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Green synthesis and characterization of silver nanoparticle using M.indica
and their anticancer activity against MCF-7
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KEYWORDS ABSTRACT:

This work provides a safe, affordable and eco-friendly method for synthesizing silver nanoparticles (AgNPs)
from leaves of Mangifera indica. The noticeable shift in colour from pale yellow to reddish-brown signifies a
fast synthesis of AgNP. Validation of AgNPs was confirmed by a UV-Visible spectrum, FTIR, and DLS
analysis. X-ray diffraction confirms the crystalline nature of AgNPs, and FESEM images show spherical,
agglomerated nanoparticles. EDX analysis confirms metallic silver with elemental constituents of 50.03%
silver and 49.97% oxygen, affirming successful silver ion reduction, that indicates good efficacy of M. indica
leaf extract as a capping agent. AgNPs exhibited good inhibition zone against E. coli, Streptococcus sp, and
Staphylococcus sp (15 mm, 13 mm & 14 mm). AgNPs indicating potent cytotoxicity on MCF-7 breast cancer
cells, with a significant 14% reduction in cell viability at 250 pl.

AgNPs, M. indica,
FTIR, FESEM and
MCF-7.

1. Introduction

Greenly synthesised silver nanoparticles, or AgNPs,
have a lot of applications in engineering, bioenergy,
medicine, and bioremediation, among other areas. Their
shape, size, optical and electrical properties, catalytic
activity, and high surface area-to-volume ratio are among
the attributes that drive their uses [1, 2]. Green
nanotechnology provides an eco-friendly approach to
synthesis functional nanoparticles such as iron, silver,
and gold using plants, algae, and microorganisms. Plant-
mediated green synthesis utilizes natural compounds like
phenols, flavonoids, and alkaloids as reducing and
stabilizing agents [3]. M. indica have phytochemicals
like polyphenols, terpenoids, vitamins, and amino acids
with various biological activities. These activities
include antioxidant, antidiabetic, anti-inflammatory,
antimicrobial, and anticancer properties.

2. Objectives

This research focuses on synthesizing AgNPs from
Mangifera indica, investigating their physical and
chemical characteristics, examining their antibacterial
and anticancer effects.
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3. Methods

Preparation of Mangifera indica aqueous extract
Fresh M. indica leaves were collected from Pattanam,
Coimbatore, and taxonomic authentication was done at
the Botanical Survey of India, Coimbatore, India (No:
BSI/ SRC/ 5/ 23/ 2022/ Tech/ 144). The fresh leaves were
washed with running tap water and shade dried. The
aqueous leaf extract of M. indica was prepared [4].
Biosynthesis of AgNPs

Silver nanoparticles (AgNPs) were produced by mixing
10 mL of the filtrate with 90 mL of a 1 mM silver nitrate
(AgNO:s) solution, and the mixture was kept in the dark
for 24 h at room temperature to promote the reduction of
silver ions. The successful synthesis of AgNPs was
verified through UV-visible spectroscopy, which showed
distinct absorption peaks characteristic of the
nanoparticles [5].

Characterization of AgNPs

UV-Vis spectral analysis was performed with the
Shimadzu UV-1700 UV-Visible spectrophotometer,
which has a resolution of 1 nm and operates within the
range of 200 to 800 nm. The functional groups in the
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silver nanoparticles (NPs) derived from M. indica were
analyzed using the FTIR-Shimadzu IR Affinity Model
1S, a double-beam spectrometer with a wavenumber
range of 4000 cm™ to 400 cm™ & a resolution of 10cm™
Dynamic light scattering was conducted using Malvern
Instrument to determine the average size and zeta
potential of the AgNPs. The crystalline structure of the
synthesized AgNPs was verified through X-ray
diffraction. The structural morphology of the
biosynthesized AgNPs was examined using field
emission scanning electron microscopy (Zeiss FESEM
SIGMA VP 03-04 model). Additionally, energy-
dispersive X-ray spectroscopy (EDX) was utilized to
analyze the elemental composition of the M. indica
AgNPs.

In Vitro Susceptibility Test

The antibacterial activity of AgNPs against human
pathogens, which include Gram-positive bacteria (such
as Bacillus sp., Staphylococcus aureus, and
Streptococcus sp.) and Gram-negative bacteria (like
Escherichia coli and Serratia sp.), was assessed using the
agar-well diffusion technique. The pathogenic strains
were spread on Mueller-Hinton agar using a sterile
cotton swab. The wells were loaded with 40 pul and 50 ul
of M. indica AgNPs, with tetracycline as a control. The
zone of inhibition was observed after 24 h of incubation
at 37°C.

In vitro cytotoxicity assay

AgNPs from M. indica were evaluated on MCF-7 cells
using the MTT assay. The ICsqp was determined by
plotting concentration (ug/mL) against cytotoxicity (%).
Cell imaging was carried out to determine cytotoxicity
and cell viability through inverted phase-contrast
microscopy.

4. Results and Discussion

Biosynthesis of AgNPs

The aqueous leaf extract of M. indica interacts with
AgNO:s, resulting in color changes from light yellow to
reddish brown, then to dark brownish-black, and finally
to grey over the course of 24, 48, and 72 h, respectively.
This indicates the production of silver nanoparticles
(Figure 1a & b). The conversion of Ag* ions to AgP
nanoparticles is facilitated by functional groups such as
O-H and =C-H found in various parts of the plant,
including the bark, peel, callus, leaves, flowers, fruits,
stem seeds, and rhizomes[6]. These findings were
aligned with [5].
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Figure 1: Synthesis of M. indica AgNPs

a) Control -1mM AgNOs

b) Sample -1mM AgNOzs + aqueous extract
Characterisation of AgNPs
The presence of silver nanoparticles (AgNPs) was
confirmed by a broad peak at 457 nm, with the peak's
widening indicating polydispersity due to variations in
size, shape, and aggregation (Figure 2). AgNPs are
typically exhibit a UV—Visible absorption between 400—
500 nm attributed to surface plasmon resonance [7]. This
SPR absorption peak is a result of the free electrons
found in noble metals such as silver and gold [8].
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Figure 2: UV-Visible absorption spectrum of
AgNPs from M. indica

Fourier Transform Infrared Spectrometer (FTIR)
The FTIR analysis showed that the prominent absorption

bands at 1699.29 cm™, 1537.27 cm™!, and 682.80 cm™!
corresponded to the stretching vibrations of C=0 in
conjugated aldehydes, N-O in nitro compounds, and C—
Br in halo compounds, respectively. Additionally, the
distinct band at 3595.31 cm™ was attributed to the O—H
stretching characteristic of alcohol (Figure 3). This study
revealed presence of diverse functional groups on the
nanoparticle surface suggesting, stability through
bimolecular capping via electrostatic interactions that
also responsible for silver ion reduction [9] investigated
the above similar findings.
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Figure 3: FTIR spectrum of AgNPs

DLS

DLS was used to analyse the average size, charge and
stability of the biosynthesized silver nanoparticles. The
results showed an average particle size of 63.88 nm with
a PDI of 0.280 (Figure 4). The zeta potential of —16.4
mV indicates strong surface charges of the capping
materials in stabilizing the AgNPs. Particles with a zeta
potential higher than + 30 mV and lower than — 30 mV
are indicative of stable NPs [3]. The higher zeta potential
charges confirmed the long-term stability and repulsion
force of the nanoparticles. The electrostatic repulsive
forces between the nanoparticles upon being negatively
charged may prevent aggregation, which thereby
increases the stability of AgNPs [10].
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Figure 4: DLS-Based Size and Zeta Potential Analysis
of AgNPs

X -Ray Diffraction

The crystalline nature of silver nanoparticles was
identified by XRD diffraction analysis (Figure 5). The 26
diffraction peaks observed at 38.78°, 44.14°, 64.67° and
78.30° corresponds to (111), (200), (220) and (311)
planes, respectively. Silver typically exhibits a face-
centred cubic (FCC) structure. The characteristic peaks
for silver in an XRD pattern correspond to specific planes
of the crystal lattice (e.g., (111), (200), (220) and (311).
The same related finding was reported by [11].
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Figure 5: Crystalline Structure of Biogenic AgNPs by
XRD

Field Emission Scanning Electron Microscopy
(FESEM)

Field Emission Scanning Electron Microscopy (FESEM)
is an advanced high-resolution imaging technique used
to study the surface morphology, size, and distribution of
silver nanoparticles. Two different magnification levels,
250,000x and 350,000x, were employed to analyse the
topography and shape of the crystalline C-Ag
nanoparticles. FESEM revealed agglomerated, spherical-
shaped C-Ag NPs with a size of approximately 100 nm
(Figure 6).
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Figure 6: Topographical Characterization of AgNPs
using FESEM

Energy Dispersive X-Ray (EDX)

The EDX spectrum shows a strong signal at 3 keV,
confirming the presence of silver. The elemental
composition of the nanoparticles was 50.03% silver and
49.97% oxygen (Figure 7), indicating that the M. indica
leaf extract served as a capping agent on the AgNPs.
Similar results were reported [9].
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Figure 7: Elemental Composition Analysis of AgNPs
Using EDX
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Antimicrobial Susceptibility Profiling of M. indica
AgNPs

The AgNP (50 pL) showed the strongest antibacterial
effects, resulting in inhibition zones of 15 mm for E. coli,
13 mm for Streptococcus sp., and 14 mm for
Staphylococcus sp (Figure 8) In contrast, the lowest
antibacterial activity was observed at 40 pL, with
inhibition zones of 9 mm for Bacillus sp. and 7 mm for
Serratia sp. Antibacterial efficacy is influenced by
nanoparticle concentration, bacterial species, and the
enchanced reactivity of small particles, which generate
more H»O;, induce oxidative stress, and cause apoptosis,
leading to enhanced bactericidal effects [12].
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Figure 8: Antibacterial Sus
M.indica AgNPs
Anti-neoplastic Potential of M. indica AgNPs on
MCF-7

sp.

ceptibility

AgNPs exhibited a dose-dependent cytotoxic effect on
the MCF-7 breast cancer cell line. At a concentration of
250 pL, cell viability dropped to 14% (Figure 9). Cell
viability significantly decreasing as the concentration
increases. The 1Csp was found to be 28.9 uL, and
complete cell death occurred at concentrations of 200 puL
and 250 pL. The AgNPs derived from M.indica have
potent cytotoxic effects on MCF-7, aligning with earlier
research [13].

a) Control

b) AgNPs of M.indica
Figure 9: Anti-neoplastic Potential of M. indica
AgNPs on MCF-7

Conclusion

This study successfully synthesized silver nanoparticles
(AgNPs) using M. indica leaf extract, evidenced by a
color change over 72 h. The nanoparticles were
characterized by UV-Vis, FTIR, DLS, XRD, FESEM,
and EDX, confirming their stability, crystalline nature,
and spherical shape. The AgNPs exhibited strong
antibacterial activity, particularly at 50 uL, and exhibited
a dose-dependent cytotoxic effect on the MCF-7 breast
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cancer cell line, with complete cell death at higher

concentrations. The findings highlight the significant

antibacterial and anticancer potential of M.indica-
derived AgNPs, supporting their potential use in
biomedical applications.
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