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ABSTRACT

This research focuses on the production, characterization, and application of silver nanoparticles
(AgNPs) for biomedical research. An eco-friendly extracellular biosynthetic method was employed,
utilizing aqueous leaf extracts of Lawsonia inermis (Henna) as reducing agents. The synthesized
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AgNPs were characterized using UV-Vis spectroscopy, showing an absorption peak at 424 nm. FT-
IR analysis was conducted to identify chemical groups present in nanoparticles. TEM and SEM
analyses revealed that AgNPs were spherical and ranged in size from 10 to 50 nm. Staphylococcus
aureus, Klebsiella, Salmonella, and Escherichia coli were inhibited by the green-synthesised
AgNPs. Penicillium, Aspergillus niger, Aspergillus flavus, and Fusarium showed antifungal activity,
forming zones of inhibition. Furthermore, the Minimum Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) values were found to be 75 mg/ml (Escherichia coli ATCC25922)
and the MIC value was 50 mg/ml for the same strain. These nanoparticles demonstrated significant
anti-inflammatory activity and dose-dependent cytotoxicity against A549 lung cancer cells. As a
result of the synthesized nanoparticles, strong antioxidant activity was observed. The results
suggest that plants can be effectively used as a resource for the production of silver nanoparticles.
Such particles have potential applications in numerous fields such as biomedical research and
nanotechnology.

Keywords: Herbal plants; silver nitrate; Ag-NPs; SEM;TEM; FTIR; antimicrobial activity; anticancer
potential.

1. INTRODUCTION favored for drug delivery due to their ease of use,

functionality, biocompatibility, and targeted drug
Nanotechnology involves manipulating materials  release, are increasingly prominent [11-15].
at the atomic level (1 to 100 nanometers) 0  Green synthesis methods, including those
harness unique properties, applicable across  employing microorganisms, plant extracts or
various domains. It integrates knowledge from  enzymes, and templates like DNA, align with
physics, chemistry, biology, and technology, principles of eco-friendliness and offer

focusing on Nano scale objects [1]. Recent advantages such as utilization of reducing and
advancements  in  nanotechnology = have capping agents [16,17,18].

spurred breakthroughs in medicine, particularly in

cancer therapy, owing to the distinctive Among nanoparticles, silver nanoparticles
attributes of nanoparticles such as small size, (AgNPs) are extensively employed in various
controlled drug I’elease, and minimized tOXiCity app]ications such as bio|ogica| product
[2,3] With sizes akin to biomolecules like development, cancer therapy, and water
proteins and DNA, nanoparticles offer immense  treatment [19]. Silver is preferred for its potent
potential for integration into biotechnology antibacterial, antifungal, and anti-inflammatory
[4-8]. Their high surface area-to-weight properties [20,21]. The synthesis of AgNPs
ratio enhances reactivity with other molecules, emphasizes high yield and uniformity [22]. Green
driving their utility across diverse fields synthesis of AgNPs presents advantages over
[9,10]. physicochemical methods, being cost-effective,
eco-friendly, scalable, and devoid of high energy,

Nanoparticles are broadly categorized into temperature, and toxic chemicals [23].

organic and inorganic. Inorganic nanoparticles,
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This study focuses on synthesizing AgNPs using
Lawsonia inermis (Henna) plant, a biennial herb
native to North Africa and southwest Asia, known
for its ethnobotanical uses [24]. Henna contains
lawsone, responsible for its orange-red dye, and
is utilized in medicinal and cosmetic applications
[25,26,27,28]. Our aim is to explore the
biomedical applications of AgNPs synthesized
from Lawsonia inermis.

1.1 Objectives

Lawsonia inermis extract is being used to
synthesize AgNP in an eco-friendly and simple
manner.. Characterization techniques include
visual observation, UV-Vis spectroscopy, FTIR
spectroscopy, XRD analysis, SEM, and TEM.
Furthermore, antibacterial, antifungal, hydrogen
peroxide scavenging, anti-inflammatory, and
anticancer activities of the synthesized AgNPs
will be evaluated (Figs. 12,13,14).

2. METHODOLOGY
2.1 Collection of Herbal Plant Sample

The leaves of Lawsonia inermis (Henna) plant
(Fig. 2) were collected freshly from the home
garden from Velagapuram, Chennai, Tamilnadu.
The plant was identified as Lawsonia inermis
(Henna) at the Department of Botany, Dwaraka
Doss Goverdhan Doss Vaishnav college,
Chennai 106.

Fig. 2. Lawsonia inermis (Henna)

2.2 Preparation of the Extract of L.

inermis

Lawsonia inermis leaves were procured fresh
and meticulously washed with distilled water to
remove any impurities. 10 grams of washed and
finely chopped leaves were placed in a 250 mL
Erlenmeyer flask and 100 mL of sterile deionized
water was added. After 10 minutes of gentle
boiling at 60°C, the mixture was cooled. It was
then cooled to room temperature and filtered
using Whatman filter paper no. 1 to obtain a clear
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filtrated. Afterward, the filtrated was stored at 4°C
for subsequent analyses [29].

2.3 Preparation of Silver Nitrate Solution
(AgNo3)

Silver nitrate (17 mg) of 99.9% purity was
weighed and transferred to a 500 mL Erlenmeyer
flask. Gently swirling distilled deionized water
over the silver nitrate gradually dissolving the
silver nitrate. Once the solid had completely
dissolved, additional water was slowly added to
bring the solution to the 100mL volume mark.
[30] A solution of 1 mM silver nitrate was
prepared and stored at 4°C in an amber-colored
bottle.

2.4 Biogenic Synthesis of Silver

Nanoparticles (Ag-NPs)

To initiate the synthesis process, 10 mL of the
previously prepared aqueous plant extract was
transferred into a 150 mL Erlenmeyer flask.
Subsequently, 90 mL of a 1 mM silver nitrate
(AgNO3) solution was added to the flask, and the
mixture was left at room temperature for the
reduction process to occur. Throughout the
reaction, the change in color was carefully
monitored. To prevent photoactivation of AgQNO3,
the entire process was conducted in darkness.
The appearance of a brown coloration indicated
the successful synthesis of silver nanoparticles
[29].

2.5 Characterization of
AgNPs

Synthesized

In the following steps, the solution containing
AgNPs was centrifuged for 10 minutes at 3000
rom and the pellets were dried in an oven at
100°C for 24 hours. Following are the
procedures used to characterize the purified
AgNPs

+Visual observation

*UV-Visible spectral analysis
*Fourier  Transform Infrared
analysis (FTIR)

+X-Ray Diffraction analysis (XRD)
*Scanning Electron Microscopy (SEM)
*Transmission electron microscopy (TEM)

spectrum

2.6 Visual Observation

The alteration in color within the reaction mixture
was observed visually. The formation of silver
nanoparticles in the solution containing 1 mM
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AgNO; and the aqueous extract of Lawsonia
inermis (Henna) plant sample was verified by the
transition from a dark brown hue to a colloidal
gray appearance.

2.7 UV-Visible Spectrophotometer

The optical characteristics of AgNPs and the
formation of pure Ag+ ions were observed by
analyzing the UV-Visible band of the reaction
mixture. Samples were diluted with 4 mL of
distiled water at regular intervals, and UV-Vis
spectral analysis was conducted using a UV-
Spectrophotometer (Systronics — 119) operating
within a scanning range of 200-700 nm [29].

2.8 Fourier Transform Infrared

Spectrum Analysis

(FTIR)

To identify the biomolecules responsible for the
reduction of Ag+ ions and the stabilization of
AgNPs, FTIR spectral analyses were conducted
using a Perkin Elmer Spectrum One instrument.
In order to obtain quantitative information on the
dried product sample, the sample was ground
with KBr pellets and analyzed using FTIR
spectroscopy, which operated at a resolution of 4
cm-1 within the range of 4500 to 400 cm-1 [31].

2.9 X-Ray Diffraction Analysis

A X-ray diffractometer (BRUKER AXS KAPPA
APEX-Il, Germany) was used to determine the
crystallite size of the synthesized product. It
operated at a voltage of 40 kV and a current of
30 mA, using CuKa radiation. Scans were
conducted on a 26 angle range of 10 to 80° at a
scanning rate of 2° per minute.

2.10 SEM Analysis

Analyses were carried out using a Scanning
Electron Microscope (SEM) machine
manufactured by FEI, called the Quanta-200 MK
Il SEM. The sample was deposited in thin films
onto copper grids coated with carbon. SEM grids
were dried under a mercury lamp for five minutes
after excess solution was removed with blotting
paper.

2.11 TEM Analysis of Silver Nanoparticles

A JEOL JEM-1200EX electron microscope was
used to perform the TEM observations.
Deionized water is used to disperse the sample.
The staining mat is coated with a thin drop of
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dispersion. With the carbon coated side facing
upwards, the copper grid is inserted into the
drop. The grid is removed after approximately ten
minutes and air dried. UTHSCSA Image Tool
version 3.00 was used to measure the particle
size distributions [32].

3. BIOLOGICAL STUDIED OF SILVER
NANOPARTICLES

3.1 Antibacterial Activity of Biologically
Synthesized AgNPs

The  antimicrobial properties  of  silver
nanoparticles (AgNPs) synthesized using L.
inermis was evaluated against several bacterial
strains, including Staphylococcus aureus ATCC
25923, Klebsiella pneumoniae ATCC 700603,
Salmonella typhi ATCC 13311, and Escherichia
coli ATCC 25922, using the agar well diffusion
method. Each bacterial strain was evenly spread
onto separate plates of Muller Hinton agar using
sterile cotton swabs. Wells of 4 mm diameter
were created in the agar using a gel puncture
tool. Subsequently, 20 yL of various substances,
including plant extract, AgNO3, distilled water,
AgNPs, and Ampicillin, were dispensed into each

well. Following 24 hours of incubation,
antimicrobial efficacy was measured by
measuring the zones of inhibition. The

experiments were conducted in triplicate to
ensure reproducibility and reliability of the
conclusions.

3.2 Determination of Minimum Inhibitory
Concentration (MIC) and Minimum
Bactericidal Concentration (MBC)

It was determined that the crude leaf extracts
displayed minimum inhibitory concentrations
(MIC) and minimum bactericidal concentrations
(MBC) at various concentrations (12.5 mg/ml, 25
mg/ml, 50 mg/ml, 75 mg/ml, and 100
mg/ml) against bacterial strains sensitive to the
crude leaf extracts. This was accomplished
through the broth dilution method followed by

plating. Every test concentration  was
accompanied by a control tube. According
to this definition, the minimum inhibitory

concentration of the extract was determined by
comparing it to the control tubes at which it
inhibited visible bacterial growth. In order to
determine the MBC of a test dilution, it was
subcultured onto fresh drug-free solid medium,
after which it was incubated for 18 to 24 hours.
Identified as the MBC is the highest dilution on
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agar medium that failed to yield individual
bacterial colonies. These experiments were
conducted meticulously to ensure accuracy and
reliability, ~with controls incorporated for
comparison.

3.3 Anti-Fungal Activity of Biologically
Synthesized AgNPs

The same diffusion method wused in
agar wells was followed to study the antifungal
activity of synthesized AgNPs. Sabouraud
dextrose agar plates and fungi such as
Penicillium, Aspergillus niger, Aspergillus flavus,
and Fusarium were utilized for this study.
Itraconazole was used as a control. An
incubation period of 48-72 hours was followed by
measurement of the zones of inhibition on the
plates.

3.4 Anti-Cancer Activity of Biologically
Synthesized AgNPs

As a part of the study, the A549 lung cancer
fibroblast cell lines were cultured in
96-well microplates at a seeding density of 1 x
106 cells per well for 24 hours under 5% CO?2 at
37 °C until 90% confluence was reached.
After 24 hours, the medium was replaced and the
cells were treated with a variety of silver
nanoparticle concentrations (10, 25, 50, 75, and

100 1) and incubated again. A sugar-
buffered saline solution (PBS, pH 7.4)
was added to each well after the cells

had been washed with phosphate-buffered saline
(PBS, pH 7.4) and MTT solution (5 mg/mL) was
added. A further four hours were spent at 37°C in
the dark before the microplates were removed
from the oven. A spectrophotometric detector at
570 nm was used to measure the absorbance of
the formazan crystals after they had been
dissolved in 100 mL of dimethyl sulfoxide
(DMSO). Silver nanoparticles were assessed for
their cytotoxic effects on A549 lung cancer cells
by performing these procedures meticulously
[33].

3.5 Antioxidant Activity of Biologically
Synthesized AgNPs

Hydrogen peroxide scavenging capability of
AgNPs (30% H202) was evaluated using a
standard method). The following procedures
were performed to prepare a solution of
hydrogen peroxide (40 mM) in phosphate buffer
saline (pH 7.4). Test samples of different
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concentrations (10, 20, 30, 40 and 50 g/ml) were
prepared and 4 ml of each concentration were
mixed with 0.6 ml of the previously prepared
H202 solution after the concentration was
determined. In order to determine the
absorbance of the solution after 10 minutes, a
blank solution containing phosphate buffer
without hydrogen peroxide was compared to the
solution. A UV-Vis spectrophotometer was used
[34]. A formula is used to calculate the
percentage of hydrogen peroxide scavenged by
the test samples % scavenged [H,0,] = 1- Abs
(standard)/Abs (control) x100.

Where Abs control represents the absorbance of
the control at 560nm (without extract); Abs
sample represents the absorbance when extract
is present at 560nm. The experiment was
repeated in triplicate.

3.6 Anti-Inflammatory Activity of
Biologically Synthesized AgNPs

There was no interruption of soap solution
during any of the reactions carried out in clean
test tubes. There were 5 mL of reaction
mixture, consisting of 0.2 mL of egg albumin
(from fresh hen's eggs), 2.8 mL of
phosphate buffered saline (PBS, pH 6.8) and 0.2
to 2 mL of Biologically Synthesized Silver
Nanoparticles in  different  concentrations,
resulting in 0 to 10 mg/mL of final concentrations.
Control samples were composed of a similar
volume of double-distilled water. An incubator
with a BOD was used to incubate these mixtures
at 37°C for 30 minutes, followed by a heating
cycle at 75°C for 10 minutes. The absorbance of
the samples at 660 was measured
using a vehicle as a blank after cooling. In order
to test for absorbance, diclofenac sodium was
used as a reference drug at a final concentration
of ten milligrams per mL and treated similarly
[35].

The percentage inhibition of protein denaturation
was calculated by using the following formula:

% inhibition = 100 X (Vt/ Vc - 1)

Where, Vt = absorbance of test sample,
V¢ = absorbance of control.

A plot of percentage inhibition against test
concentration was used to determine the
extract/drug concentration for 50% inhibition
(IC50).
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4. RESULTS AND DISCUSSION

Nanotechnology is a multifaceted discipline
encompassing the design, synthesis,
characterization, and application of materials at
the nanoscale, with wide-ranging implications
across various scientific domains including
chemistry, biology, physics, material science,
and medicine.

Biological approaches have emerged as
innovative methods for nanoparticle synthesis,
facilitating the development of eco-friendly
processes. Among these, plant extract-based
biosynthesis has gained traction as a cost-
effective  and environmentally sustainable
alternative to traditional chemical and physical
methods. Plant extracts serve dual roles as both
reducing and stabilizing agents in the synthesis
process.

Silver nanoparticles and their assemblies have
found diverse applications in fields such as
sensing, peptide probing, antimicrobial and
wound healing agents, optics, magnetism,
electronics, and catalysis.

In this study, we utilized Lawsonia inermis plant
extract for the synthesis of silver nanoparticles

|
¥

under ambient conditions, highlighting the
potential of natural resources for nanomaterial
production.

4.1 Visual Observation

A method for synthesizing silver nanoparticles
by means of 1 mM AgNOs is shown in Fig. 3.
The fresh suspension of leaves Lawsonia inermis
of was dark brown in color. However, after
addition of Ag (NOs)2 the suspension turned
colloidal grey, roughly demonstrating that the
formation of silver nanoparticles. It was
confirmed by this color change that silver ions
were reduced into Ag-NPs during the reduction
process.

As a result of surface plasmon vibrations within
the silver nanoparticles, silver nanoparticles
exhibit a yellowish-brown color in aqueous
solutions. Interestingly, when Gallic acid is
employed as the reducing agent, silver
nanoparticles assume a grayish color. Notably,
gallic acid is a component found in Henna, while
the primary constituent is lawsone. This
observation suggests that both gallic acid and
lawsone function as reducing agents in the
synthesis process.

B

Fig. 3. Color changes before (A) and after (B) the process of reduction of AgNos to Ag NPs
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Fig. 4. UV—visible spectrum of biologically synthesized AgNPs using Lawsonia inermis
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The reduction of silver ions is facilitated by
various antioxidants and phytochemicals present
in the plant extract. This phenomenon has been
observed by multiple researchers, indicating the
versatile nature of natural compounds in
nanoparticle synthesis. [36,37].

4.2 Characterization of
AgNPs

Synthesized

Nanoparticle behavior, safety, biodistribution,
and efficacy can be greatly influenced by their
physico-chemical properties. Thus, it is
necessary to characterize silver nanoparticles in
order to evaluate their functional characteristics.
Silver nanoparticles synthesized can be
characterized using different methods [38]. In
order to characterize the bio synthesized AgNPs
in this study, UV-Visible spectral analysis,
Fourier Transform Infrared spectrum analysis
(FTIR), X-Ray Diffraction (XRD), Scanning
Electron Microscopy (SEM) and Transmission
electron microscopy (TEM).

4.3 UV-VIS Spectra Analysis

Aqueous extract of Lawsonia inermis was
reduced with silver nitrate (AgNO3) in order to
generate AgNPs and the results obtained have
confirmed the formation of biological AgNPs in
reaction mixtures. 420nm and 470nm were
observed to be the broadest, strongest peaks in
the UV Visible spectrum (Fig. 4). An absorption
peak associated with silver nanoparticles'
surface plasmon resonance (SPR) was observed
at wavelength 424 nm, due to the dipole
resonance of conducting electrons at the
nanoparticle surface [38].

method of
UV-Vis

An effective
nanomaterials is

characterizing
spectroscopy,

a5 l

INTENSITY (counts)

|1 o |
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which is relatively simple and inexpensive. By
using this method, the light intensity
reflected from a sample is measured and
compared with the intensity reflected from a
reference material. As UV-Vis spectroscopy is
sensitive to the size, shape, concentration,
agglomeration state, and refractive index near
the surface of NPs, it is an important tool for
identifying, characterizing, investigating, and
evaluating the stability of NP colloidal solutions
[39].

4.4 XRD Analysis

Silver nanoparticles were characterized using
XRD based on their particle size and nature.

Based on the characteristic peaks in the XRD
image for silver, the X-ray structural
diffraction Angle of of the biologically
synthesized AgNPs has been verified and
validated. In order to determine the average
grain size of the silver nanoparticles formed
during bioreduction, Scherr's formula, d= (0.9A x
180°) was used. An XRD pattern clearly
illustrates the crystalline structure of silver
nanoparticles

A number of techniques are available for
analyzing  nanoparticles, including  X-ray
diffraction (XRD). A crystal's structure, its
chemical composition, its lattice parameters, and
the size of its grains can be determined by XRD.
In order to determine the particle composition,
the position and intensity of the peaks can be
compared to reference patterns available in the
International Centre for Diffraction Data database
(ICDD, previously known as Joint Committee on
Powder Diffraction Standards, JCPDS)
[39].

INTENSITY
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Fig. 5. XRD patterns of biologically synthesized AgNPs using Lawsonia inermis
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Fig. 6. FTIR Analysis of biologically synthesized silver nanoparticles

Table 1. FTIR Peak details

N Position Intensity
1 1659.45 94.0379
2 1437.67 90.9865
3 864.917 94.4949
4 712.569 95.8521
5 647.001 96.1199

4.5 FTIR Spectroscopy Analysis

Biomolecules responsible for reducing Ag+ ions
and capping Ag-NPs were identified by FTIR
measurements. Based on FTIR spectra (Fig. 6 &
Table 1), Ag-NPs from Henna leaves extract
were found to exhibit prominent bands at
1659.45, 1437.6,864.917,712.569, and 647.001
cm-1. The band at 1659 cm-1 may be a result of
the stretching vibrations of C-N in the C-N of
aliphatic and aromatic amines [40].

FTIR (Fourier transform infrared spectroscopy) is
a techniqgue for measuring electromagnetic
radiation absorption at wavelengths within the
mid-infrared region (4000400 cm-1).
Molecules that absorb IR radiation undergo
dipole moment modifications in some way,
causing them to become IR active. The position
of bands on a spectrum can provide information
regarding bond strength and nature as well as
functional  groups, providing  information
regarding the structure of molecules and their
interrelationships
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4.6 Scanning Electron

Analysis

Microscope

As illustrated in Fig. 7, SEM analysis was used to
examine the morphological characteristics of
silver nanoparticles synthesized. SEM results
indicated that the majority of silver nanoparticles
were spherical in shape.

In addition to enabling high-resolution imaging of
surfaces, scanning electron microscopy is widely
used for characterizing nanoscale materials. A
SEM produces images by using electrons in the
same way that a light microscope produces
images by using visible light [39].

4.7 Transmission Electron Microscopy

To depict the shape, surface morphology and
size of synthesized AgNPs, TEM was used. A
TEM micrograph (Fig. 5) revealed polydispersed
spherical nanoparticles ranging in size from 10-
50nm.

TEM was used to determine the shape, surface
morphology, and size of synthesized AgNPs.
TEM micrograph (Fig. 5) revealed polydisperse
spherical nanoparticles with sizes ranging from
10 to 50 nm.

In the field of nanoparticle size and shape
analysis, transmission electron microscopy
(TEM) has become the predominant technique
due to its ability to provide Images of the sample
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Fig. 8. TEM micrograph of biologically synthesized silver nanoparticles

in direct light, which allows the homogeneity
estimation with the greatest accuracy of these
nanoparticles. In spite of this, it is imperative to
acknowledge that this method has certain
inherent limitations. There are several challenges
associated with measuring large numbers of
particles, including the difficulty of quantifying
them and the possibility of Orientation effects can
lead to misleading images.

For analyzing extremely uniform samples,
alternative techniques that analyze larger
guantities of nanoparticles can yield more
reliable results. For instance, small-angle X-ray
scattering (SAXS) proves effective for larger and
spherical nanoparticles, while X-ray diffraction
(XRD) offers insights by leveraging the
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broadening of XRD reflections and applying the
Scherrer  formula. These complementary
techniques enhance the comprehensive
understanding of nanoparticle properties and
behaviors [41,42].

5. BIOLOGICAL  APPLICATIONS OF
SYNTHESIZED SILVER
NANOPARTICLES

5.1 Anti-Bacterial Activity

Assays were conducted to determine in vitro
antibacterial activity of Ag-NPs derived from L.
inermis leaves extract and the Ag-NPs and
antibiotics were evaluated against bacterium
Staphylococcus aureus ATCC 25923, Klebsiella
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pneumoniae ATCC 700603, Salmonella typhi
ATCC 13311 and Escherichia coli ATCC25922.
At 37°C, the plates were incubated for 24 hours
prior to observing the zone of inhibition (Fig. 6
and Table 2). As a result of the synthesized Ag-
NPs, significant activity was demonstrated
against all four test organisms. Unlike AgNO3
and aqueous plant extract, no significant activity
was observed against these organisms using the
synthesized Ag-NPs.

A, Kiebsiella pneumoniae
ATCC 700603

B. Staphylococcus aureus
ATCC 25923

S

C. Solmonella typhi ATCC
13311

Fig. 9. Anti-bacterial activity of AQNPs against
pathogen
(1. Plant extract; 2. AgNOs; 3. Distilled water; 4.
AgNPs [20ug]; 5.Ampicillin.)

It was found from the results (Table 2 & Fig. 6)
that the synthesized AgNPs exhibited good
antibacterial activity against all the tested
pathogens. The larger zone of inhibition was 23
mm,20 mm 18 mm and 17 mm against Klebsiella
pneumoniae ATCC 700603, Salmonella typhi

ATCC 13311, Escherichia coli ATCC25922 and
Staphylococcus aureus ATCC 25923
respectively. In testing against all pathogenic
strains, the plant extract showed no activity. The
standard drug, ampicillin with 1mg/mL was
also tested along with AgNPs as positive
control.

Alternative  antibacterial agents such as
nanoparticles demonstrate the ability to
overcome the resistance of bacteria to

antibiotics. Biosynthesized silver nanoparticles
have been reported to have antimicrobial
properties [43]. AQNPs have many advantages
over conventional antimicrobial agents. In
addition to their effectiveness against a wide
range of microbes and parasites, they pose
minimal toxicity to humans and can be used at
very low concentrations [44]. Antibacterial activity
of Ag-NPs has been attributed to several
mechanisms in  the literature.  Several
biomolecules, such as amino acids, proteins,
carbohydrates, may be expelled by the
disorganization of the cytoplasmic membrane
after exposure to Ag-NPs [45]. Alternative
antibacterial agents such as nanoparticles
demonstrate the abilty to overcome the
resistance of bacteria  to antibiotics.
Biosynthesized silver nanoparticles have been
reported to have antimicrobial properties [43].
AgNPs have many advantages over conventional
antimicrobial agents. In addition to their
effectiveness against a wide range of microbes
and parasites, they pose minimal toxicity to
humans and can be wused at very Ilow
concentrations [44]. Antibacterial activity of Ag-
NPs has been attributed to several mechanisms
in the literature. Several biomolecules, such as
amino acids, proteins, carbohydrates, may be
expelled by the disorganization of the
cytoplasmic membrane after exposure to Ag-NPs
[45].

Table 2. Anti-bacterial activity of AgNPs against pathogen

Bacterial pathogen

Zone of inhibition in mm

Plant extract  AgNO?® Distilled water Ag-NPs Standard
Escherichia - - - 18mm 17mm
COlIATCC25922
Klebsiella pneumoniae - 2mm - 23mm 21mm
ATCC 700603
Staphylococcus - 2mm - 17mm 18mm
aureus ATCC 25923
Salmonella typhi - 4mm - 20mm 10mm
ATCC 13311
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Probably the difference in the structure of cell
walls between gram-negative and gram-positive
bacteria determines the complex antibacterial
activity against Klebsiella pneumoniae ATCC

700603, Salmonella typhi ATCC 13311,
Escherichia coli ATCC25922 and
Staphylococcus aureus ATCC 25923.
[46,47].
S
ATCC 13311
Salmonella typhi  IEEE—
ATCC 700603
" el —
Staphylococcus aureus ATCC 25923 I
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Fig. 10. MIC and MBC (mg/ml) values of
AgNPs
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Fig. 11. Anti-fungal activity of AgNPs
1. Plant extract; 2. AQNOS3; 3. Distilled water; 4.
AgNPs [20ug]; 5. ltraconazole)

The results of this research could provide a novel
platform for the development of new drugs to
treat a variety of bacterial infections due to the
noticeable antibacterial properties.

5.2 Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal
Concentration (MBC)

The MIC and MBC values (Fig. 10) were
recorded for AgNPs against the susceptible
bacteria. The MIC value ranged from the lowest
of 12.5 mg/ml against Klebsiella pneumoniae
ATCC 700603 and Salmonella typhi ATCC
13311 to highest of 50 mg/ml against

83

Escherichia coli ATCC25922 .The array of MBC
values found was 25mg/ml (Klebsiella
pneumoniae ATCC 700603 and Salmonella
typhi ATCC 13311 ) to 75 mg/ml (Escherichia coli
ATCC25922).

5.3 Anti-Fungal Activity

Antifungal activity of Ag-NPs produced from L.
inermis leaf extract. Ag-NPs and an antifungal
antibiotic (itraconazole) were evaluated against
Penicillium, Aspergillus niger, Aspergillus flavus,
and Fusarium. An inhibition zone was observed
after incubation at 25°C for 48-72 hours (Fig. 11).
All four test organisms were significantly inhibited
by synthesized Ag-NPs, while AgNO3 and
aqueous plant extract were not significantly
inhibited by synthesised Ag-NPs.

5.4 Anti-Cancer Activity of Biologically
Synthesized AgNPs

Pharmacological trials require a careful
examination of the cytotoxic effects of biological
materials. Accordingly, we performed an MTT
assay using the A549 lung cancer cell line in
order to determine the cytotoxicity of AgNPs.
Different concentrations of synthesized silver
nanoparticles were tested for their cytotoxicity
(10, 25, 50, 75 and 100 l). AgNPs were found to
have a direct dose-response relationship in terms
of both viability and cytotoxicity; cytotoxicity
increased with increasing concentration (Fig. 12).
The cytotoxicity of AQNPs was dose-dependent
in A549 cells treated with AgNPs. Biosynthesized
AgNPs inhibit 50% of A549 cell death at 50 g/mL
in 24 h as determined by the inhibitory
concentration (IC50). A549 cells were not
significantly cytotoxic to biosynthesized AgNPs at
lower concentrations, while A549 cells were
significantly  cytotoxic after increasing the
concentration by 80 g/mL in 24 hours.

There is evidence that silver's cytotoxic effects
are the result of dynamic physicochemical
interactions between silver atoms and functional
groups present in intracellular proteins. In
addition, silver atoms interact with nitrogen bases
and phosphate groups within DNA. [48]. Silver
nanoparticles (AgNPs) also exhibit potential as
antitumor agents due to their ability to prevent
tumor development. AgNPs appear to induce

cytotoxic effects on cells, inhibiting tumor
progression without harming healthy cells.
Furthermore, research by Zolghadri and

colleagues highlights that silver nanoparticles
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induce a significant reduction in hydrophobicity
within bovine hemoglobin, triggering a transition
from alpha helices to beta sheets. This structural
alteration leads to partial unfolding and
aggregation of the protein, further elucidating the
mechanistic underpinnings of silver nanopatrticle-
induced cytotoxicity. [49,50].

5.5 Anti-Inflammatory Activity of AQNPs

In this study, we investigated the in vitro anti-
inflammatory effect of silver nanoparticles
(AgNPs) against egg albumin denaturation. UV
spectroscopic  analysis indicated maximum
absorption in the range of 220-240nm. The
concentrations of AgNPs within the range of 4
mg/mL to 10 mg/mL of the mixture inhibited the
denaturation of protein (albumin) in a
concentration-dependent manner. A
concentration-dependent inhibition of protein
denaturation was observed using diclofenac
sodium from 2 mg/mL to 10 mg/mL (Fig. 13).
IC50 values for diclofenac sodium and AgNP
extract confirmed that the impact of diclofenac
sodium was greater. IC50 values for AQNPs were
6 mg/mL and for diclofenac sodium were 2
mg/mL.

The anti-inflammatory activity of AgNPs was
evaluated in vitro through the use of a protein
denaturation bioassay. During inflammation,
proteins lose their secondary and tertiary
structures as a result of exposure to chemicals or
stress. The development of anti-inflammatory
drugs requires the prevention of protein

denaturation. This mechanism has been
implicated in the stabilization of heat-treated
albumin by certain  non-steroidal  anti-
inflammatory drugs, providing evidence of its
importance.

A) (B)

© ()

Fig. 12. Images of cytotoxicity effect of
biologically synthesized silver nanoparticles
against A549 Lung cancer cells: Silver
nanoparticles at different concentration of
such as (A).10, (B) 25, (C)50, (D)75 and (E) 100
uL and control
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Fig. 13. In vitro anti-inflam
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The results of our experiment clearly hydrogen peroxide according to the formula
demonstrate  that AgNPs  exhibit anti- below [54].

inflammatory effects against protein denaturation
in vitro. For an understanding of how these
compounds act as anti-inflammatory agents,
further comprehensive research is necessary.

AgNPs were evaluated in vitro using a protein
denaturation bioassay. When proteins are
denaturated, they lose their tertiary structure and
secondary structure due to excessive external
stresses, such as strong acids or bases,
concentrated inorganic salts, organic solvents, or
heat. A denatured protein loses most of its
biological function. A well-documented cause of
inflammation is the denaturation of tissue
proteins [51,52]. An anti-inflammatory drug
development strategy should include agents that
prevent protein denaturation.

Nonsteroidal anti-inflammatory drugs have been
reported to be capable of stabilizing heat-treated
albumin (preventing denaturation) [53].
Consequently, it is evident from the results of the
current experiment that AgNPs are able to inhibit
the denaturation of protein in vitro in an effective
manner. For a full understanding of its anti-
inflammatory properties, further research is
required.

5.6 Antioxidant Activity of AgNPs

The experimental results of antioxidant activity of
AgNPs were given in Fig. 14. Test samples are
measured for their ability to scavenge
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%Scavenged =
abs of the control — abs of the sample

x 100

abs of the control

At a concentration of 50 grams/ml, silver
nanoparticles (AgNPs) showed the highest level
of hydrogen peroxide scavenging activity,
reaching 71%, while at a concentration of 10
grams/ml there was the lowest level, 34%. The
radical scavenging activity of the test samples
increased with increasing concentrations. This
enhanced radical scavenging activity is attributed
to the strong oxidant capacity, electron-donating
properties, and presence of capping agents on
the surface of AgNPs. [55].

Hydrogen peroxide, though not highly reactive
itself, acts as a weak oxidizing agent biologically.
In the presence of metal ions in living systems, it
can transform into the highly reactive
hydroxyl radical, thereby initiating and
propagating lipid peroxidation, contributing to
cellular  toxicity.  This  underscores the
significance of AgNPs in mitigating oxidative
stress by effectively scavenging hydrogen
peroxide radicals. [56].

6. CONCLUSION

In conclusion, this study
straightforward, cost-effective, and efficient
method for synthesizing silver nanoparticles
using the L. inermis (Henna) plant, employing a

presents a
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green chemistry approach. The eco-friendly
synthesis route proved to be simpler compared
to conventional physicochemical methods.
Validation through visual observation and
characterization techniques including UV-Visible
spectrophotometry, characterization of silver
nanoparticles provided clear evidence that AQNP
is synthesized.

The synthesized AgNPs exhibited significant
antibacterial properties against a variety of
pathogens including Staphylococcus aureus,
Klebsiella, Salmonella, and Escherichia coli.
Additionally, the AgNPs demonstrated
noteworthy in  vitro antioxidant activity,
highlighting  their  potential as effective
antioxidants. Furthermore, the study revealed the
anti-inflammatory properties of  AgNPs,
evidenced by their ability to inhibit protein
denaturation.

Furthermore, the investigation explored the
potential therapeutic utility of green-synthesised
AgNPs against tumor cell lines A549 by using the
MTT assay, indicating that the nanoparticles may
be used for the treatment of lung cancer in the
future. Further research is required to understand
the mechanisms by which AgNPs operate as
antibacterial,  antifungals,  anti-inflammatory
agents, and anticancer agents, as well as to
evaluate their potential toxicities.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge IIT Chennai
for XRD, SEM and TEM analysis, Tamilnadu
Test House, Chennai for FTIR analysis and also
thank the Management, Dwaraka Doss
Goverhan Doss Vaishnav College, Arumbakkam,
Chennai for their support.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Monalisha Rath, Swati S, Panda, Nabin. K.
Dhal. Synthesis of silver nanoparticles

86

10.

11.

12.

from plant extract: A review. International

Journal of Plant, Animal and
Environmental Science. 2014;7:
3014-3017.

Sun Y, Xia Y. Shape-controlled

synthesis of gold and silver nanoparticles.
Science. 2012;298(5601):2176-2179.
Larue C, Castillo-Michel H, Sobanska S,
Cécillon L, Bureau S, Barthes V, Ouerdane
L, Carriere M, Sarret G. Foliar exposure of
the crop Lactuca sativa to silver
nanoparticles: Evidence for internalization
and changes in Ag speciation. Journal of
hazardous materials. 2014;264:98-106.
Niemeyer C.M. and Ceyhan. B., DNA-
directed functionalization of colloidal gold
with protein. Angew Chem Int Ed Engl.
2001;40:3685-88.

Kiruba Daniel K, Nehru M, Sivakumar.
Rapid biosynthesis of silver nanoparticles
using Eichornia crassipes and its
antibacterial activity. Current Nanoscience.
2011;8:125-129.

Kiruba Daniel SCG, Tharmaraj V, Anitha
Sironmani T, Pitchumani K. Toxicity and
immunological activity of silver
nanoparticles. Appl. Clay. Sci. 2012;547-
551.

Khare CP. Indian Medicinal Plants — An
lllustrated Dictionary, Springer, New York;
2007.

Kiruba SCG, Daniel N Mahalakshmi,
Sandhiya J, Kasi Nehru, Muthusamy
Sivakumar. Rapid synthesis of Ag
nanoparticles using Henna extract for the
fabrication of Photoabsorption Enhanced
Dye Sensitized Solar Cell (PEDSSC).
Advanced Materials Research. 2013;678:
349-360.

Kathiresan K, Manivannan SMA, Nabeel B,
Dhivya. The toxicity of gold nanoparticles

in relation to their physiochemical
properties. Colloids Surf. 2010;B71:133.
Abambagade  Abera  Mitiku, Belete

Yilma.Antibacterial and antioxidant activity
of silver nanoparticles synthesized using
aqueous extract of Moringa stenopetala
leaves. Afr. J. Biotechnol. 2017.16(32):
1705-1716,

Xu ZP, Zeng QH, Lu GQ, Yu AB. Green
synthesis of silver nanoparticles and their
characterization. Chem. Eng. Sci. 2006;
61:1027.

Jassim NMA, Farhan AS, Dadoosh MR.
Green synthesis of silver nanoparticles
using seed aqueous  extract of
Abelmoschus esculentus and study of their



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nithya et al.; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 73-89, 2024; Article no.UPJOZ.3624

properties. Adv. Environ. Biol. 2016;10(4):
5166.
Mohanpuria P, Rana S. K. Yadav,

Biosynthesis of nanopatrticles:
Technological concepts and future
applications. Journal of Nanoparticle
Research. 2008;507-517.

Nam JMCS, Thaxton CA  Mirkin.

Nanoparticle-based bio-barcodes for the
ultrasensitive  detection of  proteins.
Science. 2003;1884-1886.

Ananth SCG, Kiruba Daniel T, Anitha

Sironmani S, Umapathi PVA. BSA
stabilized silver nanoparticles-based
surface—enhanced plasmon resonance

probes for protein detection. Colloids Surf.
B: Biointerfaces. 2011;138-144.
Bandyopadhyay U, Biswas K,
Chattopadhyay |, Banerjee RK. Biological
activities and medicinal properties of neem
(Azadirachta indica). Curr. Sci.
2002;82(11):1336-1345

Umamaheswara Rao V, Nagababu P.
Phytochemical Screening, Antibacterial,
Antioxidant and Anthelmintic Activities of
Suaeda nudiflora (Willd.)Mog. Int. J.
Pharm. Sci. Rev. Res. 2014;29:320-327.
Surya S, Kumar DG, Rajakumar R Green
synthesis of silver nanoparticles from
flower extract of Hibiscus rosa-sinensis
and its antibacterial activity. Int. J. Innov.
Res. Sci. Eng. Technol. 2016;5(4):
52425247.

Krishnaraj C, Ramachandran R, Mohan K,
Kalaichelvan PT. Optimization for rapid
synthesis of silver nanoparticles and its

effect on phytopathogenic fungi.
Spectrochimica Acta Part A: Molecular and
Biomolecular  Spectroscopy. 2012;93:

95-9.
El-Chaghaby GA, Ahmad AF. Biosynthesis

of silver nanoparticles using Pistacia
lentiscus leaves extract and investigation
of their antimicrobial effect. Oriental
Journal  of  Chemistry.  2011;27(3):
929.

Veerasamy R, Xin TZ, Gunasagaran S,
Xiang TF, Yang EF, Jeyakumar N,
Dhanaraj SA. Biosynthesis of silver
nanoparticles using mangosteen leaf
extract and evaluation of their antimicrobial
activities. Journal of Saudi Chemical
Society. 2011;15(2):11320.

Singh M, Manikandan S, Kumaraguru A.
Nanoparticles: A new technology with wide
applications. Res J Nanosci Nanotechnol.
2011;1(1):1-11.

87

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

DOI: 10.3923/rjnn.2011.1.11

Arpita Gupta, Shital R. Bonde, Swapnil
Gaikwad, Avinash Ingle, Aniket K. Gade,
Mahendra  Rai. Lawsonia  inermis-
mediated synthesis of silver nanoparticles.
IET Nanobiotechnology. 2013;8(3):172-
178.

Nirmala Babu Rao, SitaKumari O, Rajesh
Goud Gajula. Phytochemical analysis and
antimicrobial activity of Lawsonia inermis
(Henna). Journal of Plant Science &
Research. 2016;3(2):1-4.

Chetty KM. Flowering plants of Chittoor,
Edn 1, Andhra Pradesh. 2008;132:11.
Chopra RN, Nayer SL, Chopra IC.
Glossary of India Medicinal Plants, CSIR
Publications, New Delhi. 1956;151.

Reddy KR. Folk medicine from Chittoor
district Andhra Pradesh, India used in the
treatment of jaundice. International Journal
of Crude Drug Research. 1988;26:137-
140.

Stefanos Mourdikoudis, Roger M Pallares,
Nguyen TK, Thanh. Characterization
techniques for nanoparticles: Comparison
and complementarity upon  studying
nanoparticle properties. Nanoscale. 2018;
10:12871.

Blanco-Andujar C. Ph.D. Thesis, Sodium
Carbonate Mediated Synthesis of Iron
Oxide NPs to Improve Magnetic
Hyperthermia Efficiency and Induce
Apoptosis. University College London;
2014.

Satheesh Kumar K, Kathireswari P.
Biological synthesis of Silver nanoparticles
(Ag-NPS) by Lawsonia inermis (Henna)
plant aqueous extract and its antimicrobial
activity against human pathogens. Int. J.
Curr. Microbiol. App. Sci. 2016;5(3):926-
937.

Malathi R, Rajkumar K. Synthesis of
silver nanoparticles and its antimicrobial
activity of Coleus forskohli. World J.
Pharm. Pharm. Sci. 2015;4(9):673-
678.

Saminathan K. Herbal synthesis of silver
nanoparticles using Eclipta alba and its
antimicrobial activity. Int. J. Curr. Microbiol.
Appl. Sci. 2015;4(3):1092-1097.

Ali Shafaghat. Synthesis and
characterization of silver nanoparticles by
phytosynthesis method and their biological
activity. Synthesis and Reactivity in
Inorganic Metal-Organic and Nano-Metal
Chemistry. 2015;45:381-387.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Nithya et al.; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 73-89, 2024; Article no.UPJOZ.3624

Raju Vivek, Ramar Thangam,
Krishnasamy Muthuchelian, Palani
Gunasekaran, Krishnasamy Kaveri,
Soundarapandian Kannan. Green

biosynthesis of silver nanoparticles from
Annona squamosa leaf extract and its in
vitro cytotoxic effect on MCF-7 cells.
Process Biochemistry. 2012;47:2405-
2410.

Thampi N, Shalini VJ. Bio-prospecting the
In vitro antioxidant and anti-cancer
activities of silver nanoparticles
synthesized from the leaves of Syzygium
samarangense. Int. J. Pharm. Pharm. Sci.
2015;7(7):269-274

Vinchurkar AS, Valsange AB, Dama LB,
Sonawane SR, Gaikwad NG, Mane PP,
and Dama SB Evaluation of in-vitro anti-
inflammatory activity of crude Lawsonia
inermis leaf extracts using egg albumin
denaturation assay .Trends in
Biotechnological Research. 2014;
2(3).

Debabrat B, Nakul Sharma, Rituparna
Bora. Green synthesis of  Silver
Nanopatrticles using Bryophyllum pinnatum
(Lam) and monitoring their antimicrobial
activities; Arch. Appl. Sci. Res. 2012;4(5):
2098 —2104.

Jayakumar D, Jhancy Mary S, Jayasanthi
R. Evaluation of antiOxidant potential and
Anti-Bacterial  activity of  Calotropis
gigantean and Vinca rosea using in-vitro
model, Ind. J. Sci. Technol. 2010;3(7):720
- 723.

Arpita  Roy. Synthesis  of  silver
nanoparticles from medicinal plants and its
biological application: A review. Res Rev
Biosci. 2017;12(4):138.

Behzadi S, Ghasemi F, Ghalkhani M,
Ashkarran AA, Akbari SM, Pakpour S et.al.
Determination of nanoparticles using
UV-Vis spectra. Nanoscale. 2015;7:
5134.

Sun L, Simmons BA, Singh S.
Understanding tissue specific compositions
of bioenergy feedstocks through
hyperspectral Raman imaging. Biotechnol.
Bioeng. 2011;108(2):286-95.

Borchert H, Shevchenko EV, Robert A,
Mekis I, A. Kornowski, Griibel G, Weller H.
Determination of nanocrystal sizes: A
comparison of TEM, SAXS, and XRD
studies of highly monodisperse CoPt3
particles. Langmuir. 2015;21:1931.
Alexander LE, Klug HP. Determination of
crystallte  Size  with  the  X-Ray

88

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

Spectrometer. 1950;21:
137.

Vidya P, Subramani G. Fungus mediated
synthesis of silver nanoparticles using
aspergillus flavus and its antibacterial
activity against selective food borne
pathogens. Indo Am. J. P. Sci. 2017,
4(12).

Le Ouay B, Stellacci F. Antibacterial
activity of silver nanoparticles: A surface
science insight. Nano Today. 2015;10(3):
339-54.

Rupali S Patil, Mangesh R Kokate, Chitra
L Jambhale, Sambhaji Pawar, Sung H
Han, Sanjay S Kolekar. One-pot synthesis
of PVA-capped silver nanoparticles
their characterization and biomedical
application. Adv. Nat. Sci.. Nanosci.
Nanotechnol. 2012;3:015013 (7pp)
Maneerung T, Seiichi T, Rujiravanit R.
Impregnation of silver nanoparticles into
bacterial cellulose for antimicrobial wound
dressing. Carbohydr. Polym. 2008;72:
43.

Feng Q, Wu J, Chen GQ, Cui FZ, Kim TN,

J. Appl. Phys.

Kim JO. A mechanistic study of the
antibacterial effect of silver ions on
Escherichia coli and Staphylococcus
aureus. J. Biomed. Mater. 2000;52:
662.

Martins D, Frungillo |, Anazzetti MC.

Antitumoral activity of L-ascorbic acid-poly-
D, L-(lactide-co-glycolide) nanoparticles
containing violacein. Int J Nanomed. 2010;
5:77-85.

Zolghadri S, Saboury A, Golestani A,
Divsalar A, Rezaei-Zarchi S, Moosavi-
Movahedi A. Interaction between silver
nanoparticle and bovine hemoglobin at
different temperatures. J Nanopart Res.
2009;11:1751-8.

Sriram MI, Kanth SBM, Kalishwaralal K.
Antitumor activity of silver nanoparticles in
Dalton’s lymphoma ascites tumor model.
Int J Nanomed. 2010;5:753-62.

EL Opie. J. Exp. Med., on the relation of
necrosis and inflammation to denaturation
of proteins. 1962;115:597-608.

E Umapathy; EJ Ndebia; A Meeme. An

experimental evaluationof Albuca
setosaaqueous extract on membrane
stabilization, protein denaturation and

white blood cell migration during acute
inflammation. J. Med. Plants Res.
2010;4:789-795.

LAD Williams; AO Connar; L Latore. The In
vitro anti-denaturation effects induced by



54,

Nithya et al.; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 73-89, 2024; Article no.UPJOZ.3624

natural products and non-
steroidal compounds in heat treated
(immunogenic) bovine serum albumin is
proposed as a screening assay for the
detection of anti-inflammatory compounds,
without the use of animals, in the early
stages of the drug discovery process.West
Indian Med. J. 2008;57:327-331.

Wilson S, Cholan S, Vishnu U, Sannan M,
Jananiya R, Vinodhini S,Manimegalai S,
Rajeswari DV. In vitro assessment of the
efficacy of free-standing silver
nanoparticles isolated from Centella

55.

56.

asiatica against oxidative stress and its
antidiabetic activity. Der Pharmacia Lettre.
2015;7(12):194-205.

Shahat AS, Assar NH. Biochemical and
antimicrobial studies of biosynthesized
silver nanopatrticles using aqueous extract
of Myrtus ommunis L. Ann. Biol. Res.
2015;6(11):90-10.

Shobana G, Keerthana K, John NAA,
Felicita SEA. In vitro antioxidant potentials
of aqueous extract of Anacardium
occidentale L. World J. Pharm. Pharm. Sci.
2016;5(1):1458-1467.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.mbimph.com/review-history/3624

89


https://prh.mbimph.com/review-history/3624

