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Abstract

Colorectal cancer is one of the leading causes of cancer-related morbidity and mortality worldwide, with oxidative stress playing a pivotal
role in colorectal carcinogenesis. The limitations of conventional therapies, including systemic toxicity and drug resistance, have driven
the exploration of alternative therapeutic agents derived from natural products. Mimosa pudica Linn. leaves are known to contain
bioactive compounds with antioxidant and anticancer properties; however, their clinical application is limited by poor biopharmaceutical
characteristics. The combination of Mimosa pudica leaf extract with silver nanoparticles (AgNPs) is expected to enhance its biological
efficacy through nanotechnology-based drug delivery systems. This study was conducted as an in vitro experimental investigation.
Mimosa pudica Linn. leaf extract was prepared using an extraction method and subsequently combined with silver nanoparticles.
Antioxidant activity was evaluated using the DPPH assay, with ascorbic acid serving as a positive control. Cytotoxic activity against the
human colorectal cancer cell line HCT116 was assessed using the MTT assay to determine cell viability and IC50 values. Statistical
analyses were performed to evaluate differences among treatment groups. The results demonstrated that Mimosa pudica Linn. leaf extract
exhibited significant antioxidant activity, although it was lower than that of ascorbic acid. In cytotoxicity assays, the leaf extract reduced
HCT116 cell viability in a dose-dependent manner. Notably, the combination of Mimosa pudica leaf extract with silver nanoparticles
produced a more pronounced cytotoxic effect compared to the extract alone, as indicated by a greater reduction in cell viability and lower
IC50 values. In conclusion, Mimosa pudica Linn. leaf extract possesses antioxidant and cytotoxic activities against HCT116 colorectal
cancer cells. Its combination with silver nanoparticles enhances cytotoxic potency, highlighting its potential as a nanomedicine-based
anticancer candidate for colorectal cancer therapy.
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INTRODUCTION (Anbari and Ghanadi, 2025; Li et al., 2024). Among the
various pathogenic mechanisms involved, oxidative
Colorectal cancer (CRC) remains a major global health  gtraqg plays a pivotal role in CRC development and
burden and represents one of the leading causes of  progression. Oxidative stress occurs when the generation
cancer-related morbidity and mortality worldwide. of teactive oxygen species (ROS) exceeds the
According to recent epidemiological data, CRC ranks as  peytralizing capacity of endogenous antioxidant systems
the third most commonly diagnosed malignancy and the (Catalano et al., 2025). Excessive ROS accumulation
second leading cause of cancer-related deaths globally  jnduces oxidative damage to essential cellular
(Kratzer et al., 2023; Siegel et al., 2023). The Global  pigmolecules, including DNA, proteins, and lipids,
Cancer Observatory (GLOBOCAN) reported in 2022 leading to genomic instability, dysregulation of cellular
that CRC accounted for approximately 9.6% of all new  homeostasis, and activation of aberrant signaling
cancer cases and 9.3% of cancer-related deaths  pathways that promote carcinogenesis (Bardeldikova et
worldwide. In Indonesia, 35,676 new CRC cases (8.7%) al., 2023; Liu et al., 2017).
and 19,255 deaths (7.9%) were recorded, highlighting the Current therapeutic strategies for CRC primarily
substantial national disease burden (Bray et al., 2024). involve surgical intervention, chemotherapy, and
CRC is a multifactorial disease arising from complex radiotherapy. Despite significant advances in treatment

interactions between genetic predisposition, lifestyle  modalities, their clinical efficacy remains limited by
factors, medical conditions, and environmental exposures
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substantial adverse effects, systemic toxicity, and the
development of drug resistance (Fadlallah et al., 2024).
Standard chemotherapeutic agents, such as 5-fluorouracil
(5-FU) and oxaliplatin (OXP), are associated with severe
side effects, including gastrointestinal toxicity, peripheral
neuropathy, and bone marrow suppression (Han et al.,
2024). Furthermore, chemoresistance represents a major
obstacle in CRC management, contributing to disease
recurrence and therapeutic failure (Azwar et al., 2021;
Gmeiner and Okechukwu, 2023). Recent evidence has
demonstrated that elevated expression of Colony
Stimulating Factor 2 (CSF2) is significantly associated
with chemoresistance in CRC cells, particularly in 5-FU-
resistant HCT-8 cells, indicating its potential role as a
molecular determinant of treatment failure (Zhou et al.,
2025).

These limitations have stimulated increasing interest
in the exploration of alternative therapeutic agents that
are more selective, safer, and less toxic to normal tissues.
In this context, bioactive compounds derived from
medicinal plants have emerged as promising candidates
due to their relatively low toxicity and multitargeted
anticancer properties (Khan et al., 2021).

Mimosa pudica Linn., commonly known as the
sensitive plant, has long been utilized in traditional
medicine systems. Phytochemical analyses have revealed
that M. pudica especially leave contains a wide range of
bioactive constituents, including alkaloids, flavonoids,
tannins, and phenolic compounds (Rizwan et al., 2022).
These  secondary  metabolites  exhibit  diverse
pharmacological activities, particularly antioxidant and
anticancer effects. Flavonoids and phenolic compounds
are well recognized for their ability to scavenge free
radicals, suppress oxidative stress, and inhibit
carcinogenic signaling pathways (Zahra et al., 2024).
Several preclinical studies have demonstrated that M.
pudica extracts exert significant and selective cytotoxic
effects against various cancer cell lines, mainly through
the induction of apoptosis (John et al., 2020; Kumar et
al., 2023; Parmar Felisa et al., 2015).

Despite their promising bioactivity, plant-derived
extracts often face critical limitations in clinical
applications, including poor chemical stability, low
aqueous  solubility, and limited bioavailability
(Muhammad et al., 2016). Previous investigations have
indicated that more than 40% of phytochemicals in M.
pudica leaf, including major bioactive compounds such
as quercetin and myricetin, exhibit poor solubility,
resulting in restricted intestinal absorption and reduced
systemic circulation (Li et al., 2025). These
pharmacokinetic constraints significantly compromise
their therapeutic efficacy.

Nanotechnology, particularly through green synthesis
approaches, has emerged as an innovative strategy to
overcome these limitations. Silver nanoparticles (AgNPs)
synthesized wusing plant extracts offer enhanced
biocompatibility and functionalization. AgNPs possess
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unique physicochemical properties that facilitate their
penetration into tumor tissues via the enhanced
permeability and retention (EPR) effect, thereby
promoting preferential drug accumulation at tumor sites
and reducing systemic toxicity (Asif et al., 2022; Eker et
al., 2025). In green synthesis processes, M. pudica leaf
extract functions simultaneously as a reducing agent for
silver ions (Ag") and as a stabilizing or capping agent,
resulting in stable and biofunctional nanoparticles.

The integration of M. pudica leaf extracts with
AgNPs (MP+AgNPs) is expected to generate synergistic
therapeutic effects, wherein AgNPs serve as efficient
drug delivery carriers, while plant-derived bioactive
compounds contribute intrinsic  antioxidant and
anticancer activities. This synergism may lead to
enhanced therapeutic efficacy compared with the
individual components alone (Taka¢ et al., 2023).
Although numerous studies have reported the anticancer
potential of M. pudica leaf extracts and AgNPs
independently, systematic investigations focusing on
their combined application as nanotherapeutic agents for
CRC remain limited (Muhammad et al., 2016). This gap
in knowledge represents a critical research opportunity,
particularly in the context of sustainable and green
nanomedicine development.

In vitro models play a fundamental role in evaluating
novel anticancer agents. Several CRC cell lines,
including HT29, Caco-2, SW480/SW620, DLD-1, LoVo,
and HCT116, are widely used in preclinical research.
Among these, HCT116 cells are considered highly
representative of human CRC due to their well-
characterized genetic and phenotypic profiles (Liu et al.,
2023). Derived from colorectal epithelial carcinoma,
HCT116 cells exhibit sensitivity to chemotherapeutic
agents such as 5-FU and are frequently employed in
studies of drug screening, gene therapy, and
nanomedicine-based interventions (Salerno et al., 2024).
Therefore, this study aimed to evaluate the in vitro
antioxidant and cytotoxic activities of m.pudica Linn.
leaf extract combined with silver nanoparticles against
human colorectal cancer HCT116 cells. By integrating
phytotherapy and green nanotechnology, this research
seeks to provide novel insights into the development of
effective, safe, and sustainable nanotherapeutic strategies
for colorectal cancer management.

MATERIALS AND METHODS

Materials

This study utilized analytical-grade chemicals and
certified biological materials that met standard research
quality requirements. Fresh M.pudica leaves were
carefully selected and authenticated prior to use. Ethanol
(96%), methanol (100%), silver nitrate (AgNOs) powder,
ascorbic acid, DPPH reagen (2,2-diphenyl-1-
picrylhydrazyl), phosphate-buffered saline (PBS),
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trypsin—EDTA (0.25%), fetal bovine serum (FBS),
penicillin—streptomycin, dimethyl sulfoxide (DMSO),
and MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) were purchased from
Merck (Germany). The human colorectal carcinoma cell
line HCT116 (ATCC® CCL-247™) was obtained from
the American Type Culture Collection (ATCC, USA).
Roswell Park Memorial Institute (RPMI)-1640 medium
was used as the basal culture medium.

Preparation of M.pudica Leaf Samples

Fresh M.pudica leaves were selected based on physical
quality, including green coloration, absence of
mechanical damage, and lack of visible contamination.
The samples were washed thoroughly under running tap
water to remove surface impurities and subsequently air-
dried in a shaded, well-ventilated environment to prevent
degradation of bioactive compounds. The dried plant
material was then pulverized into fine powder using a
mechanical grinder and stored in airtight containers at
room temperature until extraction.

Preparation of M.pudica Leaf Extract

Extraction was performed using the maceration method.
Briefly, 500 g of dried leaf powder was immersed in 1 L
0f 96% ethanol and incubated at room temperature for 2—
4 days with intermittent agitation. After maceration, the
mixture was filtered using Whatman filter paper to
remove solid residues. The resulting filtrate was
concentrated under reduced pressure using a rotary
evaporator at temperatures below 40°C to obtain a
viscous crude extract. The concentrated extract was
subsequently subjected to phytochemical analysis. The
extraction and  phytochemical characterization
procedures were conducted in accordance with
previously established protocols.

Green Synthesis of Silver Nanoparticles
M.pudica Leaf Extract

A stock solution of silver nitrate was prepared by
dissolving 8.4 g of AgNOs in 1 L of distilled water.
Subsequently, 500 mL of AgNOs solution was mixed
with 250 mL of M. pudica leaf extract in a glass beaker.
The mixture was covered with aluminum foil to
minimize light exposure due to the photosensitivity of
silver ions. The reaction mixture was heated in a water
bath at 60°C fFor 60 min. Successful synthesis of silver
nanoparticles (AgNPs) was indicated by a visible color
change from pale yellow to dark brown, suggesting
nanoparticle formation. The synthesized nanoparticles
were purified by centrifugation at 3,500 rpm for 20 min.
The supernatant was discarded, and the pellet was
washed with distilled water two to three times to remove
unreacted components. The purified nanoparticles were
dried in an oven at 60°C and stored in sterile, airtight
containers until further use. The synthesis procedure
followed previously reported green synthesis protocols.

Using
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DPPH Radical Scavenging Assay

The antioxidant activity of M. pudica leaf extract was
evaluated using the DPPH radical scavenging assay. A
DPPH stock solution was prepared by dissolving 2 mg of
DPPH powder in 10 mL of 100% methanol. The solution
was homogenized, protected from light using aluminum
foil, and stored at 4°C. The crude extract (1.5 g) was
dissolved in 1.5 mL of methanol and serially diluted to
obtain concentrations of 31.25, 62.5, 125, 250, 500, and
1,000 pg/mL, following the method described by
Chandra et al. (2020). Ascorbic acid was used as a
positive control and prepared at identical concentrations.
For each concentration, 100 pL of sample or control
solution was added to six replicate wells of a 96-well
microplate, followed by the addition of 100 pL of DPPH
solution. The plates were incubated for 30 min at 37°C in
the dark. Absorbance was measured at 517 nm using an
xMark  microplate spectrophotometer. Radical
scavenging activity was calculated based on the
percentage of DPPH inhibition.

Cell Culture of HCT116 Cells

Human colorectal cancer HCT116 cells were used as an
in vitro experimental model. Cryopreserved cells were
rapidly thawed in a water bath at 37°C for 1-2 min. The
cell suspension was transferred into 15 mL centrifuge
tubes containing complete growth medium (RPMI-1640
supplemented with 10% FBS and 1% penicillin—
streptomycin) and centrifuged at 1,200 rpm for 4 min to
remove cryoprotectants. The cell pellet was resuspended
in fresh medium and seeded into 25 cm? culture flasks.
Cells were incubated at 37°C in a humidified atmosphere
containing 5% CO-. The culture medium was replaced
every 2-3 days, and cells were subcultured upon
reaching approximately 80% confluence.

MTT Assay

Cell viability was assessed using the MTT assay.
HCT116 cells at approximately 80% confluence were
detached using 0.25% trypsin—-EDTA and counted with a
hemocytometer. Cells were seeded into 96-well plates at
a density of 2 x 10* cells per well in 100 uL of complete
medium and incubated overnight to allow cell
attachment. The experimental design included untreated
cell controls, medium controls, and treatment groups.
Cells were treated with M. pudica leaf extract (IMP) and
M. pudica-mediated silver nanoparticles (dPM+AgNPs)
at concentrations of 31.25, 62.5, 125, 250, 500, and 1,000
pg/mL. Each treatment was added in 100 pL volume per
well and incubated for 24 h. Following treatment, the
culture medium was removed, and 100 pL of MTT
solution (0.5 mg/mL) was added to each well. The plates
were incubated for 4 h at 37°C to allow formazan crystal
formation. Subsequently, 100 uL. of DMSO was added to
dissolve the formazan crystals, and absorbance was
measured at 570 nm using an xMark microplate reader.
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Cell viability was expressed as a percentage relative to
untreated controls.

Statistical Analysis
All experiments were conducted in triplicate, and data
were presented as mean + standard error mean (SEM).

RESULT AND DISCUSSION

Result

Statistical analysis was performed using the independent
t-test to compare differences between two experimental
groups in antioxidant and cytotoxicity assays. A p-value
of less than 0.05 was considered statistically significant.

DPPH Radical Scavenging Activity of M.pudica Leaf Extract and Ascorbic Acid

Table 1. Percentage of DPPH Inhibition and ICso Values Determined by the DPPH Assay.

Samples Concentration (ng/mL) % DPPH Inhibition Mean + SEM IC50 (ng/mL)
31,25 10,420 £ 0,015
62,5 13,858 + 0,049
. 125 16,784 £ 0,037
M.pudica Leaf Ectract 250 27.167 + 0,023 563
500 44,767 £ 0,039
1000 82,592+ 0,010
31,25 63,927 +£ 0,262
62,5 88,097 £ 0,066
. . 125 96,654 + 0,003
Ascorbic Acid 250 96,586 + 0,001 -1,874
500 96,887 £ 0,001
1000 97,270 + 0,004

The antioxidant activity of M.pudica Linn. leaf
extract and ascorbic acid was evaluated using the DPPH
radical scavenging assay. As summarized in Table 5.1,
the extract exhibited a marked concentration-dependent
increase in DPPH inhibition. At the lowest tested
concentration (31.25 pg/mL), the extract showed
10.420% inhibition, which increased substantially to
82.592% at 1,000 pg/mL, indicating enhanced free
radical scavenging capacity at higher doses. In contrast,
ascorbic acid, used as a positive control, demonstrated
rapid and potent antioxidant activity. Even at 31.25
pg/mL, ascorbic acid inhibited 63.927% of DPPH
radicals and reached a saturation plateau of
approximately 97% from 125 pg/mL onward. These
findings confirm the superior antioxidant potency of the
standard compound compared with the crude plant
extract. Both treatment groups exhibited very low
standard error of the mean (SEM) values, ranging from

0.001 to 0.262, indicating high experimental precision
and excellent reproducibility of the antioxidant assay.

The half-maximal inhibitory concentration (ICso),
representing the concentration required to scavenge 50%
of DPPH radicals, was also determined (Table 5.1). The
M. pudica leaf extract showed an ICso value of 563
pg/mL, suggesting relatively weak antioxidant activity.
In comparison, ascorbic acid yielded a negative ICso
value (—1.874 pg/mL), reflecting a mathematical artifact
resulting from inhibition values exceeding 50% at the
lowest tested concentration (31.25 pg/mL). Practically,
this indicates that the actual ICso of ascorbic acid was
below 31.25 pg/mL.

The concentration-dependent inhibition profiles of
both the extract and ascorbic acid are illustrated in Figure
1, further demonstrating the progressive increase in
antioxidant activity with rising concentrations.
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Figure 1. Percentage of DPPH Radical Inhibition Measured by the DPPH Assay in Each Experimental Group.

Viability of HCT116 Cells Treated with M.pudica
Leaf Extract and Its Combination with Silver
Nanoparticles

Morphological alterations of HCT116 colorectal cancer
cells following treatment were characterized by the
progressive appearance of apoptotic bodies with
increasing sample concentrations. The presence of

apoptotic bodies indicates metabolically mediated
programmed cell death, which corresponds to a reduction
in cell viability. Figures 2 and 3 illustrate representative
microscopic images of HCT116 cells following 24 h
incubation with M.pudica leaf extract alone and in
combination with silver nanoparticles (AgNPs) at various
concentrations.

Figure 2. Representative microscopic images (40x magnification) of HCT116 cells after 24 h exposure to M.pudica leaf extract at concentrations of (a)
31.25 ug/mL, (b) 62.5 pg/mL, (c) 125 pg/mL, (d) 250 pg/mL, (e) S00 ug/mL, and (f) 1000 pg/mL.

Microscopic  observation at 40x magnification
revealed that HCT116 cells treated with M. pudica leaf
extract for 24 h maintained relatively normal polygonal
morphology and strong substrate adhesion at low
concentrations (31.25-62.5 pg/mL), although initial
signs of cellular stress, such as cell rounding, were

observed. At intermediate concentrations (125-250
pg/mL), a marked reduction in cell density was evident,
accompanied by increased cell rounding, shrinkage,
detachment from the culture surface, and the appearance
of apoptotic bodies, indicating compromised membrane
integrity and initiation of cell death. At higher
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concentrations (500-1000 pug/mL), extensive
morphological damage was observed, including cell
lysis, fragmentation, accumulation of cellular debris, and
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near-complete loss of monolayer structure, reflecting a
substantial decline in cell viability (Figure 2).

Autifacts |+

Viable Cell

A

Figure 3. Representative microscopic images (40x magnification) of HCT116 cells after 24 h exposure to the combination of pudica leaf extract and silver
nanoparticles at concentrations of (a) 31.25 pg/mL, (b) 62.5 pg/mL, (c) 125 pg/mL, (d) 250 pg/mL, (e) 500 pg/mL, and (f) 1000 pg/mL.

As shown in Figure 3, treatment with the combination
of M. pudica leaf extract and AgNPs induced more rapid
and severe morphological alterations compared with the
extract alone, in a concentration-dependent manner. Even
at low concentrations (31.25-62.5 pg/mL), a noticeable
decrease in cell density and increased loss of cell
adhesion were observed, suggesting early cytotoxic
effects. At moderate concentrations (125-250 pug/mL),

pronounced morphological deterioration occurred,
characterized by cell fragmentation, cytoplasmic
shrinkage, disruption of the monolayer structure, and
abundant apoptotic bodies. At the highest concentrations
(500-1000 pg/mL), extensive cellular destruction was
evident, with dominant cell lysis, fragmentation, and
accumulation of apoptotic debris, indicating a severe
reduction in cell viability.

Table 2. Percentage of cell viability and ICso values of M.pudica leaf extract and its combination with silver nanoparticles determined by the MTT assay.

Samples Concentration (ng/mL) % Cell Viability Mean + SEM IC50 (ng/mL)
31,25 90,308 + 0,020
62,5 80,919 +£ 0,027
. 125 74,961 £ 0,035
M.pudica Leaf Ectract 250 64.511 + 0,064 504,962
500 52,104 +£ 0,028
1000 34,106 + 0,024
31,25 87,664 + 0,034
62,5 78,078 £ 0,047
. . . 125 65,457 £ 0,040
M.pudica Leaf Ectract + Silver Nanoparticle 250 37511 + 0,009 164,552
500 15,572 £ 0,041

1000

4,549 + 0,013
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Results of the MTT assay are presented as percentage
cell viability, reflecting cellular metabolic activity rather
than direct cell counts, as indicated by the intensity of
purple formazan crystals formed through MTT reduction
by viable cells. Both samples exhibited a clear dose-
dependent  cytotoxic response, with increasing
concentrations leading to progressively lower cell
viability. Treatment with M. pudica leaf extract alone
resulted in high cell viability at the lowest concentration
(90.31% at 31.25 pg/mL), which gradually decreased to
34.11% at 1000 pg/mL. In contrast, the combination
treatment produced a markedly stronger cytotoxic effect,
reducing cell viability from 87.66% at 31.25 pg/mL to
only 4.55% at 1000 pug/mL (Table 2).

ICso analysis further confirmed the enhanced
cytotoxic potency of the combination treatment. The I1Cso
value of the M. pudica leaf extract alone was 504.96
pg/mL, indicating weak cytotoxic activity against
HCT116 cells. Conversely, the extract-AgNPs
combination yielded a substantially lower ICso value of
164.55 pg/mL, demonstrating approximately a threefold
increase in anticancer efficacy (Table 2). These findings
suggest that silver nanoparticle incorporation
significantly enhances the cytotoxic potential of M.
pudica leaf extract against colorectal cancer cells. The
decrease in cell viability percentage can be visually
observed in the graph presented on Figure 4.

% HCT116 Cell Viability

100
W MP leaf extract

80— =3 MP leaf extract+AgNPs
60

40+

Percentage (%)

20+

T
31,25 62,5 125 250 500 1000

Concentration (ug/mL)

Figure 4. Percentage viability of HCT116 colorectal cancer cells following
treatment with M.pudica leaf extract and its combination with silver
nanoparticles after 24 hours of incubation.

Discussion
Antioxidant Activity of M.pudica Leaf Extract and
Ascorbic Acid
This study evaluated the antioxidant activity of M.pudica
Linn. leaf extract using the DPPH radical scavenging
assay. The results demonstrated that both the ethanol
extract and ascorbic acid exhibited concentration-
dependent inhibition of DPPH radicals, indicating dose-
responsive antioxidant activity. The percentage inhibition
of the M. pudica leaf extract increased from 10.42% at
31.25 pg/mL to 82.59% at 1,000 pg/mL, reflecting its
ability to neutralize free radicals at higher concentrations.
Ascorbic acid was employed as a positive control to
validate the reliability of the assay, owing to its well-
established antioxidant properties and rapid hydrogen-
donating kinetics (Wulan et al., 2019). In the present
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study, ascorbic acid showed substantial inhibitory
activity even at the lowest tested concentration,
achieving 63.93% inhibition at 31.25 pg/mL and
reaching a plateau of approximately 96-97% from 125
pg/mL onward. These findings confirm the superior
antioxidant potency of pure compounds compared with
crude plant extracts.

Statistical analysis revealed a significant difference (p
= 0.006) between the antioxidant activities of the M.
pudica leaf extract and ascorbic acid, indicating that the
crude extract possesses lower scavenging efficiency. This
discrepancy can be attributed to the heterogeneous nature
of plant extracts, which contain complex mixtures of
bioactive and inactive constituents that may dilute
antioxidant effectiveness (Sari and Ernanda, 2021).

The ICso value of the M. pudica leaf extract was
determined to be 563 pg/mL, classifying it as a weak
antioxidant according to Blois’ classification. In contrast,
ascorbic acid exhibited an apparent negative ICso value
(—1.874 pg/mL), resulting from inhibition levels
exceeding 50% at the lowest tested concentration,
thereby indicating an actual ICso below 31.25 pg/mL.
These findings further emphasize the markedly stronger
antioxidant capacity of the reference compound.

The present results are consistent with previous
studies. Damayanti et al. (2025) reported a similar ICso
value of 575.8 pg/mL for ethanol extracts of M. pudica
leaves, categorizing them as weak antioxidants.
Conversely, Rai and Rai (2024) observed strong
antioxidant activity in ethyl acetate extracts, with an ICso
of 46.58 ug/mL, while Mandal et al. (2022) reported
moderate activity (158.95 + 1.12 ug/mL). These
variations may be attributed to differences in
environmental conditions, harvesting time, geographical
distribution, and extraction solvents, which collectively
influence phytochemical composition. Solvent polarity
plays a critical role in extracting antioxidant compounds,
with ethyl acetate and methanol generally yielding higher
phenolic content than ethanol or aqueous solvents
(Mandal et al., 2022).

Overall, the antioxidant activity observed in this study
indicates the presence of secondary metabolites capable
of donating electrons or hydrogen atoms to stabilize free
radicals. Although relatively weak, this activity supports
the potential of M. pudica leaf extract as a natural
antioxidant source that may contribute to complementary
therapeutic strategies, particularly in diseases associated
with oxidative stress, such as colorectal cancer.

Cytotoxic Activity of M.pudica Leaf Extract Against
HCT116 Cells

The cytotoxic potential of the ethanol extract of M.
pudica leaves against HCT116 colorectal cancer cells
was assessed using the MTT assay. The results
demonstrated a concentration-dependent reduction in cell
viability, indicating dose-responsive cytotoxicity. At the
highest concentration (1,000 pg/mL), cell viability
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decreased to 34.11%, whereas at the lowest concentration
(31.25 pg/mL), viability remained relatively high
(90.31%).

Microscopic ~ observations  corroborated  these
quantitative findings, revealing progressive
morphological alterations with increasing extract
concentration. Cellular deformation was evident even at
low concentrations, while apoptotic bodies became
prominent at 250 pg/mL and increased markedly at
higher doses. The presence of apoptotic bodies suggests
activation of programmed cell death pathways, leading to
irreversible loss of cellular metabolic function.

Regression analysis yielded an ICso value of 504.962
png/mL, classifying the extract as weakly cytotoxic based
on established criteria (Nurdiani et al., 2023). This
finding aligns with previous reports indicating that crude
plant extracts generally require higher concentrations to
induce cancer cell death compared with purified
compounds.

Limited studies have investigated the -cytotoxic
effects of M. pudica specifically on colorectal cancer
cells. Chandra et al. (2020) reported strong cytotoxic
activity of ethanol extracts against Dalton’s Lymphoma
Ascites cells, mediated primarily through membrane
damage and lipid peroxidation. Similarly, John et al.
(2020) demonstrated potent cytotoxic effects of
methanolic extracts against breast cancer cell lines, with
substantially lower ICso values. These discrepancies
likely reflect variations in cell type sensitivity, extraction
solvents, and phytochemical profiles.

Despite its weak cytotoxicity as a single agent, M.
pudica extract remains clinically relevant as a bioactive
precursor rather than a stand-alone chemotherapeutic
agent. The ICso value obtained in this study serves as an
important baseline, supporting the hypothesis that
nanotechnology-based formulations may enhance the
intrinsic anticancer potential of this plant extract.

Cytotoxic Activity of M.pudica-Mediated Silver
Nanoparticles Against HCT116 Cells

The application of green nanotechnology significantly
enhanced the cytotoxic efficacy of M. pudica extract
against HCT116 cells. The integration of the extract as
both a reducing and stabilizing agent in silver
nanoparticle synthesis resulted in markedly improved
antiproliferative activity compared with the crude extract
alone.

MTT assay results demonstrated a pronounced,
concentration-dependent  decline in cell viability
following treatment with the extract-AgNPs formulation.
Morphological analysis revealed early cellular damage at
low concentrations and extensive apoptotic body
formation from 125 pg/mL onward. At the highest
concentration (1,000 pg/mL), nearly complete cellular
destruction was observed, indicating potent anticancer
activity. Quantitatively, cell viability decreased from
87.66% at the lowest concentration to only 4.55% at the
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highest dose. Statistical analysis confirmed the
significance of this reduction (p = 0.035), indicating that
the combination treatment exerted a significantly
stronger cytotoxic effect than the crude extract.
Moreover, the ICso value of the nanoparticle formulation
(164.552 pg/mL) was approximately three-fold lower
than that of the extract alone, demonstrating substantial
enhancement of anticancer potency.

Although direct studies on M. pudica-based AgNPs
remain limited, similar findings have been reported using
other plant extracts. Almukaynizi et al. (2022)
demonstrated that silver nanoparticles synthesized from
Adansonia digitata significantly improved cytotoxicity
against HCT116 and SW480 cells. Furthermore, Shukla
and Iravani (2024) highlighted that the nanoscale size
and large surface area of AgNPs facilitate efficient
cellular interactions and uptake. Gomes et al. (2023)
further suggested that phytochemical coatings on
nanoparticles promote synergistic interactions between
silver ions and plant metabolites, thereby enhancing
anticancer activity.The enhanced cytotoxicity observed
in this study may be attributed to improved cellular
internalization, sustained intracellular silver ion release,
and synergistic oxidative and apoptotic mechanisms.
Additionally, nanocarrier systems have been shown to
increase therapeutic indices, enabling effective tumor cell
eradication at lower doses (Okafor et al., 2013).

Collectively, these findings validate the effectiveness
of green-synthesized M. pudica leaf-mediated AgNPs as
a promising nanotherapeutic platform for colorectal
cancer. This approach not only enhances the intrinsic
bioactivity of plant-derived compounds but also supports
the development of environmentally sustainable and
potentially safer anticancer agents.

CONCLUSION

The ethanol extract of M.pudica Linn. leaves exhibited
measurable antioxidant activity with the ability to
neutralize free radicals; however, its potency remained
relatively weak when compared with pure ascorbic acid
as a reference standard. In contrast, the combination of
M. pudica leaf extract with silver nanoparticles
demonstrated significantly enhanced cytotoxic activity,
effectively reducing cell viability and suppressing the
proliferation of HCT116 colorectal cancer cells. These
findings indicate that nanoparticle-assisted delivery
improves the anticancer efficacy of the extract compared
with its crude form.
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