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ABSTRACT
Background: Green-synthesized nanoparticles offer eco-friendly advantages over physical and 
chemical methods, utilizing plant extracts as natural capping, reducing and stabilizing agents. 
While Secamone emetica is renowned for its traditional medicinal applications, its potential in 
green nanoparticle synthesis remains unexplored, offering a promising avenue for research. 
Objectives: This study aimed to synthesize silver Nanoparticles (AgNPs) using aqueous leaf and 
stem extracts of Secamone emetica and evaluate their antioxidant, anti-diabetic and anti-cancer 
properties. Materials and Methods: The aqueous extracts of S. emetica Leaf (SL) and Stem (SS) 
were used for the green synthesis of AgNPs. The bio-reduction of silver ions by these extracts 
was validated through UV-visible spectroscopy, X-ray Diffraction (XRD), Scanning Electron 
Microscopy (SEM) and Fourier-Transform Infrared Spectroscopy (FTIR). Antioxidant activities 
were evaluated using DPPH+ and ABTS˙+ radical scavenging assays. The anti-diabetic potential 
was evaluated through α-amylase and α-glucosidase inhibition assays. Cytotoxic effects on 
MCF-7 breast cancer cell lines were assessed at 100 µg/mL concentration. Results: SL-AgNPs 
exhibited higher antioxidant activity compared to SS-AgNPs in both DPPH+ and ABTS˙+ 
assays. In anti-diabetic assays, SL-AgNPs demonstrated 70.1% α-amylase inhibition and 68.4% 
α-glucosidase inhibition, outperforming SS-AgNPs, which showed 59.3% and 57.6% inhibition, 
respectively. In the anti-cancer assay, SL-AgNPs exhibited a cytotoxicity of 62.5% against MCF-7 
cells, whereas SS-AgNPs showed 50.8% inhibition. Conclusion: These findings highlight the 
potential of green-synthesized SL-AgNPs and SS-AgNPs as effective antioxidant, anti-diabetic 
and anti-cancer agents.

Keywords: Secamone emetica, Silver nanoparticles, Antioxidant activity, Anti-diabetic, 
Anti-cancer, cytotoxicity.

INTRODUCTION

Nanotechnology is a dynamic and rapidly evolving field with wide 
applications in science and technology.[1] Nanoparticle-based 
therapies provide targeted delivery, reducing the demand for high 
doses and minimizing side effects.[2] Traditional methods such 
as physical, thermal, hydrothermal and chemical approaches 
are expensive, hazardous and dependent on toxic chemicals. 
Consequently, attention has been  directed towards green 
synthesis, an eco-friendly alternative that utilizes biological 
resources for the efficient formulation of Nanoparticles (NP). 
This eco-friendly approach emphasizes the practice of renewable 

and environmentally benign compounds as reducing and capping 
agents.[3]

The oxidation-reduction properties of plant extracts, which 
include bioactive compounds such as alkaloids, polyphenols, 
terpenoids, sugars and proteins, play a critical role in reducing 
and stabilizing metal ions. These compounds also act as topping 
agents, facilitating nanoparticle production.[4] Among metallic 
nanoparticles, silver Nanoparticles (AgNPs) are less toxic to 
mammalian cells than other types. Their modest size enables 
them to penetrate through cell membranes effortlessly, making 
them potent antimicrobial agents.[2]

In the view of Bedlovikova et al., the coating of flavonoids, 
phenolics and terpenoids on the top of AgNPs, enables their 
function as singlet oxygen quenchers, hydrogen donors and 
reductants, thereby enhancing their antioxidant capacity 
compared to plant extract.[5] Additionally, green-synthesized 
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silver nanoparticles have demonstrated promising potential 
in managing and balancing metabolic and health disorders, 
including diabetes mellitus, arthritis, neurodegenerative diseases 
and various cancers, by acting as antioxidant agents.[6] In this 
context, plants from the family Apocynaceae have been treasured 
for potent supplies of multiple alkaloids and their endorsed 
medicinal properties.[7,8]

Secamone emetica an endemic plant of the Apocynaceae family 
has been conventionally used in folk medicine to treat headaches, 
leucorrhoea, fever and dysentery. Notably, the Paliyan tribes of 
the Sirumalai Hills have also utilized this plant to treat nervous 
disorders.[9,10] Phytochemical studies on S. emetica revealed 
the presence of metabolites like flavonoids, alkaloids, phenols, 
terpenoids, tannins and glycosides.[11] While milky latex contains 
several secondary metabolites rich in hydrocarbon content.[12] 
Sini et al., (2010) reported the antioxidant capacities of the plant’s 
fruits and leaves.[13] In spite of its notable potential, research on 
the green synthesis of nanoparticles from Secamone emetica and 
their biological activities remains surprisingly unexplored. Thus, 
this work creates new ground by being the first to showcase 
green-synthesized nanoparticles from Secamone emetica and 
highlights their remarkable potential in antioxidant, anti-diabetic 
and anticancer activities.

MATERIALS AND METHODS

Collection and authentication of Plant

Plant materials were gathered from Palamalai (11º45´latitude and 
77º44´longitude, at an altitude of 1050-1100M above Mean Sea 
Level), Mettur, Erode District, Tamil Nadu, India. The specimen 
was botanically identified and authenticated at the Botanical 
Survey of India (BSI), Southern Circle, Coimbatore, Tamil Nadu, 
India with the voucher specimen number BSI/SRC/5/23/2022/
Tech.528.

Preparation of extract

The leaves and stem of S. emetica were separated and rinsed softly 
with tap water to clear adhering dust soil particles and surface 
sterilized with 0.1% Sodium Hypochlorite (NaOCl) for 2 min, 
afterwards washed three times with distilled water and shade 
dried at ambient room temperature. The dried materials were 
powdered using an electronic blender. 25 g of leaf powder was 
combined with 250 mL of distilled water and heated at 80ºC for 
3 hr with continuous stirring. Subsequently, the mixture was 
strained with Whatman filter paper no. 1 and the resulting extract 
was kept at 4ºC for further analysis.

Preliminary phytochemical analysis

A preliminary phytochemical assessment was carried out to 
identify various phytoconstituents such as alkaloids, flavonoids, 

phenols, tannins, terpenoids, steroids, coumarins, saponins, 
quinine, anthraquinone and glycosides in the leaves and 
stem aqueous extract of Secamone emetica using standard 
procedures.[14-17]

Green Synthesis of Silver Nanoparticles (AgNPs)

The previously prepared aqueous leaf and stem extract of S. 
emetica was used for the green synthesis of silver nanoparticles. 
A total of 10 mL of extract was combined with 90 mL of 1 mM 
silver nitrate solution, which was then heated at 80ºC for 3 hr with 
continuous stirring. The color change from yellow to dark brown 
indicates the development of AgNPs. The green-synthesized 
nanoparticles were then separated by centrifugation at 15,000 
rpm for 20 min. The resulting pellet was dried and stored at 4ºC 
until further analysis.[18]

Characterization of Silver Nanoparticles (AgNPs)
UV-vis Spectroscopic Measurements

The plasmon-resonance properties of the developed Silver 
Nanoparticles (AgNPs) were examined using UV-vis 
spectroscopy. The transformation of silver nitrate with S. emetica 
extract was monitored using an HMG Labtech SPECTR Ostar 
Nano spectrophotometer. Measurements were conducted over a 
wavelength range of 220-700 nm with a resolution of 1 nm.

XRD Analysis

The crystalline nature of AgNPs was evaluated by X-ray 
Diffraction (XRD) investigation. Fine powdered SL-AgNPs and 
SS-AgNPs were drop-coated on an XRD grid to make a thin film. 
The diffraction patterns were noted using a Rigaku-Ultima IV 
diffractometer in Cu-Kα radiation (λ=0.154178 nm) at ambient 
temperature in a 2θ range of 7 to 80º, at a scan rate of 0.2º/min. 
with a time constant of 2 s in 2 hr.

Scanning Electron Microscopy

SEM analysis was executed to examine the shape, size and surface 
area of the AgNPs. After 15 min of ultrasonication at room 
temperature, one drop of the sample was deposited onto the 
AgNP solutions. The glass slide was coated in gold after drying 
and it was then examined under an SEM (Zeiss Evo-MA 10, 
Germany).

Fourier Transform Infrared (FT-IR) Analysis

The functional group involved in the reduction and capping 
of AgNPs was analyzed using n FTIR spectrophotometer 
(PerkinElmer Spectrum Version 10.4.00, M/s PerkinElmer Co., 
Waltham, Massachusetts) via the KBr pellet method. The FTIR 
spectrophotometer operated within a scanning range of 4000-400 
cm-1, with a spectral resolution of 1 cm-1.
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Antioxidant Activity
DPPH+ Free Radical Scavenging Assay

The antioxidant ability of the aqueous leaf and stem extract was 
assessed using the DPPH radical scavenging method. Specifically, 
100 μL of varying levels of SL-AgNPs and SS-AgNPs, along with 
the standard (ascorbic acid) at concentrations of 10, 20, 50, 75, 
100 and 150 μg/mL, were mixed with 100 μL of DPPH (0.1 mM 
in 80% ethanol) and allowed to incubate in the dark at Room 
Temperature (RT) for 30 min. The absorbance of the resulting 
mixtures was quantified at 517 nm using a spectrophotometer, 
with 80% ethanol serving as the blank. The DPPH free radical 
scavenging activity percentage was estimated with the following 
formula:

% of DPPH radical scavenging ability =[(Abs of control × 
100-Abs of sample)/Abs of control].

The IC50 values for both the extract and nanoparticles were 
obtained from the graph using the equation Y=mX and the linear 
regression coefficient.

ABTS˙+ Free Radical Scavenging Assay

The ABTS radical scavenging activity of multiple concentrations 
of the SL-AgNPs and SS-AgNPs was determined using a standard 
protocol. A stock solution of ABTS was formulated by mixing 
7 mM ABTS with 2.45 mM potassium persulfate, followed by 
incubation in the dark for 16 hr at room temperature. The working 
solution was then prepared by diluting the stock solution with 
methanol until an absorbance of approximately 0.85±0.20 at 734 
nm was achieved. Subsequently, 20 μL of varying concentrations 
of SL-AgNPs and SS-AgNPs (10, 20, 50, 75, 100 and 150 μg/
mL) were mixed with 180 μL of the ABTS test solution. After 
allowing the mixture to sit for 30 min at room temperature, 
the absorbance was measured at 734 nm using a BMG Labtech 
spectrophotometer, with ascorbic acid serving as the standard. 
The percentage of ABTS free radical scavenging activity was 
determined by the following formula:

% of ABTS radical scavenging =[(Abs of control × 100 − Abs 
of sample) /Abs of control] × 100.

In vitro Anti-Diabetic Assay
Inhibition assay for α-amylase activity

α-Amylase was pre-incubated with the extract at different 
concentrations (50-200 µg/mL) and the reaction was started 
by adding 0.5% starch solution as the substrate. The process 
was conducted for 5 min at 37ºC and then stopped by adding 2 
mL of DNS (3,5-dinitrosalicylic acid) reagent. The mixture was 
subjected to heating for 15 min at 100ºC and then diluted with 
10 mL of distilled water immersed in an ice bath.[19] The activity 

of α-amylase was calculated by measuring the absorbance at 
540 nm. The IC50 value was determined as the concentration of 
the α-amylase inhibitor required to inhibit 50% of the enzyme's 
activity under these assay conditions.

Inhibition assay for α- glucosidase activity

α-Glucosidase (0.075 units) was combined with the extract at 
varying concentrations (50-200 µg/mL). The reaction was started 
by adding 3 mM p-Nitrophenyl Glucopyranoside (pNPG) as the 
substrate.[19] The mixture was maintained at 37ºC for 30 min, after 
which the reaction was stopped by including 2 mL of Na2CO3. 
The α-glucosidase activity was assessed by measuring the release 
of p-nitrophenol from pNPG at 400 nm. The IC50 value was 
determined as the concentration of the α-glucosidase inhibitor 
required to inhibit 50% of the enzyme's activity under the assay 
conditions.

Cytotoxicity study on Cancer cell line by MTT assay 
(MCF-7 Cancer Cell line)

The MCF-7 Human breast cancer cell line was procured 
from NCCS, Pune, India. The cells were cultivated in DMEM 
low glucose media enriched with 10% FBS, along with 1% 
antibiotic-antimycotic solution, in an atmosphere of 5% CO2 and 
18-20% O2 at 37ºC in a CO2 incubator. The cells were sub-cultured 
every 3 days.

For the experiment, 200 μL of cell suspension was brought into a 
96-well plate at a cell density of 20,000 cells per well, with no test 
agent added. The cells were allowed to grow for approximately 24 
hr. Appropriate concentrations of SL-AgNps and SS-AgNps (6.25, 
12.5, 25, 50 and 100 µg/mL)) were then included and the plate 
was maintained at 37ºC for 24 hr in a 5% CO2 atmosphere.

Following the incubation period, the plates were taken out from 
the incubator, the spent media was discarded. MTT reagent was 
introduced to achieve a final concentration of 0.5 mg/mL in the 
complete volume. The plates were wrapped in aluminium foil to 
prevent light exposure and returned to the incubator for a 3 hr 
incubation.

After incubation, the MTT reagent was removed and 100 μL of 
solubilization solution (DMSO) was added. Mild agitation on a 
gyratory shaker was applied to facilitate dissolution. From time to 
time, pipetting up and down was essential to completely dissolve 
the MTT formazan crystals, particularly in dense cultures. The 
absorbance was then measured on a spectrophotometer or ELISA 
reader at a wavelength of 570 nm.[20,21]

The cell viability percentage was calculated using the formula:

% cell viability =[Mean absorbance of treated cells / Mean 
absorbance of untreated cells] x 100.
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Statistical Analysis

The experiments were performed in triplicates and denoted 

as mean±standard deviation. For graphical representation, 

GraphPad Prism 10.3.1 (509) were used.

RESULTS AND DISCUSSION

This study explored the biosynthesis of Secamone emetica silver 
nanoparticles (Se-AgNPs) and evaluated the  nanoparticles' 
anti-oxidant, anti-diabetic capacity  using the aqueous of S. 
emetica.

Figure 1:  Schematic diagram illustrating the synthesis of silver nanoparticles using the leaf and stem extract of Secamone emetica.

Figure 2:  UV spectra of (a) SL-AgNPs and (b) SS-AgNPs.
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Phytochemical Analysis

Various phytochemical compounds found in the aqueous extract 
of S. emetica, which contribute to the reduction and capping of 
silver nanoparticles, were qualitatively analyzed. Phytochemical 
screening showed that the leaf and stem extract of S. emetica 
contains notable phytoconstituents, as represented in Table 1. 
Our results exhibited slight variations from those described by 
Vaiyapuri et al., (2015), particularly by the presence of tannins.[11] 
These phytoconstituents are accountable for reducing silver 
ions and acting as capping agents, preventing the aggregation of 
nanoparticles and enhancing their stability.[22]

Characterization of Se-AgNPs

After 24 hr of reaction time, the bio-reduction process of Ag+ to 
Ag0 by phytoconstituents in leaf and stem extracts of S. emetica 
was validated by the color variations from dark red to brown 
color, as show in Figure 1. A similar pattern of color changes was 
noted in the AgNPs from the leaf extract of Ctenolepis garcini.[23]

UV/visible Spectrum Analysis

The green synthesis of AgNps was confirmed by UV-vis 
spectroscopic analysis. The appearance of an absorbance peak 
around 420 nm in SL-AgNPs and 450 nm in SS-AgNPs specifies 
the formation of silver Nanoparticles (AgNPs) in the solution, 
attributed to the Surface Plasmon Resonance (SPR) of electrons 
existing on the nanoparticle surface,[24] as shown in Figures 2a 
and 2b. The observed peak values correspond with prior findings 
that reported an SPR peak at 415 nm for AgNPs using the 
Ctenolepis garcini plant extract[23] and an SPR peak at 440 nm for 
AgNPs from Combretum indicum extract.[25] Similarly, AgNps 

Figure 3:  XRD graph patterns of (a) SL-AgNPs and (b) SS-AgNPs.

Table 1: Preliminary Phytochemical screening of aqueous extracts of 
stem of Secamone emetica.

Phytoconstituents Aqueous leaf extract Aqueous Stem 
extract

Tannins + +
Flavonoids - -
Alkaloids + +
Triterpenoids - -
Phenols + +
Saponins - -

from Trachyspermum ammi and Papaver somniferum exhibited 
SPR vibrations at 430 nm.[26] The variations in peak values across 
studies may be directly aligned with the bio-reduction potential 
of the respective samples.

X-ray Diffraction (XRD) Analysis
The AgNPs were subjected to powder X-ray Diffraction (XRD) 
analysis for phase determination of the crystalline structure of 
nanoparticles. Examination of the graph for SL-AgNPs (Figure 
3a) revealed strong peaks at 2θ values of 27.90º, 32.34º, 38.22º, 
44.47º, 46.19º, 54.89º, 57.51º, 64.52º, 67.52º, 74.49º, 76.91º, 81.78º 
and 85.72º. Among these, six peaks at 38.22º, 44.47º, 64.52º, 
76.91º, 81.78º and 85.72º at 2θ were matched with (111), (200), 
(220), (311), (222), (400) reflections respectively, indicating the 
face-cantered cubic (FCC) structure of metallic silver.

Similarly, for SS-AgNps (Figure 3b) strong peaks were observed 
at 2θ values of 27.85º, 32.203º, 38.105º, 44.293º, 46.217º, 54.823º, 
57.475º, 64.475º, 64.417º, 77.417º and 81.693º. Among these, 
2θ values at 38.105º, 44.293º, 64.475º,64.417º, 77.417º and 81.693º 
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correspond to the (111), (200), (220), (311) and (222) reflections 
respectively, confirming FCC structure of metallic silver.

These distinctive peaks in both SL-AgNPs and SS-AgNPs confirm 
that the synthesized nanoparticles are composed of pure crystalline 
silver, as validated by assessment with JCPDS file no. 04-0783. 
Additionally, AgNPs synthesized using Ctenolepis garcini, Eruca 
sativa and Spinacia oleracea extracts exhibited nearly similar 
strong peaks at 27.94º, 32.36º, 46.36◦ and 56.28º.[23,27]

Additional, yet unassigned peaks were detected indicating that 
the crystallization of bio-organic phase occurs on the top of the 
silver nanoparticles.[28,29] The sharp peaks in the XRD patterns of 
SL-AgNPs and SS-AgNPs indicated that the AgNPs synthesized 
in the nano-regime have a crystalline nature.[30]

The size of the AgNPs was determined from the XRD pattern 
based on the line width of the peak with the highest intensity. 
The average crystal size (D) was calculated using the Scherrer 
equation:

D = (0.9 λ)/(β cos θ)

where D represents the mean particle size, λ indicates the 
wavelength of the X-ray source, 2θ º is the Bragg’s angle and β is 
the corrected Full Width at Half Maximum (FWHM) in radians. 
The average size of SL-AgNps and SS-AgNPs is approximately 
11.85 nm and 14.82 nm, respectively. Similarly, the mean crystal 
size of AgNPs from Perilla frutescens was determined to be 15 
nm.[31]

Scanning Electron Microscopy (SEM)

The morphology and size of green-synthesized SL-AgNPs and 
SS-AgNPs were studied using SEM. As observed in Figures 
(4a and 4b) nanoparticles predominantly exhibited spherical 
and ellipsoidal shapes, with irregular granulation and minimal 
aggregation. The aggregation of nanoparticles observed is likely 
due to solvent evaporation during sample preparation.[32,33] These 
results are consistent with previous studies.[18,31]

Fourier-Transformed Infrared spectroscopy (FT-IR)

FT-IR analysis was conducted to identify the potential 
biomolecules in the Secamone emetica leaf and stem extract. 
FT-IR spectra of leaf extract and synthesized SL-AgNPs are 
displayed in Figures (5a and 5b). In the leaf extract (Figure 5a), 
the most significant peaks were observed at 3353 cm-1, 2928 cm-1, 
1718 cm-1, 1606 cm-1, 1516 cm-1, 1452 cm-1, 1381 cm-1, 1277 cm-1, 
1165 cm-1, 1122 cm-1, 1065 cm-1. For the SL-AgNPs (Figure 5b), 
prominent peaks were observed at 3357 cm-1, 2924 cm-1, 2858 
cm-1, 1720 cm-1, 1632 cm-1, 1452 cm-1, 1381 cm-1, 1261 cm-1, 1045 
cm-1, respectively. Both the spectra showed similarities,  in the 
leaf extract the band at 3353 cm-1, assigned to OH stretching of 
alcohols and phenols,[34] shifted to 3357 cm-1 in the SL-AgNPs 
spectrum. These shifts may indicate small modifications in bond 
stretching or bending vibrations as the biomolecules adapt to 
their new role as capping agents, stabilizing the nanoparticles and 
preventing aggregation.[35] A shift is also observed for a peak at 
2928 cm-1 dedicated to the OH stretch of phenolic compounds 
in leaf extract, moving to 2924 cm-1 in the SL-AgNPs band. The 
peak at 1380 cm-1 corresponded to C-N stretching vibrations 
or O-H bending vibrations of both phenols or carboxylic acids, 

Figure 4:  Scanning electron microscope (SEM) images of (a) SL-AgNPs and (b) SS-AgNPs.
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which were observed in both spectra.[36] The stretching at 1122 
cm-1 in plant extract specifies the occurrence of heterocyclic 
compounds, such as alkaloids and flavonoids.[37] The strong band 
at 1065 cm -1 in plant extract likely corresponding to the ether 
linkages of flavanones,[38] shifts to a lower frequency of 1045 cm-1 
in the SL-AgNPs band, indicating C-O, alkene and other aliphatic 
stretching.[39]

In the stem extract (Figure 6a) the peaks observed at 3281 cm-1, 
2921 cm-1, 1637 cm-1, 1384 cm-1, 1255 cm-1, 1074 cm-1, 1043 
cm-1. For the SS-AgNPs (Figure 6b), the peaks were observed 
at 3740 cm-1, 3340 cm-1, 2978 cm-1, 2371 cm-1, 1781 cm-1, 1639 
cm-1, 1516 cm-1, 1405 cm-1, 1240 cm-1, 1093 cm-1, 914 cm-1, 714 
cm-1. From the data. it is evident that both spectrums primarily 
show slight variations in the  intensity of functional groups, 
indicating chemical changes that arose during the nanoparticle 
formation. The band at 3281 cm-1 in stem extract and 3740 cm-1 
in the SS-AgNPs is assigned to the OH group,[40,41] representing 
polyphenols or alcohols. Literature indicates that phenolic acids 
serve as both reducing agents and stabilizers in the synthesis 
of nanoparticles.[42] C-H stretches were  observed at 2921 cm-1 
(in stem extract) and 2978 cm-1(in SS-AgNPs) which represent 
alkanes or hydrocarbons.[43,44] The strong C-O stretches at 
1255cm-1 and 1074cm-1 in the extract and 1240 cm-1 and 1093 cm-1 
in the SS-AgNPs indicate the occurrence of alcohols, ethers or 
esters functional groups.[45,46] Alcohol, aldehydes, esters, lactones, 

ethers, ketones and phenol act as surface-active compounds to 
stabilize the nanoparticles.[47,48]

Biological Activity
Antioxidant assays

DPPH+ Radical Scavenging Assay

The capacity of the AgNPs produced via the aqueous extract of 
Seacmone emetica leaf and stem to reduce DPPH was measured 
spectrophotometrically at 517 nm. It was detected that the purple 
hue changed to a yellowish tint compared to the control. These 
color shifts may have resulted from the antioxidant’s capacity to 
provide hydrogen.[23] The results indicate that both SL-AgNPs 
and SS-AgNPs exhibit antioxidant activity in dose-dependent 
manner Figure 7a.

At lower concentrations (10 and 20 µg/mL), SL-AgNPs surpassed 
the standard, showing 43.51% and 48.54% inhibition, respectively. 
However, at 100 µg/mL concentration, SL-AgNPs demonstrated 
80.90% activity, which is similar to the standard ascorbic acid, 
which showed 89.23% inhibition. In comparison,  SS-AgNPs 
showed substantial activity of 70.68% of maximum inhibition 
at 100 µg/mL concentration. In the parallel study, Cleistanthus 
collinus leaf-derived AgNPs exhibited a higher inhibition rate 
of 51.39% compared to the stem-derived AgNPs, which showed 
49.94% at 500μg/m.[49] Similarly, a previous study noted 80% 

Figure 6: FTIR spectra of (a) Secamone emetica stem extract and (b) SS-AgNPs.

Figure 5:  FTIR spectra of (a) Secamone emetica leaf extract and (b) SL-AgNPs.
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inhibition at 100 μg/mL for AgNPs synthesised from the leaf 
extract of Crotonbon plandianum.[50] The reaction of DPPH 
towards antioxidants occurs through electron transfer and 
hydrogen atom donor.[47] The synthesized AgNPs are expected to 
be abundant in hydrogen following the addition of the free radical 
(DPPH). Consequently, biosynthesised AgNPs hold potential as 
antioxidative agents.[51]

ABTS˙+ Assay
The SL-AgNPs and SS-AgNPs demonstrated significant 
competence in ABTS radical scavenging activity in 
a dose-responsive manner (Figure 7b). At higher concentrations, 
SL-AgNPs consistently outperformed the standard (ascorbic acid) 
by exhibiting higher scavenging activity. Meanwhile, SS-AgNPs 
also showed considerable inhibition of 60.84% compared to 
the standard, which exhibited 69.23% inhibition at 100 µg/mL 

concentration. These findings were in line with earlier studies 
as the AgNPs produced from the leaf extract of Asphodelus 
aestivus's demonstrated superior ABTS scavenging activity.[52] 
Similarly, at 100 μg mL, Chenopodium garcini leaf extract exhibits 
a noteworthy level of antioxidant activity.[53] In contrast, AgNPs 
made from Ananas comosus leaf extract demonstrated a moderate 
level of ABTS scavenging activity.[54]

In vitro Antidiabetic Activity
α-Amylase and α-glucosidase are crucial enzymes in  
carbohydrate metabolism.[55] Therefore, the anti-diabetic 
activity of SL-AgNPs and SS-AgNPs was assessed using 
in vitro α-amylase and α-glucosidase inhibition assays, as 
given in Figures (8a and 8b). Both SL-AgNPs and SS-AgNPs 
exhibited concentration-dependent suppression of α-amylase 
and α-glucosidase. At the maximum concentration of 250 µg/

Figure 8:  In vitro antidiabetic activity of SL-AgNPs and SS-AgNPs: (a) α-glucosidase assay and (b) α-amylase assay.

Figure 7:  Antioxidant activity of SL-AgNPs and SS-AgNPs: (a) DPPH radical scavenging activity and (b) ABTS˙+ scavenging activity.
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mL, SL-AgNPs showed 64.44% inhibition in the α-glucosidase 
assay, while SS-AgNPs demonstrated 49.72% inhibition. 
In comparison, acarbose achieved 64.44% inhibition at the 
concentration. The IC50 value for acarbose was determined to 
be 36.70 µg/mL, whereas SL-AgNPs and SS-AgNPs showed IC50 

values of 63.3 µg/mL and 86.04 µg/mL, respectively. Similarly, in 
the α-amylase assay, SL-AgNPs demonstrated 59.42% inhibition 
at 250 µg/mL, while SS-AgNPs exhibited 42.62% inhibition. 
In contrast, acarbose achieved 70% inhibition at the same 
concentration in the α-amylase assay. The IC50 values were 43.75 
µg/mL for acarbose, 71.91 µg/mL for SL-AgNPs and 85 µg/
mL for SS-AgNPs, indicating that leaf-derived nanoparticles 
had a stronger inhibitory effect compared to the stem-derived 
counterparts. Previously AgNPs from Achillea maritima 
confirmed high inhibition of α-amylase and α-glucosidase, with 
IC50 values of 64.9 and 41.6 g/mL, respectively. The literature 
contains several reports on the  anti-diabetic efficacy of AgNPs 
from plant extracts.[56-58]

In vitro Anti-Cancer Activity

The MTT assay is a quantitative technique for evaluating cell 
viability and proliferation. In this experiment, MTT is cleaved 
by mitochondrial dehydrogenase in living cells, resulting in the 
formation of purple formazan crystals. The degree of cytotoxicity 
can be assessed by measuring the amount of formazan generated, 
which is directly correlated with the number of live cells.[59] The 
cytotoxic effect of the SL-AgNPs and SS-AgNPs in the  breast 
cancer cell line (MCF-7) was assessed using an MTT assay. The 
experiment was performed using various concentrations of 
AgNPs (6.25, 12.5,25, 50 and 100 µg). The effect of the samples 
on cell viability is given in Figures (9a and 9b). The result 
specifies that the SL-AgNPs and SS-AgNPs induced cell death in 
a concentration-dependent fashion. Although both the samples 

showed promising cytotoxic activity, SL-AgNPs exhibited greater 
efficacy compared to SS-AgNPs. The IC50 values for SL-AgNPs 
and SS-AgNPs were 21.65 (µg/mL) and 50 (µg/mL), respectively.

The potent cytotoxic effect of leaf-derived AgNPs may be credited 
to the high content of bioactive metabolites, such as phenols and 
flavonoids. These bioactive compounds may cause cell mortality 
through various mechanisms, such as apoptosis, Reactive Oxygen 
Species (ROS) production and autophagy activation, all of which 
may contribute to their anti-neoplastic properties.[60] These 
results are corroborated by in vitro investigations showing that 
AgNPs can enter cells through endocytosis and cumulate in the 
endolysosomal compartment and the perinuclear area.[61]

Furthermore, AgNPs can penetrate mitochondria, triggering the 
generation of Reactive Oxygen Species (ROS) and altering cellular 
respiration. These reactive species contribute to the cytotoxic 
effects of AgNPs by indicating oxidative stress, apoptosis, DNA 
damage and mitochondrial dysfunction in cancer cells.[62] Thus, 
into their bioactive component, the increased cytotoxicity 
of SL-AgNPs may also be described by their capacity to generate 
ROS and indicate mitochondrial malfunction, disrupting critical 
cellular functions. Previously, AgNPs from Perilla frutescens 
showed moderate toxicity of 46.75% on MCF-7 breast cancer 
cell lines at a concentration 600 µg/mL.[31] Similarly, Syzygium 
jambolanum exhibited nanoparticles exhibited effective 
anti-cancerous activity, with an IC50 value of 2588 ppm/100 μL 
against the MCF-7 breast cancer cell line.[63]

CONCLUSION

In the current investigation, we carried out successful synthesis 
of AgNPs using reducing and capping biomolecules from 
the aqueous leaf and stem extract of Secamone emetica. The 
biosynthesis of SL-AgNPs and SS-AgNPs was verified using 

Figure 9:  Effect of different concentrations of (a) SL-AgNPs and (b) SS-AgNPs on the viability of MCF-7 breast cancer cells.
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various techniques, including UV-visible spectroscopy, X-ray 
diffraction, SEM and FTIR. Both SL-AgNPs and SS-AgNPs 
exhibited notable antioxidant activity in DDPH+ and ABTS˙+ 
assays. Additionally, in vitro anti-diabetic assays highlight the 
therapeutic potential of SL-AgNPs and SS-AgNPs through 
α-amylase and α-glucosidase enzymes. The SL-AgNPs and 
SS-AgNPs also demonstrated promising cytotoxicity against 
MCF-7 breast cancer cells. This is report on the green synthesis of 
silver nanoparticles using Secamone emetica can inspire further 
extensive research into the therapeutic applications of these 
green-synthesized nanoparticles.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ABBREVIATIONS

AgNPs: Silver Nanoparticles; BSI: Botanical Survey of India; 
DMSO: Dimethyl Sulfoxide; DNS: 3,5-Dinitrosalicylic 
Acid; DMEM: Dulbecco's Modified Eagle Medium; DPPH: 
2,2-Diphenyl-1-Picrylhydrazyl; FTIR: Fourier Transform 
Infrared; FBS: Fetal Bovine Serum; IC50: Inhibitory Concentration 
50%; mM: Millimolar; MTT: 3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide; Na2CO3: Sodium Carbonate; 
NaOCl: Sodium Hypochlorite; pNPG: p-Nitrophenyl 
Glucopyranoside; rpm: Revolutions per Minute; RT: Room 
Temperature; SEM: Scanning Electron Microscopy; SPR: Surface 
Plasmon Resonance; XRD: X-ray Diffraction.

SUMMARY

In this study, we successfully synthesized Silver Nanoparticles 
(AgNPs) using aqueous extracts of the Leaf (SL) and Stem (SS) 
of Secamone emetica through an eco-friendly green synthesis 
approach. The nanoparticles were characterized using UV-vis 
spectroscopy, X-ray diffraction (XRD), Fourier-Transform 
Infrared spectroscopy (FTIR) and Scanning Electron Microscopy 
(SEM), confirming their crystalline nature and the involvement 
of functional groups in the nanoparticle formation.

Biological evaluations demonstrated significant activities of the 
synthesized AgNPs. Antioxidant assays (DPPH+ and ABTS˙+) 
revealed dose-dependent free radical scavenging properties, 
with SL-AgNPs showing superior performance compared to 
SS-AgNPs. In anti-diabetic assays, SL-AgNPs exhibited higher 
inhibitory effects on α-amylase and α-glucosidase, underscoring 
their potential in diabetes management. Cytotoxicity studies 
against MCF-7 breast cancer cells indicated dose-dependent 
cell viability reduction, with SL-AgNPs demonstrating greater 
potency than SS-AgNPs. This research highlights Secamone 
emetica as a valuable source for the green synthesis of AgNPs, 
offering significant antioxidant, anti-diabetic and anticancer 
properties. These findings lay a strong foundation for further 

investigation of S. emetica-derived nanoparticles in therapeutic 
applications.
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