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Abstract: Plants continue to play a critical role in the discovery of effective compounds, especially
anticancer drugs. Abutilon pannosum has been historically used as a therapeutic plant in the medicinal
system. In this study, an ethanolic crude extract was prepared from the dried powder of A. pannosum
and subsequently fractionated to produce chloroform, butanol, and water fractions. The crude extract
and fractions were tested for their cytotoxic action against various cancer cells using the MTT assay.
Additionally, the effect of the most promising fraction on the cell cycle arrest and apoptosis induction
was studied using flow cytometry and RT-PCR. Western blotting was employed to confirm the
expression of apoptosis-related proteins. The chemical constituents of the most promising fraction
were further analyzed by GC-MS. Among all the tested extracts, the A. pannosum chloroform fraction
(APCF) exhibited the most potent activity against MCF-7 breast cancer cells, with an IC50 value of
50 µg/mL. The growth inhibition of the MCF-7 cells was found to be linked with cell cycle arrest at the
G1 phase. Moreover, apoptosis was confirmed as a cell death mode using the FITC-annexin/PI assay,
as well as the upregulation of proapoptotic genes, including Bax and caspase-7, and downregulation
of the antiapoptotic Bcl-2 gene. The most abundant phytoconstituents revealed by the GC-MS analysis
were palmitic acid (50.46%), quinic acid (11.84%), alpha-d-glucopyranoside (11.15%), parthenolide
(9.65%), and phytol (6.65%). Our in vitro assessment indicates that A. pannosum could be a potential
source of anticancer agents.

Keywords: Abutilon pannosum; apoptosis; cell cycle; MCF-7

1. Introduction

Cancer remains one of the main issues affecting public health globally, resulting in
several deaths every year. According to the available data, more than 19.3 million new
cancer cases were documented in 2020, which was linked with almost 10 million deaths [1].

Over 50% of the compounds authorized to treat cancer between 1981 and 2014 were
either natural products or their derivatives, with most of these molecules serving as an-
titumor agents. Natural products have been recognized in this context as plentiful and
effective sources for discovering novel anticancer agents [2]. Among all natural products,
medicinal plants have been an enormous pool of biologically active compounds with a
variety of chemical structures and disease-preventing properties [3]. With nearly 244 genera
and 4225 species, the Malvaceae family is considered one of the largest families that have
been utilized in the traditional system since ancient times [4,5]. Among this genus, the
Abutilon genus is widespread in tropical and subtropical districts of America, Africa, and
Australia with approximately 150 annual plants, shrubs, and small trees [6]. Different
Abutilon species have historically been credited with a variety of pharmaceutical and
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therapeutic properties. Furthermore, various phytoconstituents found in different parts
of these species have been documented for several biological activities, such as laxative,
diuretic, rheumatism, as well as demulcent [7]. Moreover, numerous phytoconstituents
from Abutilon species, including steroid, ester glycoside, flavonoid, and triterpene, have
been characterized [8,9].

This genus has five species in Saudi Arabia, which are primarily found in the Hijaz,
Southern, and Eastern regions. They inhabit sandy, disturbed areas and can withstand
drought. These five species are A. bidentatum Hoch, A. figarium Webb, A. fruticosum Guill
and Perr., A. hirtum Don, and A. pannosum Schlecht [10].

Kanghi or khapat are popular names for the Abutilon pannosum species [11], which is
traditionally utilized for wound and urinary tract cleaning, as well as for treating hemor-
rhoids, diabetes, and anemia [12]. The leaves of A. pannosum have been utilized against
trachoma, while the roots have been employed to treat pulmonary infections, jaundice,
and asthma.

Antibacterial, antioxidant, and antifungal activities have been documented for A.
pannosum leaves [13]. The protective effects of A. pannosum for kidney and lung injuries
have also been documented [14]. Several phytoconstituents including alkaloids, fatty acids,
sterol lipids, and heterocyclic compounds have been detected in extracts of A. pannosum
leaves. Flavonoids, quercetinm and kaempferol are also available in this species. Moreover,
GC-MS analysis confirmed the presence of a number of medicinally significant compounds,
including lupeol, n-hexadicanoic acid, vitamin E, and phytol [14,15].

Regarding its cytotoxic effects, only a few studies are available for some species of
Abutilon genus, such as A. indicum [16] and A. fruticosum [17].

In this study, we attempt to investigate the cytotoxic activity and chemical components
of A. pannosum as part of our ongoing research on the chemical and biological characteriza-
tion of various plants that grow in rocky terrain.

2. Materials and Methods
2.1. Plant Collection, Crude Extracts, and Fractions Preparation

The aerial branches of A. pannosum were gathered from Al-Madinah Al-Munawara,
Saudi Arabia, in March 2019. Professor Sami Zalat of the Biology Department in the
College of Science at Taibah University (Saudi Arabia) verified the plant samples. After
being carefully cleaned with distilled H2O, the aerial parts of A. pannosum were preserved
for 15 days in the dark before being powdered. Then, a Soxhlet apparatus was utilized
to extract 300 g of powdered plant material with 1.5 L of ethanol-water (70/30 v/v) for
48 h. Next, the mixture was centrifuged, and a rotary evaporator was used to concentrate
the supernatant under low pressure. The ethanolic crude extract was then fractionated
using solvents exhibiting different polarities such as chloroform (CHCl3), butanol (BuOH),
and methanol (MeOH). Finally, the fractions were dissolved in DMSO to obtain a final
concentration of 20 mg/mL.

2.2. Cell Culture and Antiproliferative Assay

The A549 (ACC 107), HepG2 (ACC 180), and MCF-7 (ACC 115) cancer cell lines used in
this study were obtained from the German Collection of Microorganisms and Cell Cultures
(DSMZ) (Braunschweig, Germany). The antiproliferative effect of A. pannosum against
cancer cells was determined in lung (A549), liver (HepG2), and breast (MCF-7) cancer
cells. DMEM media (Gibco, Grand Island, NY, USA) supplemented with 10% FBS (Gibco,
Grand Island, NY, USA) and 100 U/mL penicillin/streptomycin was used to grow the
cells. The cells were seeded at a concentration of 5 × 104 (cells/mL) in a 96-well tissue
culture plate. After 24 h, the cells were treated with A. pannosum ethanolic extract and
fractioned at concentrations of 0–200 µg/mL for 48 h, as well DMSO (0.1%) which was
served as a vehicle. Next, 10 µL of MTT reagent (5 mg/mL) was added to each well, and
the cells were incubated for 2–4 h. The absorbance of the formazan product was then
determined at a wavelength of 570 nm using a microplate reader (BioTek, Winooski, VT,
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USA). The percentage survival of cells was calculated from the dose–response curve using
OriginPro software.

2.3. Flow Cytometric Analysis of DNA Content

Cell cycle analysis was conducted using propidium iodide staining, as previously
described [15]. Briefly, both untreated and treated MCF-7 cells were harvested and washed
with phosphate buffered saline (PBS). The supernatant was discarded, and the pellet was
dispersed and fixed by adding 70% ethanol for 4 h. After removing the ethanol, the
cells were resuspended in staining solution (propidium iodide/RNase buffer) and further
incubated for 1 h in the dark at room temperature. Sample analysis was performed using a
flow cytometer machine (Cytomics FC 500; Beckman Coulter, Brea, CA, USA).

2.4. Annexin V/Propidium Iodide Assay

The assay was carried out according to the manufacturer’s instructions (Biolegend,
San Diego, CA, USA). Briefly, MCF-7 cells were seeded in a 6-well plate and incubated
overnight. The cells were then treated with the chloroform fraction of A. pannosum at
concentrations of 50 and 100 µg/mL for 24 h. Next, the cells were harvested, resuspended
in annexin binding buffer (100 µL), and stained with both PI and FTIC-annexin V for
15 min. Finally, 400 µL of annexin binding buffer was added to the stained cells, which
then analyzed on a Beckman Coulter flow cytometer machine.

2.5. RT-PCR

Total RNA was prepared from treated and untreated samples using TRIzol reagent.
Briefly, the cells were washed with PBS, TRIzol was added to the adhered cells, and the
mixture was thoroughly mixed by pipetting. The Homogenized samples were kept at room
temperature for 5 min to permit complete lysis. For the first-strand cDNA synthesis, 1 µg
of total RNA was used and reverse transcription was performed using the First-Strand
cDNA Synthesis Kit (Invitrogen, Waltham, MA, USA) in a thermocycler (Applied Biosys-
tem, Waltham, MA, USA) according with the company instructions. An internal control
(GAPDH) and specific primers for each gene of interest were used for PCR amplification.
The primer sequences used were as follows: Bax F: 5′-TTTGCTTCAGGGTTTCATCC-3′;
R 5′-ATCCTCTGCAGCTCCATGTT-3′; Bcl-2 F: 5′-TGATGCCTTCTGTGAAGCAC-3′; R:
5′-ACAGGCGGAGCTTCTTGTAA-3′; caspase-7 F: 5′-AGTGACAGGTATGGGCGTTC-3′; R:
5′-TCCATGGCTTAAGAGGATGC-3′; and GAPDH F:5′-GTGATGGGATTTCCATTGAT-3′;
R: 5′-GGAGTCAACGGATTTGGT. The PCR products were separated on a 1.5% agarose gel
and images were captured using LICOR gel documentation. ImageJ software was utilized
to quantify the gel bands.

2.6. Western Blot Analysis

MCF-7 cells were seeded in 6-well plate and treated with APCF at 50 and 100 µg/mL.
RIPA buffer was used to extract proteins from the harvested cells. The extracted proteins
were stored at −20 ◦C, the Bradford assay was used to measure the protein concentration,
and an ELISA reader was used to measure the absorbance. Western blots were performed
as previously described [18]. Briefly, equal amounts of proteins were loaded and separated
by SDS-PAGE, then transferred to a nitrocellulose membrane. The membrane was washed
in TBST before being blocked for an hour at room temperature with 5% skimmed milk in
TBST. The primary antibodies (anti-Bax, anti-Bcl-2, anti-caspase-7, and anti-β-actin) were
incubated with the membrane at 4 ◦C overnight on a slow shaker. The membranes were
then rinsed three times in TBST for ten minutes each time. The membranes were then
incubated for 1 h at room temperature on a slow shaker with the appropriate secondary
antibody in 5% skimmed milk with TBST, then washed three more times. Chemiluminescent
(ECL; Amersham, UK) and X-ray films (Amersham, UK) were used to identify the binding
of immunoproteins.
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2.7. GC-MS Analysis of Phytochemical Compounds

GC-MS analysis of A. pannosum chloroform fraction (APCF) was performed using a
PerkinElmer Clarus GC System (PerkinElmer, Inc., Waltham, MA, USA). The temperature
program was set as previously described [19]. Briefly, program began at 40 ◦C, was held
for 2 min, then increased to 200 ◦C at a rate of 5 ◦C per minute, and held for an additional
2 min. The temperature was then raised from 200 ◦C to 300 ◦C at a rate of 5 ◦C per min, then
maintained for an additional 2 min. The APCF constituents were determined by matching
the obtained mass spectra with the mass spectra in the National Institute of Standards and
Technology and WILEY spectral libraries. The mass spectra of APCF compounds were
also matched with those of similar compounds in the Adams Library [20] and the Wiley
GC/MS Library [21].

2.8. Statistical Analysis

Software (OriginPro 8.5) was used to perform the statistical analysis. Unpaired t-tests
were used to evaluate all the data, which were all presented as mean ± SD. At p 0.05,
differences were deemed statistically significant.

3. Results
3.1. Antiproliferative Activity of A. pannosum Extracts

The effects of A. pannosum crude extract as well as its three fractions were explored
on the proliferation of A549, HepG2, and MCF-7 utilizing the MTT assay. Our initial
screening for the cytotoxic action of the ethanolic crude extract revealed promising activity,
especially towards MCF-7 breast cancer cells (IC50 = 99.5 µg/mL). Therefore, we assumed
that fractionation could help us to find the active fractions that may have strong cytotoxicity.
Table 1 display the IC50 values of the crude A. pannosum and fractions against various
cancer cells. Interestingly, we found that the A. pannosum chloroform fraction (APCF) had
lower IC50 values (highest cytotoxicity) against all tested cells compared to the crude extract
and other fractions. In particular, the APCF exerted the highest toxicity against MCF-7
breast cancer, with an IC50 value of 50.1 µg/mL after 48 h of treatment (Figure 1). Thus,
MCF-7 cells treated with APCF were selected for further analysis.

Table 1. IC50 values (µg/mL) for A. pannosum fractions against various cancer cells.

Cell Type
IC50 Values (µg/mL)

Crude CHCl3 BuOH MeOH Doxorubicin

Lung (A549) 174.2 ± 5.6 86.2 ± 2.9 169.1 ± 2.6 167.9 ± 2.9 0.98 ± 0.02

liver (HepG2) 147.9 ± 3.2 78.5 ± 2.1 112.5 ± 3.5 174.7 ± 4.5 1.3 ± 0.4

Breast (MCF-7) 99.5 ± 1.5 50.1 ± 1.2 147.6 ± 4.2 181.5 ± 4.9 1.1 ± 0.3

3.2. Cell Cycle Distribution after Treatment with APCF

Flow cytometry analysis was utilized to explore cell cycle phases after exposure to
APCF in MCF-7 cells. The cells were treated for 48 h with two concentrations of APCF
(50 and 100 µg/mL) or DMSO (0.1%) for controls. We found that exposure to APCF at
concentrations of 50 and 100 µg/mL caused an enhancement in the proportion of MCF-7
cells in G1 phases (increased to 64.8 ± 0.42% and 71.8 ± 0.56%, respectively) compared to
the controls (47.2 ± 0.42%). This increase in the G1 phase was associated with a reduction
in the proportion of cells in the S and G2/M phases (Figure 2). These results clearly indicate
that the growth inhibition of MCF-7 cancer cells mediated by APCF is associated with G1
phase cell cycle arrest.
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Figure 2. Effect of APCF on MCF-7 cell cycle phase distributions. (A) Cycle phase distribution
of control cells and cells exposed to 50 and 100 µg concentrations of APCF analyzed using flow
cytometry. (B) Bar graph representing the average percentage of cells in each phase for the treated
and control groups. Data represent the average ± SD (standard deviation) of three independent
experiments. Significance: * p ≤ 0.05 and ** p ≤ 0.01.
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3.3. Apoptosis Evaluation of by Flow Cytometric Analysis

The induction of apoptosis was investigated in MCF-7 cells treated with APCF using
the FITC-Annexin V/PI assay. Flow cytometry analysis showed that the proportion of
apoptotic cells population (early and late) increased in APCF-treated MCF-7 cells compared
to untreated control cells. After exposure to 50 µg/mL of APCF, MCF-7 cells displayed
12.2 ± 0.42% early apoptosis, 18.55 ± 0.63% late apoptosis, and 5.3 ± 0.28% necrosis
(Figure 3). The proportion of cells in early and late apoptosis increased to 12.7 ± 0.84% and
54.1 ± 0.7%, respectively, upon increasing the concentration of APCF to 100 µg/mL. Our
data clearly show that the percentage of apoptotic cells increased dose-dependently as the
concentration of APCF increased.
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Figure 3. Effect of APCF on cell apoptosis as revealed by Annexin V-FITC/PI. (A) Dot plots of control
and APCF-treated cells at concentrations of 50 and 100 µg/mL. (B) The percentage (%) of early
apoptosis, late apoptosis, and necrotic MCF-7 cells after treatment. Data represent the average ± SD
(standard deviation) of three independent experiments. Significance: * p ≤ 0.05 and ** p ≤ 0.01.

3.4. RT-PCR Analysis

MCF-7 cells were incubated with the IC50 concentration of the APCF fraction for 48 h,
as well as DMSO as a vehicle in order to study the mechanism of apoptosis induction.
RT-PCR was utilized to assess the expression of several apoptosis genes, including Bcl-2,
Bax, and caspase-7. The RT-PCR analysis revealed an increase of 2.25-fold increase in Bax
and a 1.21-fold increase in caspase-7 gene expression at the IC50 concentration of APCF
compared to untreated control cells, while showing a 0.25-fold decrease in Bcl-2 gene
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expression at the same IC50 concentration of APCF compared to untreated control MCF-7
cells (Figure 4).
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performed with specific primers for corresponding genes. Values are expressed as mean ± SD. *, **
indicates statistically significant difference at (p ≤ 0.05 and p ≤ 0.01 respectively).

3.5. Alteration of Apoptosis Related Proteins Expression

Immunoblotting analysis was employed to measure the protein levels of Bcl-2, Bax,
and caspase-7. The cells were treated for 48 h with two concentrations of APCF (50 and
100 µg/mL), or DMSO (0.1%) for controls. As shown in Figure 5, APCF significantly
increased the expression of Bax, a protein that promotes apoptosis, while Bcl-2 (anti-
apoptotic) was downregulated. The treatments with 50 and 100 µg/mL of APCF also led
to the activation of caspase-7 in a dose-dependent manner (Figure 5). This data clearly
indicates that APCF modulated the expression of apoptosis-related genes at the mRNA
and protein level.
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Figure 5. APCF modulated Bax, Bcl-2, and caspase-7 expression in human MCF-7 cells. The cells
were exposed to various concentrations of APCF (50 and 100 µg/mL), and the expression of Bcl-2,
Bax, and caspase-7 was examined using western blots. Antibodies against each target gene were
included to elucidate apoptosis induction, and a β-actin antibody was used as a loading control.
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3.6. Phytochemical Analysis of APCF by GC/MS

Given the potential efficacy of the APCF fraction, GC-MS analysis was used to pro-
file its chemical content (Figure 6). Based on their elution on the HP Innowax column,
the chemical content, retention durations, and area percentages of APCF are displayed
in Table 2. GC-MS analysis identified approximately 15 phytoconstituents. The major
constituents identified in the extract were palmitic acid (50.46%), quinic acid (11.84%),
alpha-d-glucopyranoside (11.15%), parthenolide (9.65%), and phytol (6.65%), and many
other compounds were identified at low levels.
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Table 2. GC-MS analysis of phytoconstituents identified in APCF.

Compound Name Chemical Formula Molecular Weight (g/mol) RT (min) %Area

p-Menthan-8-yl acetate C12H22O2 198.30 13.35 2.690

Alpha-d-glucopyranoside C6H11O6 179.15 16.16 11.150

Quinic acid C7H12O6 192.17 19.05 11.840

D-Glycero-d-ido-heptose C7H14O7 210.18 19.68 1.780

Dihydro-alpha-ionone C13H22O 194.31 21.77 0.280

Methyl palmitate C17H34O2 270.5 21.84 0.700

Ethyl palmitate C18H36O2 284.5 22.53 0.490

Stearic acid C18H36O2 284.5 23.38 1.740

alpha-Linolenic acid C18H30O2 278.4 23.62 0.610

Phytol C20H40O 296.5 23.74 6.650

Caryophyllene epoxide C15H24O 220.35 23.98 0.420

Parthenolide C15H20O3 248.32 24.48 9.650

gamma-elemene C15H24 204.35 24.64 0.960

palmitic acid C16H32O2 256.42 25.77 50.460

14-Pentadecenoic acid C15H28O2 240.38 28.01 0.320
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4. Discussion

Plants continue to be an important source of chemical compounds with diverse biolog-
ical properties that provide safer and more potent drugs [22]. However, many medicinal
plants still need extensive investigation to document their phytoconstituents, biological
activities, toxicological studies, as well as their safety [23]. Among these medicinal plants,
the Abutilon genus is considered an important medicinal plant that has been used for
centuries to cure a variety of illnesses and diseases [24].

There are only a few reports available on the cytotoxic effect of the Abutilon genus.
Consistent with our study, Khan et al. reported that A. indicum leaf extracts exhibited a
cytotoxic effect against U87MG human glioblastoma cells, with IC50 values ranging from
42.6 to 64.5 g/mL [16]. Elshikh et al. studied the toxic effect of A. pannosum ethanoic extract
on brine shrimp and the Vero normal cell line. They found that ethanolic extracts of A.
pannosum were highly toxic to brine shrimp but had a weak cytotoxicity against Vero cells
(IC50 = 279.94) [25]. In our study, we investigated the effects of ethanolic crude extract
and different fractions of A. pannosum on various cancer cell lines for the first time and we
found that the chloroform fraction exerted a potent cytotoxic effect in MCF-7 breast cancer
cells. Moreover, our findings highlight the mode of cell death induced by A. pannosum.

Cell cycle progression is considered a crucial process for controlling cell division and
proliferation. Various anticancer agents are being developed with the purpose of disrupting
the progression of cell cycle [26]. Several plant phytochemicals are also known to induce
cancer cell death by mediating cell cycle arrest and consequent cell death [27]. In light of
this, the cell cycle progression following APCF treatment was studied. Consistent with
the anti-proliferation observed using the MTT assay, we found that APCF arrested the
cell cycle progression significantly at the G1 phase. A similar observation was described
in HT-29 colon cancer cells, where polyphenol-stabilized nanoparticles prepared from
Abutilon indicum leaf extract caused halting in the G1/S phase [28].

Apoptosis is an essential physiological process that balances cell survival and death
without triggering an inflammatory response. Therefore, apoptosis stimulation is consid-
ered a key therapeutic approach in the management of cancer [29]. Phosphatidylserine,
which is ordinarily only present in the inner leaflet of the plasma membrane, translocates to
the cell surface during early apoptosis and can be detected using FITC (fluorochrome)-conjugated
Annexin V. In contrast, cells lose their integrity at the final stages of apoptosis, allowing
the staining of DNA with the fluorescent dye propidium iodide (PI). Both early (annexin
V-positive, PI-negative) and late (annexin V-positive, PI-positive) apoptotic cells can be rec-
ognized and counted by utilizing FACS analysis with FITC-Annexin V and PI combined [30].
In this study, we performed annexin-FITC/PI staining to detect apoptosis activated by
APCF in MCF-7 cells. Notably, the early and late apoptotic cells were dose-dependently
increased following APCF treatment, as documented by flow cytometry analysis. Fur-
thermore, to investigate the underlying mechanism, the gene expression levels of pro-
and anti-apoptotic biomarkers were studied using RT-PCR. In fact, the modulation of
Bcl-2 family members such as Bax and Bcl-2 have been reported to be associated with
apoptosis [31]. Our results showed that APCF possessed an apoptotic effect by suppressing
an anti-apoptotic marker (Bcl2) and enhancing a proapoptotic marker level (Bax). More-
over, APCF also upregulated caspase-7 expression, which has been implicated in activating
apoptotic processes [32]. These data clearly demonstrate that APFC contains active ingredi-
ents with therapeutic potential. Therefore, GC-MS was applied to allow the identification
of main constituents. GC-MS analysis has become a reliable phytochemical method for
analyzing bioactive chemicals present in plant extracts [33]. In line with this study, previ-
ous GC-MS analysis revealed the presence of palmitic acid and phytol in methanolic leaf
extracts of A. pannosum grown in Indian Thar desert [34]. However, different constituents
with different proportions of other compound were observed, which could be attributed to
geographic and genetics factors [35].

Palmitic acid, which has been reported to have antitumor effects [36,37], was one
of the major components found in APCF (Table 2). Previous studies have also revealed
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that palmitic acid can induce apoptosis and cell cycle arrest in various cell types, includ-
ing MCF-7 breast cancer cells [38–41]. Another important phytochemical found in APCF
was quinic acid, which also has been reported to have anticancer action in breast can-
cer cells through apoptosis induction [42]. APCF also contains a considerable amount
(9.65%) of the sesquiterpene lactone parthenolide. In numerous tumor models, partheno-
lide has been thoroughly investigated for its anticancer effects [43]. GC-MS analysis also
revealed the presence of the phytol compound in a substantial amount (Table 2). Phytol’s
inhibitory effects towards several cancer cells have been studied [44]. The cytotoxicity
of phytol was assessed against seven tumor cells, and it was found that phytol exerted a
concentration-dependent cytotoxic action in all cell lines, with the breast adenocarcinoma
MCF-7 proving to be the most affected [45]. Moreover, several investigations have sug-
gested a relationship between phytol and apoptosis and necrosis cells death in cancer, but
no definitive findings have been reached [44]. It has been documented that synergistic
effects play an important role in the interaction between plant compounds. In addition,
plant-derived substances have a significant medicinal effect when used alone or in con-
junction with traditional medications [46]. Thus, the observed antiproliferative activity of
APCF may be explained by the synergistic effects of these compounds.

5. Conclusions

Our data revealed that the chloroform fraction of A. pannosum inhibited the prolifer-
ation of different cancer cells. In particular, the chloroform fraction of A. pannosum had
a clear effect on MCF-7 breast cancer cells. Furthermore, we found that the chloroform
fraction of A. pannosum induced cell arrest at the G1 phase and caused dose-dependent
increases in early and late apoptotic cell populations of treated MCF-7 cells. Addition-
ally, apoptosis initiation by the chloroform fraction of A. pannosum was supported by
the elevation of proapoptotic gene markers in MCF-7 cells. In our study, we have also
shown that the chloroform fraction of A. pannosum induced apoptosis by modulating
BCl-2 proteins and upregulating caspase-7, which is critical for the induction of apoptosis.
The major constituents found in A. pannosum chloroform fraction of were identified in
the extract were palmitic acid (50.46%), quinic acid (11.84%), alpha-d-glucopyranoside
(11.15%), parthenolide (9.65%), and phytol (6.65%), according GC-MS analysis. Thus, A.
pannosum may represent a promising natural source of anticancer compounds that can
cause apoptotic cell death. Further mechanistic studies as well as in vivo experiments
are required to determine the potential cellular and molecular mechanisms behind the
anticancer activity of A. pannosum and to confirm its efficiency.
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