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Abstract

Background Gastric cancer is a prevalent form of malignancy among many common carcinoma cases globally.
This study was designed to assess the anticancer potential of the crude ethanolic seed extract from Mucuna pruriens
against the gastric cancer cell line (AGS). Various assays were employed to assess the anticancer properties, includ-
ing examinations of cell viability, nuclear morphology, apoptosis using AO/EB staining, changes in mitochondrial
membrane potential, lactate dehydrogenase activity, DNA fragmentation, and cell cycle arrest.

Results The crude extract exhibited significant anticancer activity against the human gastric cancer cell line (AGS),

as determined by the MTT assay, with an inhibition concentration (ICs,) of 600 pg/mL at 24 h. Distinct cellular

and nuclear morphological changes were observed with different concentrations of crude ethanolic seed extract. The
LDH release assay reveals cell death in AGS cells, as evidenced by a significant increase in the release of LDH enzyme.
DNA fragmentation analysis and flow cytometry results indicate that the extract induces chromatin condensation,
apoptotic cell death, and cell cycle arrest at the GO/G1 phase in the AGS cancer cell line. These results highlight

the potential therapeutic advantages of Mucuna pruriens seed extract against gastric cancer cells.

Conclusion This study could pave the way for identifying diverse natural bioactive compounds sourced
from Mucuna pruriens seed, leading to the development of novel drug with potential anticancer properties.
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Background

During the preceding decades, cancer has risen to
prominence as a significant concern within the realm
of public health. Normal cells undergo a series of
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multistep changes leading to their transformation into
cancer cells, influenced by factors such as inadequate
nutrition, obesity, alcohol consumption, genetic muta-
tions, urbanization, an unhealthy lifestyle, and exposure
to air pollution. Based on the Global Cancer Observa-
tory (GLOBOCAN) 2020 report from the International
Agency for Research on Cancer (IARC), estimates for
new cancer cases and mortality rates were provided for
38 cancer types across 185 countries. Across the globe,
19.3 million individuals were newly diagnosed with
cancer, and 10.0 million succumbed to the disease. The
top-ranking cancers worldwide include breast cancer in
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females, lung cancer, and prostate cancer due to their
widespread occurrence. Among the leading factors that
lead to cancer-related mortality internationally are lung
cancer, liver cancer, and stomach cancer [1, 2].

Stomach cancer, also known as gastric cancer, stands
as the third most common cause of cancer-related
deaths globally, with over 1 million new cases result-
ing in approximately 769,000 deaths. This complex and
aggressive disease is characterized by its multifaceted
nature, high prevalence, polygenic origins, and severity
[3]. The World Health Organization (WHO) highlights
stomach cancer as one of the top five most prevalent
cancer diagnoses [4]. Gastric cancer exhibits a higher
prevalence among males compared to females and is
predominantly found in regions such as China, Japan,
and Korea. While there has been a general decrease in
cancer-related deaths in recent years, the incidence of
new cases of gastric cancer has risen [5]. The progres-
sion of gastric cancer spans from the cellular to the
molecular level, displaying a diverse range of develop-
ments. Moreover, gastric cancer is characterized by a
multistep process that involves concurrent molecular
and genetic abnormalities. Consequently, researchers
are motivated to explore more effective strategies for
the treatment of gastric cancer [6].

Standard therapies for gastric cancer encompass sur-
gical resection of cancer cells, chemotherapy, radiation
therapy, or a combination of chemotherapy and radio-
therapy (chemoradiotherapy). Despite the significant
advantages of these conventional treatments, the preva-
lence of the disease continues to rise, and late-stage
diagnosis complicates treatment. As a result, there is an
urgent need to investigate alternative ways to conven-
tional chemotherapy, which may have drawbacks such as
suspension of bone marrow function, nausea, vomiting,
and antibiotic resistance [7].

Natural chemotherapy has emerged as a promising
avenue for treating gastric cancer. In many cases, radia-
tion therapy is combined with chemotherapy and surgery
to address the complexities of gastric cancer treatment.
Successful cancer therapies should effectively halt the
growth of cancer cells while minimizing harm to healthy
cells. Recognizing and refining such therapies can reduce
or eliminate adverse effects on the immune system. One
approach involves inducing apoptosis in cancer cells,
aiming to achieve a state where these cells undergo
programmed cell death [8]. Nowadays, numerous phy-
tochemical agents have shown their valuable character-
istics, such as anticancer and pharmacological properties
[9]. These phytochemicals are mostly found in vegetables,
fruits, spices, and soy, offer numerous health benefits and
are known for being non-toxic and readily available. A
multitude of studies have explored the essential role of
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phytochemicals in the prevention and treatment of gas-
tric cancer [10].

Plant extracts comprise a blend of metabolites distin-
guished by varying chemical properties and structures.
Drugs derived from these extracts are recognized as
highly effective chemotherapeutic drugs, drawing from
natural origin. Therefore, researchers are actively seeking
new compounds that exhibit lower toxicity towards non-
cancerous cells [5]. The velvet bean, scientifically known
as Mucuna pruriens, is a plant renowned for its regen-
erative properties in pharmaceutical and therapeutic
applications. Rich in essential phytoconstituents such as
tannins, flavonoids, alkaloids, and phenolic compounds,
it exhibits promising pharmacological properties. It is
widely consumed as a food source in Asia, America,
Africa, and the Pacific Islands. The seeds of this plant
contain abundant fiber, carbohydrates, and proteins,
as well as important minerals, essential amino acids,
and low levels of fats. Mucuna pruriens demonstrates
diverse pharmacological activities, including antioxidant,
anticancer, anticholesterolemic, anti-Parkinson’s, anti-
diabetic, sexually enhancing, anti-inflammatory, antibac-
terial, and antivenom properties [11]. Different extracts
derived from M. pruriens seeds, Asteracantha longifolia
seeds, and Sphaeranthus indicus stems displayed cyto-
toxic effects against MCF7 and A549 cell lines, high-
lighting the potential of plants as a valuable reservoir of
anticancer properties [12]. In another investigation, it
was reported that the combination of doxorubicin with
the aqueous leaf extract of M. pruriens displayed signifi-
cant potential against several carcinoma cell lines [13].
Therefore, in this present study, we investigated the anti-
cancer capabilities of the ethanolic seed extract derived
from Mucuna pruriens on the human gastric cancer cell
line (AGS).

Methods

Collection of Mucuna pruriens

The plant specimens of M. pruriens were collected from
Mahadevan hills in Kanguppam in Vellore district of
Tamil Nadu State, India (12.934968°N, 79.14688°E) dur-
ing May — October 2023. The mature and desiccated
pods were collected and threshed manually by placing
them in a bag and gently beating or rubbing it to release
the seeds. The separated seeds were cleaned with tap
water to eliminate extraneous impurities, oven-dried at
50 °C until dry weight stability was observed, and subse-
quently pulverized using an electric grinder. Three days
were spent macerating 500 g of powdered seed materials
and then used in the further extraction process. The tax-
onomic identification and authentication of plants were
carried out by the Senior Professors Centre for Advanced
Studies in Botany, University of Madras.
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Preparation of seed extract

About 500 g of M. pruriens seed powder was dissolved
in 2000 mL of solvent, ethanol, extracted using a Sox-
hlet apparatus until the solvent became colorless. The
ethanol extract was then concentrated in a rotary vac-
uum evaporator at 40 °C under lowered pressure and
temperature. Following complete evaporation, the yield
of the 28 g extract was quantified and stored in a sealed
container for further use. Then, the dried seed extract
of M. pruriens was dissolved using Dimethyl sulfoxide
(DMSO) and filtered using a 0.2 pm syringe filter, and
finally made into a stock solution of 100 mg/mL and
stored at — 20 °C for further use [14].

Cell line and chemicals

The normal (Vero) and cancer cell lines (AGS) were
obtained from the National Center for Cell Science
(NCCS), Pune, India. Dulbecco’s Modified Eagle
Medium (DMEM), Fetal Bovine Serum (FBS), Phos-
phate Buffered Saline (PBS), Trypsin—-EDTA, 3-(4,
5-Dimethyl Thiazol-2yl)-2,5-Dimethyltetrazolium Bro-
mide (MTT), Dimethyl Sulfoxide (DMSO), Sodium
Bicarbonate, and antibiotic solution were purchased
from Hi-Media Laboratories Ltd., Mumbai, India. 96
well plates, 6 well plates, tissue culture flasks (25-75
mm?), and centrifuge tubes were purchased from Tar-
sons Products Pvt. Ltd., Kolkata, India. All other chem-
icals used in the present study were analytical grade.

MTT assay

Cytotoxicity and cell viability were evaluated using the
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) assay [15]. The vero and AGS cells
were cultured in DMEM media along with 10% fetal
bovine serum (FBS) at 37 °C in a 5% CO, humidified
incubator. Initially, the vero cells (5x10° cells/mL)
were seeded in 96-well plates and treated with various
concentrations ranging from 200, 400, 600, 800, and
1000 pg/mL for 24 h. Similarly, gastric adenocarcinoma
(AGS) (5x10° cells/mL) was seeded and treated with
200, 400, 600, 800, and 1000 pg/mL of crude extract
for 24 h. After the treatment period, 10 uL of 10 mg/
mL MTT solution was added to the wells and allowed
to incubate for 4 h. Subsequently, the formazan crystals
developed were dissolved by adding DMSO (100 pL)
and the absorbance was measured at 570 nm using a
microplate reader. The percentage of cell viability was
calculated using the following formula.

Cell viability = A570 of treated cells x 100
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A570 of control cells.

Analysis of cell morphology

Morphological examinations were conducted using an
inverted light microscope (Nikon Eclipse TS100). Gas-
tric cancer cells (5% 10% cells/mL) were seeded on 6-well
plates with DMEM medium supplemented with 10%
FBS and incubated at 37 °C under 5% CO,. Various con-
centrations of crude ethanolic seed extract minimum
(200 pg/mL), IC50 (600 pg/mL), and maximum (1000 pg/
mL) were added to the cells and allowed to incubate for
24 h. Then, the cells were observed under an inverted
microscope at 20 X magnification and photographed [16].

Nuclear morphological examination

Fluorescent staining was conducted to visualize nuclear
damage in the cells [17]. AGS cells were plated at a den-
sity of 1 x 10* cells/mL in 6-well plates containing DMEM
medium with 10% FBS. After 24 h of treatment, the cells
were initially washed with phosphate-buffered saline
(PBS) and then fixed using methanol-acetic acid (3:1 v/v)
for 10 min, and then stained with 10 pg/mL of fluorescent
propidium iodide for 20 min. The nuclear morphological
changes were examined using a fluorescence microscope
at 20 X magnification (Nikon Eclipse E200).

Apoptosis analysis by acridine orange/ethidium
bromide

Apoptotic changes in cell morphology were evaluated
using differential staining with acridine orange and eth-
idium bromide [18]. Approximately 5x10% cells were
seeded in six-well plates and cultured in a humidified
incubator with 5% CO, at 37 °C for 24 h. Following this,
the cells were exposed to crude ethanolic seed extract at
concentrations of 200 pug/mL, 600 pg/mL, and 1000 pg/
mL, and then further incubated for 24 h. After incuba-
tion, the cells were stained with AO/EB solution (100 pg/
mL) and observed using a fluorescence microscope
(Nikon Eclipse E200) at 20 X magnification.

Measurement of mitochondrial membrane
potential

For observing the mitochondrial membrane potential
(MMP), Rhodamine 123 (RH-123) was used [19]. AGS
cells (3x 103 cells/well) were treated with the minimum
(200 pg/ mL), IC;,(600 pg/ mL), and maximum (1000 pg/
mL) concentrations of the crude ethanolic seed extract of
M. pruriens and incubated for 24 h. After treatment, the
cells were washed with PBS pH (7.4) and incubated with
10 uM of Rhodamine-123 for 10 min. The green filter was
used to detect the potential of mitochondrial membrane.
Images were taken and documented using a fluorescence
microscope (Nikon Eclipse E200) at 20 X magnification.
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LDH leakage assay

Lactate dehydrogenase (LDH) leakage was used to evalu-
ate the cell membrane integrity and cell viability based on
the release of LDH from the cytosol into the surround-
ing media [20]. AGS cells were seeded in 6-well plates
at a density of 3x10* cells per well in a DMEM culture
medium for 24 h. Cells were treated with selected con-
centrations of the crude ethanolic seed extract, and it
was further incubated for 24 h. The control and treated
cell medium were added to the tubes containing 1 ml
of buffered solution (125mLof glycine buffer contain-
ing 7 mL of 0.1 N sodium hydroxide solution, 2.75 g of
lithium lactate was dissolved freshly) and then incubated
for 15 min at 37 °C. Then, 0.2 ml of NAD + solution was
added and further incubated for 20 min. After that, the
reaction was stopped by adding 1 mL of 2,4-Dinitro-
phenylhydrazine (DNPH) reagent, and incubated for
15 min at 37 °C. After the incubation time, 7 ml of 0.4 N
NaOH solution was added, and the color formation was
read spectrophotometrically at 420 nm in a Shimadzu
UV-Spectrophotometer.

DNA fragmentation analysis

DNA fragmentation stands as a crucial biochemical
indicator of apoptosis in the majority of cells. AGS cells
(5% 10? cells/mL) were seeded and treated with 200 pg/
mL, 600 pg/mL, and 1000 pg/mL concentrations of crude
seed extract. After a 24-h incubation period, the cells
were harvested, centrifuged for 5 min at 4 °C, and then
washed twice with PBS at pH 7.2. Following this, cell lysis
was carried out using a buffer solution containing Tris—
HCI (0.05 M, pH 8.0), EDTA (0.01 M), NaCl (0.1 M), and
SDS (0.5%). DNA extraction was performed using a mix-
ture of phenol, chloroform, and isoamyl alcohol (25:24:1),
followed by precipitation with 7.5 M ammonium acetate
and ethanol. The resulting DNA was then reconstituted
in TE (Tris—EDTA) buffer. Subsequently, the DNA sam-
ples were subjected to electrophoresis on a 0.8% agarose
gel, and visualization was achieved using a gel documen-
tation system (GELSTAN) [21].

Cell cycle analysis by flow cytometry

Cell cycle changes were evaluated using flow cytometry
to determine the proportion of cells in each phase. Cell
cycle perturbations caused by the crude ethanolic seed
extract were analyzed using propidium iodide DNA
labeling. 2x10° cells per well were plated in six-well
plates, allowed to attach, and then incubated for 24 h.
Then, the cells were treated with 200 pg/mL, 600 pg/
mL, and 1000 pg/mL of crude ethanolic seed extract for
24 h. After incubation, the cells were collected, fixed in
ice-cold 70% ethanol for 4 h, and kept at 4°C. The cells
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suspended in ethanol were centrifuged at 1000 rpm for
5 min, then rinsed twice in PBS to remove any remain-
ing ethanol. Pellets were suspended in 1 mL of PI/
RNase A reagent and incubated at 37 °C for 30 min.
Flow cytometry analysis was conducted using a 575-nm
band filter (Beckman-Coulter) [22].

Statistical analysis

The results were presented as means + standard devia-
tion (SD) and analyzed for one-way ANOVA following
Dunnett’s test to determine the significant differences
between control and treated groups using SPSS version
20.0 software (Chicago, IL). p<0.05, 0.01, or 0.001 was
considered to be statistically significant.

Results

Cytotoxicity and cell viability

The crude ethanolic seed extract derived from Mucuna
pruriens was tested on normal cells (Vero) at concen-
trations reaching up to 1000 pg/mL, maintaining 90%
cell viability even after 24 h of treatment. As a result,
concentrations lower than 1000 pg/mL, specifically 200,
400, 600, 800, and 1000 pg/mL, were fixed (*p <0.05;
Fig. 1). Upon treating the gastric cancer cell line (AGS)
with the crude ethanolic seed extract at increasing con-
centrations for 24 h, a consistent decrease in the per-
centage of viable cells was observed. The cells treated
with crude ethanolic seed extract show a reduction of
50% in viability with 600 pg/mL (*p <0.05; Fig. 2). The
effect of ethanolic seed extract with three different con-
centrations (minimum (200 pg/mL), IC50 (600 pg/mL),
and maximum (1000 pg/mL) was taken forward for fur-
ther analysis.

100 -
~ 80
s
g 60—
2
P
S 404
[=]
Rt
=)
0 |x||| "I" levr "I" lllll rlvr

Control 200 400 600 800 1000

Concentration of crude ethanolic seed extract (ng/mL)

Fig. 1 Cytotoxic effect of crude ethanolic seed extract from M.
pruriens on Vero cells at different concentrations over 24 h.

All experiments were done in triplicates (n=3), and data

was represented as Mean +SD
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Fig. 2 Effect of crude ethanolic seed extract from M. pruriens

on the cell viability of human gastric adenocarcinoma cell line (AGS)
at 24 h. All experiments were done in triplicates (n=3), and data
was represented as Mean +SD

Cytomorphology observation

The morphological changes between the control and
treated AGS cells were observed. The control cells
showed polygonal shape morphology with an even mon-
olayer, whereas the treated cells showed cell shrinkage
and changes in their original morphology (Fig. 3) which
include disruptions in the even monolayer, and the cells
were found to be aggregated due to the effect of the crude
ethanolic seed extract of M. pruriens. These results sug-
gested that the toxicity of the crude ethanolic seed extract
is particular to treated AGS cancer cells with non-toxicity
to control cells at a specific concentration.

Nuclear morphology assessment

The changes in the nuclear morphology of control and
treated cells with crude ethanolic seed extract (200 pg/
mL as the minimum, 600 pug/mL as the IC50, and
1000 pg/mL as the maximum) were observed using the
fluorescent stain propidium iodide. Propidium Iodide
is a nuclear-specific dye which is impermeable to the
nuclear membrane unless the nuclear membrane is

Control
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damaged. Hence PI is permeable to both viable and
non-viable cells, it binds to the intercalating region of
the DNA and emits red fluorescence. Cells with dam-
aged nuclear membranes due to the action of com-
pound emit a higher degree of fluorescence than the
normal cells. The nuclear damage of treated AGS cells
induced by the crude ethanolic seed extract exhibited
distinct characteristics in IC50 and maximum concen-
trations showed reduced nuclear size, intense bright
red fluorescence indicating condensed nuclear chro-
matin, and the formation of membrane blebs. As the
concentration of the extract increases, there is a pro-
portional rise in the extent of nuclear damage within
the cells. In contrast, control cells absorbed dye pri-
marily in the cytoplasm and maintained intact nuclei
(Fig. 4).

Dual staining

Early and late apoptosis were identified through AO/
EB staining after treating the cells with crude ethanolic
seed extract at different concentrations. This method
utilizes fluorescent dyes to detect specific changes in the
cell membrane associated with apoptosis. The ability to
induce apoptosis by M.pruriens ethanolic seed extract
was assessed using AO-EB dual staining on AGS cells.
AO can penetrate live cells easily, while EB only enters
dead cells with ruptured membranes, on treatment with
different concentration of compound, the cell membrane
integrity if lost, so that EB gets access to the cells and
emit bright red fluorescence. AO penetrate both viable
and non-viable cells and emit green fluorescence. On
merging both the images, the early apoptotic cells appear
as dark green to orange in color and late apoptotic cells
appear red in color. Control cells displayed uniform green
fluorescence and normal characteristics, whereas cells
treated with the minimum concentration (200 pg/mL)
of M.pruriens seed extract exhibited bright green stain-
ing indicative of early apoptosis. At the IC50 (600 pg/mL)

IC5, (600 pg/ml)

Max (1000 pg/ml)

Fig. 3 Cellular morphological observation of human gastric adenocarcinoma (AGS) cells treated with crude ethanolic seed extract of M. pruriens

at 24 h (20 x magnification)
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Control Min (200 pg/ml)

ICs, (600 pg/ml) Max (1000 pg/ml)

Fig. 4 Nuclear morphological observation of crude ethanolic seed extract of M. pruriens on human gastric adenocarcinoma (AGS) cells at 24 h

(20 x magnification; arrow indicates nuclear damage)

and maximum concentration (1000 pug/mL) orange and
red fluorescence were observed, indicating both early and
late apoptosis (Fig. 5).
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Rhodamine 123 staining

Rhodaminel23 is a fluorescent stain that accumulates
within mitochondria due to the transmembrane poten-
tial and is retained in living cell organelles. When a cell
loses its integrity, the mitochondrial membrane poten-
tial is lost, and the organelle does not retain the stain.

Fig. 5 Dual staining by AO/EtBr on gastric adenocarcinoma cell line (AGS) treated with a crude ethanolic seed extract of M. pruriens at 24 h

(20 x magnification; arrow indicates early and late apoptotic cells)
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Alteration in the mitochondrial membrane leads to the
release of mitochondrial content. AGS cells exposed
to crude ethanolic seed extracts (at concentrations of
200, 600, and 1000 pg/mL) in a dose-dependent man-
ner exhibited reduced fluorescence levels, suggesting the
presence of apoptotic cells with diminished mitochon-
drial potential. In contrast, untreated control cells dis-
played high mitochondrial potential, evident from their
healthy state with green fluorescence resulting from elec-
trophoretic accumulation in the mitochondria (Fig. 6).

LDH analysis

The release of LDH, an internal cytoplasmic enzyme
found in live cells, was measured in treated AGS cells as
a sign of compromised membrane integrity and dam-
age. When the plasma membrane is disrupted, LDH
enzyme will rapidly release into the cell culture medium,
which is a fundamental aspect of cells suffering apopto-
sis and other forms of cellular destruction or cell injury.
Cell membrane integrity was assessed by measuring the
LDH level in the cell cultured medium using NAD and
DNPH. The percentage of LDH release increased sig-
nificantly after treatment with different doses of crude
ethanolic seed extract, suggesting apoptosis. At doses of
200, 600, and 1000 ug/mL, LDH enzyme levels increased
significantly compared to the control group. The LDH
release test revealed that the crude ethanolic seed extract
of M. pruriens caused increased damage in AGS cells in
response to dosage concentrations. The enzyme leakage
percentages were 25.72%, 49.70%, and 73.63% in treated
cells when compared to the control percentage of 14.66%
(Fig. 7).

DNA fragmentation assay

DNA fragmentation or ladder assay is used for the detec-
tion of apoptosis by the binding of ethidium bromide
to DNA. DNA fragmentation, a sign of apoptosis, was
examined using agarose gel electrophoresis. Apoptosis
causes nuclear DNA to be cleaved into internucleosomal

Control Min (200 pg/ml)
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Fig. 7 LDH leakage in a gastric cancer cell line treated with ethanolic
seed extract from M. pruriens at 24 h. All experiments were done
in triplicates (n=3), and data was represented as Mean + SD

fragments by caspase-3 activated DNAase. AGS cells
treated with crude ethanolic seed extract showed con-
centration-dependent apoptosis over 24 h. The whole
genomic DNA of both control and treated cells were iso-
lated and resolved in an agarose gel. The DNA from con-
trol cells appeared intact in nature as a single band in the
control lane whereas the cells treated with 200, 600, and
1000 pg/mL showed substantial streaking patterns, indi-
cating DNA damage (Fig. 8). DNA isolated from treated
cells exhibited a sequential progression of fragmentation,
which was confirmed through DNA fragmentation analy-
sis using ethidium bromide and visualized as a character-
istic ladder pattern on agarose gel electrophoresis.

Cell cycle analysis

Cell cycle progression strongly correlates with cell pro-
liferation. The untreated and treated AGS cells were
analyzed using RNase and PI staining in combination
using flow cytometry. Cell cycle arrest has the potential
to manifest across various phases of the cell cycle. The

ICs0 (600 pg/ml)
N\

Max (1000 pg/ml)

N

Fig. 6 Analysis of the mitochondrial membrane potential by Rhodamine 123 staining on human gastric adenocarcinoma cells with a crude
ethanolic seed extract of M. pruriens at 24 h (20 x magnification; arrow indicates loss of mitochondrial membrane potential)
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Fig. 8 Agarose gel electrophoresis of genomic DNA from AGS cells
treated with different concentrations of M. pruriens seed extract

univariate analysis of cellular DNA content following
staining with propidium iodide in both treated and con-
trol cells showed distribution of three major phases of the
cells (GO-G1/S/G2/M) and makes it possible to detect
cell cycle arrest relation to the amount of DNA in each
phase. In our result, the accumulation of cells were higher
in the GO/G1 phase, it indicates our compound arrest
the cancer cell at this phase of the cell cycle. The results
showed that upon treatment with extract, the AGS cells
started accumulating at the GO/G1 phase of the cell cycle
in a concentration-dependent manner. This accumula-
tion coincided with a reduction in cells within the S and
G2/M phases of the cell cycle. Specifically, the percent-
age of cells in the GO/G1 phase increased from 78.09% to
85.21%, while the proportions in S phase decreased from
9.84% to 7.50%, and in the G2/M phase from 11.17 to
6.37%. In contrast, the control group exhibited cell popu-
lations of 74.78, 12.52%, and 11.44% in the G0/G1, S, and
G2/M phases, respectively. These results suggest that
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M.prurenis induces GO/G1 arrest and impedes progres-
sive cell growth (Fig. 9a and b).

Discussion

Plants possess a wide range of bioactive substances that
exhibit antioxidant, anti-inflammatory, and anti-tumor
properties. Several herbal extracts have demonstrated
promising results in combating cancer cells when com-
pared to traditional chemotherapy or hormonal medica-
tions [23]. Mucuna pruriens is widely recognized for its
valuable therapeutic effects throughout India. The seeds,
flowers, and leaves of this plant are known for their
medicinal properties. Moreover, the seeds of this plant
display remarkable properties that can combat cancer
[24] [25].

Our research on M.pruriens seed extract showed
non-toxicity toward Vero cells, with no significant cell
mortality observed at 1000 pg/mL and gastric cancer
cells showed a 50% reduction in cell viability at 600 pg/
mL. Likewise, Fenugreek seed extract exhibited inhibi-
tory effects on the MCEF-7 cell line at a concentration of
400 pg/ml after 24 h [26]. Previous studies on the anti-
cancer activity of Moringa peregrina seed ethanolic
extract (MPSE) on breast cancer cells (AU565) revealed
an inhibitory concentration of 201.7 pug/mL [27].

The cytomorphological observation of AGS cells was
sensitive to the inhibitory action of crude ethanolic
seed extract. Earlier studies on A549 and HCT 15 cells
treated with sardine oil emulsion revealed morphologi-
cal changes in treated and untreated cells [28]. Similarly,
observations of treated A431 cells with grape seed extract
indicated cell detachment, shrinkage, nuclear condensa-
tion, and fragmentation [29].

Apoptosis is a biological process of cell destruction that
plays an important role in morphological and biochemi-
cal changes in the nucleus and cytoplasm. Apoptotic
cells exhibit distinct features such as condensation, cell
shrinkage, and the presence of condensed and cleaved
chromatin [30]. Additionally, during apoptosis, cells
become more permeable to propidium iodide (PI), a fluo-
rescent DNA stain that cannot penetrate the membranes
of live cells. Morphological examination of AGS cells
using PI staining revealed nuclear shrinkage and red fluo-
rescence emission, indicating the initiation of apoptosis
by crude ethanolic seed extracts. Control cells show red
fluorescence in the cytoplasm with an intact nucleus. The
nuclear damage was reported in Swietenia macrophylla
seed extracts on HCT116 colorectal carcinoma cells and
Vitis vinifera seed extracts in A431 skin cancer cells [29,
31, 32]

The AO/EtBr dual staining assay serves as an in vitro
method for detecting apoptosis. It involves the use of acr-
idine orange and ethidium bromide staining to visualize
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was represented as Mean +SD

various stages of apoptotic alterations, including early
and late apoptosis. AO, being a membrane-permeable
dye, binds to the nucleic acids of viable cells. On the other
hand, EtBr, impermeable to membranes, readily enters
non-viable cells and binds to DNA. Viable cells exhibit
normal green-colored nuclei, while early apoptotic cells
with fragmented chromatin display bright green nuclei.
Chromatin condensation manifests as bright green
patches, and late apoptotic cells exhibit orange to red
nuclei [33]. The apoptotic, late apoptotic and necrotic
cells observed in hexane seed extracts from Cuminum
cyminum on bone cancer cells [34].

The most important feature of the induction of the
intrinsic apoptotic pathway is the loss of mitochon-
drial membrane potential. Mitochondria is the primary
energy source essential for sustaining life in aerobic con-
ditions, also serve as sources of cell signals that induce
apoptosis. During apoptosis, mitochondrial membrane
becomes permeable leading to release of apoptogenic
factors into the cytosol [35]. The reduction in mitochon-
drial membrane potential was evaluated using Rhoda-
mine 123, a positively charged fluorescent dye. In this
study, the fluorescence intensity decreases which indi-
cates the cell death by M.pruriens seed extract in con-
centration-dependent manner. A significant reduction

in mitochondrial membrane potential in Squamous Cell
carcinoma—25 (SCC-25) oral cancer cells treated with
Annona muricata crude extract [36].

Lactate dehydrogenase (LDH) is a stable cytosolic
enzyme that is found in all cells. Also, it serves as an ideal
indicator for cytotoxicity studies due to plasma mem-
brane damage, which is a hallmark of various cellular
processes such as apoptosis, necrosis, and other forms
of cellular injury [37]. These enzymes facilitate the con-
version of pyruvate into lactate when NADH is present.
Our findings revealed that elevated concentrations led
to increased cell damage, suggesting the release of high
levels of LDH into the surrounding medium. This obser-
vation shows that the occurrence of apoptosis-induced
cell death triggered by the crude ethanolic seed extract
of M.pruriens. Previously, the hexane extract from cumin
seed showed increased release of LDH enzyme from
MG63 cells after 24 h of incubation [34]. However, there
was no reported dose-dependent effect of LDH in HepG2
cells when exposed to aqueous pomegranate seed extract
(PSE). The percentage of LDH release ranged from 9.7 to
9.2% across concentrations of 1-100 pug/mL in HepG2
cells, suggesting a lack of cytotoxicity even at high con-
centrations [38]. The cytotoxic impact of Ferula hermonis
root hexane extract (FHRH) on MDA-MB-231 and LoVo
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cells was assessed by monitoring LDH leakage in the cul-
ture media [39].

Another key aspect of triggering apoptosis is the occur-
rence of nuclear fragmentation, as validated through
agarose gel electrophoresis. Apoptotic cell nuclear DNA
exhibits a distinct ladder-like pattern of oligonucleosomal
fragments, widely recognized as the hallmark of apopto-
sis [40]. In this study, AGS cells treated with M.puriens
seed extract showed a DNA streaking pattern in time and
concentration-dependent manner. Subsequent staining
with ethidium bromide on agarose gel revealed observ-
able DNA fragmentation. Mucuna pruriens extract
induces apoptosis through DNA fragmentation and
decreases the mitochondrial potential of the cancer cells
after treatment, thereby it induces apoptosis by the mito-
chondrial pathway. Similarly, DNA fragmentation was
evident in oral squamous cell carcinoma following expo-
sure to 250 pg/mL of grape seed extract [41]. Likewise,
results for induction of apoptosis have been reported for
the seed and leaf extracts and saponins of Tribulus ter-
restris inducing DNA fragmentation in MCEF-7 cells [42].

Cancer is identified as a disorder resulting from abnor-
malities in the cell cycle [43]. Quantitative analysis
of the cell cycle plays a crucial role in investigating the
molecular mechanisms underlying cell death and cell
cycle advancement. Within the cellular division cycle,
failure at checkpoints results in increased proliferation
rates and the onset of cancer. Nevertheless, the blockage
of the cell cycle at these checkpoints can be hindered by
activating signaling pathways or utilizing specific inhibi-
tors, thus impeding further proliferation of cancer cells.
This method is beneficial for precisely assessing the dis-
tribution of cells across different phases of the cell cycle
[44]. The present study demonstrated changes in cell
cycle progression by flow cytometry. We observed that
M.prureins ethanolic seed extract arrests the AGS cell
cycle at the growth-static G1 phase which explains the
anti-proliferation of AGS cells by crude ethanolic seed
extract. The number of cells in the GO phase of treated
AGS cells increased in a dose-dependent manner com-
pared to the control, which is in close agreement with
the previous results [45] where ionic liquid-graviola
fruit extract impeded cell cycle arrest at GO/G1 phase in
MCE-7 cells. Similarly, the G1 phase of cell cycle arrest
was reported in T47D and MCEF-7 breast cancer cells
treated with M.pruriens ethanolic seed extract [46].

Conclusion

The present study revealed the anticancer activity of
the ethanolic seed extract obtained from Mucuna pru-
riens on human gastric cancer cells The extract exhib-
ited notable cytotoxic effects, inducing cell death,
apoptosis, DNA fragmentation, and cell cycle arrest at
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the GO/G1 phase. These findings underscore the ther-
apeutic promise of Mucuna pruriens seed extract as a
source of natural bioactive compounds. Future research
could focus on these compounds, potentially leading to
the development of novel anticancer drugs. Subsequent
investigations should prioritize the isolation and identi-
fication of the precise bioactive chemicals accountable
for these effects. Further mechanistic investigations
are required to clarify the mechanisms by which these
chemicals trigger cell death and apoptosis. Further-
more, it is necessary to carry out in vivo experiments
to assess the effectiveness and safety of the extract and
its separated chemicals in living biological systems.
The investigation of formulation creation and possible
administration systems has the potential to augment
the therapeutic capabilities of the extract, ultimately
resulting in clinical trials to evaluate its efficacy and
safety in the treatment of cancer.
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