark at 37°C with 5% CO,.
The mixture in each well was aspirated, and 100 pL of
dimethyl sulfoxide (DMSO) was added to dissolve the
purple formazan. After incubation, the optical density
(OD) of the plate was measured at a 570 nm wave-
length using a microplate reader (MultiscanGO,
Thermo Fisher Scientific, USA). The MTT assay was
repeated three times. Results were expressed as the
mean percentage of cell growth. The percentage (%) of
cell viability was calculated using the following
formula:

Cell viability (%) = OD treatment/OD control x 100.

The concentration value (ICsq) that reduced the via-
bility of L929 cells to 50% was determined based on the
dose-dependent cell viability curve.

2.6 | Invitro wound healing assay

The wound healing assay used to measure the migration
rate of a population of cells on scratched surfaces was
used to evaluate the migratory ability of L929 cells after
exposure to Co-ZnO NPs. To determine the wound
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healing ability, exponentially growing fibroblast cells
were seeded in a 6-well culture plate at a density of
5 x 10° cells/well and incubated for 24 h.>” The culture
medium was changed periodically. After confluence was
achieved in the cells, a linear area in the cell monolayer
was scraped using a sterile 100-pL plastic pipette tip, and
the cells were washed with PBS to remove cell debris.
Cells were then treated with a fresh medium containing
10 pg/mL Co-ZnO NPs and cultured for 16 and 24 h. The
control group was prepared with a basal medium. The
plotted areas were photographed from each cell culture
well using an inverted microscope (Olympus CK40) to
assess the distance between adjacent cell layers. Wound
areas were measured using Image-J analysis software.
The percentage of wound closure was calculated accord-
ing to the following formula:

(Ao —Ar)

Wound closure (%) = * 100

where A, is the scratch wound area recorded at hour
0 and A; is the scratch wound area recorded at time X.

2.7 | ABTS radical scavenging activity
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) radical scavenging activity was performed accord-
ing to the method described by Re et al.*® 7 mM ABTS
and 2.45 mM potassium persulfate (K,S,0g) were com-
bined in equal volumes and incubated for 16 h in the
dark and at room temperature. Co-ZnO NPs were
prepared with methanol at different concentrations
(0-1000 pg/mL). In the control sample, methanol was
used instead of plant extract. In the test mixture, 100 pL
of sample and 2.9 mL of ABTS solution were mixed and
incubated in the dark for 30 min. Ascorbic acid was used
as a positive control. The absorbance of samples was
measured at 734 nm wavelength using a spectrophotome-
ter (T60 UV-PG Instruments). The % inhibition is calcu-
lated using the following formula:

A —A
%inhibition = ( control ~ “Asamp le) *100
Acontrol

where Agonirol iS the absorbance of negative control and
Agample i the absorbance of sample.

2.8 | DPPH radical scavenging activity

Antioxidant activity of Co-ZnO NPs was determined
using 2,2 diphenyl-1 picrylhydrazil (DPPH). The method

was modified® and ascorbic acid was used as
the standard. 1000 pL. of DPPH solution in methanol
(0.1 mM) was added to the samples containing 1000 pL
of Co-ZnO NP. After adding DPPH to the samples, they
were incubated for 30 min at room temperature and in
the dark, and their absorbance was measured at 517 nm
(T60 UV-PG Instruments). As a negative control, metha-
nol was used instead of the sample. The % inhibition is
calculated using the following formula:

(Acontrol - Asample)

%inhibition = %100

Acontrol

where Acontrol 1S the absorbance of negative control and
Agample is the absorbance of sample.

2.9 | Statistical analysis

The statistical analysis of data was expressed as
mean + SEM. The Student's ¢-test was used for statistical
comparison and differences were considered significant
at p < 0.05. All experiments were performed at least three
times. GraphPad Prism 9 program was used to calculate
1C5, and SD.

3 | RESULTS AND DISCUSSION
3.1 | Synthesis and characterization of
Zn0O NPs

Addition of zinc nitrate hexahydrate to C. officinalis
extract caused physico-chemical changes in aqueous
solution. The most obvious one of these changes is in col-
our that can be observed in the reaction mixture. In this
study, the colour change from yellow to brown and a pale
yellow colour solid precipitate in C. officinalis extract,
respectively, indicated the formation of Co-ZnO NPs
(Figure 1). Within a few hours, the colour of the solution
stopped changing, suggesting that the ZnO salt was
completely bioreduced to ZnO NPs. Flavonoids and phe-
nolic compounds are responsible for the conversion of Zn
ions to ZnO NPs. Phytochemicals are antioxidants and
non-toxic chemicals; therefore, they can act as both
reducing and stabilizing agents.*” These results were con-
sistent with studies reporting colour changes in plant-
mediated green synthesis of ZnO NPs.*"** There is no
report on the use of C. officinalis plant extract in the
green synthesis of ZnO NPs. However, its use in the syn-
thesis of silver and selenium NPs has been reported.****
Figure 2 shows the UV-Vis absorption spectrum of
green-synthesised ZnO NPs. An absorbance peak around
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(A) (B)

FIGURE 1

©) (D)

Synthesis of zinc oxide nanoparticles (NPs) using Calendula officinalis flower extract. (A) C. officinalis flower aqueous

extract; (B) zinc nitrate hexahydrate solution; (C) colour of C. officinalis extract and zinc oxide hexahydrate mixture before heating; (D) pale

yellow precipitate formation indicating the synthesis of ZnO NPs.

FIGURE 2 UV-Vis absorbance 0.35
spectrum at 355 nm maximum of zinc
oxide nanoparticles (NPs) synthesized 0.3
using an aqueous extract from flowers of
Calendula officinalis (Co-ZnO NPs). 0.25
o
e 0.2
©
2
o
8 0.15
<
0.1
0.05
0
300

355 nm was observed, which is specific for Co-ZnO NPs.
In a similar study in which ZnO NPs were synthesized by
green synthesis method using Thymbra spicata L. plant
extract, they observed an absorbance peak at 360 nm
when they examined the UV-Vis spectrum.”” It was
observed that the ZnO NPs synthesised by Pehlivanoglu
et al.*® with grape seed extract exhibited a strong absor-
bance peak at 362 nm, consistent with our study.
Green-synthesised Co-ZnO NPs were subjected to
SEM and EDS analyses to determine surface morphology
and elemental composition, respectively. The topographic
image obtained via SEM showed aggregation of Co-ZnO
NPs (Figure 3A), while the EDS spectrum confirmed that
the elementary composition of the particles consisted
largely of Zn and O elements. In particular, the elemental
composition of Zn and O was 42.90% and 29.71%, respec-
tively (Figure 3B). At the same time, the EDS spectrum of
Co-ZnO NPs shows peaks of C, Na, Mg, Al and P

350 400 450 500 550

Wavelength (nm)

elements. These minimal elements were probably caused
by residues of C. officinalis. A major zinc peak of 2.88 keV
confirms the elemental distribution of Co-ZnO NPs.
When the SEM image (Figure 3A) of Co-ZnO NPs is
examined, nano-sized particles are seen, mostly spherical,
some of which are irregular in shape. Similar results were
also reported for green-synthesised ZnO NPs from vari-
ous other medicinal plants.*”**

Figure 4 illustrates the XRD patterns of green-
synthesised Co-ZnO NPs. The characteristic diffraction
peaks were revealed at 20 values 31.85, 34.52, 36.35, 47.64,
56.71, 62.96, 66.46, 68.07, 69.22, 72.74 and 77.07 degrees and
can be indexed to the diffractions of (100), (002), (101),
(102), (110), (103), (200), (112), (201), (004) and (202) planes
with a hexagonal wurtzite structure. All the peaks in the
XRD graph of ZnO NPs are well matched with the COD
database no. 96-901-1663. The XRD patterns of the green-
synthesised ZnO NPs were very similar to the previous
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FIGURE 3 (A) Scanning electron microscope image and (B) Energy-dispersive X-ray spectroscopy analysis of synthesized Co-ZnO
nanoparticles.

finding.** The average crystallite size of green-synthetized
ZnO NPs was calculated using the Debye-Scherrer equation
and found to be 17.66 nm (Table 1).

Do 0.891
pcost

where D is the crystallite size; k is the Scherrer constant;
A is the x-ray wavelength; 0 is the Bragg angle and f is
the full-width half maxima.

3.2 | Cytotoxic effects of Co-ZnO NPs

The effect of Co-ZnO NPs on cell viability was evalu-
ated by the MTT assay at different concentrations
(1, 5, 10, 20, 30, 40, 50, 100, 200 pg/mL) over a 48-h
period in L1929 fibroblast cell line. The growth of the
exposed cells was compared with negative control cul-
tured cells not treated with Co-ZnO NPs. The cytotox-
icity of green-synthesised Co-ZnO NPs in 1929 cells was
found to be dose-dependent (Figure 5A). As the concentra-
tion increased, the cytotoxicity level also increased. At the

35

30

(101)

25

20

(100)

Intensity (counts)
>
(002)

(110)

[6)]
(012)
(013)

20 30 40 50 60 70 80
26 ()

FIGURE 4
nanoparticles.

X-ray diffractometer pattern of synthesized Co-ZnO

highest concentration tested (200 pg/mL), 95.8% of cell
death was observed. The ICs, value was determined as
25.96 p/mL (Figure 5B). The results showed that 10 pg/mL
and lower concentrations could be used as non-toxic dose
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TABLE 1

Crystalline size and miller indices (Hkl) value of

observed crystalline peaks.
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to evaluate the in vitro wound healing activity of synthe-
sized Co-ZnO NPs.

Average
Peak position Crystalline crystalline
20 (°) HkI size (nm) size (nm) 3.3 | Efficacy of Co-ZnO NPs on wound
31.85 100 21.29 17.66 healing in vitro
34.52 002 25.48
The in vitro wound healing (scratch test) assay is a useful
36.35 101 21.52 technique in which the migration and proliferation
47.64 012 1521 potentials of cells are evaluated under various conditions.
56.71 110 19.78 In this method, a line that mimics the wound is created
62.96 013 15.05 with a micropipette tip in cells that proliferate in a single
66.46 200 18.37 layer, and the extent to which this wound is closed by
68.07 112 1657 applying thteapeutlc agents to the CS%HS is measured and
922 o1 Lo.87 compared with the control group.” In the study, the
‘ ’ therapeutic dose (10 pg/mL) determined by the MTT test
7274 004 7.32 was used to evaluate the therapeutic efficacy of Co-ZnO
77.07 202 13.86 NPs on the wound model created by the scratch assay in
A) Calendula officinalis ZnO NPs
L929
120
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£
E 60
> *
3 40
o
20
%
- * * *
o NN O N P P S O e et e
0 1 5 10 30 40 50 100 200
Concentrations (ug/mL)
(B)
Chart
@ Dataset 1
1351 :
120
105 > -
904 ICo: 25.9696 pg/mL
> 757
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45+
30+
15-
0 ; — ;
0.1 1 10 100 1000
X
FIGURE 5 (A) Cell viability of 1929 fibroblast cells after treatment (48 h) with various concentrations of green-synthesised Co-ZnO

nanoparticles (NPs) in comparison with untreated cells (negative control) evaluated in MTT assay. (B) The ICs, value calculated in
GraphPad Prism software on the basis of MTT assay. *p < 0.05.
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L1929 cells (Figure 6A). After the treatment of Co-ZnO
NPs synthesized by C. officinalis to 1.929 cells at a concen-
tration of 10 pg/mL, an increase in wound closure of
these cells was observed at 24 h compared with the con-
trol group (Figure 6B). The wound healing potential of
Co-ZnO NPs was confirmed by the wound scratch test.
C. officinalis ZnO NPs showed partial cell migration and
percent wound closure (69.1%) compared with control
(64.8%). This result demonstrated the wound healing
potential of formulated Co-ZnO NPs. Erdogan and
Cevik®' synthesized ZnO NPs by microwave method
using Saccharomyces cerevisiae aqueous lysate in their
study to determine the in vitro wound healing efficiency
of ZnO NPs. In their study, it was determined that 1929
cells treated with ZnO NP did not have a dose-dependent
toxic effect and the wound closure amount of 1929 cells
treated with 10, 100 and 1000 pg/mL ZnO NPs increased
significantly compared with the control group cells.
Kabeerdass et al.>* reported that ZnO NPs synthesized
with the leaf extract of Altermanthera sessilis had better
wound healing in L929 cells than in control. Vakayil
et al.”® investigated the wound healing potential of

FIGURE 6
healing assay images of 1929 fibroblast
cells obtained at 16 and 24 h after
wound creation (Co-ZnO nanoparticles
[NPs]-10 pg/mL). (B) Percentage wound
closure graph of L929 fibroblast cells.

(A) In vitro wound

Results are expressed as mean + SEM.

Boswellia  serrata-mediated synthesized ZnO NPs
(BS-ZnO NPs) by in vitro wound scratch assay using
L929 cells. The results of the scratch test revealed that
BS-ZnO NPs increased 1929 cell migration and increased
wound closure rate. Both concentrations of BS-ZnO NPs
(15 and 20 pg/mL) improved cell migration and thus rap-
idly closed the scar.

3.4 | Antioxidant activity of Co-ZnO NPs

The maximum concentration of Co-ZnO NPs (1000 pg/mL)
significantly inhibited both DPPH and ABTS free radicals
up to 33.49% and 46.63%, respectively (Figure 7A,B).
Co-ZnO NPs have acceptable antioxidant activity. Dianati
et al.>* reported that curcumin-mediated Cm-ZnO NPs
determined antioxidant activity with DPPH and ABTS at
500 pg/mL concentration as 18.06% and 21.033%, respec-
tively. In our study, on the other hand, at 500 pg/mL
Co-ZnO NP concentration, DPPH and ABTS and anti-
oxidant activity were 32.37% and 32.25%, respectively.
Thsan et al.>® reported ABTS activities (46.05% and
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(A) DPPH Assay
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FIGURE 7

Antioxidant activity of Co-ZnO nanoparticles (NPs): (A) 2,2 Diphenyl-1 picrylhydrazil radical (DPPH) and (B) 2,2"-azino-bis

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activities.

42.79%) and DPPH activities (58.16% and 55.76%) in
1000 pg/mL of Curcuma zedoaria and Momordica
charantia-mediated synthesized ZnO NPs, respectively.
The fact that ZnO NPs prepared from various plant
extracts have different sizes and consequently different
specific surfaces depending on the plant extract used
may be the reason for the differences in the antioxidant
activity of ZnO NPs.

4 | CONCLUSION

Metallic NPs are an area of interest due to their unique
properties that may be advantageous for producing

targetable products. ZnO NPs have been used frequently
in the pharmaceutical industry in recent years due to
their strong biological activities. In this study, it was tried
to develop antioxidant ZnO NPs with wound healing
activity from C. officinalis flowers using an environmen-
tally friendly green synthesis method. Synthesized
Co-ZnO NPs were characterised by UV-Vis spectroscopy,
SEM-EDS and XRD techniques. Biosynthesised Co-ZnO
NPs did not show cytotoxic effects at low concentrations
but exhibited better wound healing effects compared with
control. It also showed substantial antioxidant activity.
Therefore, the synthesis of drugs based on medicinal or
combined Co-ZnO NPs with greater targeted activity,
synthesized from C. officinalis flowers, may lead to
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opportunities for the discovery of a cheaper and more
beneficial therapy for wound healing. However, the
wound healing effects of Co-ZnO NPs need to be sup-
ported by in vivo findings.
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