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Abstract

In this study, the synthesis of nanoparticles and their biological evaluation were carried out. A green
synthetic approach synthesized silver nanoparticles (AHAgNPs) using an Artocarpus heterophyllus
leaf extract. Parameter optimization was performed using Design Expert Ver. 13. The effects of
variables like the concentration on the response, particle size, and entrapment efficiency of
synthesized AHAgNPs were monitored via analysis of variance. The optimized AgNPs were
characterized using ultraviolet—visible spectroscopy and Fourier transform infrared spectroscopy.
Scanning electron microscopy and transmission electron microscopy were used to determine the size
and shape of nanoparticles. /n vitro, antioxidant and antimicrobial potential were determined using
standard protocols. The optimized nanoparticles were spherical, with an average 100-110 nm particle
diameter. The synthesized nanoparticles showed effective antioxidant, antibacterial, and antifungal
activity. In addition, AHAgNPs showed increased biological activities.
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Introduction

Nanotechnology involves the modulation of materials
at the atomic level, preferably 1-100 nm, by
and Dbiological
increased physical,

combining physical, chemical,

approaches. Because of its
chemical, and optical properties, converting metals to
their nano size is becoming increasingly important
[1, 2]. Metal nanoparticles (NPs) with the desired
properties are now being created using various
physical and chemical techniques that have been

thoroughly studied [3, 4]. However, these production

techniques suffer from several drawbacks, as they are
time-consuming, expensive, and possibly harmful to
the environment and living things [5, 6]. Therefore,
there
economical, and ecologically responsible way to

is a clear need for a different, secure,
produce nanoparticles [7, 8]. Inorganic metal ions can
be converted into metal NPs by a wvariety of
environmentally  acceptable
10], and

microorganisms (bacteria, fungi, and yeast) [11-13].

biocompatible and
components such as plants, algae [9,

Plant metabolites like alkaloids, flavonoids, tannins,
phenolic acids, and saponins are primarily involved in
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reducing Ag" to Ag’ to obtain non-toxic nanosized
particles and play an effective role in the capping of
the synthesized silver nanoparticles [14]. However,
because of their affordable culture costs, one-step fast
protocol,  safeness, non-toxicity, eco-friendly
synthetic approach, and ability to produce enormous
production volumes, plants are a more ideal platform
for NP synthesis than other biological systems

[15, 16].

Emerging infectious diseases (EIDs), particularly
those caused by bacteria, have dramatically increased
in humans during the past few years. EIDs are
infectious diseases whose prevalence has increased
over the past ten years and are likely to continue to
spread in the future. The prolonged use of antibiotics
to treat bacterial infections can harm human health,
particularly giving their hepatic and renal toxicities.
In addition, there are significant drawbacks to using
conventional antibiotics, including their decreased
efficacies and the promotion of antibiotic-resistant
bacterial strains. One of the key causes of drug
is widespread antibiotic usage, gene
mutation, and bacterial biofilm production [17-19].

resistance

Artocarpus heterophyllus Lam. belongs to the
Moraceae family, locally known as “Ceylon jack tree
or jackfruit”, a yearly fruit plant with a tall and sturdy
woody tree [20, 21]. This fruit plant grows in wild
tropical forests, especially in India. It is also found in
African and South American countries in warm and
humid areas [22-24]. Traditionally, this plant has
been used widely as a folk medicine for illness, boils,
wounds, and skin diseases [25]. A. heterophyllus
Lam. has anti-inflammatory [26], antifungal [27],
antidiabetic [28], antibacterial [29], and antioxidant
[30-32] properties as portrayed in various Indian
traditional medicine texts [33].

Literature surveys have revealed that efforts have
yet to be made to optimize silver NP synthesis using
A. heterophyllus leaf extract. Since synthesizing such
metal nanoparticles involves optimizing the main
influencing factors on nanoparticle synthesis, the
design of experiments (DoE) was carried out in this
work. Currently, the DoE approach is rigorously used
in various fields of science, such as analytical
chemistry and formulation development, for
optimization purposes [34—42]. Optimizing important
synthesis parameters was done using Design Expert
(Ver.13). Therefore, the aim of the proposed study is

(1) the design, synthesis, and optimization of silver

NPs (AHAgNPs) using an A. heterophyllus leaf
(AHL)  extract, (1)  the
characterization of biosynthesized AHAgNPs, which

physicochemical

was done by using ultraviolet—visible (UV-Vis)

spectroscopy, X-ray diffraction (XRD), Fourier
transform infrared (FT-IR), scanning electron
microscopy (SEM), and transmission electron

microscopy (TEM), and (iii) the potential antioxidant
and antimicrobial roles of produced AHAgNPs,
which were all explored to assess their biomedical
importance.

Matreials and Methods

Plant sampling, identification, and extract
collection

Leaves of A. heterophyllus (family: Moraceae) were
collected from Morgiri (Patan) Dist-Satara (MS),
India, during August and September 2021, and were
identified by Dr. Vinod B.
Department of Botany, The New College Kolhapur

Shimpale from
and deposited in the herbarium with deposition
number BOI.
extracted with methanol for 24 h using a soxhlet
extraction apparatus and repeated thrice. First, the
extract was collected and filtered through filter paper

The shade-dried leaf material was

(Whatman No. 1) and concentrated each time using a
rotary evaporator (Heidolph, Hei-VAP Core). Then,
the crude methanolic extract was used to synthesize
nanoparticles and pharmacological activity.

Chemicals

Analytical-grade chemicals were used for the study.
Media and other microbiological accessories were
obtained from Himedia. Silver nitrate, 2,2-diphenyl-2-
picryl (DPPH),
phloroglucinol, and ascorbic acid were obtained from

hydrazine hydrate gallic acid,

Research Laboratory, Mumbai, Maharashtra.
Microorganisms used

The test microorganisms used in this study were
Staphylococcus aureus ATCC 6538, Bacillus subtilis
ATCC 6051, Bacillus cereus ATCC 10987,
Escherichia coli ATCC 8739, and Aspergillus Niger
ATCC 16880, which were obtained from the National
Collection of Industrial Microorganisms Pune (MS),
India.

Biogenic synthesis of silver nanoparticles

A crude extract of AHL was used for the synthesis of
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AHAgNPs, and silver nitrate was the source of silver
according to the method described by Refs. [43, 44]
with slight modifications. Furthermore, the most
important parameters, like the concentrations of
AgNO; (nug/mL) and the extract (ug/mL), were
optimized by Design Expert Ver. 13 (Stat-Ease Inc.,
Minneapolis, MN, USA). The reaction mixture was
incubated for 3—4 h at room temperature. Nanoparticle
synthesis was observed by the naked eye, focusing on
the change in color from light green to dark brown,
and analyzed by UV-Vis spectroscopy (JASCO
1800). Finally, the silver nanoparticles were purified
through cooling centrifugation at 10000 r/min for
25-30 min and dried in a vacuum chamber for 24 h at
35 °C.

In silico parameter optimization

A two-factor and three-level full factorial design was
created and entirely randomized to analyze all
possible combinations of all components at all levels.
For this purpose, Design Expert Ver. 13.0 was used to
optimize the conditions [45, 46]. Two significant
factors, i.e., AgNO; concentration (ug/mL) and AHL
extract concentration (ug/mL), were optimized, taken
as independent variables at three contrast levels with
minimum and maximum values for each. Nine
experimental trials were designed with the given
experimental design, as shown in Table 1. Two vital
factors, the particle size (nm) and entrapment
efficiency (%) of biosynthesized AHAgNPs, were
interpreted as responses. The obtained data were
further used to perform mathematical evaluations; the
quadratic second order was selected for analysis of
variance (ANOVA) testing; the predicted R’ and the
interaction between two independent variables were

Table 1 Factorial batches A1-A9 of silver nanoparticles,
entrapment efficiency, and particle size

Batch Extract AgNO; Particle Ent'rapment
(ug/mL) (ug/mL) size (nm) efficiency (%)
Al 5.5 5.5 110.5 92.47
A2 5.5 1 108.3 89.6
A3 1 5.5 104.3 85.2
A4 10 1 112.5 95.48
AS 10 10 115.4 98.79
A6 5.5 10 112.5 94.7
A7 1 1 102.5 83.8
A8 1 10 106.4 87.2
A9 10 5.5 113.6 97.2

shown through interaction, perturbations, and
predicted vs. actual diagnostic charts. In addition, the
relationship between dependent and independent
variables was established wusing mathematical
relationships to obtain the statistical package. Finally,
numerical and graphical optimization approaches
determined the optimal conditions for AHAgNPs

biosynthesis.
Entrapment efficiency

The entrapment efficiency of nanoparticles was
quantified by measuring the amount of free AgNO,
remaining in the supernatantafter centrifugationat 5 000
r/min for 25 min [47]. The AgNO; remaining in the
supernatant determined via an UV
spectrophotometer  (JASCO  1800)
absorption at 440 nm. Three replicates for
nanoparticles were measured, and the entrapment

was
measuring

efficiency (EE) was calculated as follows

Motal AgNO; — Miree AgNO;

EE =

x 100% (1)
Miotal AgNOs

where Mg agnos 18 the total mass of AgNO; used to

prepare nanoparticles and M. agno3 1S the mass of

free AgNO; remaining in the supernatant after

centrifugation.

Synthesis and characterization of the

optimized AgNPs

The AgNPs were synthesized at optimum conditions
and characterized using a UV-Vis double-beam
spectrophotometer (JASCO 1800, Japan) with 1 cm
paired quartz cells. The size and shape of the
synthesized nanoparticles were determined by XRD
(Brucker D2 Phaser X-Diffractometer), SEM (model
JSM-6360), and TEM (HT7800 Ruli, Japan). The
crude extract and AHAgNPs were studied for
spectrometric analysis. The spectra were recorded in
a wavenumber frequency ranging from 4000 to 600
cm™ with a rate of 25 scans per spectrum using FT-IR
(BRUKER ALPHA I, Germany). All measurements
were recorded at room temperature in percent
transmittance mode.

Determination of total phenolic and flavonoid
content

To determine the total phenolic components, the
Ciocalteu method [48] slight
modification. First, 10 mg of AHL crude extract and
AHAgNPs were separately dissolved in 10 mL of
Next, 200 pL of AHL extract and

was used with

methanol.
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AHAgNPs sample were taken into three test tubes,
and 1.5 mL of 10% Folin—Ciocalteu reagent was
added to each tube. All tubes were set aside in a dark
place for 5-10 min. Finally, 1.5 mL of 5% Na,CO;
was added to these solutions and mixed well by
shaking. Again, all tubes were kept in the dark
chamber for 2-3 h. The absorbances of all solutions
were measured using a UV spectrophotometer at a
constant wavelength of 750 nm. The phenolic content
was measured using a gallic acid calibration curve
(R* = 0.998) and expressed as gallic acid equivalents.
Gallic acid was used as a standard and in triplicate.
and the
concentration of phenolics was read (mg/mL) from

Again, the absorbance was measured,

the calibration line.

Determination of total
colorimetric method

flavonoids by a

The total flavonoid content of the AHL extract and
AHAgNPs was estimated by a colorimetric method
with aluminum chloride, as described by Ref. [48].
First, 0.25 mg of AHL extract and AHAgNPs were
put into three test tubes, and 1.25 mL of water and
0.75 pL of 5% sodium nitrate solution were added
and then mixed. All tubes were left in a dark place for
10—15 min. Then, 0.15 pL of 10% aluminum chloride
solution was added to the tube, and the tubes were left
in a dark place for 5-10 min to complete the reaction.
Finally, 0.5 mL of 5% NaOH and 0.275 mL of
deionized water were added to the tubes. Absorbances
were measured for all samples at a fixed wavelength
at 510 nm using a UV-Vis spectrophotometer
(JASCO 1800). Quercetin was used as a standard for
the calibration curve. The total content of flavonoids
in AHL extract and AHAgNPs was estimated in
triplicate and the results were averaged. Total
flavonoids were calculated as

_Amy

X =
Aom

2

where X is the flavonoid content (mg/g AHL extract),
A is the absorption of plant crude extract solution or
AHAgNPs, A4, is the absorption of standard quercetin
solution, m is the mass of crude drug extract or
AHAgNPs (mg), and m, is the mass of quercetin in
the solution (mg).

Antioxidant assay

The antioxidant activity of AHAgNPs and the AHL
extract was determined using the DPPH assay as
described.

DPPH spectrophotometric assay

The scavenging capacity of natural plant antioxidants
and nanoparticles against the stable DPPH free
radicals was measured by Chavan et al. [44] and
Mensor et al. [49]. Mathur et al. [50] and Irshad [51]
slightly modified. AHL extractand AHAgNPs solutions
(20 pL) were added into 0.5 mL of methanolic DPPH
solution and 0.48 mL of methanol in separate tubes.
The mixtures were allowed to react at room
temperature for 25-30 min. Methanol was used as
blank, and DPPH in methanol without AHL extract
and AHAgNPs was served as a positive control. After
30 min of incubation, the discoloration of the purple
color was measured at 518 nm in a UV-Vis
spectrophotometer. The radical scavenging activity
was calculated as follows:

A518(comrol) - A518(sample)

Scavenging activity = x100% (3)

A 518(control)
Antimicrobial assay

The agar well disk diffusion method was used to
check the antimicrobial ability of AHL extract and
synthesized AHAgNPs.

Antibacterial assay

To study the antibacterial activity, four pathogenic
bacterial strains, i.e., two Gram-positive (S. aureus
ATCC 6538 and B. subtilis ATCC 6051) and one
Gram-negative (E. coli ATCC 8739), were used. The
antibacterial potential was determined using the disk
diffusion method as described in Refs. [52, 53].
Bacterial cultures were subcultured in nutrient broth
for 24 h at 35 °C. The bacterial culture was plated on
nutrient media, and the desired number of holes were
cut using a sterile corkscrew, ensuring proper
distribution of the holes at the periphery. An 8 mm
hole was used to cut holes in the nutrient agar plates.
All equipment used in this test was sterilized in an
autoclave, and the experiment was conducted under
aseptic conditions. Cefixime-USP was used as the
standard drug. Then, 100 pg/mL samples were loaded
per well as standard, control, AHL extract, and
AHAgNPs, and then incubated for 24 h at 35 °C for
antibacterial activity. The diameter of the inhibition
zones was measured using a scale in mm.

Antifungal activity

Shaboraud’s slant agar was prepared using agar (500
mg), peptone (250 mg), and glucose (500 mg), which
were dissolved in 50 mL of distilled water, boiled,
and then poured into a test tube, and the test tubes
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were plugged with cotton and then sterilized in an
autoclave at a pressure of 103.4 kPa (121 °C) for 15
min. After sterilization, the tubes containing
Saboraud’s agar were inclined to 1/2 h. Then, a pure
culture of test fungi, i.e., A. Niger, was plated on the
solid surface of these slants under aseptic conditions
and then incubated at 37 °C for 24 h. The plating
medium was then allowed to solidify at room
temperature. Next, a sterile and non-toxic cotton swab
was dipped into the standardized inoculum (turbidity
adjusted to achieve contiguous growth on the petri
dish). The swab was then swabbed three times over
the whole agar surface of the dish, rotating the plate
at a 60° angle between streaks. The applied inoculum
was then allowed to dry for 10—15 min with the lid
on. After that, a hole was punched into the prepared
plates using a sterile well (8§ mm). Next, a dose of 100
uL of AHL extract, synthesized AHAgNPs solutions,
and standard drug fluconazole were applied to the
hole, respectively, under aseptic conditions using a
sterile micropipette. Plates were kept at room
temperature for 25-30 min and then incubated at 37
°C for 24 h. The diameter of the inhibition zones was
measured using a scale in mm.

Results

Green synthesis and confirmation of AHAgNPs

During the last two decades, traditional medicines
have become a topic of interest. Thus, numerous plant
extracts are being employed for the synthesis of silver
nanoparticles using a biological reduction approach
[54-66]. Our proposed study on the green synthesis
of AHAgNPs by methanolic extract of AHL follows
that trend. The color of the solutions changed from
light green to darker green on increasing crude extract
concentration in the absence of silver nitrate solution.
In the presence of silver nitrate solution, with the
increase of extract concentration, the crude extract
color changed from greenish to brown and further to
deep brown because of the excitation of surface
plasmon vibration, indicating the formation of the
silver nanoparticles. The phytochemicals present in
the extract could have reduced the silver ions. The
synthesized AHAgNPs were examined and confirmed
using UV-Vis spectral analysis.

Optimization and evaluation of dependent
variables

The significance of the most influential factors or
parameters on particle size, along with percentage

entrapment efficiency and their optimization, was
assessed by full factorial design. A full factorial
design is a modest-efficient design style that allows
for the estimation of main effects and interactions.
The advantages of wusing response surface
morphology (RSM) for the optimization process are
that it decreases time and cost, minimizes the number
of experimental trials, and gives more precise
outcomes [67-73]. The systematic optimization of
AgNPs has been reported with plant extracts of
Azadirachta indica [45], Prosopis juliflora [67], and
purple heart plants [71]. Similarly, we have searched
preferred conditions for AHAgNPs synthesis. The
pivotal role played by the two essential factors on
responses particle size with EE was statistically
evaluated by full factorial design. The statistical
process optimization of AgNP production using RSM
was used to identify the most prominent interaction
between

significant parameters to produce the

smallest-sized AgNPs with the greatest stability.
ANOVA analysis report

The significance and suitability of the model were
evaluated using an ANOVA. Table 2 contains
statistical information such as standard error, a sum of
squares, F ratio, and P-value. As shown in Table 2, a
P-value of the independent variables and their
interaction in  ANOVA indicates that the
corresponding factors significantly affected particle
size and entrapment efficiency. Three-dimensional
(3D) reaction surface plots showed a variety of
representations in each reaction as the two
components are changed from a lower to a higher
amount. This analysis provides a 3D bend of the
adjustment at various component levels. It also
provides a range of outline focuses based on the
expected response esteem. Figures 1 and 2 show the
two-dimensional (2D) & 3D response surface plots
and corresponding contour plots for particle size and
entrapment efficiency.

An optimized batch of AHAgNPs

The optimized batch was selected by numerical
optimization with a desirability function value closer
to one. The optimum conditions of synthesizing
AHAgNPs came out to be a concentration of AgNO;
of 8.5 pg/mL and a concentration of AHL extract of
2.5 pg/mL. It also indicated a predicted response for
synthesized AHAgNPs having particle size
108.011 nm and an entrapment efficiency of 89.45%.
Furthermore, the validation studies were performed

https://www.sciopen.com/journal/2150-5578
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Table 2 Summary of variance analysis results (ANOVA)

Particle size

Entrapment efficiency

Source
DF SS MS F DF SS MS F P
Model 5 155.32 31.06 630.63 <0.0001 5 172.22 34.44 293.14 0.0003
A 1 129.74 129.74 2633.72 <0.0001 1 145.73 145.73 1240.31 <0.0001
B 1 21.66 21.66 439.71 0.0002 1 19.48 19.48 165.76 0.0010
AB 1 0.0900 0.0900 1.83 0.2694 1 3.82 3.82 32.53 0.0107
A2 1 3.83 3.83 77.70 0.0031 1 3.18 3.18 27.10 0.0138
B2 1 0.0089 0.0089 0.1805 0.6996 1 0.0029 0.0029 0.0250 0.8844
Residual 3 0.1478 0.0493 3 0.3525 0.1175
Cor total 8 155.47 8 172.57
b Particle size (nm)
116 F ) (®) 10
114 g 59; B
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- 112 8 7 §
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2108t 2 s 3
£ & 4 £
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s 3
104 F S 5
2 1
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Fig. 1 (a) predicted vs. actual plot, (b) 2D counter, and (c) 3D response surface plots of the selected model for particle size.
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Fig. 2 (a) Predicted vs. actual plot, (b) 2D counter, and (¢) 3D response surface plots of the selected model for entrapment

efficiency.

on the optimized AgNPs, and the responses were
evaluated. The observed values of responses for the
synthesized AgNPs were found as a particle size of
107.40 nm and an entrapment efficiency of 88.20%.
The observed values obtained were quite close to the
predicted response (i.e., within prediction error £10%)
and the goodness of fit of the selected design and
mathematical model.

Characterization of AHAgNPs using FT-IR,
XRD, SEM, and TEM

FT-IR was performed to identify the bond linkages
and functional groups associated with the AHL

extract treated with AgNO;. The functional groups
present in the AHL extract and AHAgNPs were
analyzed using FT-IR spectroscopy. In the FT-IR
analysis, AHL extract vibration stretches were
observed at 3296.70, 2921.31, 2855.12, 1735.06,
1043.51, 860.73, 704.24, and 660.66 cm™', whereas
AHAgNPs peaks were found at 3266.82, 2975.62,
2896.56, 1648.84, 1450.21, 1085.73, 1043.30, and
879.38 cm™' (Fig. 3). The banding pattern of the
functional group and the fingerprint region were
similar to those of polyphenols specified by Chen and
Mu [74] and Chavan et al. [44]. The bands at 3266.82
and 3296.70 cm™', corresponding to O—H stretching

https://www.sciopen.com/journal/2150-5578
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Fig. 3 FT-IR spectra of (a) AHL extract and (b) AHAgNPs.

vibrations of the phenol group, were observed for
AHAgNPs. Furthermore, 2896.56 and 2921.31 cm™
correspond to the C—H stretching of the aromatic
compound observed for AHAgNPs. The vibration
stretch at 1648.84 and 1735.06 cm™ is due to the
C—C stretch in the aromatic ring, which confirms the
presence of an aromatic group for AHAgNPs. The
peak at 1511.92 cm™ corresponding to poly phenol’s
O—H bond was not found in AHL and AHAgNPs.
The C—O stretching vibrations of the IR spectrum
were observed at 1085.73 and 1043.351 cm™ in both.
Based on the FT-IR investigation, it can be assumed
that phenolic and flavonoid compounds present in the
AHAgNPs may be involved in capping and
stabilizing the nanoparticles [75].

It was found that the synthesized AHAgNPs are
spherical when observed under SEM (Fig. 4). The
nanoparticles’ average particle size was 100—110 nm
(Fig. 5). The XRD pattern of AHAgNPs (Fig. 6)
suggests that the particles were crystalline. In
addition, the intense diffraction peaks due to

AHAgNPs were observed. All the peaks obtained
matched well with the Joint Committee on Powder
Diffraction Standards file No. 04-0783 of silver [76].

Total phenolic, flavonoids content, and
antioxidant activity of AHAgNPs and AHL
extract

The total phenolic content in the synthesized
AHAgNPs was (18.56 + 1.09) mg of GAE/mg
compared to AHL extract (155.76 £ 1.12) mg of
GAE/mg phenol content (Fig. 7). In addition,
AHAgNPs were evaluated for bound flavonoid
content. In our study, (14.40 £ 0.03) mg of QE/mg
(6.65 £ 0.008) and (2.96 = 0.007) mg of QE/mg
flavonoid content was observed in the AHL extract
and AHAgNPs, respectively (Fig. 8). All the results
are shown in Table 3.

DPPH spectrophotometric assay

The DPPH activity results (Table 4 and Fig. 9)
showed an effective free radical scavenging potential

https://www.sciopen.com/journal/2150-5578
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Fig. 5 TEM images of synthesized AHAgNPs.
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Fig. 6 XRD pattern of synthesized AHAgNPs.

of AHAgNPs and AHL extract. The concentration-

response curve of the DPPH radical scavenging

activity of the AHL methanolic extract and
AHAgNPs compared with ascorbic acid is
highlighted in Fig. 9. It was observed that AHAgNPs
had higher activity than the AHL extract. At a
concentration of 50 pg/mL, the scavenging activity of
AHAgNPs was observed to be 91.12% £ 1.24%.
However, the DPPH radical scavenging abilities of
the extracts were less than those of the standard
ascorbic acid (98.74% = 0.24%). The study showed
that the AHAgNPs have proton-donating ability and
could serve as free radical inhibitors or scavengers,
acting possibly as primary antioxidants.

Antimicrobial
AHAgNPs

screening of optimized

Antimicrobial activity was determined by measuring
the diameter of the recorded zone of inhibition. The
results obtained when evaluating the antibacterial
activity of control, standard, AHL, and AHAgNPs
against selected pathogens are shown in Table 4 and
Fig. 10. AHAgNPs and AHL showed a superior zone
of inhibition compared to the control. However,
AHAgNPs showed maximum activity against the
selected strains due to a reduction in AHL size
compared to others. AHAgNPs showed almost the
same activity as cefixime against selected pathogens.
The results were found to be statistically significant.

https://www.sciopen.com/journal/2150-5578
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200
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Fig. 7 Total phenolic content (pg/mL GAE/mg) determination
in AHAgNPs, gold nanoparticles (AHAuNPs), and AHL
extract.

20

15

Flavonoids content (%)
=)

AHAgNPs

Plant extract

Fig. 8 Flavonoids content (ug QE/mg) determination in
AHAgNPs and AHL extract.

Table 3 Total phenolic and flavonoids content of AHAgNPs and 4. heterophyllus leaf extract

Serial No. Material Phenolic content (%) Flavonoid content (%)
1 Plant extract 155.76 £ 1.12 14.40 + 0.03
2 AHAgNPs 18.56 £ 1.09 6.65+0.008

Table 4 DPPH radical scavenging activity of AHAgNPs and AHL extract

Concentrations (pg/mL) Standard inhibition (%)

Plant extract inhibition (%) AHAgNPs inhibition (%)

10 89.58 £0.78 36.28 £1.03 63.04 £1.24
20 92.43 +0.98 41.05+0.57 77.26 £0.57
30 9574 +1.17 4422 +0.57 80.76 £ 1.00
40 98.14+0.10 52.06 +£0.08 85.26 £0.37
50 98.74 +£0.24 5822 +1.52 91.12+1.24
150 [ _q plant extract Discussion
- AHAgNPs
—— Std

50t !/’*./1

0 . . )
0 20 40 60

Concentration

Inhibition (%)

Fig. 9 DPPH radical scavenging activity of AHAgNPs and
AHL extract.

The antifungal activity of AHAgNPs and AHL
extract against 4. niger, as a fungal model, was
investigated. AHAgNPs displayed an antifungal
activity comparable to that of antifungal drugs such
as fluconazole, as shown in Table 5 and Fig. 10 (the
results were found to be statistically significant).
AHAgNPs showed maximum activity
against selected A. niger strains because of the
reduction in AHL size compared to others. AHAgNPs
showed almost the same activity as fluconazole
against selected pathogens..

However,

According to numerous studies, the human immune
system is significantly impacted by oxidative damage.
Numerous autoimmune human diseases, such as
cardiac heart failure shock and atherosclerosis, are
influenced by free radical processes, which play a
significant pathophysiological role in these diseases.
Therefore, stopping this
the body’s essential.
Numerous disorders brought on by oxidative stress
are treated with an adjuvant regimen that frequently
includes  immunomodulatory  drugs.  Modern
that immunosenescence and
oxidative stress are pricy and have harmful side
effects. Thus, using natural antioxidants to treat

oxidative stress and

bolstering immunity are

medications treat

oxidative stress and immunosenescence is a safer
option [77]. In vitro, antioxidant activity assessment
techniques are frequently employed in
research to evaluate the
antioxidant potential of plants or their phytochemicals
and occasionally the likely mode of action of plant

antioxidants is investigated. Methods based on

ethnopharmacology
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Fig. 10 Antimicrobial activity of synthesized AHAgNPs and AHL extract against (a) B. subtilis, (b) S. aureus, (¢) E. coli, and (d)

A. Niger. Ag = standard, AgE = AHAgNPs, and Ex = AH extract.

Table 5 Antibacterial activity of AHAgNPs and AHL extract values (mean +£ SEM) are average of three experiments (n =1 x 3)

Inhibition zone (mm)

Bacterial strains

Plant extract (AHL) AHAgNPs STD (cefixime)
Antimicrobial activity

E. Coli 13.3+£0.57 16.59 £ 0.52 18.8+0.34

B. Substalis 1833+ 1.54 19.83 £0.28 20.86 +0.23
S. Aureus 15.33+0.57 16.23 £0.40 19.92+0.12

Antifungal activity
Bacterial strains Plant extract (AHL) AHAgNPs STD (fluconazole)

A. Niger 13.76 £ 0.57 14.20 £ 0.64 20.6 +1.03

hydrogen atom transfer (HAT) and electron transfer
can be used to evaluate the antioxidants. While single
electron transfer (SET)-based methods assess an
antioxidant’s capacity to transfer one electron to
reduce any chemical, including metals, carbonyls, and
free radicals, HAT-based mecthods assess an
antioxidant’s capacity to scavenge free radicals
through hydrogen donation that generates stable
compounds [78].

The AHL extract had a much greater total
flavonoid and phenol concentration than AHAgNPs.
Therefore, it can be considered that these extracts
contain the primary polyphenolic components. The
AHL extract demonstrated the highest lowering
capacity through efficient ion chelation.
Because of the presence of phenolics in this extract, it
was also discovered to be the most efficient in all in
vitro experiments. According to a literature reviews
by Devi et al., Omar et al., and Thapa et al. [32, 79, 80],
AHL extract demonstrated excellent antioxidant

silver

activity. Additionally, the results demonstrated that
the plant extract alone was responsible for the
majority of the antioxidant activity and that
AHAgNPs did not significantly contribute to the
antioxidant activity, as seen by the increase in
antioxidant activity of AHAgNPs compared to AHL
extract. The antioxidant capacity may increase

significantly due to the chelation with metal ions, as
per the findings of Ajisaka and coworkers [81].
Moreover, AHAgNPs had higher antioxidant
properties, which may lead to more silver ion
reduction than the extract [82]. Thus, NPs are
considered an alternative to antibiotics since they can
occasionally effectively circumvent bacteria drug
resistance [83-86].

Uncontrolled antibiotic usage has given rise to
several public health problems, including the advent
of superbugs resistant to all known antibiotics and
by medicine [87]. Drug

issue that requires the
development of new and powerful bactericidal
materials, and NPs have been proposed as a viable
solution to this issue [88—93]. The metal, metal oxide,
and organic nanoparticle antimicrobial nanomaterials

epidemics untreatable

resistance 1S a critical

currently in use have a variety of intrinsic and
modified chemical characteristics. Additionally, the
surface area in the nano state increased, increasing the
contact area between Ag’ and the microbe [94]. To
test the antibacterial activity, we made nanoparticles
from the leaf extract of A. heterophyllus.

No literature was found on the synthesis of AgNPs
from AHLs. In this study, the antibacterial activity of
AHAgNPs was investigated against S. aureus, B.
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subtilis, and E. coli as model bacteria and the model
for antifungal activity against 4. Niger. AHAgNPs
showed a strong antibacterial and antifungal activity
against the tested strains of bacteria and fungi.

Conclusion

We synthesized AHAgNPs from A. heterophyllus leaf
extract by biological
factorial design, which is simple and environmentally
friendly. AHAgNPs with an average particle size of
100-110 nm were obtained. They are easy, cost
effective, and free of harmful and toxic chemicals.

synthesis technique using

We observed total phenolic and flavonoid content in
AHAgNPs and AHL extract. Total phenolic and total
flavonoid content correlated significantly with total
antioxidant activity and free radical scavenging
capacity. AHAgNPs showed a strong antibacterial
and antifungal activity against the tested bacterial and
fungal strains. This may be due to the presence of
silver ions in AHAgNPs.
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