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Abstract

This work investigates the anticancer potential of silver nanoparticles (AgNPs) against T47D cells as well as the stability of AgNPs
manufactured using extract from Acalypha indica L. used as a bioreductant. The plant extract was used to produce and stabilize
AgNPs, and stability was tracked for 30 days using UV-Vis spectroscopy and Particle Size Analysis (PSA), which included evaluations
of extended sun exposure. Transmission Electron Microscopy (TEM) was used to characterize the size and shape of the nanoparticles,
and Fourier Transform-Infrared Spectroscopy (FT-IR) was used to determine which functional groups were responsible for stabilization.
Despite a gradual size increase, the AgNPs remained stable throughout the study period. The MTT assay confirmed their potent
cytotoxicity against T47D cells, underscoring the potential of Acalypha indica-derived AgNPs as stable and effective agents for cancer
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therapy, offering a promising alternative for novel anticancer treatments.
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1. INTRODUCTION

Cancer is a malignant disease caused by the uncontrolled growth
of cells in the body (Calcaterra et al., 2020). It ranks as the
leading cause of death globally, significantly impacting life ex-
pectancy (Sung et al., 2021). As reported by the World Health
Organization (2020), cancer ranks as the leading or second
leading cause of premature death before the age of 70 in 112
out of 183 countries. In 2024, breast cancer is the most com-
monly diagnosed cancer among women in the United States,
representing about 310,720 new cases, or 32% of all new cancer
diagnoses. It ranks second in cancer-related mortality, follow-
ing lung cancer, with 42,250 deaths (15% of all cancer deaths)
(Siegel et al., 2024). In the last decade (2012-2019), the inci-
dence of breast cancer increased more rapidly among women
under 50 years old (1.1% per year) compared to those over
50 years old (0.5% per year). In Indonesia, WHO reported in
2020 that breast cancer ranked the highest, with a 16.6% risk
among the population of 273 million (Nindrea et al., 2023).
The management of cancer is crucial to inhibit the mu-
tation of abnormal cells. Standard cancer treatments include
surgery, hormone therapy, immunotherapy, radiation therapy,

and chemotherapy. These approaches are costly and come with
side effects. The adverse effects of radiotherapy and surgery
can damage healthy tissues surrounding the affected area, lead-
ing to long-term complications such as organ damage, skin
abnormalities, or cardiovascular complications that can im-
pact patients’ well-being and hinder their capacity to carry out
daily tasks (Belzile-Dugas and Eisenberg, 2021). Additionally,
cancer drugs like doxorubicin, approved by the FDA, are of-
ten used in combination with other chemotherapy treatments
(Sritharan and Sivalingam, 2021). However, chemical drugs
can also damage normal cells and are often specific to certain
cancer types.

Several studies on anticancer effects have utilized plant
extracts from both terrestrial and marine sources (Basak et al.,
2018; El-Refai et al., 2018; Heidari et al., 2018; Rahman et al.,
2018, 2023), but their effectiveness needs improvement. Thus,
novel advancements, such as drugs developed at the nanoscale,
are needed to tackle chronic conditions like cancer (Yesilot
and Aydm Acar, 2019). Nanoparticles are characterized as
particles with dimensions ranging from 1 to 100 nanometers.
Their unique physical properties, such as plasmon resonance
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and enhanced fluorescence, as well as chemical properties like
increased catalytic activity, are primarily influenced by their
surface area-to-volume ratio and high reactivity (Chouhan,
2018), making them valuable for applications in anticancer
therapy, antibacterial treatments, drug delivery, and various
other health-related fields (Fiddaroini et al., 2023; Wulandari
etal., 2022). As the diameter of spherical NPs decreases, the
surface area increases proportionally, enhancing surface activity
compared to larger dimensions (Xu et al., 2020). Despite the
promise of nanotechnology, only a few nano products are viable
for application due to unknown toxicity potential. Silver, a
noble metal historically used for treatment and wound healing,
is favored for its unique material properties, cost-effectiveness,
and abundance in nature compared to other noble metals (Chen
and Schluesener, 2008).

Metallic nanoparticles, including silver, gold, and platinum,
have undergone extensive human testing. For their applica-
tion in medicine, nanoparticles must be biocompatible and
non-toxic or have low toxicity. The widely employed synthe-
sis technique involves chemical reduction with reagents that
reduce silver ions and stabilize nanoparticles. However, these
reagents are toxic, pose health risks, and are also expensive
(Guilger-Casagrande and Lima, 2019). Consequently, environ-
mentally friendly biosynthesis methods are being developed,
utilizing plants (Oves et al., 2022), bacteria (Ibrahim et al.,
2019), fungi (Hamad, 2019), and algae (Naveenkumar et al.,
2028) as bioreductors for silver nanoparticles.

Silver nanoparticles (AgNPs) demonstrate cytotoxic effects
on cancer cells by modifying cell morphology, decreasing cell
viability, and inducing oxidative stress (Aziz et al., 2019; Yoon
etal., 2007). AgNPs are essential for tumor management due to
their cytotoxic properties. Several plant species, such as Gloriosa
superba L. tuber, have been employed in the biosynthesis of
AgNPs to enhance their anticancer activity (Murugesan et al.,
2021) and Euphorbia prostate (Dzoyem et al., 2022). Artemisia
turcomanica leaf extract has been employed to synthesize AgNPs
exhibit an average size of 22 nm, a Surface Plasmon Resonance
(SPR) peak at 430 nm, and a face-centered cubic (fcc) crystal
structure (Mousavi et al., 2018). Similarly, Justica wynaadensis
leaf extract produced AgNPs sized 14-25 nm with an SPR peak
at 445 nm and an fcc structure, exhibiting strong cytotoxicity
against A549 cells with an ICj5g of 60 ug/mL (Lavaetal., 2021).
Additionally, AgNPs synthesized using Olea europaea extract
demonstrated an SPR peak at 449 nm, particle sizes of 13-21
nm, and exhibited strong cytotoxicity against T47D cells (ICj30:
84 ug/mL) and weaker effects on MCF-7 cells (IC5p: < 200
ug/mL) (Felimban et al., 2022).

Stability of AgNPs refers to their ability to maintain physi-
cal, chemical, and functional properties over a specified period
under defined storage conditions. This stability is essential for
the efficacy and safety of AgNPs in medical, industrial, and en-
vironmental applications. Smaller nanoparticles tend to have
higher surface activity, which may lead to aggregation dur-
ing storage. This aggregation can alter particle size, diminish
effectiveness, and affect optical properties such as color and
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absorbance. Storage conditions, including temperature, light,
and humidity, significantly influence the stability of AgNPs.
High temperatures can accelerate nanoparticle oxidation, while
UV light exposure may cause changes in physical and chem-
ical properties. Therefore, storage in dark conditions, at low
temperatures, and in inert environments is recommended.

This study presents a new method for synthesizing silver
nanoparticles (AgNPs) using Acalypha indica L. extract, em-
phasizing its environmentally friendly and sustainable nature.
The research is focused on assessing the storage stability of bi-
ologically synthesized AgNPs under low-temperature and dark
conditions to maintain their physical, chemical, and functional
properties. The evaluation of AgNPs for their anticancer poten-
tial against T47D breast cancer cells demonstrates promising
efficacy, providing insights into their therapeutic potential. Fur-
thermore, the integration of in-silico analyses enhances our
understanding of the molecular interactions involved, offering
a comprehensive perspective on AgNPs as a viable alternative
for cancer treatment. This study not only advances green nan-
otechnology but also paves the way for developing effective,
stable, and targeted cancer treatments.

2. EXPERIMENTAL SECTION

2.1 Materials

The materials for this study were obtained from Merck and
consist of Acalypha indica L. plant, distilled water (HyO), and
AgNO3 (EMSURE 99%). A breast cancer cell line was ac-
quired from the Animal Physiology, Structure, and Develop-
ment Laboratory at the Department of Biology, Brawijaya
University, and was kept in the Integrated Research Institute.
The cells were grown in RPMI-1640 medium enriched with 1%
Penicillin-Streptomycin and 10% Fetal Bovine Serum (FBS).
The instruments used for material characterization included
UV-Visible spectrophotometer (UV-Vis, Shimadzu 1601 Se-
ries), FTIR (Shimadzu 8400S), TEM (Hitachi TM 3000), Par-
ticle Size Analysis was conducted using a Zetasizer and ZS-
explorer software, which utilized Dynamic Light Scattering
(DLS) to assess the particle size distribution at 25°C. Anticancer
activity assays were conducted using a microplate reader.

2.2 Preparation and Extraction of Acalypha indica L. Ex-
tract

The Acalypha indica L. plant was procured from Tuban and
divided into its leaf, stem, and root components. These plant
parts were thoroughly washed three times with tap water and
twice with distilled water to eliminate any dirt and residues.
The plant was then air-dried before being placed in an oven at
30°C until fully dried. Once dried, the plant was cut into small
pieces, ground into a fine powder, and sieved through a 50-80
mesh screen. This powder was stored in a cool environment for
further use. For extraction, 5 grams of the powdered Acalypha
indica L.. were combined with 200 mL of distilled water and
boiled for 20 minutes at 60°C. After cooling, the solution was
filtered using Whatman No.1 filter paper, and the resulting
filtrate was stored at -4°C for future analysis.
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2.3 Synthesis and Stability Testing of AgNPs

A 10 mL portion of Acalypha indica L.. was mixed with 90 mL
of 1 mM AgNOg in a conical flask. The solution was agitated
using a magnetic stirrer for 10 minutes at room temperature.
Once homogenized, the solution was exposed to sunlight with
varying exposure times of 5, 10, and 20 minutes to promote the
formation of AgNPs, as evidenced by a change in color. The
optimal synthesis was determined based on UV-Vis spectra.
Stability testing was conducted on days 0, 8, 7, 14, and 21,
and was assessed using UV-Vis spectroscopy and Particle Size

Analysis (PSA).

2.4 Anticancer Activity Assay Using MTT Method

T47D cells were grown in RPMI-1640 medium enriched with
10% Fetal Bovine Serum (FBS) and 1% penicillin-streptomycin.
They were kept in a humidified incubator at 37°C with an atmo-
sphere of 5% COg. The AgNPs were subjected to freeze-drying
to achieve lyophilization. The lyophilized AgNPs were then
individually reconstituted in 1% dimethyl sulfoxide (DMSO)
to create stock solutions at a concentration of 1 mg/mL. These
stock solutions were further diluted to obtain the final concen-
trations of 400, 200, 100, 50, and 25 ug/mL.

T47D cells were plated at a density of 1 x 10* cells/mL
into 96-well plates and allowed to incubate for 24 hours. Sub-
sequently, AgNPs were administered at concentrations of 400,
200, 150, 100, 50, and 25 ug/mL. Control wells, which re-
ceived no treatment, and blank wells, which contained no cells,
were included for comparison. After an additional 24-hour
incubation, the medium was replaced with 100 ul of MTT
solution and incubated for 8 hours. The resulting formazan
crystals were then dissolved in DMSO, and absorbance was
measured at 570 nm to assess cell viability. Cell viability was
calculated using the following Equation (1):

(A4-B)
(C-B)

Cell viability (%) = x 100% (1)
where (A4) represents the sample absorbance, (B) denotes the
blank absorbance, and (C) refers to the control absorbance.
I1Cj5 values were calculated using Excel.

3. RESULT AND DISCUSSION
3.1 Synthesis of AgNPs Using Acalypha indica L. Plant Ex-

tract as a Bioreductor
The synthesis of AgNPs was conducted through a biological
approach that utilizes bioreductors derived from compounds
found in the Acalypha indica L.. plant. During the extraction pro-
cess using water as a solvent, the primary components identified
in the extract include acalyphin, apigenin, kaempferol-3-O-
rutinoside, catechin, and luteolin (Ravi et al., 2017; Sahukari
etal., 2021). The bioreduction mechanism begins when hy-
droxyl groups (R—OH) undergo oxidation to form carbonyl
groups (R=0) while simultaneously reducing Ag+ to Ag0, fol-
lowing the reaction Agt+R—OH—Ag"+R—O (Figure 1). As
more Ag' ions are reduced, silver atoms start to aggregate,
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Figure 1. The Mechanism of AgNPs Formation and
Stabilization Using Bioreductors from Acalypha indica L. Plant
Extract

forming small clusters or nuclei. This nucleation is a crucial
step where initial silver atoms congregate to form the growth
seeds of nanoparticles. Once the initial silver nuclei are formed,
additional silver atoms are deposited on these nuclei, leading
to nanoparticle growth. Simultaneously, other phytochemicals
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in the extract, such as proteins, flavonoids, or polysaccharides,
adsorb onto the nanoparticle surfaces, stabilizing them by pre-
venting further aggregation. This reduction and aggregation
process results in the formation of SPR, which is the synchro-
nized oscillation of electrons on the nanoparticle surface, ob-
servable as a color change in the solution, often detected using
UV-Vis spectroscopy.

Sunlight irradiation in the synthesis of AgNPs acts as a
catalyst to activate the active groups (Assylbekova et al., 2022)
in Acalypha indica L. plants, facilitating the donation of electrons
to silver ions (Ag*) to form Ag". Although the compounds
in the plant extract may degrade due to sunlight exposure,
the rapid synthesis process in this work prevents significant
degradation. Complex organic compounds such as flavonoids
and terpenoids in the plant extract typically require weeks to
months to degrade under sunlight (Chaaban et al., 2017).

- T T T
-— e > == s =

Figure 2. AgNPs Solution before Sunlight Exposure (a) and
after Sunlight Exposure (b) for 5, 10, and 20 Minutes

The duration of exposure during AgNPs synthesis influ-
ences the nanoparticles size, shape, distribution, and stability.
Insufficient exposure time results in the formation of a limited
number of nanoparticles that are prone to re-oxidation. Ade-
quate exposure time allows for optimal nanoparticle formation
and growth, leading to a more homogeneous particle size distri-
bution and higher SPR intensity. However, excessive exposure
can cause agglomeration, reduced stability, and the formation
of larger particles. Therefore, determining the optimal expo-
sure time is crucial for achieving nanoparticles with the desired
properties. Results depicted in Figure 2 and UV-Vis spectra
in Figure 3 indicate that the optimal exposure time for AgNPs
synthesis is 10 minutes, where the colloidal AgNPs are well-
formed and show no signs of agglomeration. at the peak of 445
nm, the absorbance value is high at 1.987 compared to 1.393
for AgNPs at 5 minutes. In contrast, the synthesis of AgNPs
for 20 minutes resulted in substantial agglomeration.

According to the UV-Vis spectral data, AgNPs display a dis-
tinct peak within the 350-500 nm wavelength range, with the
most prominent peak observed at 445 nm. At an exposure time
of 5 minutes, the absorbance peak of AgNPs began to form,
and absorbance increased with extended exposure time up to
10 minutes, rising from 1.398 to 1.987. When the exposure
time is extended to 20 minutes, the spectra display a serrated or
irregular pattern. This irregular pattern in the UV-Vis spectra
indicates AgNPs agglomeration, as evidenced by the presence
of three peaks at 449, 440, and 425 nm, with absorbance values
ol 2.737,2.7387, and 2.602, respectively. The broadening of
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Figure 3. The UV-Vis Spectra of AgNPs at Different Sunlight

Exposure Durations

the SPR peak, increased interparticle interactions, formation
of larger aggregates, and multiple scattering events contribute
to this pattern. It indicates a lack of uniformity in particle size
and distribution, along with complex optical behavior due to
agglomeration.

Table 1 illustrates the effect of sunlight exposure duration
on the characteristics of AgNPs. At 5 minutes of exposure, the
AgNPs have an average particle size of 75.59 nm with a polydis-
persity index (PDI) of 0.2242, suggesting a relatively homogen
size distribution and a zeta potential of -22.23 mV, suggesting
moderate stability. The zeta potential value is an indicator of
the stability of nanoparticles (Tantra et al., 2010). With an
exposure time of 10 minutes, the particle size decreases to ap-
proximately 72.8 nm, the PDI increases to 0.2196, indicating a
more uniform distribution compared to the 5-minute heating,
and the zeta potential rises to -23.1 mV, indicating improved
stability. However, after 20 minutes of exposure, the particle
size increased significantly to 227 nm, the PDI rose to 0.2519,
reflecting a broader size distribution, and the zeta potential
decreased to -19.49 mV, indicating reduced stability. This is
due to the agglomeration of AgNPs, which results in larger
particle sizes and reduced stability. The zeta potential value
is an indicator of the stability of nanoparticles (Tantra et al.,
2010). These findings are consistent with the UV-Vis analysis
results. These results suggest that 10 minutes of sunlight expo-
sure is optimal for producing small, uniformly distributed, and
stable AgNPs, while longer exposure leads to larger, less stable
particles.

3.2 Stability Test of AgNPs

The Table 2 shows the effects of storage time on AgNPs. On
day 0, the AgNPs have a small particle size of 72.8 nm, a PDI
of 0.2196 signifies a uniform and consistent size distribution,
while a zeta potential of -28.10 mV indicates good stability. Af-
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Table 1. Characteristics of AgNPs Synthesized at Varying Sunlight Exposure Durations Based on PSA Analysis

AgNPs with Duration  Particle Size  Polydispersity ~ Zeta Potential
of Sunlight Exposure (nm) Index (mV)

5 min 75.6 0.2242 -22.23

10 min 72.8 0.2196 -23.10

20 min 227 0.2519 -19.49

Table 2. Storage Stability Characteristics of AgNPs Based on PSA Analysis

AgNPs Storage  Particle Size  Polydispersity ~ Zeta Potential

Time (nm) Index (mV)

0 day 72.8 0.2196 -23.10

7 days 77.2 0.2275 -22.29

14 days 108.3 0.3220 -22.25

21 days 121.2 0.2765 -20.72

30 days 193.6 0.2636 -20.63
ter 7 days, the particle size slightly increased to 77.16 nm, with 4
a PDI of 0.2275, still reflecting size uniformity. Although there ——30days
is a slight decrease in stability with the zeta potential dropping ——21days
to -22.29 mV, the AgNPs remain relatively stable. Nanopar- :;4(123;/5
ticles with a zeta potential value below -25 mV or above +25 ——0day
mV are generally considered to have high stability (Calvo et al., g
1997). On day 14, the particle size grew to 108.3 nm, and the 5
PDI rose to 0.322, signifying a broader size distribution. The 'g
zeta potential remained relatively stable at -22.25 mV, showing 2
minimal change in stability from day 7. After extending the <
storage to 21 days, the particle size increased further to 121.2
nm, with a PDI of 0.2765, and the zeta potential decreased
to -20.72 mV, suggesting reduced stability, though still rela-
tively stable due to the narrow size distribution. By day 30, 7
the particle size had grown to 193.6 nm, reflecting ongoing 0 400 500 600 700 800

agglomeration of AgNPs while remaining dispersed. Although
the PDI of 0.2636 indicates that the particle size distribution
remains relatively uniform, the stability did not significantly
differ from that observed on day 21, with a zeta potential of
-20.63 mV.

On the 0 day From the Figure 4, the UV-Vis spectrum
displays an absorption peak near 420 nm, which is typical of
AgNPs. The peak intensity is still relatively high, indicating
that the nanoparticles are in a stable condition with minimal
or no aggregation. By the 7" day, the absorption peak re-
mains at approximately 420 nm, but there is a slight decrease
in intensity. This decrease may suggest the onset of particle
aggregation. On the 14" day, there is a possibility that the
absorption peak shifts to around 425 nm, indicating potential
particle size growth due to aggregation. The further decline
in peak intensity suggests increased aggregation. On the 21%
day, the absorption peak might shift further to around 430
nm, with a continuous decrease in intensity, reflecting more
significant particle aggregation. By the end of the month or on
the 80" day, the peak may shift to around 435 nm or beyond,
with a significantly lower intensity, indicating a higher level of

© 2025 The Authors.
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Figure 4. The UV-Vis Spectra of AgNPs at Different Storage
Times

aggregation and reduced nanoparticle stability.

Changes in the size, distribution, and stability of AgNPs
during storage are attributed to particle agglomeration, driven
by reduced electrostatic stability, degradation of the protective
layer, and potential chemical reactions such as oxidation. Over
time, nanoparticles tend to coalesce into larger clusters, result-
ing in increased particle size, a broader size distribution, and
reduced colloidal stability, as indicated by the decrease in zeta
potential, the increase in particle size, and the rise in the PDI.
Additionally, aggregation causes the UV-Vis absorption peak
to shift to longer wavelengths (around 425 nm on day 14 and
up to 435 nm on day 80) and a decrease in peak intensity. The
decrease in peak intensity is due to the reduced number of in-
dividual nanoparticles interacting with UV-Vis light, reflecting
a reduction in the number of nanoparticles available to absorb
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light at specific wavelengths.
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Figure 5. Stability of AgNPs in Phosphate-Buffered Saline
(PBS) Solution

In numerous studies reported so far, AgNPs have demon-
strated stability in biological and environmental media, such
as Phosphate-buffered saline (PBS), when examined at 37°C.
MacCuspie (2011) showed that citrate-stabilized AgNPs un-
dergo significant agglomeration within less than an hour in
PBS due to its high NaCl concentration, which reduces the
repulsive forces between nanoparticles. In contrast, when Ag-
NPs are dissolved in PBS components such as NagHPO, and
K9HPOy, only a slight decrease in absorbance occurred over
64 hours, suggesting better stability at normal concentrations.
In general, the stability of AgNPs in PBS is influenced by the
high presence of NaCl, leading to rapid agglomeration, while
the phosphate components of PBS do not significantly affect
agglomeration at normal concentrations. In our study, AgNPs
remained stable in PBS from 1 to 30 days, as indicated by a
consistent spectrum, although a slight wavelength shift from
420 nm to 435 nm was observed. However, degradation of
these nanoparticles occurred after 30 days of storage in PBS
as shown in Figure 5. The duration of stability in PBS has
also been investigated as shown in another report (Pal et al.,
2016), indicating that AgNPs remain stable for more than three
months. The differences in stability, as indicated by varying
storage durations in PBS, is likely attributable to the different
types of capping agents on the AgNPs.

The stability of AgNPs in solution is suboptimal due to
rapid agglomeration caused by interactions between nanopar-
ticles that reduce repulsive forces. In contrast, the stability of
AgNPs increases significantly after the lyophilization process.
This process removes water from the system, preventing the
nanoparticles from being in a liquid environment that could
trigger interactions such as agglomeration or coagulation. In
their lyophilized form, the nanoparticles are protected from
agglomeration and degradation during storage, making them
more stable than AgNPs in solution. Lyophilization allows
AgNPs to remain stable for a longer duration and can be re-
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constituted as needed without losing their functional proper-
ties. Lyophilized AgNPs demonstrate good stability, showing
no significant changes in functional groups, despite a slightly
wavenumber shift during storage for up to 6 months (Figure
6).

1 ()

Transmitance (%)

T T
1000 500

T T T T T
4000 3500 3000 2500 2000 1500

Wavenumber (cm™)

Figure 6. The Stability of Lyophilized Freshly Synthesized
AgNPs (a) and AgNPs after 6 Months of Storage (b), Analyzed
Using FTIR.

These results clearly demonstrate that AgNPs in solution
undergo an increase in particle size and agglomeration over
time even beyond 30 days. This is attributed to strong inter-
particle interactions, such as van der Waals forces, Ostwald
ripening and a decrease in colloidal stability. As colloidal sta-
bility diminishes, the protective layer that maintains particle
separation becomes less effective, leading to particle adhesion,
aggregation, wavelength shifts, and decreased absorbance in-
tensity in UV-Vis spectra. To maintain stability, it is essential
to store AgNPs in a controlled environment with low tempera-
tures, minimize light exposure, and regularly monitor particle
size. Despite the decline in stability over time, AgNPs are still
considered stable as the zeta potential remains within the *
20 mV range. For example, even with a zeta potential around
+20 mV, particles that are small or well-dispersed can maintain
stability (Muneer et al., 2023).

3.3 Characteristic of AgNPs Using Acalypha indica L. Plant
Extract
The extract of Acalypha indica L.. when compared with AgNPs
shows no significant differences but does wavenumber shift as
detected by FTIR (Figure 7). These shifts occur because the
functional groups in the bioactive compounds within the extract
are reduced and adsorbed onto the AgNPs surface (Kitimu et al.,
2022). Specifically, the broad absorption peak shifts from a
wavenumber of 3250 em™! in the Acalypha Indica L. extract
to 8258 em™! in the AgNPs, indicating the presence of O—H
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Figure 7. FTIR Spectra of AgNPs (a) and Acalypha indica L.
Plant Extract (b)

groups associated with alkynes, alcohols, and phenols. Other
notable peaks include 2929 em™! (C—H) in the extract and
29928 cm! in the AgNPs, as well as 1062 cm™! (C—O) in both.
The wavenumber of 1580 ecm™!, which signifies N—H bending
of flavonoids, is observed in the Acalypha indica L. extract and
shifts to 1588 em™! in the AgNPs. The nitro group (N=0
bend) appears at 1898 cm™! in the extract and 1887 em™! in
the AgNPs, while the alkyl halide peak is found at 520 cm™! in
both samples. The organic compounds, such as flavonoids or
alkaloids, in the extract are likely involved in the synthesis of
AgNPs, and proteins present in the extract may contribute to
stabilizing the surrounding AgNPs.

Based on the morphological analysis of AgNPs synthesized
using the plant bioreductor Acalypha indica L., as observed
through TEM (Figure 8), the nanoparticles are spherical with
an average size ol approximately 7.18 nm. Their sizes range
from 8 to 15 nm, the most frequently observed sizes between
5 and 6 nm.

3.4 Anticancer Activity Test of AgNPs
Cell viability assays are essential for evaluating cellular re-
sponses to toxic substances, including aspects of cell survival,
death, and metabolic function. In this research, the MTT assay
was utilized to assess the cytotoxicity of AgNPs. Each treat-
ment was administered at various concentrations (400, 200,
100, 50, and 25 pug/mL) of lyophilized AgNPs and incubated
with the cells for 24 hours to assess whether these treatments
affected cancer cell viability. The ICj( of the AgNPs was found
to be approximately 261.21 ug/ml, as illustrated by the graph
plotting cell viability (Y-axis) against concentration (X-axis)
ranging from 0 to 400 pg/mL (Figure 9). The MTT assay fur-
ther validated the dose and time-dependent cytotoxic effects
of AgNPs on the T47D cell line (Table 3).

The eflicacy of AgNPs as anticancer agents is highlighted
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Table 3. The Dose-Dependent Cytotoxic Effects of AgNPs on
the T47D Cell Line for 24 Hours

Lyophilized AgNPs Cell Viability

Concentration (ug/mL) %)

400 13.72

200 73.96

100 91.66

50 92.85

25 93.87
Control*! 100

*TCells without AgNPs treatment

by their capacity to suppress cancer cell proliferation through
mechanisms such as inducing oxidative stress and causing cel-
lular damage, leading to apoptosis. Apoptosis, a mechanism
of programmed cell death designed to systematically remove
damaged or dysfunctional cells, can be triggered through both
mitochondria-dependent and mitochondria-independent path-
ways, potentially leading to the inhibition of T47D cell prolif-
eration (Abass Sofi et al., 2022; Alkan et al., 2022; Farah et al.,
2016). Apoptosis, a mechanism of programmed cell death
designed to systematically remove damaged or dysfunctional
cells, can be triggered through both mitochondria-dependent
and mitochondria-independent pathways, potentially leading
to the inhibition of T47D cell proliferation (Jeyaraj et al., 2015).
Although the 1Cj( values reflect the potency of AgNPs alone,
the presence of bioactive compounds from the aqueous leaf
extract of Acalypha indica L. plays a synergistic role. These
compounds contribute to the synthesis of AgNPs and enhance
their anticancer effects by working in tandem with the nanopar-
ticles. The combined action of AgNPs and the bioactive com-
ponents from the extract suggests that both elements are crucial
in targeting and disrupting key processes involved in cancer
cell proliferation. This synergy underscores the promising po-
tential of AgNPs, both through their intrinsic properties and
the contribution of plant-derived compounds, in developing
effective cancer therapies.

The safety of AgNPs as therapeutic agents has been assessed
in various studies using hemolysis assays on healthy cells, par-
ticularly red blood cells (RBCs). These studies indicate that the
toxicity of AgNPs to healthy cells depends on factors such as
concentration and exposure duration, with prolonged or high
concentrations potentially leading to hemolysis or cytotoxic
effects. Particle size, shape, surface properties, and concentra-
tion are critical in determining this response, as higher con-
centrations increase interactions with cell membranes, trigger-
ing immune responses and producing reactive oxygen species
(ROS), which cause oxidative stress and cell death (Huang et al.,
2016; Rujanapun et al., 2015). However, AgNPs synthesized
using plant extracts tend to be safer for RBCs compared to
positive controls like Triton-X, which induces 100% hemolysis
(Liaqat et al., 2022), and we suppose that the AgNPs synthe-
sized in our work also have similar properties for RBCs. This
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Figure 9. The Viability of T47D Cells after 24 Hours of
AgNPs Treatment for IC5¢ Estimation

enhanced safety is attributed to bioactive components in plant
extracts, such as flavonoids and polyphenols, that act as nat-
ural stabilizing agents, forming a protective layer around the
nanoparticles, thereby reducing their direct interaction with
cell membranes. Additionally, biologically synthesized AgNPs
tend to have smaller particle sizes and more uniform distribu-
tion, which lowers the risk of cell damage, while the antioxidant
properties of the plant extracts help alleviate oxidative stress
(Bian et al., 2019; Chen et al., 2015).

4. CONCLUSIONS

This study provides a comprehensive evaluation of the stability
and anticancer potential of AgNPs synthesized using Acalypha
indica L. extract. The findings indicate that AgNPs in a dis-
persed solution experience a decrease in absorbance intensity
over time due to particle agglomeration, leading to an increase
in particle size and a decline in zeta potential stability. However,
the AgNPs remained stable for up to 30 days, with the zeta

© 2025 The Authors.

potential showing no significant decrease and remaining within
the £20 mV range. The silver nanoparticles also maintained
a homogeneous size, as reflected by the PDI values indicating
uniformity. The optimal sunlight exposure time was found to
be 10 minutes, during which high absorbance was achieved,
effectively preserving structural integrity and therapeutic effi-
cacy. The AgNPs also demonstrated significant cytotoxic effects
against T47D breast cancer cells, highlighting their potential
as effective anticancer agents. To ensure long-term stability
and eflicacy, further optimization is required, including the
use of stabilizing agents or modifications to the nanoparticle
formulation. Overall, while AgNPs synthesized from Acalypha
indica L.. show substantial promise for cancer therapy, ongoing
refinement is crucial to enhance their stability and therapeutic
performance.
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