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The current study involves of the synthesis and characterization of silver nanoparticles using a methanol extract of Terminalia chebula |
fruit as a reductive and stabilizing agent. The UV-visible peak of the obtained silver nanoparticles was visible at 470 nm. The presence of |
the hydroxyl and primary amines functional groups was identified with FT-IR analysis. According to SEM and EDAX images, the
synthesized silver nanoparticles are primarily spherical and have a limited size distribution between 80 to 110 nm. The analysis of biosynthesized |
silver nanoparticles revealed the distinct peaks (signals), confirming the presence of silver metal. Among the tested bacteria, Salmonella |
sp. exhibited the least sensitivity to the green-synthesized silver nanoparticles, with a 4 mm inhibition zone, whereas higher inhibition |
zones were recorded for Staphylococcus aureus (6 mm), Escherichia coli (7 mm) and Bacillus cereus (6 mm). The biosynthesized silver |
nanoparticles exhibited a concentration-dependent enhancement in DPPH activity, with an average ICs, value of 794.07 pg/mL. The MTT
assay was also employed to study anticancer effects of biosynthesized silver nanoparticles on human-origin cancer cell lines (HeP-2, Vero |
and MDAMB-231). When tested against HeP-2, Vero and MDAMB-231 cell lines, varying concentrations of the biosynthesized silver |
nanoparticles (TC-ME AgNPs) showed the morphological degeneration, cytotoxicity and damage. However, they were more effective |
against HeP-2 cells and MDAMB-231 cells. The findings suggest that silver nanoparticles, which could be useful in a variety of biological |
applications, can be produced efficiently from plant resources. |
|
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INTRODUCTION digestive problems and long-term illnesses including diabetes
and heart disease [9,10]. There are few findings on the appli-
cations of T. chebula extracts for anticancer investigations
[11,12], especially against numerous cell lines, despite the fact
that they have previously been studied for their antibacterial
and antioxidant properties. In this study, the silver nanoparticles
was synthesized using an environmental friendly process and
thoroughly assessed their effectiveness in biological activities,
including cytotoxicity against the different cell lines e.g. HeP2
(laryngeal carcinoma), Vero (normal epithelial) and MDA-MB-
231 (breast cancer).

Nanotechnology centers around the creation, production
and control of particles measuring between 1 and 100 nm [1].
In this range of size, individual atoms and the associated bulk
material experience significant alterations in their chemical,
physical, mechanical and biological properties [2]. It is due to
their reduced size, particles which have higher surface area to
volume ratios. Nanoparticles made from plant extract have
gained significant interest lately attributable to their remarkable
properties and good range of uses in the water treatment, pharm-
aceutical applications, agriculture and crop protection, opto-

electronics, Plasmonic a.nfl catalysis [3-8]. . ' EXPERIMENTAL

The “King of Medicine,” Terminalia chebula, is prized
for its potent antibacterial, antioxidant and anti-inflammatory Terminalia chebula fruit extract preparation: AR grade
qualities. It has been shown to be effective in treating infections, ~ chemicals and solvents were procured from Sigma-Aldrich
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Chemicals, USA and the fresh T. chebula fruits were obtained
from the local market of Chennai city, India. In a sterilized and
dried 500 mL Erlenmeyer flask, 25 g of finely chopped fruit
was combined with 200 mL of methanol to obtain the fresh 7.
chebula fruit extract utilized for the reduction of Ag* ions to
Ag’. Before decanting, the mixture was chilled for 24 h at 2-8
°C. After that, extract was passed through Whatman No. 1 filter
paper and maintained at 4 °C for subsequent procedures.

Phytochemical analysis: Following established biochemi-
cal procedures [13], the methanolic extract of 7. chebula fruit
was analyzed to detect the presence of phytochemicals such as
coumarins, anthocyanins, quinones, carbohydrates, alkaloids,
glycosides, saponins, starch, steroids, proteins, organic acids,
phenols, terpenes, tannins, flavonoids, carotenoids, lignans,
essential oils, lectins and glucosinolates.

Synthesis of silver nanoparticles: In brief, the methanol
fruit extract 7. chebula (10 mL) and silver nitrate solution (90
mL, 1.0 mmol) in water were mixed thoroughly and then centri-
fuged at 10,000 rpm for 10 min under refrigerated conditions
(4 °C). The obtained pellet was kept in storage for additional
analysis [14]. Visually observable changes in reaction solution
colour from colourless to brown indicate the formation of AgNPs
during the reduction process [15-17].

Characterization: In the 300-800 nm range, the absorption
spectrum characteristics of fruit extract and the metal content were
investigated using a Perkin-Elmer Lambda-45 spectrophotometer.
The FT-IR analysis was carried out with a Shimadzu 8400 S
equipment at a resolution of 4 cm™" within the spectral range
of 4000-400 cm™. To assess the crystallinity and particle size
of the silver nanoparticles, XRD analysis was carried out with
Shimadzu Lab-X XRD-6000 system, utilizing CuKo. radiation
(A =1.540 nm) at 20-30 kV and 30 mA for diffraction analysis.
The scanning was conducted in continuous scan mode over a
20°to 90° range, with a scan rate of 0.24 sec per step. The morp-
hology using SEM with EDAX analysis was analyzed using a
SEM (JEOL JSM-6360, Japan) equipped with an EDX detector
(EDS, EDAX Inc., Mahwah, NJ, USA).

Antibacterial activity: The antibacterial activity of bio-
synthesized silver nanoparticles was assessed using the disc-
diffusion method [18]. Sterile discs were used and the sample
placed in a Petri dish for 2 h in order to promote adequate absor-
ption. After that, the produced discs were placed on MHA plates
that had already been seeded with bacterial strains. Following
an initial diffusion period of 1 h, the plates were incubated at
37°C for 24 h. Antibacterial activity was assessed by measuring
the diameter of the inhibition zones (in mm) using a standard
ruler. Ampicillin (10 pg/mL) was used as a reference antibiotic
for comparison.

Antifungal activity: On Sabouraud Dextrose agar (SDA),
the disc diffusion technique was used to assess the antifungal
properties of biosynthesized silver nanoparticles. A sterile swab
was used to distribute a fungal solution evenly across the surface
of Petri plates after the SDA was poured and then allowed to
solidify. Discs containing the sample and amphotericin B, the
positive control, were put on the agar. The antifungal activity
was next assessed by measuring the diameter of the inhibitory
zones during a 24 h incubation period at 37 °C [19].

DPPH radical scavenging assay: A slightly modified
method was employed to evaluate the overall capacity of AgNPs
to scavenge free radicals using the stable DPPH radical, which
has maximum absorption at 515 nm [20-22]. To make the DPPH
radical solution, 2.4 mg was dissolved in 100 mL of methanol.
For the antioxidant experiment, 5 UL of extract was treated with
3.995 mL of DPPH solution. After thorough shaking, it was
left at room temperature for 0.5 h in dark. A blank solution
containing DPPH without any antioxidant was employed as
control and the absorbance of the reaction mixture was meas-
ured by spectrophotometric measurement at 515 nm. The ability
to scavenge the DPPH radical was calculated using the following
formula:

mn —ab

DPPH scavenged (%) = x100

mn
where, mn is absorbance of blank at t =0 min; ab is absorbance
of the antioxidant at t = 30 min.

Superoxide dismutase assay (SOD): Superoxide dismut-
ase in tissue and cancer cells was measured using the reported
method [23]. The assay is based on the inhibition of nitro blue
tetrazolium formation from NADH-phenazine methosulphate.
The reaction commenced upon the addition of NADH. Anhy-
drous acetic acid was added at the 90 sec interval to terminate
the reaction. The colour produced at the end of the reaction
was measured at 520 nm using a spectrophotometer following
extraction into an n-butanol layer.

Cell line cultures: Cell lines MDA-MB-231, Hep-2 and
VERO were acquired from the King Institute of Preventive
Medicine & Research, Chennai, India. Cell cultures were main-
tained at 37 °C in MEM supplemented with 10% FBS, 100 U/
mL penicillin and 100 pg/mL streptomycin to maintain cell
growth. To promote the best possible cell growth, the incuba-
tion atmosphere was humidified with 5% CO..

In vitro cytotoxicity evaluation using MTT assay: After
being plated in 24-well plates, cells (1 x 10°/well) were incub-
ated at 37 °C with 5% CO, until confluence. After adding the
sample and incubating it for a full day, it was washed with either
serum-free minimum essential medium (MEM) or phosphate-
buffered saline (pH 7.4). Following 4 h of incubation with an
MTT solution (100 pL/well, 5 mg/mL), 1 mL of DMSO was
used to solubilize the formazan crystals. A UV spectrophoto-
meter was used to detect absorbance at 570 nm and ICs, was
graphically calculated.

RESULTS AND DISCUSSION

Phytochemical studies: The findings of a qualitative phyto-
chemical screening of a T chebula fruit methanol extract are
shown in Table-1. The presence of coumarin, flavonoids, quin-
ones, saponins, starch, steroids, acids, phenol, terpenes, tannins
and glycosides were detected in synthesized AgNPs, which play
a key role in ensuring the efficient of capping agent-mediated
stabilization of nanoparticles, as confirmed by the FT-IR spect-
rum [24]. Several bioactive compounds present in the plant
material were identified with the help of preliminary phyto-
chemical investigation. Consequently, 7. chebula fruit was
selected for the synthesis of AgNPs to assess its antibacterial,
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TABLE-1
PHYTOCHEMICAL RESULTS OF
METHANOL EXTRACT OF T. chebula FRUIT
S. No. Phytocompounds Results
1 Anthocyanine/batacyanine Present
2 Coumarines Present
3 Flavonoids Present
4 Glycosides Present
5 Phenols Present
6 Quinones Present
7 Tannins Present
8 Terpenoids Present
9 Steroids Present
10 Saponins Present
11 Alkaloids Absent
12 Carbohydrates Absent
13 Cardiac glycosides Absent
14 Proteins Absent
15 Starch Absent
16 Alkaloids Absent

antioxidant and anticancer properties, owing to the rich presence
of phytochemicals in the fruit [25].

UV-visible spectral studies: The formation of silver nano-
particles (AgNPs) from the methanolic extract of 7. chebula
fruit was affirmed by UV-Vis spectral spectroscopy. In resonance
with the light wave, the free electrons of AgNPs generate simul-
taneous electron vibrations, which induce surface plasmon
resonance (SPR) absorption. The SPR band of AgNPs may be
seen in Fig. 1 at 470 nm. With longer reaction times, the synth-
esis of nanoparticles increased quickly. A key factor in the
formation of symmetrical nanoparticles is the extract concen-
tration. It is assumed that the natural extract functions similarly
to a biological reducing agent because metal nanoparticles are
frequently created using chemical compounds by redox reaction.

Absorbance (a.u.)

300 400 500 600 700 800
Wavelength (nm)

Fig. 1. UV-Vis spectrum of biosynthesized silver nanoparticles

FT-IR spectral studies: The biomolecules responsible
for capping and stabilizing the silver nanoparticles synthesized
from the methanol extract of T. chebula fruit were characterized
through FT-IR analysis. In the FT-IR spectrum (Fig. 2), the
peak at 1630.47 cm™ represents the N-H bending of primary
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Fig. 2. FT-IR spectrum of biosynthesized silver nanoparticles

amines, whereas the O-H stretching vibration is detected at
3344.99 cm™. The C-N stretching due to the aromatic amine
groups is linked to the peak at 1237.67 cm™. Native proteins,
which have been demonstrated to interact with biosynthesized
AgNPs without altering their secondary structure, are repre-
sented by the absorption band at 1630 cm™, which is stretching
vibration of C=C bond [26,27]. The carbonyl groups present
in proteins and amino acid residues appear to have a high
propensity for interacting with metal ions, according to FT-IR
spectrum. This indicates that proteins play a role in encapsula-
ting AgNPs, preventing agglomeration and enhancing medium
stability [28].

XRD studies: The formation of crystalline phases in the
biosynthesized AgNPs was confirmed by powder XRD analysis.
The XRD pattern (Fig. 3) shows the diffraction signal exhibited
prominent peaks at 26 values of 44.0° and 64.50°, which are in
agreement with known phase patterns to the (200) and (220)
reflecting the distinct planes of a face-centered cubic silver
phase. As per standard JCPDS No. 04-0783, 20 values 38.07°,
44.29°, 64.44° and 77.34° corresponding to 111, 200, 220 and
311 planes. Surface oxidation may occur if the XRD sample
was prepared by drop-casting, slow drying, or storage before
to analysis. Due to the significant surface reactivity of nanosized
silver exposed to air and moisture, the XRD pattern displays
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Fig. 3. XRD spectrum of 7. chebula mediated silver nanoparticles
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dominating the peaks related to Ag,O rather than metallic Ag.
Itis commonly known that, especially at smaller particle sizes,
silver nanoparticles frequently form a thin Ag,O shell [29]. Nano-
scale effects and mild surface oxidation are responsible for
the observed decreased intensity and peak broadening, particu-
larly around 28.5° and 32.2° [30-32].

SEM-EDX studies: The nanoparticles formed from silver
metal were found to be spherical as confirmed from the SEM
image and EDX results (Fig. 4). An optical absorption peak
near 3 keV is commonly observed in metallic silver nanocrystals,
attributed to surface plasmon resonance effects [17,33]. The
spectrum indicates that the most prevalent element was silver
(45.71%), which was followed by carbon (37.55%) and oxygen
(12.86%).

Antibacterial activity: There are several ways in which
silver nanoparticles (AgNPs) demonstrate antibacterial activity.
They mostly stick to the membranes and cell walls of bacteria,
damaging the structure and making the membranes more perm-
eable, which eventually results in cell death. Furthermore, AgNPs
produce reactive oxygen species (ROS) that cause oxidative
stress in bacterial cells, such as hydrogen peroxide, superoxide
anions and hydroxyl radicals [34-38]. To assess the antibacterial
efficacy, the biosynthesized AgNPs were subjected to agar disc
diffusion assay against a selection of pathogenic bacteria. The
inhibition diameter shows the millimeter zone and AgNPs out-
performed AgNOs; solution and fruit extract in terms of activity
(taken as controls) (Table-2). Higher AgNPs concentrations
resulted in greater antibacterial activity. Salmonella spp. had
the lowest zone of inhibition (1.8 mm), while E. coli exhibited
the highest (7 mm). The results of this investigation are in line
with earlier studies on the antibacterial properties of AgNPs

— 500 nm —
QUANTA FEG 250 - VIT

WD mag [J

acuum | 9.8 mm | 100 000

[39]. The antibacterial effect may be ascribed to the exception-
ally small AgNPs generated by the methanolic extract of T.
chebula fruit extract, which possess a higher surface area than
their smaller counterparts, facilitating enhanced contact with
bacterial cell membranes and internal structures [40,41]. The
SEM results obtained in this experiment corroborated this expl-
anation.

Antioxidant efficacy: This study evaluated the antioxidant
efficiency of phytomediated AgNPs and the methanolic extract
of T. chebula fruit using the DPPH and FRAP assays, highligh-
ting their free-radical quenching activity. The results indicate
that the DPPH scavenging activity of both the extract and AgNPs
increased with concentration, consistent with the reported in
earlier studies [42]. The biosynthesized AgNPs had an inhibition
percentage of 61.9% for AgNPs at the maximum concentration
(Table-3). Moreover, the FRAP data revealed the fruit extract
and AgNPs of 124.54% and 132.29%, respectively. The adsorption
of bioactive components on the surface of the spherically shaped
AgNPs contributed to their superior antioxidant potential comp-
ared to the extract [43]. This effect may also be attributed to the
combined action of polyphenols as antioxidants and AgNPs
as catalysts [44].

The SOD enzymatic activity of 7. chebula fruit extract
(36.21 £ 4.25) and biosynthesized AgNPs (41.49 + 5.58) (U/
mg protein) highlights the applications of AgNPs compared
to the extract. At 1 pg/mL, treatment with AgNPs enhanced the
enzymatic activity of superoxide dismutase in Ricinus communis;
however, at 2 ng/mL, the SOD activity in plants treated with
AgNPs decreased. SOD activity and the rate of lipid oxidative
damage were found to be reveal an inverse association in the
present investigation. According to the research, cellular comp-

Fig. 4. SEM with EDX images of 7. chebula mediated silver nanoparticles

TABLE-2
ANTIBACTERIAL EFFICACY DATA OF BIOSYNTHESIZED SILVER NANOPARTICLES

Antimicrobial inhibition zone measured (mm)

Organism
500 pg/mL 750 pg/mL 1000 pg/mL Control
Staphylococcus aureus 4 mm 5 mm 6 mm 7 mm
Escherichia coli 4 mm 6 mm 7 mm 7 mm
Bacillus cereus 4 mm 5 mm 6 mm 8 mm
Salmonella sp. 1 mm 3 mm 4 mm 5 mm
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TABLE-3
DOSE-DEPENDENT ANTIOXIDANT POTENTIAL OF
SILVER NANOPARTICLES SYNTHESIZED
FROM T. chebula FRUIT EXTRACT

Dose (pg/mL) OD (517 nm) gﬁi‘i{ﬁ?ﬁ%
200 0.825 10.96
400 0.592 35.72
600 0.501 45.60
800 0.431 53.20
1000 0.351 61.88
Standard 0210 077.19

Blank OD = 0.921; ICy, = 794.07 pg/mL

onents may experience increased lipid peroxidation as an out-
come of decreased SOD enzymatic activity, which could cause
membrane damage [45,46].

Anticancer activity: The results from the in vitro cyto-
toxicity study conducted on the selected cell lines (Vero, Hep-

2 and MDA-MB-231) are summarized, which suggest that bio-
synthesized AgNPs have anticancer properties (Table-4). The
control group consisted of cells that were simply exposed to
culture medium. Following a 24 h exposure, the cytotoxic
effect of biosynthesized AgNPs against VERO, Hep-2 and
MDA-MB-231 cell lines is shown in Figs. 5-7. All the investi-
gated cell lines saw a concentration-dependent decline in cell
survival after a 24 h incubation with biosynthesized AgNPs;
the MDA-MB-231 cell line shown the highest sensitivity. The
ICs) values for biosynthesized AgNPs were 46.98 g/mL and
(for 24 h of Hep-2 cell line incubation) as opposed to 46.66
wg/mL (for 24 h incubation of MDAMB-231cell line). The
MDAMB-231 cell line was shown to be more responsive to
biosynthesized AgNPs than the Vero cell line. The physical
properties of biosynthesized AgNPs, including their size and
shape, are intimately linked to their anticancer potential. Due
to its higher surface-to-volume ratio, which encourages better

TABLE-4
IMPACT OF BIOSYNTHESIZED SILVER NANOPARTICLES ON DIFFERENT HUMAN CANCER CELL LINES

. Vero cell line HeP, cell line MDA-MB-231 cell line
Dose Concentration — — —
S. No. (ug/mL.) it Absorbance  Cell viability | Absorbance  Cell viability | Absorbance  Cell viability

(0.D) (%) (0.D) (%) (0.D) (%)
1 1000 Neat 0.41 75.92 0.09 10.84 0.10 11.11
2 500 1:1 0.44 81.48 0.15 18.07 0.18 20.00
3 250 1:2 0.46 85.18 0.22 26.50 0.26 27.88
4 125 1:4 0.49 90.74 0.30 36.14 0.33 36.66
5 62.5 1:8 0.51 94.44 0.39 46.98 0.42 46.66
6 31.2 1:16 0.52 96.29 0.46 55.43 0.53 58.88
7 15.6 1:32 0.53 98.14 0.55 66.26 0.64 71.11
8 7.8 1:64 0.53 98.14 0.63 75.90 0.71 78.88
9 Cell control — 0.54 100 0.83 100 0.90 100

T i )

Fig. 5. Dose-dependent cytotoxic response of Vero cells to 7. chebula mediated silver nanoparticles
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Fig. 6. Anticancer effect of 7. chebula mediated silver nanoparticles on HeP2 cell line

» A s

cellular contact and uptake, spherical AgNPs have shown incre-
ased cytotoxicity when compared to other morphologies [47-50].

Silver nanoparticles with sizes between 10 and 100 nm are
typically thought to be appropriate for anticancer applications
due to their effective permeability, transport and cellular uptake

Fig. 7. Anticancer impact of 7. chebula mediated silver nanoparticles on MDAMB231 cell line

properties [51]. Smaller sizes may be quickly released from
normal arteries and cause harm to healthy cells. According to
literature [52], AgNPs significantly affect the apoptosis of A549
lung cancer cells. The findings showed that AgNPs have anti-
cancer properties and dose-dependently decrease the viability
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of Hep-2 cancer cells. Thus, these findings seem encouraging
considering the strong antibacterial and anticancer properties
displayed by AgNPs.

Conclusion

This study examined the eco-friendly synthesis of silver
nanoparticles using the methanol extract of Terminalia chebula
fruit, followed by characterization and their biological activities.
The silver anoparticles formation was validated by UV-visible
spectroscopy, which showed an absorbance peak at about 470
nm. Functional groups like O-H and C-N were shown to be
involved in the stabilization and capping of the nanoparticles
by FT-IR analysis. A strong EDX signal featuring a significant
peak near 3 keV indicates a significant silver presence (45.71%)
and supports the formation of stable AgNPs, confirmed the
effective synthesis of silver nanoparticles. Although the anti-
oxidant ICs, values and antibacterial zone of inhibition indi-
cated moderate performance, the biological assays showed that
the synthesized AgNPs possess considerable antioxidant, anti-
bacterial and anticancer activities. Notwithstanding certain
drawbacks, including the lack of thorough mechanistic research
and partial oxidation effects, this green synthesis method presents
a viable and sustainable way to synthesize silver nanoparticles
for use in pharmaceutical and biological applications.
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