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ABSTRACT

Argemone mexicana leaves (AML) contain a variety of bioactive components such as fatty acids,
amino acids, phenolics and alkaloids, including Berberine, Isoquinoline, Scoulerine, Stylopine,
Thalifone, Benzylisoquinolines, Protopine, and Tetrahydroberberine. With the objective to
identify an additional source for anticancer treatment, this study investigated the Gas
Chromatography and Mass Spectrometry (GC-MS) of AML extract, its cytotoxic effect against
MCEF-7 cell lines, and acute toxicity study on experimental rats. 9,12,15-Octadecatrienoic acid,
Phytol, 1-methyl piperidine, n-Hexadecanoic acid (palmitic acid), and 9,12-Octadecadienoic acid
were among the primary substances identified based on the peak area of GCMS. The percentage
of cell viability(MTT) after AML extract treatment ranged from 28.50% to 64.28% for
concentrations of 1000 to 125 pg/ml (IC50 = 258.87 pg/ml). Statistical analysis revealed a
significant difference in cell viability (p=0.05). Cytoplasm condensation, nuclear fragmentation,
membrane blebbing and cell shrinkage was observed in AO stain after exposure to AML extract.
Acute toxicity study revealed that LD50 of AML extract is greater than 2000 mg/kg/b.w.
Therefore, the present study offers a satisfactory preclinical proof of safety for AML extract, its
cytotoxic effects appear to be caused by its bioactive components.

Keywords: AML extract, cytotoxicity, MTT assay, apoptotic assay, GC-MS analysis, Acute
toxicity.

INTRODUCTION

Naturally occurring secondary metabolites of a plant, referred to as phytochemicals, and have the
potential to inhibit diseases. Alkaloids, steroids, volatile oils, flavonoids, and other phenolic
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compounds are examples of phytochemicals [1]. Therefore, screening of active chemicals and
assessing cytotoxic action from plants have helped identify and develop novel anticancer
medications.Drugs made from herbal extracts are widely accessible, reasonably priced, safe,
effective, and rarely cause side effects. GC/MS analysis is an advanced method which utilizes
direct analysis to identify volatile essential oils, fatty acids, lipids, alkaloids, and nonpolar
components present in medicinal plants and traditional remedies [2].

Figure 1: Argemone mexicana L

Argemone mexicana, commonly known as Mexican prickly poppy or yellow thistle,
belongs to the Papaveraceae family. It was also reported to grow throughout the subtropical and
tropical regions, in nearly every part of India. Lower leaves are alternate, sessile, auricled, and
obovate in outline. The leaves are 5-22 cm long and 3—7 cm wide, with a wavy margin, sharp
teeth, white variegation along the main veins, and scattered prickles along the margin and on the
veins below [3]. In India, the yellow juice exuding from injured plants has been traditionally used
as medicine for dropsy, jaundice, ophthalmia, scabies, and cutaneous affections. Moreover, the
native population in India reportedly uses the root to treat inflammation and chronic skin diseases
[4]. Leaves and seed juices are used to treat nonhealing wounds and skin diseases. They have also
been reported to have applications in regulating blood circulation and cholesterol levels in the
human body [5]. One of the most common cancers in women and one of the main causes of cancer-
related fatalities globally is breast cancer. Cancer remains the world’s most significant cause of
mortality because it is a malfunction of the processes that control cell growth and division.
Therefore, the present investigation aims to identify potential therapeutic compounds by
performing GC-MS analysis of AML and studying its cytotoxic effects on the human breast cancer
cell line (MCF-7) included acute toxicity study of AML extract.

MATERIALS AND METHODS

Collecting Plants: Authentication and Extraction Methods
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Argemone mexicana leaves (AML) were collected from the Erode district, Tamil Nadu, between
January2022 to June 2023. The procedure of plant authentication was carried out by the Botanical
Survey of India, Coimbatore. The survey number was Tech/260/BSI/SRC/5/23/2021. After
collecting fresh AML leaves and washing them, on paper towels, they were left to dry at room
temperature for a week. During this period, the leaves became pliable, and the spines on the
underside of the leaves softened. After drying, plant leaves were crushed into a powder using a
pestle and mortar. The Soxhlet apparatus was used to extract 200 mg of dried leaves with 1200 ml
of methanol. The contents were distilled using a boiling water bath. After being collected, the
crude extract was used for further analyses and refrigerated at -4°C.

GC-MS Analysis

The methanolic extract of AML was subjected to GC-MS analysis using the protocol outlined by
Hema et al. (2011) [6]. GC-MS, PerkinElmer mass spectrometer interfaced with a chromatograph
and coupled with an Elite-1 fused silica capillary column (30 m, 0.25 mm, 1 pm df, mainly
comprised of dimethyl polysiloxane). Helium gas (99.999%) was used as the carrier gas at a steady
flow rate of 1 mL/min, and a split ratio of 10:1 was applied with an injection volume of 1.5
mL/min. The temperature of the ion source was 280°C, and the injector was 250°C. Starting at
110°C (isothermal for two minutes), the oven temperature was scheduled to increase by 10°C/min
to 2000°C, then by 5°C/min to 280°C, culminating in a 9°C isothermal at 280°C. The detected
compounds ranged from 50 to 550 amu, with a total GC running time of 36 minutes. By comparing
the average peak area of each ingredient to the overall area, the relative amount of each ingredient
was determined. Mass spectra from the Wiley-8 library and the NIST-0.8 L database, as well as
chromatograms, were handled by Turbo Mass.

IN-VITRO CYTOTOXIC STUDIES
Cell lines:

MCF-7 cell lines were purchased from National Centre for Cell Sciences, Pune, India. Cells was
cultured in Dulbecco’s Modified Eagle’s Minimum (DMEM). Media supplemented with 10 %
heat-inactivated fetal bovine serum (FBS), 1 % antibiotic—antimycotic solution in a humidified
incubator (5 % COz in air at 37°C). Cells (2 x 10°cells/ml) were cultured in T25 flasks and a stock
cell suspension (1 x 10° cell/mL) was prepared. A 96-well flat bottom tissue culture plate was
seeded with 50,000 cells in 0.1 mL of DMEM medium supplemented with 10 % FBS for 24 h in
COz incubator. Test compounds in 0.2 % DMSO were added to the cells and incubated for 24, 48
or 72 h. The study was performed in triplicate for each dose level. The cells in the control group
received only the medium containing 0.2 %DMSO.

MTT Assay

For this examination, it was assumed that no reduction of tetrazolium occurs in dead cells or any
of their byproducts. The assay was based on the highly successful principle of MTT being broken
down by living cells into a blue formazan byproduct. The fundamental principle is that 3-(4,5-
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dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) is cleaved by the mitochondrial
enzyme succinate dehydrogenase in a colorimetric test, yielding a blue-colored product
(formazan). The amount of formazan was measured using a microplate reader, and the absorbance
optical density (OD) was calculated at a wavelength of 540 nm. The results were presented as the
average of three replicates, and the IC50 value was calculated [7]. Applying the following formula,
the growth inhibition was calculated: Mean OD of Individual Test Group / Mean OD of Control
Group x 100 = % of cell viability.

Acridine Orange (AO) Staining

Apoptosis analysis was conducted by following the procedure outlined by Mohan et al. (2016) [8].
24 hours before to the start of the medication treatment, 50,000 cells were placed into each of the
24 well plates using culture media that included 10% fetal bovine serum. The cells were exposed
to AML extract for 24 hours at doses of 250 pg/ml and 125 pg/ml. They were then incubated for
the entire night at 37°C in a 5% CO2 atmosphere. After incubating for a full night, the cells were
cleaned with PBS and the well media was disposed. One milliliter of 90% methanol was used to
fix the cells for 20 minutes at -20°C. After the methanol was removed, it was air-dried. Ice-cold
PBS was used to clean fixed cells two or three times. After that, the cells were maintained for 30
minutes at 37°C in phosphate-buffered saline (PBS) containing 1% BSA
(bis(trimethylsilyl)acetamide) and 0.1% Triton X-100. 200 pl of acridine orange (0.01% in PBS,
pH 7.4) was added to the plate and incubated for 20 minutes at 37°C after two or three PBS washes.
After three PBS washes, the plate was examined under a fluorescence microscope to check for any
nuclear alterations, and pictures were taken. Slides were observed within 30 minutes under a UV-
fluorescence microscope before fluorescent color faded. The observations were as follows: (1)
intact structures with green nuclei were observed in viable cells; (ii) condensation of chromatin in
the nucleus was noted, exhibiting a bright green nucleus indicating early apoptotic cells; and (iii)
dense orange areas were observed due to chromatin condensation, indicating late apoptosis [9].

Oral acute toxicity study:

Healthy female Sprague-Dawley (SD) rats (8-10 weeks old) weighing 120+5 g were used
for this study. All the rats were maintained under the standard guidelines, in the JKKN Institutional
Animal House, approved by the Committee for Control and Supervision of Experiments on
Animals (CPCSEA), Reg No. 887/PO/Re/S/2005/CPCSEA. The study was approved by the
Institutional Animal Ethical Committee (IAEC) of JKK Nataraja Educational Institution, proposal
number is JKKN/IAEC/Ph.D./04/2021. Rats were procured from Biogen Laboratory Animal
Facility, Reg No. 971/PO/RcBt/S/2006/CPCSEA, Bangalore-562107.

Animals were divided into two groups (n = 3) and starved overnight. Group I (control)
received only 2 ml of normal saline. Group II received Argemone mexicana crude methanol leaf
extract administered orally (i.e., a single dose of 2000 mg/kg) on the first day of the experiment.
Animals were observed for 14 days, and after being sacrificed, blood and tissue samples were
collected for further analysis. Body weight was calculated for control and treated groups of animals
on one day before the experiment (0 days), the 7th day, and the 14th day of the experiment. The
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cage-side observation comprised behavior changes in animals, including fur, skin, gait, tremor,
eye dullness, pupil dilatation, ptosis, and breathing difficulty. liver, kidney, and heart were
removed from the control and experimental groups, weighed, and used for histological study. All
the acute toxicity procedures and animal care were followed as per the guidelines of OECD-425.
From the acute toxicity study, we can select the extract-safe doses of 1/10 and 1/5 for our
experiment [10].

Statistical Analysis

The averages of the three analyses was used to express the data using one-way ANOVA by
SPSS 28.0.1. followed by the test Turkey HSD for comparison between the groups. The cytotoxic
activity (IC50) was determined by applying a linear or nonlinear regression equation to the
percentage of cell growth and the extract’s inhibitory action at different concentrations, with the
F-statistic at p < 0.05. The results were expressed as mean = SEM, and values with P < 0.05were
considered statistically significant.

RESULTS

Gas Chromatography and Mass Spectrometry (GC-MS):
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Figure 2 shows GCMS chromatogram of AML extract (Chromopark Life Sciences).

Table 1: Vital Compounds Identified by GC-MS Analysis of AML Extract Along with Their

Biological Activity

Name of the | Retention | Area | Molecular Biological Activity
Compound Time of Formula
(Name of | ( Min) Peak
Peaks) (%)
Benzoic acid Antifungal activity [11].

8.286 2.7 CsHsCOOH
2-Methoxy-4- Inhibition of proliferative cell nuclear antigen
vinylphenol [12].

10.064 2.16 CoH1002
N-Ethyl-2- Potential antioxidant properties and cytotoxic
carbome activity have been reported [13].
thoxyazetidine

10.831 2.2 CoH17NO;
Piperidine, 1- Cytotoxic potential against tumor cells [14].
methyl-

12.186 3.19 CeH14CIN
Hexadecanoic Antioxidant, anti-inflammatory activity, and
acid, methyl antimicrobial properties [15].
ester

16.063 3.33 CisH3602
n-Hexadecanoic Cytotoxic potential by inhibiting DNA
acid  (palmitic topoisomerase-I [16]. Also found that the
acid) substance has antimicrobial, anticancer, and

antioxidant properties [17].

16.385 | 10.55 Ci6H3202
9,12,15- Anti-inflammatory and anti-microbial activity
Octadecatrienoic [18].
acid, methyl
ester, (Z,2,7)-

17.430 | 143 Ci19H3402
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Phytol Cytotoxic activity against MCF-7 cell lines
17.485 |6.3 Ci9H3202 [19].
9,12,15- Anti-inflammatory and cancer preventive [20].
Octadecatrienoic
acid, (Z,2,2)-
17.563 | 5.15 C20H400
Octadecanoic Antitumor activity [21], antimicrobial activity,
acid (stearic antioxidant [22].
acid)
17.841 | 22.28 Ci1sH3002
9,12,15- Anti-inflammatory and anxiolytic activity
Octadecatrien-1- [23].
ol, (Z,Z2,72)-

21.618 |4.48 CisH320

Bioactive compounds identified through GC-MS analysis

The GC-MS chromatogram (Figure 2) showed various peaks indicating the presence of bioactive
compounds. Bioactive compounds were identified and characterized by comparing the mass
spectra of fractions with the Wiley and NIST libraries. Total 41 compounds were detected in the
crude extract of AML. Some of the major compounds identified include 9,12,15-Octadecatrienoic
acid (Z,2,7) (22.28%); n-Hexadecanoic acid (palmitic acid, 10.55%); 9,12,15-Octadecatrienoic
acid methyl ester (Z,Z,Z) (6.3%); Phytol (5.15%); 9,12,15-Octadecatrien-1-ol (Z,Z,7) (4.48%);
Piperidine, 1-methyl- (3.19%); Hexadecanoic acid methyl ester (3.33%); 4H-Pyran-4-one, 2,3-
dihydro-3,5-dihydroxy-6-methyl; and Benzoic acid (2.7%). Additionally, Hexadecanoic acid 2,3-
dihydroxypropyl ester (2.68%); N-Ethyl-2-carbomethoxyazetidine (2.22%); 2-Methoxy-4-
vinylpheno (2.16%); Isosorbide Dinitrate (1.94%); Butanedioic acid monomethyl ester (1.75%);
3H-Cyclopenta[c]pyridazin-3-one 2,5,6,7-tetrahydro (1.62%); Benzofuran 2,3-dihydro (1.64%);
9,12-Octadecadienoic acid (Z,Z)- methyl ester, 10,13-Octadecadienoic acid methyl ester (1.45%);
Octadecanoic acid (stearic acid) (1.42%); and 9,12-Octadecadienoic acid (Z,Z)- 2-hydroxy-1-
(hydroxymethyl)ethyl ester (1.34%) were presented with their retention time (RT) and peak area
as a percentage. This analysis identified the active elements containing reported and non-reported
phytochemical compounds. Furthermore, a few compounds were tabulated based on retention time
and previously reported biological activities (see Table 1).

CYTOTOXIC ACTIVITY:
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Sample  Argemone | % Cell viability IC50 value
mexicana leaf extract
for cell line study
(Concentration used)

1000 pg/ml 28.50
500 pg/ml 36.88
200 pg/ml 48.89 258.87 pg/mL
125 pg/ml 64.28

Figure 3: Percentage of viable MCF-7 cells after treatment with AML extract.
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Figure 4 shows the effect of the extract after 48 hours (data not shown). However, after 72 hours,
a dose-dependent antiproliferative activity was observed with a correlation coefficient of 12 =
0.983 for MCF-7. Statistical analysis indicated a significant difference in cell viability for the
MCF-7 cell line between 1000 pg/mL and 125 pg/mL (p < 0.05).

Table 2: Concentration of extract and percentage of cell viability.

Table 2 shows that the percentage of cell viability after treatment with sample AML extract ranged
from 28.50% to 64.28% for concentrations of 1000 to 125 pg/ml. The inhibitory concentration of
50% (IC50 value) for the extract was 258.87 pg/mL. Any concentration below the IC50 value can
be used for further molecular-based studies.

Inhibition of growth and proliferation of MCF-7 cell lines by AML extract

Human breast cancer cells (MCF-7) were treated with various concentrations (ranging from 1000
to 125 ng/mL) of AML extract for different incubation periods. AML extract decreased cell growth
and survival by inducing cell death. The effect of AML extract on MCF-7 cells depended on the
dosage and duration of exposure. Cells treated with a higher concentration exhibited a significant
reduction in the number of viable cells. After 72 hours of incubation, a maximal inhibition of cell
growth was recorded at 1000 pg/mL, and the extract’s IC50 value was 258.87 pg/mL. Figure 4
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and Table 2 demonstrate that AML extract caused a statistically significant (p < 0.05) reduction in
the cell viability of MCF-7 cells in a concentration-dependent manner. The sample of Argemone
mexicana leaf extract has shown potential cytotoxic effects against human breast cancer cells.

Figure 4: Acridine Orange staining of MCF7 cells

Figure 4 shows, 4A: Control MCF7 cells without drug treatment; 4B: MCF7 cells treated with
AML extract at a concentration of 125 pg/ml for 48 hours; 4C: MCF7 cells treated with AML
extract at a concentration of 250 pg/ml for 72 hours. Magnification: 40X; The arrow indicates cells
exhibiting membrane blebbing, cytoplasmic condensation, and nuclear fragmentation.

Induction of apoptosis in MCF-7 cells by AML extract

Apoptosis occurred in MCF-7 cells after being treated with AML extract, as identified by the
acridine orange (AO) staining method. All cells are susceptible to acridine orange (AO) staining,
wherein the nucleus turns green, while untreated (control) cells remain round-shaped, brightly
intact, green in color, and do not exhibit any signs of apoptosis (Figure 4A). Compared to the
control group, the AML extract-treated group exhibited increased apoptosis, which was observed
to rise with time and concentration of the extract. The round-shaped cells started to shrink, and
apoptosis became visible at 48 hours (Figure 4B). Early apoptosis is characterized by a light green-
orange nucleus with fragmented chromatin and condensed features. Apoptosis was evident
following the 72-hour treatment, as characterized by a bright orange nucleus, membrane blebbing,
and chromatin condensation (Figure 4C). The single cell was surrounded by blebs, which indicated
the onset of apoptosis. Additionally, due to acridine orange’s binding to the denatured DNA in the
latter stages of apoptosis, alterations such as a reddish-orange hue were observed. In this study, it
was found that the drug induces the self-destruction of cancer cells, which is considered an
advantage of the AML extract’s anticancer application (Figures 4A, 4B, 4C).

ACUTE TOXICITY STUDY:

Table 3: Cage side observation of control and treated groups:

Parameter Cage side observation
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Control 2000mg/kg 4000mg/kg

Mortality Nil Nil Nil
Food intake Normal Normal Normal
Water intake Normal Normal Normal
Nasal bleeding Nil Nil Nil
Hair loss Nil Nil Nil
Behavior Normal Normal Normal
Feces color Normal Normal Normal
Diarrhea Nil Nil Nil
Urination Normal Normal Normal
Breathing difficulties Nil Nil Nil
Locomotion Normal Normal Normal
Eye dullness/ Ptosis Nil Nil Nil

Table 4: Mean body weight of control and experimental groups (grams)
Group 0 day 7% day 14" day
Group I-Control 150.0+ 1.15 160.16+2.74° 162.3+1.60%
Group II 151.66 £2.02 157.0+£3.60 163.0+2.10°
2000 mg/kg
Group III 151.5 £1.60 157.66+1.44° | 168.33+1.62°
4000 mg/kg

Values are expressed as mean = SEM (n=3)

3P<0.001; "P<0.05 Vs 0’day body weight of respective group. Data were analysed by One Way

ANOVA followed by Dunnett’s test post hoc analysis.

Table 5: Mean organ weights in control and experimental groups

Group Liver (g) Kidney(g) Heart (g)
Group I-Control 3.80 +0.06 1.5+ 0.08 2.19+0.04
Group II 3.80+£0.13 1.55+£0.07 2.25 +0.08
2000 mg/kg

Group I1I 4.08+0.15 1.57 £0.12 2.59 £0.07
4000 mg/kg

Values are expressed as mean = SEM (n=3)

All the values are not significant when compared to control group. Data were analysed by One
Way ANOVA followed by Dunnett’s test analysis.



Acta Biomed 2024; Vol. 95, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745 481

Table 6: Hematological parameters of control and experimental groups

Group | Hemoglobin | RBCs WBCs Platelets Mean Mean
(g/d]) (10%mm?) | (10*mm?) | (10%mm?) | corpuscular | corpuscular—

volume- (g/d1)??
MCV (fL)

Group | 12.32+0.42 |6.80+ 12.31 + 735.90 + 56.23+ 33.40 +0.26

I- 0.21 0.23 5.72 1.14

Control

Group | 13.70+£0.95 | 6.96+0.18 | 13.70 72956 £ | 58.30+ 34.49 +0.32

I +0.13 6.45 1.26

2000

mg/kg

Group | 13.50+0.87 | 7.20+0.52 | 13.9 76290 £ | 58.40 + 33.20 +£0.38

I +0.46 4.98 1.05

4000

mg/kg

Values are expressed as mean + SEM (n=3). All the values are not significant when compared to
control group. Data were analysed by One Way ANOVA followed by Dunnett’s test analysis.

Figure 5: Histological features of liver, kidney and heart of control and experimental rats

Control 2000mg AML 4000mg AML

[ 5A-Kidney
Se——

5B-Liver

| 5CHeart |

Figure 5: 5A, 5B, 5C shows kidney, liver and heart of control, 2000mg and 4000mg of AML
extract treated groups respectively. Histologically no difference between control and treated
groups (H&E stain, 10X magnification). SA: Intact glomeruli and tubules normal
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architecture as in similar to the control group. 5SB: Hepatocytes in lobules, has central vein.
5C: Heart muscles also showed normal branching pattern and striated, no necrotic changes.

Acute toxicity study

The acute toxic study results of AML extract showed no noticeable signs of acute toxicity and lack
of death at all doses up to 4000 mg/kg body weight. Behavior changes of treated rats carried out
by general inspection of each animal on a day- to- day basis from the 0 days of study to the 14th
day of the study at all dose levels showed no significant changes between control and treated
groups (Table 3). The body weight of all treated group rats was slightly diminished in 7™ day, but
on 14™ day treated animals weight has increased, when compared with control, but the increase
was not statistically significant (Table 4). Organ weights between control and treated rats showed
no statistical significant difference, the P value is >0.05 (Table 5). The blood parameter values
showed slightly increased, but not a statistically significant change of HB, WBC, RBC, HCT,
MCV, MCH, MCHC & PLT in the treated groups compared to the control group the P value is
>(0.05 (Table 6). Histological section of liver, kidney and heart were evaluated for pathological
changes. In kidney demonstrated intact glomeruli and tubules normal architecture as in similar to
the control group (Fig: 5A). Normal liver with hepatic lobules has central vein, clearly visible
portal triad seen (Fig 5B). Heart muscles also showed normal branching pattern and striated, no
necrotic changes (Fig:5C).

DISCUSSION

In the present study, 41 chemicals were identified from the crude extract of AML with GC-MS
analysis. Compounds such as 2-Methoxy-4-vinylphenol have demonstrated anticancer effects
against pancreatic cancer cell lines by inhibiting the expression of the cell nuclear antigen (PCNA)
protein and reducing the phosphorylation of Focal Adhesion Kinase (FAK) and AKT [11].
Rejinthala et al. (2024) reported that piperidine is a pharmacophore. Its derivatives inhibit triple-
negative breast cancer cells by influencing cell viability and arresting the cell cycle at the M2/G
phase in K562 cells [24]. Hexadecanoic acid (palmitic acid) induces cell apoptosis in tumor cells
through the mitochondrial pathway, facilitated by the promotion of intracellular reactive oxygen
species (ROS) generation [25]. Hexadecanoic acid and phytol extracted from microalgae inhibit
the growth of MCF7 breast cancer cells in vitro [26]. The primary component in the AML extract
with the highest concentration is stearic acid, or 9,12-octadecadienoic acid, constituting 22.28%
of the sample. Reza et al. (2021) studied the chloroform fraction of Achyranthes ferruginea via
GC-MS and discovered various forms of octadecanoic acid methyl esters. The compound has
demonstrated potent cytotoxic activity against HeLa cells. Additionally, an in-silico study further
supports that octadecanoic compounds are significantly associated with the target cancer cells [27].
Stearic acid, also known as octadecadienoic acid, has been shown to inhibit the growth of breast
tumor cells and induce apoptosis [28]. N-hexadecanoic acid is one of the bioactive substances
found. The literature review indicates that octadecadienoic acid actively inhibits DNA
topoisomerase I activity, which triggers apoptosis and hinders cell growth [29]. Plant-based
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anticancer and cytotoxic compounds have enormous therapeutic potential as they can achieve the
desired results with fewer side effects. Further exploration of plant-derived therapeutics is needed
today.

In the cytotoxicity study, the cell viability percentage decreased from 64.28% to 28.50% as the
concentration of AML extract increased from 125 pg/mL to 1000 pg/mL. The results denoted that
MCF-7 cell growth was significantly inhibited, and cell viability markedly decreased after
exposure to AML extract in a dose-dependent manner. The potent cytotoxic activity of AML
extract could be attributed to its secondary metabolites, which have a wide range of actions,
including antioxidant, antibacterial, antimutagenic, and antiproliferative properties. Datkhile et al.
(2020) also reported higher cytotoxicity of Argemone mexicana leaves and stems, which exhibited
maximum inhibitory activity against MCF-7 cell lines compared to previous findings [30]. In vitro
data suggests that the AML extract sample exhibits potent cytotoxic activity against MCF-7 breast
cancer cells. Cells treated with the AML extract were stained with acridine orange (AO) to examine
whether apoptosis was a significant factor in inducing the cell death of MCF-7.

In this study, acridine orange (AO) staining morphological analysis distinguished the stages of
apoptosis and differentiated viable, apoptosis, and necrosis. Fluorescence microscope
investigations demonstrated that the extract caused morphological changes and apoptosis in the
AO-stained cells. Numerous studies involving plants and anticancer agents on cancer cells have
reported apoptotic-morphological features, such as cytoplasm condensation with a marked
decrease in cell volume, chromatin condensation and fragmentation, plasma membrane blebbing,
and degeneration of the nucleus into the membrane [31]. It refers to that the main components of
the apoptotic process are influenced by the polyphenolic and flavonoid compounds found in food
plants, which exhibit cytotoxicity. However, research on how AML extract affects the expression
of apoptotic marker enzymes is required to confirm this finding (p53, caspases, etc.).

During the observation period of 14 days in acute toxicity study, noticed that the doses of
AML extract supplied to the rats (even the maximum dose of 4000 mg/kg body weight) did not
produce any mortality, morbidity or signs of toxicity or behavioral changes. Rats body weight and
organ weight of all treated group rats was slightly increased when compared with control, but the
increase was not statistically significant. There is no statistically significant change of HB, WBC,
RBC, MCV, MCHC & PLT in the treated group compared to the control group. (P value is > 0.05).
Histological section of liver, kidney and heart were appeared to be normal, there is no sign of
pathological changes. Above the results were supported by many invivo analysis on experimental
animals. Crude leaf powder suspension of Argemone mexicana have not shown any mortality, even
at the maximum dose (2500 mg/kg, p.o.) reported by SOURABIE et al (2009) [32], at the dose of
5000 mg/kg, p.o. reported by Prasad and Venugopal (2016) [33]. The acute toxicity study revealed
that LD50 of methanol extract of AML is greater than 4000 mg/kg/b.w. Therefore, the present
study offers a satisfactory preclinical proof of safety for Argemone mexicana leaves extract.
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CONCLUSION

Argemone mexicana leaves, stems, and roots have been frequently used in Indian traditional
medicine for various conditions. Metabolites detected from GCMS of AML extract, mainly fatty
acids, that have anticancer potential are octadecanoic acid (stearic acid); n-Hexadecanoic acid
(palmitic acid); phytol, 9,12,15-octadecatrienoic acid; hexadecanoic acid; and methyl ester.
According to the study, apoptosis has a role in inhibiting MCF-7 breast cancer cells’ proliferation
by AML extract and extract has not shown any mortality at the highest dose in in-vivo. According
to the results, AML extract shows potential as a chemotherapeutic agent for the treatment of
cancer.

Future scope:

The separation of many flavonoid fractions using high-performance liquid chromatography and
the cytotoxic analysis of each fraction will assist in identifying the active component in AML.
Additionally, research on the apoptotic transduction pathway in cancer cells treated with this plant
extract could provide insights into the mechanism underlying the activation of cell death.

REFERENCES:

1. Promprom W and Chatan W: GC-MS Analysis and Antioxidant Activity of Bauhinia
nakhonphanomensis  Leaf  Ethanolic. = Extract.  Pharmacog J. 2017, 9:663-67.
10.5530/pj.2017.5.105

2. Yalavarthi C, Thiruvengadarajan VS: A review on identification strategy of phyto constituents
present in herbal plants. Int. J. Pharm. Sci. 2013, 4:123-40.
https://www.researchgate.net/publication/286554716.

3. Malik C, Mohanty JP, Pradhan S, et al.: Phytochemistry and pharmacology of Argemone
mexicana Linn-An Indian medicinal plant. Res. J. Pharm. Phytochem. 2023, 15:27-32.
10.52711/0975-4385.2023.00005

4. Ganesan K, Xu B: Ethnobotanical studies on folkloric medicinal plants in Nainamalai,
Namakkal District, Tamil Nadu, India. Trends Phytochem. Res. 2017, 1:153-68.
https://www.researchgate.net/publication/320869336

5. Pathak R, Goel A, Tripathi SC: Medicinal property and ethnopharmacological activities of
Argemone  mexicana: an  overview. Annals of R.S.C.B. 2021, 1615:41.
https://annalsofrscb.ro/index.php/journal/article/view/1609

6. Hema R, Kumaravel S, Alagusundaram K: GC/MS determination of bioactive components of
Murraya koenigii. Am. J. Sci. 2011, 7:80-3. https://www.researchgate.net/publication/288268047.




Acta Biomed 2024; Vol. 95, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745 485

7. Denizot F, Lang R: Rapid colorimetric assay for cell growth and survival: modifications to the
tetrazolium dye procedure giving improved sensitivity and reliability. J. Immunol. Methods. 1986,
89:271-7.10.1016/0022-1759(86)90368-6

8. Mohan S, Abdelwahab SI, Hobani YH, et al.: Catha edulis extract induces H9¢2 cell apoptosis
by increasing 9 of 10 reactive oxygen species generation and activation of mitochondrial proteins.
Pharmacogn. Mag. 2016, 12:321. 10.4103/0973-1296.185732

9. Damas-Souza DM, Nunes R, Carvalho HF: An improved acridine orange staining of
DNA/RNA. Acta histochemica. 2019, 121:450-4. 10.1016/j.acthis.2019.03.010

10. Sahgal G, Ramanathan S, Sasidharan S, Mordi MN, Ismail S, Mansor SM. Brine shrimp
lethality and acute oral toxicity studies on Swietenia mahagoni (Linn.) Jacq. seed methanolic
extract. Pharmacognosy research. 2010 Jul;2(4):215.

11. Amborabé BE, Fleurat-Lessard P, Chollet JF, et al.: Antifungal effects of salicylic acid and
other benzoic acid derivatives towards Eutypa lata: structure-activity relationship. Plant Physiol.
Biochem. 2002, 40:1051- 1060. 10.1016/S0981-9428(02)01470-5

12. Kim DH, Han SI, Go B, et al.: 2-methoxy-4-vinylphenol attenuates migration of human
pancreatic cancer cells via blockade of fak and akt signaling. Anticancer Res. 2019, 39:39-6685.
10.21873/anticanres.13883

13. Fikri F and Purnama MTE: Pharmacology and phytochemistry overview on Sauropus
androgynous. Sys Rev Pharm. 2020, 11:124-128. 10.31838/srp.2020.6.20

14. Mukhopadhyay U, Thurston J, Whitmire KH, et al.: Preparation, characterization, and
antitumor activity of new cisplatin analogues with 1-methyl-4-(methylamino) piperidine: Crystal
structure of [PtIl (1-methyl-4- (methylamino) piperidine)(oxalate)]. J. Inorg. Biochem. 2003,
94:179-185. 10.1016/S0162-0134(02)00614-1

15. Alli, K.A.V.I.LT.H.A, Ln M: Comparative evaluation of antimicrobial activities of root, stem
and leaves of Holoptelea integrifolia against pathogenic bacteria. Asian Jr. Of Microbiol. Biotech.
Env. Sc. 2014, 16:145- 154. https://www.researchgate.net/publication/262186303.

16. Harada H, Yamashita U, Kurihara H, et al.: Antitumor activity of palmitic acid found as a
selective cytotoxic substance in a marine red alga. Anticancer Res. 2002, 22:2587-2590.
https://www.researchgate.net/publication/5361596.

17. Madkour HM, Ghareeb MA, Abdel-Aziz, et al.: Gas chromatography-mass spectrometry
analysis, antimicrobial, anticancer and antioxidant activities of n-hexane and methylene chloride
extracts of Senna italica. J. Appl. Pharm. Sci. 2017, 7:023-032. 10.7324/JAPS.2017.70604

18. Al-Gara NI, Abu-Serag NA, Shaheed KAA, et al.: Analysis of bioactive phytochemical
compound of (Cyperus alternifolius L.) By using gas chromatography-mass spectrometry. In IOP
conference series. Mater. Sci. Eng. 2019, 571:012047. 10.1088/1757-899X/571/1/012047



486 Acta Biomed 2024; Vol. 95, N. 1: ISSN: 0392-4203 | elSSN: 2531-6745

19. Pejin B, Kojic V, Bogdanovic G: An insight into the cytotoxic activity of phytol at in vitro
conditions. Nat. Prod. Res. 2014, 28:2053-2056. 10.1080/14786419.2014.921686

20. Hema R, Kumaravel S, Alagusundaram K: GC-MS study on the bioactive components and
anti-cancer  activities of  Solanum  surattense.  Cancer Biol. 2011, 1:13-7.
https://www.researchgate.net/publication/288267996.

21. Akpuaka A, Ekwenchi MM, Dashak DA, et al.: Biological activities of characterized isolates
of n-hexane extract of Azadirachta indica A. Juss (Neem) leaves. Nat.sci. 2013, 11:141-147.
https://www.researchgate.net/publication/309075776.

22. Keawsa-Ard S, Liawruangrath B, Liawruangrath S, et al.. Chemical constituents and
antioxidant and biological activities of the essential oil from leaves of Solanum spirale.
Nat.Prod.Commun. 2012, 7:955-958. 10.1177/1934578X1200700740

23. Xia M, Liu L, Qiu R, et al.: Anti-inflammatory and anxiolytic activities of Euphorbia hirta
extract in neonatal asthmatic rats. AMB Express. 2018, 8:1-11. 10.1186/s13568-018-0707-z

24. Rejinthala S, Endoori S, Thumma V, et al.: New Imidazo [4, 5-c] pyridine-piperidine Hybrids
as Potential Anti-cancer Agents and In-Silico Studies. Chem.Sel. 2024, 9:10.1002/slct.202303299

25. Wang X, Zhang C, Bao N: Molecular mechanism of palmitic acid and its derivatives in tumor
progression. Front Oncol. 2023, 13:10.3389/fonc.2023.1224125

26. Millaty IN, Wijayanti N, Hidayati L, et al.: Identification of anticancer compounds in leaves
extracts of agarwood (Aquilaria malaccensis (Lamk.). Earth Environ.Sci. 2020, 457:
10.1088/1755-1315/457/1/012036

27.Reza AA, Haque MA, Sarker J, et al.: Antiproliferative and antioxidant potentials of bioactive
edible vegetable fraction of Achyranthes ferruginea Roxb. in cancer cell line. Food Sci.Nutr. 2021,
9:3777-805. 10.1002/fsn3.2343

28. Li C, Zhao X, Toline EC, et al.: Prevention of carcinogenesis and inhibition of breast cancer
tumor burden by dietary stearate. Carcinog. 2011, 32:1251-8. 10.1093/carcin/bgr092

29. Ravi L, Krishnan K: Research article cytotoxic potential of N-hexadecanoic acid extracted
from Kigelia pinnata leaves. Asian J. Cell Biol. 2017, 12:20-7.10.3923/ajcb.2017.20.27

30. Datkhile KD, Patil SR, Patil MN, et al.: Studies on phytoconstituents, in vitro antioxidant,
antibacterial, and cytotoxicity potential of Argemone mexicana Linn. (Family: Papaveraceae). J
Nat Sc Biol Med. 2020, 11:198- 205.10.4103/jnsbm.JNSBM_56_20

31. Zakaria Z, Gan SH, Mohamed M: In vitro studies of Asian medicinal plants with potential
activity against breast cancer. J] App Biol Biotech. 2018, 6:49-55. 10.7324/JABB.2018.60410

32.T.S. SOURABIE et al. / Int. J. Biol. Chem. Sci. 2009; 3(6): 1499-1503.



Acta Biomed 2024; Vol. 95, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745 487

33. Prasad M, Venugopal SP. Preliminary phytochemical analysis and oral acute toxicity study of
the root of Argemone mexicana (Linn). Int J Res Dev Pharmacy Life Sci. 2016, 15;5(2):2010-7.



