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Abstract

The biogenic synthesis of nanoparticles (NPs) using a plant extract is rapid, simple, efficient, cost-effective, and eco-friendly.
This study investigated selective pharmacological activities such as anticancer, antioxidant, and DNA cleavage of S. elae-
agnifolium-mediated green synthesizing Ag/AgO/Ag,0 NPs. To the best of our knowledge, S. elaeagnifolium has been the
first time used to synthesize Ag/AgO/Ag,0 NPs. The synthesized NPs were explored by using UV-Vis diffuse reflectance
spectroscopy, X-ray diffraction, Fourier transform infrared spectroscopy, scanning electron microscopy, high-resolution
transmission electron microscopy, energy-dispersive X-ray spectroscopy, and photoluminescence analyses. Anticancer activ-
ity of Ag/AgO/Ag,0 NPs was tested on lung cancer cell lines (A-549) and showed activity at the ICs, of 67.09 pg/mL. The
maximum 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) scav-
enging activity were 25.78% and 20.86% at 100 ug/L, respectively. Moreover, S. elaeagnifolium-mediated green synthesized
Ag/AgO/Ag,0 NPs exhibited considerable DNA cleavage activity. These results assured that the synthesized Ag/AgO/Ag,0
NPs using S. elaeagnifolium leaves extract may have potential applications in biomedical engineering.
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EDTA Ethylenediamine tetraacetic acid

EDX Energy-dispersive X-ray spectroscopy

FTLR Fourier transform infrared spectroscopy

HRTEM High-resolution transmission electron
microscopy

ICs, Half maximal inhibitory concentration

MTT 3-(4,5-Dimethylthiazol-2-Y1)-2,5-Diphe-
nyltetrazolium Bromide

NPs Nanoparticles

PL Photoluminescence

SAED Selected area electron diffraction

SELE Solanum elaeagnifolium Leaves extract

SEM Scanning electron microscopy

UVDRS UV-Vis diffuse reflectance spectroscopy

XRD X-ray diffraction

Introduction

Nowadays, nanotechnology has stupendous and enormous
applications in many sectors of applied science and engi-
neering like agriculture, biotechnology, dye degradation,
food technology, wastewater treatment, energy, storage,
ceramics, cosmetics, medical applications, drug delivery,
bio-sensing, fabric, and textile engineering, etc. (Lin 2015;
Thanh et al. 2014; Devadas et al. 2021; Gawande et al.
2016). In particular, metal oxide nanoparticles (NPs) have
attracted extensive attention.

Many types of NPs, such as Ag,0 (Ghotekar et al. 2020),
SnO, (Matussin et al. 2020), CdO (Ghotekar 2019), CuO
(Cuong et al. 2021), Fe;O, (Yew et al. 2020), ZnO (Bandeira
et al. 2020), and ZrO, (Nikam et al. 2019), have been pre-
pared and applied in various promising applications. They
could be manufactured by biological, chemical, and physical
approaches; nevertheless, biological protocols are the most
recommended and sustainable approach since chemical, and
physical approaches have numerous downsides (Gawande
et al. 2016). Notably, the eco-friendly approach makes use of
algae (AlNadhari et al. 2021), bio-waste materials (Santhosh
et al. 2021; Dabhane et al. 2021), microorganisms (Ibrahim
et al. 2021), and plants (Cuong et al. 2021). Green synthesis
using various medicinal plant parts is most rapid, simple,
clean, easy, affordable, and environmentally gracious (Soni
et al. 2021). The varied plant parts contain a variety of struc-
turally diverse natural biochemicals such as vitamins, alka-
loids, anthocyanins, flavonoids, coumarins, phenols, sugars,
glycosides, volatile oils, saponins, tannins, which themselves
serve as bio-reducing and/or bio-stabilizing agents for NPs
production and hence obviating the use of noxious chemicals
and solvents (Nasrollahzadeh et al. 2020).

Among diverse NPs, silver-based NPs, such as Ag, AgCl,
Ag,0, and Ag,S NPs, are creating spectacular attention in
the scientific arena due to their massive range of application
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in agriculture (Partila 2019), biomedical devices (Singh
et al. 2017), catalysis (Bhosale and Bhanage 2015), ceram-
ics (Gol et al. 2020), environmental remediation (Ghotekar
et al. 2020, 2021), pharmaceuticals (Duran et al. 2016),
photocatalysis (Ghotekar et al. 2020, 2021; Marimuthu
et al. 2020), and sensing (Tagad et al. 2013). The selec-
tive morphology and size of the silver-based NPs determine
their chemical and physical features (Sharma et al. 2021).
Heretofore, various approaches, such as the hydrothermal
method (Yang and Pan 2012), microwave-assisted method
(Al-Shehri et al. 2020; Babu et al. 2018), sol-gel method
(Shahjahan et al. 2017), thermal decomposition (Hossein-
pour-Mashkani and Ramezani 2014), have been reported
for the manufacturing of silver-based NPs. However, these
strategies are highlighted by high manufacturing costs and
hazardous substances, which have possibly harmful impacts
on human health and the environment. The green synthesis
approach, based primarily on plant extracts, is an environ-
mentally benign alternative to handling harmful chemicals
in the manufacture of NPs. Noxious chemicals are replaced
in these regimens by compounds derived from plant extracts
that act as reductants and stabilizers (Aygiin et al. 2020;
Gur et al. 2022). Previously, facile biosynthesis of silver-
based NPs using plant extracts such as Acanthospermum
hispidum (Ghotekar et al. 2019), Centella Asiatica (Rashmi
et al. 2020), Prunus persica (Patra and Baek 2016), and
Cochlospermum Gossypium (Ayodhya and Veerabhadram
2016) have been reported as a bio-reducing/bio-stabilizing
agent, and their multifunctional applications are widely
investigated.

Noticeably, Solanum elaeagnifolium of the family Sola-
naceae is a deep-rooted perennial plant that is found ini-
tially native to the Americas. As summarized in Fig. 1,
Solanum elaeagnifolium extract contains several bioactive
compounds, namely stigmasterol, kaempferol, C-glycoside,
quercetin, mangiferin, rutin, chlorogenic acid, coumaroyl
glycoside, dicaffeoyl quinic acid (Badawy et al. 2013; Elab-
bar et al. 2014; Balah and AbdelRazek 2020). Also, leaves
from Solanum elaeagnifolium have repellent and insecticidal
characteristics towards various crop pests and possibly be
used as an alternative for synthetic insecticides (Hamouda
et al. 2015). However, to the best of our knowledge, Solanum
elaeagnifolium has been examined for its pharmacological
effects, but it has never been employed to synthesize Ag/
AgO/Ag,0 NPs.

Herein, this contribution reports on Ag/AgO/Ag,0 NPs
engineered by an entirely green chemistry approach using
Solanum elaeagnifolium natural extract as a fuel addition
of any chemical additives. The synthesized Ag/AgO/Ag,0
NPs were explored by various techniques to characterize
the material further. In addition, selective biomedical appli-
cations such as anticancer, antioxidant, and DNA cleavage
activities were also investigated.
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Fig. 1 Active phytochemicals in Solanum elaeagnifolium

Experimental

Collection of Solanum elaeagnifolium leaves
and extracts preparation

The Solanum elaeagnifolium leaves were collected and
appropriately washed using double distilled water. First,
5 g of leaves were poured into 100 mL of distilled water
and boiled for 15 min at 85-90 °C. Next, the extract
obtained was filtered through ordinary filter paper and
Whatman No. 1 filter paper. Finally, the filtered Solanum

elaeagnifolium leaves extract (SELE) was stored at 4 °C
for the synthesis of Ag/AgO/Ag,0 NPs.

Biosynthesis of Ag/AgO/Ag,0 NPs

Eco-benign synthesis of Ag/AgO/Ag,0 NPs involved add-
ing 1.69 g silver nitrate to 100 mL of SELE, and then the
reaction solution was continuously stirred at 1100 rpm for
30 min at room temperature with a magnetic stirrer. Initial
confirmation of Ag/AgO/Ag,0 NPs synthesis is by a change
in color of the reaction mixture from yellow to dark brown.
Then, the resulting solution was then centrifuged at room
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temperature for 10 min at 3000 rpm and carefully washed
to eliminate all the unwanted impurities. After removing
the unwanted supernatant liquid, the black precipitate of
material was placed in a hot air oven at 200 °C. The as-
synthesized Ag/AgO/Ag,0 NPs were then crushed into a
powder using mortar and pestle. The obtained black color
powder was stored in an airtight vial for further utilization.

Characterization of Ag/Ag0/Ag,0 NPs

Various characterization tools were used to examine the
chemical, optical, and physical properties of Ag/AgO/Ag,0
NPs. The XRD measurement of synthesized Ag/AgO/Ag,0
NPs was carried out using a diffractometer system (XPERT-
PRO, PANalytical). The UVDRS of Ag/AgO/Ag,0 NPs
were recorded using Jasco Spectrophotometer V-770. The
functional group’s analysis of biosynthesized Ag/AgO/Ag,0
NPs was studied using FT-IR-4600 typeA. The morpholog-
ical features and elemental composition of bio-fabricated
Ag/AgO/Ag,0 NPs were analyzed by SEM equipped with
an EDX detector (VEGA3 TESCAN). Moreover, size and
shape were studied using HRTEM (JEM-2100) operating at
an accelerating 60-200 kV voltage. The photoluminescence
nature of SELE-mediated Ag/AgO/Ag,0 NPs was examined
using FP-8200 Spectroflurimeter.

Anticancer activity of Ag/AgO/Ag,0 NPs

A549 lung cancer cells were procured from ATCC (Ameri-
can Type Culture Collection). Procured stock cells were
grown in DMEM/RPMI supplemented with 10% inacti-
vated Fetal Bovine Serum (FBS), penicillin (100 IU/ml),
and streptomycin (100 pg/ml) in a humid environment of
5% CO, at 37 °C. The cell was dissociated with cell dis-
sociating solution (0.02% EDTA, 0.2% trypsin, and 0.05%
glucose in PBS). The vitality of the cells is tested, and the
cells are centrifuged. In addition, 50,000 cells/well were
seeded in a 96 well plate and incubated at 37 °C under a
5% CO, incubator for 24 h. Different concentrations of Ag/
AgO/Ag,0 NPs (10, 20, 40, 80, 160, and 320 pug/mL) was
added and incubated at 37 °C for 48 h (Gonzalez and Tarloff
2001). The resulting solutions in the wells were removed
after incubation, and 100 pl of MTT (5 mg/10 ml of MTT in
PBS) was mixed with every well. The cultured plates were
incubated at 37 °C for 4 h under a 5% CO, environment.
The supernatant was discarded, and 100 pl of DMSO was
mixed into the plates, which were gently agitated to dissolve
the formed formazan (Sangeethaa et al. 2021). An ELISA
reader measured the viability of cell lines was measured at
570 nm by an ELISA reader. Triplicates of experiments were
carried out, and Doxorubicin standard drug was used in the
study as a positive control. The cell viability percentage was
estimated by using the formula,
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Asy of test

% Cell Inhibition = —— X
Agy of control

In vitro antioxidant activity of Ag/AgO/Ag,0 NPs

ABTS and DPPH radical scavenging assays were used to
evaluate the in vitro antioxidant properties of the SELE-
mediated Ag/AgO/Ag,0 NPs. The varying concentrations
of the Ag/AgO/Ag,0 NPs and the standard solutions used
were 20, 40, 60, 80, and 100 pg/mL. The study employed
ascorbic acid as a reference antioxidant. The absorbance was
measured to the respective blank solutions using spectropho-
tometry (Rehana et al. 2017; Jain and Agrawal 2008). The
following formula was used to compute the % inhibition:

Radical scavenging activity (%)
_ ODcontrol — ODsample

x 100
ODcontrol

DPPH radical scavenging assay

Serial dilutions (20, 40, 60, 80, and 100 pg/mL) of Ag/AgO/
Ag,0 NPs were taken, and 50 pl of 0.659 mM 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) dissolved in methanol was
added, making up to one with distilled water. After that,
sample tubes were incubated for 20 min at 25 °C (Jain and
Agrawal 2008). A Shimadzu UV 1800 spectrophotometer
was employed to record the absorbance at 510 nm.

ABTS radical scavenging assay

Serial dilutions (20, 40, 60, 80, and 100 pg/mL) of Ag/AgO/
Ag,0 NPs were taken, and 0.3 ml of ABTS radical cation
[ABTS solution: 2, 20-Azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid) 2 mM (0.0548 gm in 50 ml)] was prepared
in double-distilled water. Potassium persulfate 70 mM was
prepared in double-distilled water. After mixing 200 pl of
potassium persulphate with 50 ml of ABTS for 2 h, 1.7 ml
of phosphate buffer pH 7.4 was mixed. After that, sample
tubes were incubated for 20 min at 25 °C (Jamila et al. 2021).
A Shimadzu UV 1800 spectrophotometer was employed to
record the absorbance at 734 nm.

DNA Cleavage activity of Ag/AgO/Ag,0 NPs

The DNA cleavage activity of Ag/AgO/Ag,0 NPs was stud-
ied using agarose gel electrophoresis. The plasmid DNA
(pBR322) was employed as the target DNA for the cleavage
activity. Different concentrations of Ag/AgO/Ag,0 NPs and
pBR322 DNA molecules were incubated for 30 and 90 min
at 37 °C. After that, loading dye (0.25% bromphenol blue,
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50% glycerol) was mixed into the reaction solution. The
resulting mixtures were carried out on an electrophoresis
gel using 0.8% agarose gel in TAE buffer (50 mM Tris base,
50 mM acetic acid, 2 mM EDTA, pH: 7.8) at 50 V (Gul-
bagca et al. 2021a). Monitoring was done under UV light
after the electrophoresis experiment.

Results and discussion
Structural and morphological study

The phase analysis, crystal structure, and composition of
the SELE mediated Ag,O sample was analyzed through the
XRD technique, and the result is evinced in Fig. 2a. It may
be observed through this figure that three different phases
are present in the sample corresponding to Ag (marked by
*), AgO (marked by #), and Ag,0 (marked by ®). This indi-
cates that the current biosynthesis method led to the for-
mation of Ag/AgO/Ag,0 heterostructured NPs. The exist-
ence of these phases was identified based on ICDD card no.
04-0783 (Gauri et al. 2016), 84-1108 (Varthini et al. 2018),

and 42-0874 for metallic Ag, AgO, and Ag,0, respectively
(Ziashahabi et al. 2019; Yang et al. 2016; Waterhouse et al.
2001). This analysis, therefore, reveals that the three differ-
ent phases are in the deposited form and not in the doped
state since the diffraction peaks of all the phases are visible
in the XRD spectrum.

Further, the unassigned peaks belong to AgNO;, which
was used as the Ag-precursor in this study (Aziz et al. 2017).
This means that the operating temperature was insufficient
to eradicate the salt precursor. Nevertheless, based on the
intensity of the diffraction peaks, it may be noted that the
most dominant phase in this sample is that of AgO. The
average crystallite size of the sample was ascertained using
Scherrer’s equation and found to be 69.4 nm. Based on the
XRD result, it is clear that the biosynthesized Ag,O sample
is composed of Ag/AgO/Ag,0 NPs.

It notes that the plant phytochemicals perform two pri-
mary functions: (1) bio-reduction of the metal precursor
and (2) control over the particle size and shape. Herein,
the functionalization of Ag/AgO/Ag,0 NPs by these phy-
tochemicals was confirmed from the FTIR studies. Fig-
ure 2b represents the FTIR spectrum of the leaf extract
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Fig.2 Characterizations of Ag/AgO/Ag,0 NPs: a XRD, b FTIR spectra of Solanum elaeagnifolium leaf extract (plant extract), and Ag/AgO/

Ag,0 NPs, ¢ SEM image, and d EDX spectra

@ Springer



4314

Chemical Papers (2022) 76:4309-4321

of Solanum elaeagnifolium and Ag/AgO/Ag,0 NPs. On
comparing these FTIR spectra, it may be revealed that the
bands at 1648.8 cm~! and 1037.8 cm™! of plant extract
have wholly lost their intensities after functionalizing the
NPs. This means that during the biosynthesis procedure,
the functional groups associated with the corresponding
phytochemicals were mainly involved in the reducing
mechanism of the salt precursor (AgNO;) (Basnet et al.
2018). Contrariwise, the rest of the assigned bands have
shifted their positions in the NPs, which may be attrib-
uted to their anchoring onto the surface of the NPs. The
FTIR bands observed at 1743.9 cm~! in plant extract
and 1762.6 cm™! in the NPs correspond to the alkaloid
functional group (Masterova and Tomko 1978). The band
at 1643.8 cm™! may be ascribed to the C=0 stretching
vibrations of the amide group majorly because of protein
molecules present in the leaf extract (Durak and Depciuch
2020). The highly intense bands at~ 1381 cm™! may be
attributed to the lipid functional group (Velsankar et al.
2020). The band at 1037.8 cm™! represents polysaccha-
rides because of O-substituted glucose residue (Basnet
et al. 2019). The band at 783.3 cm™! is due to the C-H
out-of-plane bend of phenyl (Basnet et al. 2019). This
band has shifted to 825.1 cm™! in the NPs. Thus, based
on the relative intensities of the prominent FTIR bands of
plant extract and the as-synthesized Ag/AgO/Ag,0 NPs,
it may be concluded that protein and glucose metabolites
were responsible for functioning as reductants, lipids, and
alkaloid functional groups mainly exhibited the capping

Fig.3 a, b TEM image, ¢
HRTEM image displaying the (a)
lattice fringes, and d SAED pat-
tern of Ag/AgO/Ag,0 NPs
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agent property. This means the latter functional groups
have a more vital ability to bind with the Ag ions and
prevent their particles from the undesirable agglomeration
phenomenon.

A typical SEM analysis was performed to study the mor-
phological characteristic of the as-synthesized Ag/AgO/
Ag,0 NPs, as shown in Fig. 2c. In contrast, EDX analysis
was employed to detect the elemental composition of this
sample, and the results are depicted in Fig. 2d. The SEM
image (Fig. 2c) revealed a high density of NPs. Although
the particles have mostly agglomerated, it is still possible
to clearly distinguish the boundaries between the individual
particle grains. From this image, the morphology of the
particles was observed to be quasi-spherical in shape. The
EDX analysis of Ag/AgO/Ag,0 NPs (Fig. 2d) represents the
existence of only Ag and O in the sample with no impurity
peaks, indicating the method of biosynthesis employed in
this study leads to the formation of impurity-free Ag/AgO/
Ag,0 NPs. In addition, the EDX analysis evinced percentage
relative elemental composition, such as Ag (17.76%) and O
(82.24%), as presented in the inset table of Fig. 2d.

The microstructural analysis and particle size deter-
mination of the as-synthesized sample were performed
through HRTEM studies, and the results have been shown
in Fig. 3. It may be observed from the TEM images in
Fig. 3a, b that the particles have formed quasi-spherical
microstructure, which is consistent with the morphology
obtained through SEM analysis. However, the particles
did not exhibit monodispersity, and hence, their average




Chemical Papers (2022) 76:4309-4321

4315

diameter was calculated to be in the range of 15—40 nm.
Furthermore, from Fig. 3c, which represents the HRTEM
image of Ag/AgO/Ag,0 NPs, the appearance of criss-
cross patterns is visible, further confirming the existence
of different phases in this sample.

The optical absorbance of the as-synthesized sample
was analyzed based on the UV-Vis absorbance data, and
the corresponding spectra are presented in Fig. 4a. This
figure depicts the existence of two major absorbance bands
at 295 nm and 455 nm. The band at 295 nm is due to
the presence of the AgO component in the sample (Gauri
et al. 2016). This means that AgO primarily absorbs in the
UV range. The broad absorbance maximum at 455 nm,
as shown in Fig. 4b, may be attributed to the absorbance
contribution from the Ag and Ag,0 (Ghotekar et al. 2020;
Shume et al. 2020) components present in the sample. As
a result, the surface plasmon resonance (SPR) effect of
Ag NPs (Gauri et al. 2016). Generally, SPR for Ag NPs is
observed around 440 nm (Basnet et al. 2019). In this case,
a shift in the SPR band may be attributed to the strong
interfacial coupling of the Ag NPs with the silver oxide
components. Figure 4c represents the Tauc plot fitted using
the Tauc equation (Dolgonos et al. 2016) for obtaining
the bandgap energy of the as-synthesized sample, which
was calculated to be 3.3 eV. Figure 4d corresponds to the
PL spectra of the as-synthesized sample. A single emis-
sion band centered at 576 nm was observed. This pho-
toluminescence peak corresponds to the bandgap of the

as-synthesized NPs as well as its exciting state transition
(Lin et al. 2009).

A plausible mechanism for eco-friendly synthesis
of Ag/Ag0/Ag,0 NPs

The flavonoids/polyphenolic biomolecules have been shown
as reducing agents during the plant extract mediated bio-
synthesis of NPs (Jain and Mehata 2017). The SELE is also
a rich source of polyphenolic compounds and flavonoidic
groups (Badawy et al. 2013; Elabbar et al. 2014; Balah and
AbdelRazek 2020; Hamouda et al. 2015). These polyphe-
nolic compounds as a whole could serve as a reducing agent
for Ag*! ion reduction. Figure 5 depicts the schematic rep-
resentation of a plausible mechanism for Ag ion reduction
employing the flavonoids of quercetin of SELE solution.
An earlier study using DFT analysis found that the O-H
bond dissociation energy of —OH groups of the catechol
moiety of flavonoids of quercetin of leaf extract solution is
lower than those of other —OH groups in flavonoids (Jain and
Mehata 2017). The proposed structure for the Ag-complex
development showed that Ag™! could form complexation
with quercetin (Aziz et al. 2019) (refer to Fig. 5). When the
extract was mixed with the metal salt solution in the first
stage, the polyphenolic compounds' —OH groups formed a
complex with the Ag*! and reduced it to Ag. Metallic Ag
atoms generated in this way react with oxygen to form the

Fig.4 a UV-Vis absorbance
spectra of Ag/AgO/Ag,0 NPs, — 295 = 455
b Magnified UV-Vis absorb- 3 3
ance spectra ranging from 350 S L
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Fig.5 Plausible mechanism for the synthesis of Ag/AgO/Ag,0 NPs using quercetin as reducing agent

most stable oxides (AgO or Ag,0). The formation of AgO
and Ag,0 is not selective, and hence, we may obtain their
mixture. This shows that the current biosynthesis approach
led to the formation of Ag/AgO/Ag,0 heterostructured NPs.

Anticancer activity

The anticancer efficacy of SELE mediated Ag/AgO/Ag,0
NPs on human lung cancer cell line (A549) was investigated
by MTT assay. For the anticancer study of SELE mediated
Ag/AgO/Ag,0 NPs on human lung cancer cell line, diverse
concentrations of 10, 20, 40, 60, 80, and 100 pg mL~! were
employed, as displayed in Fig. 6. The biogenically fabricated
A Ag/AgO/Ag,0 NPs have shown a significant cytotoxicity
impact on a human lung cancer cell line, with an IC, value
of 67.09 pg mL™~!, while Doxorubicin shows an ICs, value
of 20.66 pg mL~! (Fig. 7). Furthermore, when the concen-
tration of Ag/AgO/Ag,0 NPs was gradually increased to
360 pg mL™! on a human lung cancer cell line, the percent-
age of cell viability was reduced to 18.28%. The present
study results were well supported by diverse research reports
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(Table 1) on the anticancer effectiveness of the biogenically
synthesized AgNPs using the extracts of Diospyros mala-
barica, Rosa damascene, Syzygium aromaticum, and Ruellia

100 1

80 -

60 4

40 4

Cell viability (%)

20 +

Control 10 20 40 80 160 320 Doxo.

Concentration (ugmL™1)

Fig.6 Anticancer activity of bio-inspired synthesis of Ag/AgO/Ag,0
NPs from SELE
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Fig.7 Anticancer activity of
SELE mediated Ag/AgO/Ag,0
NPs, a control b 10 pg mL™!

¢ 360 pg mL™" d doxorubicin
100 pg mL™!

Table 1 Comparative study

. o . Name of the plant Size (nm) Morphology ICy( (ug/mL) Reference
of anticancer activity using
NPs ‘for A549-cell lines with Diospyros malabarica 17.4 Spherical 105.8 Bharadwaj et al. 2021)
previous reports Rosa damascena 15-27 Spherical 80 Venkatesan et al. 2014)
Syzygium aromaticum 5-40 Spherical 70 Venugopal et al. 2017)
Ruellia tuberosa 55.56 Spherical 68 Seerangaraj et al. 2021)
Solanum elaeagnifolium 69.4 Quasi-spherical 67.09 Present study

tuberosa (Bharadwaj et al. 2021; Venkatesan et al. 2014;
Venugopal et al. 2017; Seerangaraj et al. 2021).

Antioxidant activity

The scavenging ability of the Ag/AgO/Ag,0 NPs was evalu-
ated using ABTS and DPPH scavenging assays. The radical
scavenging potential of Ag/AgO/Ag,0 NPs was dependent
on the concentration, increasing from 20 to 100 g pg mL ™" as
the concentration of Ag/AgO/Ag,0 NPs (Fig. 8-ABTS and
Fig. 9-DPPH). Ag/AgO/Ag,0 NPs also showed consider-
able ABTS radical scavenging performance with a maximal
inhibition of 25.78%. The ICs, value of Ag/AgO/Ag,0 NPs
against ABTS radicals was 85.12 pg mL™'. Ag/AgO/Ag,0
NPs evinced a maximum scavenging inhibition of 20.86%
against DPPH radicals with an ICs value of 89.55 pg mL™".
The antioxidant activity of Ag/AgO/Ag,0 NPs justifies their
usefulness in the pharmaceutical and biomedical sectors.
These two antioxidant activities were found to increase in
a dose-dependent manner. Dose-dependent DPPH antioxi-
dant efficacy by AgNPs synthesized employing Mangifera
indica seed extract is described by Donga et al. (Donga and
Chanda 2021), while Vasiliev et al. (Vorobyova et al. 2020)

50 4

a5] * Ag-AgO-Ag,0 NPs
* Ascorbic acid

40 ~
35+
30+
25 -
20 -
15 -
10 4
5.

Inhibition (%)

04
20 40 60 80

Concentration (pgmL™1)

Fig. 8 Antioxidant activities of Ag/AgO/Ag,0 NPs and ascorbic acid
using ABTS assay

described by AgNPs synthesized using black currant pom-
ace extract. A concentration-dependent increase in ABTS
radical scavenging performance is studied by Sathishkumar
et al. (Sathishkumar et al. 2019) and Donga et al. (Donga
and Chanda 2021).
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Fig.9 Antioxidant activities of Ag/AgO/Ag,O NPs and ascorbic acid
using DPPH assay
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DNA cleavage activity

The gel electrophoresis was applied to investigate the DNA
cleavage activity. Because of its optimal DNA cleavage
ability, the biosynthesized Ag/AgO/Ag,0 NPs have a good
cleavage performance than the control. Ag/AgO/Ag,0 NPs
acted on plasmid DNA molecules, as shown by electropho-
resis. The DNA cleavage activity of as-synthesized Ag/AgO/
Ag,0 NPs is displayed in Fig. 10. When compared to con-
trol DNA, there are changes in the bands of Lanes 2-5, as
indicated in Fig. 10. In Lanes 2—4, the plasmid pBR322 was
altered from Form I to Form II. Furthermore, the observa-
tions revealed that the SELE-mediated Ag/AgO/Ag,0 NPs
behaved as chemical nucleases by cleaving DNA Form I into
Form III at a concentration of 1 pl for 90 min. This study
demonstrated that Ag/AgO/Ag,0 NPs could be employed
as an alternative cancer therapy as a DNA target drug.
However, few reports showed that green synthesized NPs
were used for DNA cleavage study (Gulbagca et al. 2021b;
Mousavi-Khattat et al. 2018).

@ Springer

Conclusion

The green chemistry approach was successfully proposed
to produce Ag/AgO/Ag,0 NPs composites, and our experi-
ment chose SELE as a natural reducing and/or stabilizing
agent. It was revealed that the SELE could be successfully
employed for the facile synthesis of Ag/AgO/Ag,0 NPs at
room temperature. SELE mediated green synthesizing Ag/
AgO/Ag,0 NPs were explored using UVDRS, XRD, FTIR,
SEM, HRTEM, EDX, and PL analysis. In the HRTEM anal-
ysis of Ag/AgO/Ag,0 NPs, quasi-spherical-shaped particles
were obtained. The mean diameter of the Ag/AgO/Ag,0
NPs was 69.4 nm. It was observed that synthesized Ag/AgO/
Ag,0 NPs showed sound anticancer effects against A-549
lung cancer cell lines. However, antioxidant and DNA cleav-
age results have also been effective for Ag/AgO/Ag,0 NPs.
The current study has revealed the possibility of execut-
ing SELE-mediated Ag/AgO/Ag,0 NPs, which might be
exploited as an antioxidant, DNA cleavage, and anticancer
agent.
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