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ABSTRACT

Objectives: Remarkable potential of silver nanoparticles (NPs) makes its use efficient in both biological as
well as industrial applications. Post harvested NPs, free from other hazards chemicals will be ideal for
biological applications. Thus, plant mediated biological method is much focused than the available
approaches.
Methods: The present work focusses on fabrication of silver oxide NPs (Ag,ONPs) using methanolic bark
extract of Diospyros montana and characterized through sophisticated analytical techniques.
Results: UV-Vis indicated Ag,ONPs formation, FTIR analysis identified the functional groups, XRD inves-
tigation depicted the face centered cubic crystalline nature, XPS study determined the chemical state,
EDX confirmed the purity, spherical shaped and ~ 10-50 nm size, was evidenced by SEM and TEM
respectively. Zeta potential denoted the stability of Ag;ONPs. Photocatalytic degradation of methylene
blue was observed. Ag,ONPs showed significant anticancer effect against hepatocellular carcinoma cells
(Hep G2), which is mediated through increased DNA damage, & autophagy and decreased mitochondrial
membrane potential. The synthesized Ag,ONPs revealed significant zone of inhibition in gram-negative
(Escherichia coli — 16.33 + 2.57 and Pseudomonas aeruginosa-18.56 + 1.57) and positive (Bacillus
subtilis-22.26 + 4.47, Staphylococcus aureus 18.65 * 3.15) bacteria at 40 pg/mL of Ag,ONPs exhibiting
its antibacterial property.
Conclusions: This enlightens the synthesis of pure and stable Ag,ONPs by green synthesis unwrapping
their pharmacological properties which may play a vital role in nanomedicine anchoring its therapeutic
efficiency.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Nanoparticles (NPs) have immensely attracted the scientific
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face area to volume with eminent properties. Green synthesis tech-
nology by plants is economical, eco-friendly, sustainable, rapid and
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biocompatible (Singh et al. 2018; Palanisamy et al. 2017). Reports
reveal the versatile pharmacological properties of the phytocon-
stituents present in the plants (Kathirvel and Sujatha, 2016.) Green
synthesis of nanoparticles serves as a beneficial method among the
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other available methods (Das et al. 2017). Based on their easy
availability and efficient synthesis, eco-friendly green synthesis
serves as a value-added technology in synthesizing metal oxide
NPs thereby serving a vital role in the field of nanomedicine
(Devanesan and AlSalhi, 2021). Research on nanoparticle synthesis
using medicinal plants has gained immense attraction of the scien-
tists based on their efficient synthesis and versatile biological
applications.

A medicinally important plant, Diospyros montana (D. montana)
(F: Ebenaceae), the Bombay Ebony, is a small deciduous tree, of
15 m height, found widely in Sri Lanka, Western Ghats of India
and Indo-China. We have reviewed the occurrence of various bio-
molecules namely, phenols, carbohydrates, flavonoids, tannins,
anthocyanins followed by anthraquinones (Sujatha and
Venkatesan, 2022). Literature reveals the presence of various
chemical constituents in the roots (Khan et al. 2020). We have
reported that leaf extract of D. montana contains various bioactive
principles and also observed that this extract could make an effi-
cient synthesis of selenium NPs (Kokila et al. 2017). It has also
extended its potential in biological applications. This interesting
finding made us to analyse the other parts of the plant such as
bark. Further, we also studied the pharmacological applications
of green synthesize of silver oxide NPs (Ag,ONPs) to explore its
beneficial pharmacological properties. Metal oxide NPs possess
potential applications based on their unique optical, electronic,
magnetic and other physico-chemical characteristics (Mao et al.
2005). Metal-oxide NPs has dragged the researchers based on their
multi-faceted properties and therapeutic efficacy. Among the NPs,
Ag,ONPs possess versatile biomedical applications (Aisida et al.
2021). It also has other significant pharmacological applications
namely anti-inflammatory, anticancer and antibacterial effects
(Aisida et al. 2021; Lekshmi et al. 2022).

UV-vis spectroscopy (UV-Vis) and Fourier transform infrared
(FTIR) were used to identify the formation of NPs. X-ray powder
diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) were
adopted to examine chemical composition. Energy dispersive X-
ray analysis (EDX), scanning electron microscopy (SEM), and trans-
mission electron microscopy (TEM) techniques were used to study
the purity, morphology, and topology. Dynamic light scattering
(DLS) and zeta potential have been studied to analyse the stability
of the phyto-mediated Ag,ONPs synthesized. The dye degradation
effect of Ag,ONPs has been studied through methylene blue (MB).
In vitro anticancer and antibacterial studies were performed to
evaluate its pharmacological applications. The aim of the current
investigation focusses on the biological creation of Ag,ONPs
through the methanol bark extract (MeBEs) of D. montana, and
its biological applications, which is first of its kind.

2. Experimental
2.1. Chemicals used

Silver nitrate (AgNOs) (99% purity) was procured from Sigma-
Aldrich Chemical, India. From Himedia, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT),5,5,6,6'-tetrachloro-1,
1',3,3' tetraethylbenzimi-dazoylcarbocyanine iodide (JC-1), 4',6-dia
midino-2-phenylindole (DAPI), acridine orange (AO), 10x phos-
phate buffered saline (PBS), dimethyl sulfoxide (DMSO), fetal
bovine serum (FBS), and Dulbecco’s modified Eagle’s medium
(DMEM) were obtained. From National Centre for Cell Science
(NCCS), Pune, India HepG2 cells were procured. All other required
reagents (analytical grade and > 95% pure) were obtained from
Merck India Private Limited and Himedia companies.
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2.2. Plant collection

D. montana was obtained between the month of October to
November, from Krishnagiri District Hills, recognized and con-
firmed by Botanical Survey of India, [BSI/SRC/21/11/2019/Tec
h/1791](Kokila et al. 2017), Coimbatore, TN, India. MeBEs was
obtained by Soxhlet extraction equipped with 200 g of bark sample
and added methanol of 300 mL followed by 72 hrs continuous run-
ning. The extracted sample was filtered, dried and used for further
study.

2.3. Preliminary phytochemical and quantification of phenol and
flavonoid

Standard qualitative methods were adopted to examine the var-
ious phytochemical occurrences (Onwukeame, et al. 2007). The
total phenol and flavonoid contents available in the MeBEs were
quantified by colorimetric method (Barreira et al. 2008).

2.4. Phyto-mediated synthesis of Ag,ONPs

Deionized water was used to prepare 1 mM, AgNOs solution.
10 mL of 10% (w/v) MeBEs was added drop-by drop to 90 mL of
1 mM AgNOs, with continuous stirring. The composition was stir-
red continuously at 90 °C for 3 h. Initial identification of Ag,ONPs
production was inferred by the brownish black color of the solu-
tion. The black precipitate formed was washed with ethanol thrice
and separated by centrifuging at 1000 rpm for 30 min. The precip-
itate was allowed to dry at room temperature (25 °C) overnight to
obtain its powder form. The fine powdered sample of Ag,ONPs was
stored in air tight bottle for future analysis.

2.5. Ag,ONPs characterization

The absorption maxima of Ag,ONPs were identified by double-
beam spectrophotometer ranging from 200 to 800 nm at a
scanning speed of 480 nm/min. Perkin-Elmer UV-Vis spectropho-
tometer (Waltham, MA, USA) equipped with “UV Winlab” soft-
ware. FTIR spectroscopy (Thermo Nicolet 6700) was used to
examine the functional groups of Ag,ONPs. The grain size and
phase purity of Ag,ONPs was analysed using Rigalxu ultima IV
XRD. Debye-Scherrer formula D = 0.9 /B cos 6 was adopted to cal-
culate the average particle size (D). The oxidation state of the
nanoparticle was recorded by XPS (Thermo Scientific Ko-
KAN9954133). Chemical composition and purity of the Ag,ONPs
was analysed by electron microscope FESEM-EDX Carl Zeiss Sigma
300 VP (Carl Zeiss Microscopy GmbH (Jena, Germany). Morphology
of the NPs was exhibited by SEM (Jeol 6390LA). TEM was visualized
and documented using JEOL/ JEM 2100 equipped with electron
diffraction pattern. Average size and stability of the NPs was exam-
ined by DLS and zeta potential (Malvern, Zeta Sizer Nano S, USA).

2.6. Dye degradation determination of Ag;ONPs:

The dye degradation property of Ag;ONPs was examined with
MB (Kadam et al. 2020). The Ag,ONPs + MB was exposed to bright
sunlight and absorbance spectra was recorded at every 2 h interval
up to 6 h until the MB color faded visually and recorded using
UV-Vis.
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2.7. Biological applications assessment

Through MTT assay the anticancer effect of Ag;ONPs was per-
formed against HepG2 liver cancer cells as explained in Subastri
et al. (2018).

Nuclear morphology and autophagy: Double-stranded (ds) and
single-stranded (ss) nucleic acids are differentiated through stain-
ing by a metachromatic dye such as AO. Excitation at 480-490 nm
emits green fluorescence upon AO intercalates into dsDNA. On the
other hand, when, AO interacts with ssDNA or RNA emits red color.
Acidic vesicular organelles (AVO) such as autolysosomes accumu-
lates in it the protonated form of fluorophore namely AO (Thomé
et al.,, 2016).

Mitochondrial membrane potential (MMP) was examined
through JC-1 staining (Perelman et al., 2012). The HepG2 cells were
treated with Ag,ONPs 24 h at 37 °C, subsequently cells were incu-
bated with JC-1 stain (1 pg/mL) with the nuclear stain DAPI (1 pg/
mL) for 30 min at 37 °C. After experimental period, the cells were
thoroughly cleaned with 1 x PBS, MMP was examined under the
fluorescence microscope Olympus CX 40, USA. Further, fluores-
cence strength was estimated through Image ] software.

Antibacterial property of the Ag,ONPs against Bacillus subtilis &
Staphylococcus aureus (gram-positive) and Escherichia coli & Pseu-
domonas aeruginosa (gram-negative) was evaluated by agar diffu-
sion method as explained by Srinivasan et al. (2016).

2.8. Statistical analysis

SPSS software (version 16.0) was used for statistical analysis.
Comparison of significant differences between samples with 95%
confidence limits at p < 0.05 was done by Tukey’s multiple range
tests.

3. Results and discussion

Green synthesized NPs are more preferred than that of the other
methods, when aimed for pharmacological applications. Phyto-
chemical screening provides the vast identification of the phyto-
constituents available in the medicinal plant which may be
accountable for its significant properties and applications. Phyto-
chemical screening analysis of D. montana MeBEs, exposed the
existence of bio constituents viz., flavonoids, tannins, steroids, ter-
penoids, alkaloids, carbohydrates and phenolics. (Table S1). Flavo-
noids, phenols, alkaloids, tannins, carbohydrate and proteins were
intensely present. Terpenoids, steroids, saponins and fats were
found to be moderately present. Presence of various phytocon-
stituents made us to evaluate its antioxidant property of this
extract.

3.1. Antioxidant contents

The MeBEs of D. montana contained 28.45 + 4.63 pg of catechin
equivalents/mg of extract of flavonoids and 41.58 + 5.41 ug of gal-
lic acid equivalents/mg of extract of phenolic contents (Table S2).
Our previous report in the leaf extract of D. montana also showed
the occurrence of flavonoid and phenolic contents. (Kokila et al.
2017). The present and previous findings indicate that both leaf
and bark of D. montana could be a good source of different flavo-
noids and phenolic compounds. Tannins serve as the natural
reducing agent by their hydroxyl groups present in them which
reduces metallic ions (Raja et al. 2014). Mathew et al. (2015)
reported the role of phenolic compounds as redox agents and oxy-
gen quenchers depends on its phenolic hydroxyl groups which
possess redox properties. Medicinal plants composed of significant
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phytoconstituents are stated to serve as bio-reductants of metallic
ions in aqueous condition. The phytoconstituents, serve as an effi-
cient natural resource of reducing and capping molecules thereby
facilitating the formation of NPs (Kokila et al. 2017). The presence
of various phytoconstituents in MeBEs observed in the present
findings, may help in efficient synthesis of NPs. Therefore, we made
an attempt to test its efficacy in AgNO5 as metal precursor to syn-
thesize Ag,ONPs.

3.2. Green synthesis and characterization of Ag;ONPs

Ag,0ONPs was synthesized from the metal precursor, AgNOs.
Brownish black color was observed denoting the formation of Ag,-
ONPs (Fig. 1A). This efficient synthesis may be due to the presence
of other potent phytoconstituents namely tannins, alkaloids, ster-
oids and saponins present in the MeBEs. Tannins are reported to
serve as natural reducing agent (Raja et al. 2014). The formation
of green synthesized Ag,ONPs was indicated through UV-Vis anal-
ysis (Fig. 1B and C). The MeBEs of D. montana showed the peak at
362 nm corresponding to the m — m* transistion, indicating the
characteristic of flavonoid and phenolic substances occuering in
the extract (Fig. 1B). The UV-Vis spectra exhibited the strong sur-
face plasmon resonance (SPR) peak at 405 nm authorizing the
complete development of Ag,ONPs (Fig. 1C). The flavonoid and
phenolic phytoconstituents of the plant extract containing the
hydroxy and ketonic groups may be responsible in reducing the
bulk metal silver to its nano form (Manikandan et al. 2017).
Fig. 1C portrays the outcome of reaction period on the UV-vis spec-
tra of synthesized Ag,ONPs. It is evident that the strength of the
absorbance peak increases linearly with growing time of the reac-
tion with an interval of 5 min up to 30 min. This could be due to the
rapid production of Ag,ONPs by the reduction of silver ions exist-
ing in the aqueous medium (Wei et al. 2020). Results observed in
the current investigation are in line with previous investigations
(Okafar et al. 2013; Velsankar et al. 2022).

The FTIR spectrum displays the functional moieties of various
phytochemicals existing in the MeBEs (Fig. 2A) and Ag,ONPs
(Fig. 2B). The peaks at 3424, 2935, 1728, 1611, 1443, 1327, 1185,
1037, 735 cm™! in the MeBEs of D. montana was shifted to 3692,
3011, 2888, 2360, 1717, 1378, 849 cm™ ' indicating the develop-
ment of Ag,ONPs. The D. montana MeBEs showing a wide band
at 3424 cm! corresponds to O—H stretching assigned to alcohols.
The -C—H- stretching (alkanes) was observed as doublet at 2935
and 1443 cm~! and -C—O stretching was observed as triplet at
1728, 1185 and 1037 cm™! to alcohols. The intense band observed
at 1611, 1327and 735 cm™! is characteristic nature of N—H, C-N
stretching (amines) and C—H out of plane bending (alkanes)
modes. The Ag,ONPs revealed broad peak at 3692 cm™' reveals
the occurrence of alcohols (O—H stretching). The aromatic —C—H
stretching was observed as doublet at 3011 and 2888 cm~'. The
bands attributed at 2360, 1717 and 1378 cm™! is characteristic
nature of C-N, C-O and C-N stretching modes. The frequency peak
at 849 cm! attributes to the structural vibration which conform
the existence of metal oxide stretching mode. The FTIR analysis
infers the function of phytoconstituents as stabilizers and capping
substances in the formation of NPs and further may be contribut-
ing the reduction of Ag* to Ag® (Manikandan et al. 2017).

The XRD outline of Ag;ONPs manufactured through MeBEs of D.
montana is depicted in Fig. 2C. Diffraction peaks at 26 = 38.22°,
44.28°, 64.49°, and 77.54° parallels to (111), (200), (220), and
(311) planes of Ag,ONPs which corresponds to characteristic face
centered cubic structure (Roy et al. 2015). The strong and narrow
thin peaks indicate the crystalline phase of the synthesized NPs.
These diffraction patterns are in finest resemblance with the JCPDS
No. 04-0783 and are well crystalline (Manikandan et al. 2017). The
strong strength of diffraction at 38° denotes silver crystal’s at
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Fig. 2. Shows FTIR and XRD spectra - (2A) FTIR of bark extract, (2B) FTIR of Ag,ONPs and (2C) XRD.
favored positioning along (11 1) plane. The average particle size of Fig. S1 portrays the XPS spectra of Ag,ONPs. Fig. STA shows

the Ag,0 NPs was observed to be 21.3 nm calculated through high-resolution peak of Ag 3d and O of the synthesized Ag,ONPs.

Debye-Scherrer’s

formula. Fig. S1B shows the orbits of 3d5/2 and 3d3/2 exhibiting the binding
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Fig. 3. Ag;ONPs - (A1) SEM image at 10 um (A2) at 10 um and (B) EDX mapping.
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Fig. 4. Pictures depicts TEM images of Ag,ONPs. Fig. 4(A) 10 nm, (4B) 20 nm, (4C) 50 nm magnification and (4D) SAED pattern and (5E) DLS.
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Fig. 5. Zeta potential of Ag,ONPs.

energy peak of metallic silver at 368.5 eV and 374.6 eV correspond-
ingly. (Ajitha et al. 2015). Fig. S1C exhibits the presence of oxygen
at 532.7 eV corresponding to the 1 s orbit of oxygen in the high-
resolution spectrum obtained. This authenticates the synthesis of
B-Ag,ONPs. Fig. S1D displays the orbit C 1 s corresponding to the
carbon peak observed at 284.8 eV. In addition, no extra peaks were
observed in the XPS spectra signifying the synthesized Ag,ONPs
are free of impurities (Maheshwaran et al. 2020). The current
observation coincides with the findings of Velsankar et al. (2022).
SEM analysis exhibited the shape of the synthesized Ag,ONPs
(Fig. 3A). Spherical shaped Ag,ONPs was evidenced by SEM analy-
sis (Fig. 3A1). Further, picture depicts that the particles are dis-
persed non-uniformly with a smooth and perfect morphology
(Fig. 3A2). The NPs formed are spherical in shape and agglomerated
as evidenced by Devanesan and AlSalhi, (2021). This agglomeration
may be owed to the polarity and electrostatic affinity of the NPs.
The results are well corelated with earlier literature (Aiswariya
and Jose, 2022). Fig. 4B depicts the EDX spectrum of the synthe-
sized Ag,ONPs, which are free of impurities along with the atomic
and weight percentages of silver and oxygen which denotes the
development of pure Ag,ONPs. The compositions of O and Ag were
observed as 10.11, 89.89 (weight %) and 43.12, 56.88 (atomic %)
respectively. As elemental nitrogen is absent it confirms the reduc-
tion of AgNO3 to Ag,ONPs. Existence of metallic silver is indicated
by the occurrence of intense band and sharp peak at 3 keV which is
the characteristic of it (Aiswariya and Jose, 2022). The weight per-
centage and impurities free phyto-mediated Ag,ONPs are estab-
lished through EDX spectrum. TEM images (Fig. 4 A-C) exhibited
the spherical form of the NPs in various magnifications supporting
the SEM images. NPs were obtained in size ranging from ~ 6 nm
to ~ 50 nm as shown in the pictures. The bright circular spots in
the SAED pattern (Fig. 4D) confirms the crystalline form of the
NPs as evidenced by XRD analysis. Nanoparticle shape, size, surface
properties, route of administration and dispersion medium are
some of the vital parameters responsible for their biological prop-
erty which includes therapeutics and toxicity. DLS estimates the
average size and distribution of the Ag,ONPs dispersed in liquid
(Fig. 4E). The average size of the Ag,ONPs was found to be in the
range of 11.7-58.77 nm. In the current study, smaller size NPs
are formed, as evidenced through the DLS with lower range of par-
ticle size. Our results are also supported by Ahmed et al. (2016).

Zeta potential analysis was examined to study the stability of
the NPs (Fig. 5). It showed the intense stability of the NPs. The zeta
potential around the surface of the particles was recorded as
—61.4 mV, indicating the excellent stability of the NPs. In the pre-
sent investigation, we have observed negative charge on the sur-
face of the Ag,ONPs, which depicts its charge. The findings
indicate that the synthesized Ag,ONPs can preserve their structure
for long-term (Erdogan et al. 2019). Nanoparticle stability shall evi-
dence the preservation of nanostructure reflecting its properties
based on shape and size of the nanoparticle. Reports reveal that
NPs produced from plants are found to be more stable (Sadeghi
and Gholamhoseinpoor, 2015). The green synthesized silver NPs
are found to be of higher stability and well-corelated with other
reports.

3.3. Applications of Ag;ONPs

Fig. 6 shows the photocatalytic property of the Ag,ONPs. Exist-
ing methods such as, chemical oxidation, membrane filtration etc

Absorbance

0 0 1 L 1 1 ] 1 1
200 300 400 500 600 700 800
Wavelength(nm)
Fig. 6. Photocatalytic property of Ag;ONPs.
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involved in dye removal has one or other restrictions (Dizge et al. with MB under natural sunlight. The dye degradation was noticed
2008). Metal NPs are widely used for the degradation of the visually through the gradual colour discharge from blue to light
coloured waste based on its efficient role (Kale and Kane, 2017). green. Absorption peak observed at 665 nm was found to be

Photocatalytic degradation activity of Ag,ONPs was carried out decreased with increase in time. The excitation of surface plasmon
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Fig. 7. Anticancer effect of Ag;ONPs. Representative pictures of cells exposed with Ag,ONPs for 24 h (A). Bar-diagram shows the viable cells after 24 h treatment of Ag,ONPs
(B). *P < 0.05 Vs Control, Values are mentioned as Mean + S.D.
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different experimental conditions. (B) Red/green signal (arbitrary units) showing AVO positivity. (C) Fluorescence images of JC-1 and Hoechst stained Hep G2 cells. (D) The
graph denotes the relative fluorescence unit of healthy (control) and treated Hep G2 cells. Data’s were represented as mean * S.D. * P < 0.05 Vs Control.
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Table 1
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Antibacterial activity of Ag,0 NPs. The data’s are mean + standard deviation (mean * SD; n = 3) Positive control- Ciprofloxacin (1 mg/mL), Negative control- DMSO (50 pL/well).

S1. No. Ag,0 NPs or standard (pg/mL) Bacillus subtilis Staphylococcus aureus Escherichia coli Pseudomonas aeruginosa
1 25 3.16 + 1.24 2.74+098 1.98 £ 0.84 2.03 + 0.65

2 5.0 5.24 £ 1.67 4.68 £1.29 3.49 + 0.58 5.61 + 1.06

3 10.0 11.89 £ 2.61 8.96 + 2.36 6.76 £ 1.29 9.35+1.54

4 20.0 19.43 + 3.16 15.92 + 2.68 13.62 + 1.94 16.08 + 2.04

5 40.0 22.26 £4.47 18.65 + 3.15 16.33 £ 2.57 18.56 * 1.57

6 Ciprofloxacin 30.15 + 1.62 28.09 + 0.95 22.55 + 1.15 23.15+1.53

(1 mg/mL),

resonance could be attributed to the photodegradation activity of
the Ag,ONPs. Based on this remarkable photocatalytic activity it
can be used for dye degradation efficiently. Present finding coin-
cides with the reports of Lekshmi et al. (2022).

Hepatocellular carcinoma (HCC) is one among the most fatal
diseases of cancer (Mir et al. 2021). The therapeutic option for
HCC includes embolization, ablation, or both for the liver tumor
(s). Additional choices may contain immunotherapy, targeted ther-
apy, chemotherapy and/or radiation therapy (Mir et al. 2022).
These treatment options are unlikely to cure the HCC patients.
Researchers around the world are striving vigorously to formulate
and announce innovative drug candidate with efficient therapeutic
abilities. We have determined the anticancer potential of Ag;ONPs
(Fig. 7A-B). After 24 hrs treatment statistically significant
(P < 0.05) reduction in cell survival was observed at 5 pg/mL of
Ag,0ONPs treated cells. ICso was found to be 22 pg/mL. On further
increase in Ag,ONPs concentrations, cells, detach from the plate.
Further we were interested to elucidate the possible mode of
action of Ag,ONPs induced cellular death. Autophagy experiment
was analyzed using AO dye. In acid cubicles like lysosomes and
autolysosomes, AO has protonated and emits red fluorescence
due to aggregation. As shown in literature, numerous NPs induce
anticancer effect by increasing the intracellular DNA damage and
through autophagy (Hailan et al. 2022). In the present investiga-
tion we observed increased DNA damage level in HCC cells
(Fig. 8A and B). We have also noticed a yellowish nucleus indicat-
ing nuclear damage (dotted arrow). This finding suggests that
22 pg/mL (ICso) concentration of Ag,ONPs induces considerable
autophagy on cells by forming AVO. Often increased DNA damage
decreases the MMP (Guo et al. 2022), which in turn induces cell
death. In cellular toxicity, significant events occur in mitochondria;
thus, the MMP is a fundamental analysis of the mitochondrial func-
tion that can be used as a sign of normal cell since mitochondria
are inherently involved in the toxicity development of cells. Intact
MMP is vital for cell proliferation (Tjahjono et al. 2022). In the pre-
sent study we have noticed decreased MMP of Ag,ONPs (Fig. 8C
and D) treated cells. Decreased MMP corelate the increased cancer
cell death.

It was visualized that dose of Ag,ONPs were directly propor-
tional to the antibacterial activities (Table 1). The observed
antibacterial property of Ag,ONPs is due to the occurrence of Ag" -
ions, which inhibit and degrade the membrane proteins present in
microbes. Further, in the current investigation Ag,ONPs formed
were spherical in nature, which are known to release more
Ag + ions due to their high surface area (Yin et al. 2020). The gen-
eration of reactive oxygen species (ROS) could be another reason
for antibacterial effect of Ag,ONPs. As ROS formed within the cells
leads to cell death due to disparity in electron transport, interrup-
tion of energy transduction and/or cell lysis and decreased respira-
tion (Slavin et al. 2017). The green Ag,ONPs showed maximum
antibacterial activity against gram-positive than that of gram-
negative bacteria, with higher zone of inhibition. Ag;ONPs shows
great potency as effective source of drugs which easily reduces
bacterial oriented diseases (Fayyadh and Alzubaidy, 2021). The
results are also supported by Mollick et al. (2019).

4. Conclusions

The natural resource of phytochemicals occurring in the MeBEs
of D. montana contributes to the efficient synthesis of Ag,ONPs
which are cost effective and easy to post harvest. SEM, TEM and
XRD analysis confirmed its spherical shape Ag,ONPs size ranging
from ~ 6 nm to ~ 50 nm with face centered cubic phase crystalline
in nature. The synthesized Ag,ONPs were free of impurities and
highly stable representing their enduring structure preservance.
Ag,ONPs displayed effective photocatalytic degradation indicating
its active role as dye effluent. Significant antibacterial effect was
exhibited by Ag,ONPs against pathogenic microorganisms. In vitro
anticancer studies clearly portrayed the pharmacological property
of Ag,ONPs against HCC which may contribute to its therapeutic
potential. Thus, green synthesized Ag,ONPs may play a vital role
as dye effluent, antibacterial and anticancer agent demanding
pre-clinical investigations to highlight its therapeutic efficacy.
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