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Abstract: Aim: The objective of this research is to present a phytochemical profile of Fagonia arabica
and to investigate the cytotoxic potential of its extracts against breast, oral, and lung cancer cell lines
using MTT assay and dual staining-based mechanistic analysis. Methods: The progressive extraction
of F. arabica was carried out using the Soxhlet extraction technique. The total phenolic and flavonoid
content was calculated as part of the phytochemical profiling performed using GCMS and LCMS
methods. The MTT assay was utilized to assess the cytotoxicity against normal L929 cells, as well
as malignant A549, MCF-7, and KB-3-1cell lines. Results: The phenolic compounds and flavonoids
were the two main elements of the F. arabica methanolic extract, with 1323 µg GAE/g of dry weight
and 523.07 µg QE/g of dry weight, respectively. The presence of the functional phytochemicals was
verified by GCMS and LCMS analyses. Toxicity testing on the L929 cell line found that the F. arabica
methanol extract was the least harmful, with the highest IC50 (296.11 µg/mL). The MTT assay for cell
viability against MCF-7 and KB-3-1 yielded significant results, with IC50 values of 135.02 µg/mL and
195.21 µg/mL, respectively. The aqueous extract exhibited significant cytotoxicity against the A549
cell lines (IC50 116.06 µg/mL). The molecular marker analyses using dual staining revealed that the
methanolic extract successfully triggered apoptosis in the different cancer cells tested. Conclusion:
The present data suggest that the methanol extract of F. arabica has substantial cytotoxic action against
lung, breast, and oral cancer cell lines. Thus, F. Arabica would be a promising source of anticancer
medicines, warranting more research to identify the lead molecules with anticancer properties.

Keywords: Fagonia arabica; breast cancer; oral cancer; lung cancer; apoptosis; MTT; dual staining assay

1. Introduction

Cancer is the second most significant cause of death worldwide, causing about
9.6 million deaths [1]. The cancer rate has been continuously advancing for decades.
There was a 0.54 percent incidence of cancer worldwide in 1990, but in 2017, that number
climbed to 1.3%. Nearly 1.5 million individuals every year lose their lives to lung cancer [2],
whereas breast cancer is the most common malignant disease affecting women [3]. Mouth
and oral cancers include larynx, hypopharynx, oropharynx, and lip cancers. Lip and oral
cavity cancers are common, with about 377,700 occurrences worldwide in 2020. In Saudi
Arabia, the mean age-standardized rate of oral cancer is 2.9 per 100,000 people; it was 1.5 for
females and 1.4 for males [4]. Cancer prevention and treatment have been improving in
recent years. Cancer patients have a dismal survival rate despite chemotherapy, radiation,
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and targeted therapy [5–9]. Saudi Arabia ranks second in the Gulf countries for cancer
mortality rates (62.78%) [10].

Oral cancer has a higher incidence than any other form of head and neck cancer.
Although it is one of the most common types of cancer, survival rates have not improved
significantly in recent years despite significant strides in both research and treatment.
Human papillomavirus (HPV) infection, heavy alcohol use, and smoking all contribute to
oral cancer development. Symptoms typically include a persistent mouth sore, a lump, or a
white or red spot inside the mouth [11].

Lung and breast cancer are among the top three major malignancies. Many people with
lung cancer experience weight loss, fatigue, bloody coughs, and difficulty swallowing [12].
Traditional lung cancer treatments include chemotherapy, immunotherapy, radiation, and
surgery. Chemotherapy side effects such as neurotoxicity, alopecia, tiredness, and mouth
ulcers worry specialists [13–15].

As a result, scientists are focusing on plants and plant-based products to discover
effective medications to combat cancer. A wide range of plant species has been found
to have therapeutic effects in treating and preventing illness [16]. Alternative cancer
treatments based on plant-derived substances have been developed [17]. It has been shown
that plant-based anticancer compounds presented fewer side effects compared to many
conventional chemotherapeutics [18,19].

The Fagonia is a genus of wild flowering plants (Zygophyllaceae) distributed through-
out Africa, the Mediterranean Basin, the Middle East, and India. Fagonia arabica is known as
Virgin’s Mantle in English, Fagonie in German, and Shawka al-Baidaa in Arabic. F. arabica
is rich in secondary metabolites such as glycosides, flavonoids, triterpenes, saponins, and
steroids [20].

Various species of the genus Fagonia have been known to possess potent pharmacologi-
cal activities, i.e., anti-inflammatory [21], anti-allergic [22], neuroprotective [23], androgenic,
endocrinological, antimicrobial, and cytotoxic activities [24–26]. F. arabica is reported to
be used in stomatitis, blood, and hormonal disorders [26]. The plant’s dried leaves and
stems have diuretic properties [26,27], purifying the blood and possessing de obstruent
properties [28]. The plant also treats skin disorders, smallpox, and tumors [29,30].

Antioxidant, analgesic, anti-inflammatory, and antipyretic properties in F. arabica have
been linked to its phenolic content [31]. Moreover, it helps revive antioxidant enzymatic
activity and reduce lipid peroxidation [32].

There have been reports of several species from the Fagonia genus having cytotoxic ef-
fects on breast cancer (MCF-7), liver cancer (HepG-2), and lung cancer (A549). Nevertheless,
even though F. arabica is abundant in polyphenolic chemicals, saponins, and flavonoids,
little is known regarding its cytotoxic potential.

Hence, we thought it worthwhile to investigate the cytotoxic potential in breast,
lung, and oral cancer cell lines and study the underlying molecular mechanisms of its
cytotoxic effect. To examine its cytotoxicity, we employed an MTT assay, and an acridine
orange/ethidium bromide (AO/EB) dual staining experiment was used to investigate the
molecular processes. The MTT assay is widely used because it provides a quantitative
measure of cellular metabolic activity, which is a good predictor for cell survival, division,
and cytotoxic potential [33]. The AO/EB strategy is effective because AO can enter all cells
through diffusion, whereas EB cannot breach a cell membrane except in necrotic or dead
cells. The percentage of apoptotic cancer cells detected by dual AO/EB labeling was not
substantially different from that detected by flow cytometry (p > 0.05), according to research
conducted by Liu et al., Shanghai, China, in 2015. Thus, dual AO/EB labeling provides
a more valuable and convenient approach than flow cytometry for identifying apoptosis
in cancer cells and assessing tumor chemosensitivity [34]. The aim of the current research
was to determine the phytochemical composition of an indigenously grown F. arabica plant
(collected from the Najran University Campus, Southern Saudi Arabia), as well as to
determine the cytotoxic effects of its various extracts on non-cancerous (L929), cancerous
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breast cancer (MCF7), oral cancer (KB-3-1), and lung cancer (A549) cell lines. Also explored
were its molecular pathways for inducing apoptosis.

2. Methodology
2.1. Plant Collection, Extraction, and Phytochemical Analysis

Whole plants of the F. arabica were gathered from the premises of Najran University,
Saudi Arabia, and identified and confirmed by an expert pharmacognosist, Prof. Mohamed
A. A. Orabi, Department of Pharmacognosy, Faculty of Pharmacy, Najran University,
Najran, Saudi Arabia, and a herbarium specimen (Fag.1503–2021) was preserved. After
collecting disease-free plant materials, they were cleaned with running tap water to remove
dust particles and dried with blotting paper before being rinsed with alcohol to remove
any bacteria or microbial pathogens. The plant material was dried in the shade at room
temperature (26–27 ◦C) and crushed into a coarse powder with the help of a mechanical
method using a grinder. The whole plant material, including the roots and the aerials
parts, was used for extraction since, in traditional medicine, whole plant extracts are
utilized compared to individual isolated phytochemicals. Evidence suggests that crude
plant extracts often demonstrate more potent in vitro and in vivo activity than purified
phytochemicals at comparable doses. Positive interactions between the ingredients of
whole plant extracts may illustrate why crude extracts are frequently more effective.

For the Soxhlet extraction, we used a solvent ratio of 1:10. For each cycle, approx-
imately 100 g of dried F. arabica powder was used. In a sequence of ascending polarity,
hexane, ethyl acetate, methanol, and distilled water were utilized in the solvent extraction
procedure. In the case of each solvent in the Soxhlet apparatus, the temperature of the
heating mantle was changed according to the solvent used for the extraction: for hexane,
it was 68 ◦C; for ethyl acetate, 55 ◦C; for methanol, 50 ◦C and distilled water, 70 ◦C. Each
solvent was subjected to 12 to 24 h of extraction. Before proceeding with the extraction
process using different solvents, the plant material that had been previously extracted
was always dried. Using a rotary vacuum evaporator (Rota evaporator, butchi@300), the
extracts were subsequently concentrated. The concentrated extracts were then dried in
desiccators to provide a final yield of hexane (2.1%), ethyl acetate (2.7%), methanol (3.6%),
and aqueous (3.1%), which were stored in an airtight container at 4 ◦C for future use. The
formula for percentage yield was:

% Yield = R/S × 100, where R = extracted weight of extract residue, and S = initial sample weight.

2.2. Chemicals and Instrumentation

The cell lines L929, A549, KB-3-1, and MCF7 came from the National Centre for Cell
Science (NCCS), situated in Pune, India. The Sigma-Aldrich company, St. Louis, Missouri,
USA, provided the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide),
which had a purity of 97.5%. All remaining chemicals were of analytical quality and
acquired from HiMedia, Mumbai, India. The following instruments were used in this
study: Rota evaporator, Buchi-R300, Flawil, Switzerland; Inverted Microscope, Magnus
Magvision software, New Delhi, India; Elisa reader, Biobase, Shandong, China; GC-MS
model GCMS-QP2010S, Shimadzu, Kyoto, Japan; LC-MS-8040, Shimadzu, Kyoto, Japan.

2.3. Phytochemical Analysis

In this study, a preliminary phytochemical screening of the sequential extracts of
F. arabica was conducted to investigate a variety of secondary metabolites [35].

2.4. Estimation of Total Phenols and Flavonoid Content

Spectrophotometry was used to determine the total phenolic component content of the
plant extract, as was previously published [36]. Calibration curves for gallic acid (GA) were
constructed at 20–100 ng/mL. Finally, the extract’s phenolic contents were standardized to



Separations 2023, 10, 110 4 of 13

gallic acid equivalents (GAEs), expressed as mg GAE/g of dry weight (dw). The overall
phenol concentration was calculated using the calibration curve (y = 0.001x + 0.113).

A colorimetric assay with the aluminum chloride technique was used to determine the
total flavonoid concentration [37]. We developed standards for quercetin concentrations
ranging from 20 to 100 µg/mL. One mL of every quercetin concentration was put into a
10 mL volumetric flask containing four mL of double-distilled water in order to measure
the quercetin concentrations in the methanol. At time t = 0, three chemicals were added:
sodium nitrite 5% (0.3 mL), aluminum chloride 10% (0.3 mL), and sodium hydroxide 1M
(2 mL). The liquid was ready for use after 2.4 mL of double-distilled water was swiftly
added. At 510 nm, the absorbance of the pink color mixture was measured in comparison
to a blank without quercetin. The calibration curve was created using the normal quercetin
absorbance values. Quercetin equivalents (y = 0.265 × 0.152) were used to express the
flavonoid concentrations as mg QE/g dry weight.

2.5. GCMS Analysis

As was previously stated [38], GC-MS analysis was carried out on a series of solvent
extracts of F. arabica. The analysis was conducted using a GC-MS instrument (model GCMS-
QP2010S) equipped with a fused silica column. Helium was used as the carrier gas at a
constant flow rate of 1 mL/min to accomplish the separation. Through a split injector,
1 µL of F. arabica methanol extract was injected into the apparatus. The temperature of the
column was set to 80 ◦C initially, while the temperature of the injector was set to 260 ◦C.
Throughout the process, the temperature flow was set to increase by 10 ◦C per minute, with
the following parameters: column flow: 1.00 mL/min, pressure: 65.0 kPa, linear velocity:
36.8 cm/s, total flow: 24.0 mL/min, and purge flow: 3.0 mL/min. Comparisons of relative
retention time and mass spectra with the standard compounds validated the identification
of the main components of the plant extract.

2.6. Liquid Chromatography–Mass Spectrometry (LC-MS) Analysis

Using a binary pump and an LC-MS-8040 (Shimadzu), we analyzed the chemical
components of an F. arabica methanol fraction. An ESI-equipped mass spectrometer was
connected to the HPLC. For this particular analysis, a C18 HPLC column was utilized.
The total flow rate of the solvent was 0.2 mL/min, and the solvent was methanol in a
water ratio of 80:20. The direct injection mode with a positively biased Electron Spray
Ionization (ESI) probe was used for the detection. The sample flow rate was 8 µL/min, and
the capillary temperature was maintained at 280 ◦C. Altogether, 3 µL of the sample was
injected for the analysis [39].

2.7. In Vitro Cytotoxicity of F. arabica Extracts

The MTT assay was used to evaluate the cytotoxicity of various F. arabica solvent
extracts, as previously mentioned [40]. In summary, 5 mg/mL of an MTT solution (Sigma-
Aldrich, St. Louis, MI, USA) was dissolved in a PBS. Direct addition of 20 µL of 5 mg/mL
MTT solutions was made to each required well. Non-cancerous L929, breast cancer MCF-7,
lung cancer A549, and oral cancer (KB-3-1) cell lines were used in the current study. In
96-well plates, cells were initially plated at a density of 1 × 105 cells per mL. Following a
24-h incubation period at 37 ◦C, cells were treated with 50, 100, 150, 200, and 250 µg/mL
of various fractions. Cells that were not treated at all served as a negative control, while
those treated with the gold standard medication cisplatin were used as a positive control.
After incubating at 37 ◦C for 4 h, the MTT solution was added to each well. At 570 nm,
an ELISA reader (Bio-Tek Instruments, Winooski, VT, USA) was employed to measure the
optical density. Assays were performed in triplicate for each concentration. These IC50
values were calculated by plotting a linear regression curve.

Inhibition Percentage = (OD of test sample/OD of control) × 100
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2.8. Detection of Live and Dead Cells Using Acridine Orange/Ethidium Bromide Dual Staining

All three cancer cells were cultivated onto 24-well plates with a counting cell density
of 20,000 cells/well and incubated for 24 h at 37 ◦C and 5% CO2 conditions. Additionally,
the developed cells were exposed to F. arabica at its IC50 concentration. Additionally, after
24 h, the used media was withdrawn from the wells, and cells were fixed with cooled
methanol for 30 min at room temperature. Acridine orange and ethidium bromide were
mixed 1:1 and stained for 15 min at 37 ◦C in the dark. After the stain was removed, cells
were given two PBS washes, and 1 mL of the PBS was added on top. Using a fluorescence
imager at 20× magnification, cells were captured in the green and red bands [41].

2.9. Statistical Analysis

A one-way ANOVA followed by a Dunnett’s test were conducted in GraphPad Prism
6 to evaluate statistical significance (p < 0.05). The standard deviation and mean were
determined by conducting 3 different experiments (n = 3).

3. Results
3.1. Qualitative Phytochemical Analysis of F. arabica

The results indicated the existence of glycosides, flavonoids, terpenoids, steroids, and
saponins in all the tested extracts. However, the methanol and aqueous extracts showed
the existence of flavonoids, phenols, and terpenoids (Table 1).

Table 1. Phytochemical analysis of different solvent extracts of F. arabica.

Tests Hexane Ethyl
Acetate Methanol Aqueous

Alkaloids − − − −
Flavonoids − − + +
Glycosides − + − −
Phenols − − + +
Saponins − + − −
Tannins − − − −
Terpenoids − − + +
Steroids + + − −

“+” means “present”; “−” means “absent”.

3.2. Quantification of Total Phenols and Flavonoids in F. arabica

According to the phytochemical analysis, a total phenol content quantification study
was performed on both the methanol and aqueous extract of F. arabica. According to
the quantitative findings, the phenolic content of the methanol extract was greater than
that of the aqueous extract, i.e., 1323 µg GAE/g, whereas the aqueous extract exhibited
874 µg GAE/g. In the case of the total flavonoid content, the methanol extract showed
523.07 µg/g, whereas the aqueous extract showed 279.18 µg/g.

3.3. Cytotoxicity of F. arabica Extracts In Vitro

The present investigation used an MTT test to evaluate the efficacy of various F. arabica
solvent extracts. The percentage of cell viability in the non-cancerous (L929) cell line
reduced as the concentration of the extracts was increased. At higher doses, the toxic
character of nearly all of the extracts examined became apparent. Hexane, ethyl acetate,
methanol, and aqueous extracts all significantly decreased the cell viability when used
at increasing doses (Table 2), whereas the morphological effects due to each extract are
depicted in Figure S1 (Supplementary Data).

Using an MTT cell viability assay and cisplatin as a reference drug, the extracts were
tested for cytotoxicity against the cancerous cell lines. The solvent extracts inhibited the
cell growth and cell survival in the tested cell lines in a concentration- and time-dependent
manner, with the effect being statistically significant (p < 0.001). Lung cancer A549 cells
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were most effectively inhibited by all the extracts tested, and this effect was dose-dependent
(Table 3), in the breast cancer MCF7 (Table 4), and oral cancer KB-3-1 (Table 5) cell lines. In
comparison, the selected solvent extracts showed effective activity against breast cancer
compared to the lung and oral cancer cell lines. The morphological effects of each solvent
extract for A549, MCF-7, and KB-3-1 are shown in Figures S2–S4, respectively. The cell
viability data and first observations showed that the methanol extract was significantly
more effective than the other extracts examined.

Table 2. Cytotoxicity of different solvent extracts of F. arabica against L929 cell line.

Concentration
(µg/mL)

Percentage (%) of Cell Viability

Hexane Ethyl Acetate Methanol Extract Aqueous Extract

50 90.85 ± 0.014 * 90.85 ± 0.009 * 94.36 ± 0.002 78.09 ± 0.005 *
100 77.87 ± 0.016 * 72.28 ± 0.013 * 85.22 ± 0.002 * 70.71 ± 0.016 *
150 67.86 ± 0.001 * 58.75 ± 0.008 * 77.22 ± 0.005 * 55.42 ± 0.021 *
200 47.42 ± 0.001 * 45.66 ± 0.007 * 65.30 ± 0.022 * 49.25 ± 0.003 *
250 32.80 ± 0.015 * 28.11 ± 0.010 * 50.15 ± 0.022 * 33.16 ± 0.018 *

The data are presented as mean SEM (n = 3), with significance determined at p < 0.05. Dunnett’s test was used to
compare the means using a one-way ANOVA. * p < 0.001 compared to the control group (100% cell viability).

Table 3. Anticancer activity of F. arabica extracts against lung cancer A549 cell line.

Concentration
in µg/mL

Percentage (%) of Cell Viability

Hexane Ethyl Acetate Methanol Aqueous

50 72.32 ± 0.005 * 67.04 ± 0.011 * 80.13 ± 0.014 * 76.59 ± 0.012 *
100 62.90 ± 0.012 * 60.74 ± 0.002 * 73.70 ± 0.001 * 51.74 ± 0.015 *
150 45.73 ± 0.010 * 51.86 ± 0.002 * 65.30 ± 0.015 * 39.19 ± 0.015 *
200 27.31 ± 0.011 * 42.67 ± 0.009 * 57.74 ± 0.008 * 19.38 ± 0.003 *
250 10.86 ± 0.001 * 33.43 ± 0.011 * 50.96 ± 0.014 * 8.36 ± 0.002 *

The data are presented as mean SEM (n = 3), with significance determined at p < 0.05. Dunnett’s test was used to
compare the means using a one-way ANOVA. * p < 0.001 compared to the control group (100% cell viability).

Table 4. Anticancer activity of F. arabica extracts against breast cancer MCF-7 cell line.

Concentration
in µg/mL

Percentage (%) of Cell Viability

Hexane Ethyl Acetate Methanol Aqueous

50 83.22 ± 0.008 * 70.71 ± 0.012 * 65.24 ± 0.003 * 81.09 ± 0.009 *
100 77.15 ± 0.007 * 63.33 ± 0.009 * 59.94 ± 0.021 * 58.46 ± 0.007 *
150 65.68 ± 0.009 * 46.44 ± 0.006 * 46.22 ± 0.002 * 51.53 ± 0.003 *
200 55.95 ± 0.012 * 32.73 ± 0.008 * 37.54 ± 0.012 * 38.41 ± 0.009 *
250 49.01 ± 0.004 * 25.19 ± 0.002 * 25.90 ± 0.022 * 23.55 ± 0.014 *

The data are presented as mean SEM (n = 3), with significance determined at p < 0.05. Dunnett’s test was used to
compare the means using a one-way ANOVA. * p < 0.001 compared to the control group (100% cell viability).

Table 5. Anticancer activity of F. arabica extracts against oral cancer KB-3-1 cell line.

Concentration
(µg/mL)

Percentage (%) of Cell Viability

Hexane Ethyl Acetate Methanol Aqueous

50 93.26 ± 0.013 94.74 ± 0.035 85.22 ± 0.015 * 93.43 ± 0.004
100 81.27 ± 0.007 * 79.17 ± 0.004 * 76.43 ± 0.002 * 83.50 ± 0.028 *
150 72.22 ± 0.022 * 70.93 ± 0.023 * 63.98 ± 0.005 * 74.86 ± 0.039 *
200 59.23 ± 0.030 * 56.54 ± 0.003 * 46.33 ± 0.014 * 69.50 ± 0.032 *
250 48.99 ± 0.017 * 45.79 ± 0.033 * 36.08 ± 0.010 * 54.29 ± 0.007 *

The significance level was set at p < 0.05, and the data are provided as mean SEM (n = 3). Using a one-way ANOVA,
the means were compared using Dunnett’s test; * p < 0.001 compared to the control group (100% cell viability).
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The morphological analysis is likewise consistent with the MTT findings. Changes
in cellular morphology were seen between the untreated MCF-7, A549, and KB-3-1 cell
lines and the test samples. The cells in the untreated group had a more distinct shape
and were more numerous, without intracellular gaps. In contrast, when the test drug
concentration grew, the cell number dropped, and intracellular gaps were observed in the
test sample-treated cells (Figures S2–S4). This was in addition to the presence of other
morphological abnormalities, such as cell shrinkage, apoptotic bodies, cell turgidity, and
membrane blabbing. These characteristics are typical of cells that have begun the apoptotic
process. Microscopical and MTT testing results indicate that F. arabica has the potential to
cause apoptosis in the breast cancer MCF-7 cell line, the lung cancer A549 cell line, and the
oral cancer KB-3-1 cell line.

In addition, the IC50 value for each of the treated cell lines was determined using the
standard calibration curve. The IC50 details for all the extracts and standard cisplatin are
depicted in Table 6.

Table 6. IC50 value (µg/mL) of F. arabica extracts against different cell lines.

Extract/Standard L929 MCF-7 A549 KB-3-1

Hexane 195.72 240.47 130.55 244.93
Ethyl acetate 180.04 140.46 156.74 212.98
Methanol 296.11 135.02 254.79 195.21
Aqueous 182.89 152.24 116.06 286.17
Cisplatin 10.54 2.87 12.82 16.27

3.4. Acridine Orange/Ethidium Bromide Dual Staining Analysis

In the present study, the IC50 concentration of F. arabica was treated on the lung cancer
A549 and breast cancer MCF-7 cell lines and subjected to the dual staining analysis. The
results revealed that compared to the MTT results, even in the dual staining assay, the
F. arabica extract exhibited significant activity in the breast cancer MCF-7 cell line with more
apoptotic or dead cells. The results were compared to the standard drug, cisplatin, and the
untreated cells were taken as a negative control. In the case of the negative group, all the
cells in the tested cancer cell lines appeared as viable cells (the green color). In contrast, in
the standard drug cisplatin-treated cell lines, more dead cells and fewer viable cells were
observed (Figures 1 and 2).

3.5. GCMS and LCMS Analysis

The methanol extract came out as a potent extract; hence, the methanol extract of
F. arabica was subjected to GC-MS analysis to identify the phytochemical compounds.
The GC-MS results showed the presence of five sharp peaks in the gas chromatogram.
Each peak was subjected to a similarity search using the NIST library database to identify
the compounds. Majorly, the GC-MS analysis showed the presence of mome inositol,
neophytadiene, methylpalmitate, methyl octadeca-9,12-dienoate, and emery oleic acid ester
as the major compounds. These compounds are known for several applications, such as
industrial applications, organic synthesis, and biological activities (Table 7), and the GCMS
spectrum of the compounds is shown in Figure S5.

Pertaining to the LC-MS analysis of methanol extract, the results revealed that the
methanol extract showed the presence of 10b-Methyl-3,4,5,6,10b,11-hexahydro-2H-4b-aza-
chrysene-1,12-dione as major compounds. This flavonoid compound is known for good
antioxidant and anticancer applications (Table 8 and Figure S6).
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Figure 2. Detection of live and apoptosis cells in treated lung cancer A549 cells.
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Table 7. GC-MS-identified compounds present in methanol extract of F. arabica.

Peak No. Compound Name Rt Base m/z Nature Uses

1 Mome inositol 25.949 87.05 Sugar derivative Anti-alopecia, anti-cirrhotic, and
anti-neuropathic [42,43]

2 Neophytadiene 26.611 68.05 Diterpene Anti-inflammatory and antimicrobial
agent [44]

3 Methylpalmitate 28.374 74.05 Fatty acid methyl ester
Used in detergents, lubricants, and
animal feeds [45]; anti-inflammatory
and anti-fibrotic agent [46]

4 Methyl octadeca-
9,12-dienoate 31.601 67.05 Fatty acid methyl ester Industry use, antioxidant [47,48]

5 Oleic acid ester 31.703 55.05 Fatty acid methyl ester Antioxidant, antibacterial,
antihypertensive [49,50]

Table 8. LC-MS-based profiling of Methanol extract of F. arabica.

Sl.no Structure Compound Name Retention Time Nature Uses

1
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hexahydro-2H-4b-aza-
chrysene-1,12-dione

11.994 Nitrogenous
compound

Anticancer,
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4. Discussion

Several anticancer drugs have been discovered to increase therapeutic outcomes in
response to the rising cancer prevalence. Despite the constant discovery of new chemother-
apeutic medicines, minimizing side effects during therapy is still challenging. For instance,
conventional anticancer drugs’ nephrotoxicity and immunosuppressive effects during
treatment have been observed to be unpredictable [53]. In addition, medication resistance
may emerge throughout therapy, requiring greater dosages to reestablish the same anti-
cancer benefits. Various natural plant extracts, including vincristine and paclitaxel, have
been investigated and developed as anticancer drugs in current conventional treatments.
As a result, we selected F. arabica plant extract to investigate its cytotoxic potential against
various cancer cell lines; the active components of F. arabica were also identified using
spectral analysis.

In this study, we tested the cytotoxic efficacy of F. arabica extracts. The results showed
that the tested methanolic extract was cytotoxic against all the tested cell lines. Within
the group of the examined cancer cell lines, F. arabica showed the most promise against
breast cancer, followed by oral and lung cancer. The MTT cell viability values for the plant
extract were reasonable. The results of the MTT assay showed aberrant morphological
characteristics, such as apoptotic cells, nuclear condensation, cell turgidity, and membrane
blabbing. All of these are characteristics of cells going through apoptosis. The results from
the MTT and microscopic studies suggest that the test samples may be causing apoptosis
in the cancer cell lines MCF-7, A549, and KB-3-1. The methanol extract of F. arabica has
demonstrated very encouraging outcomes in breast and oral cancer cell lines, with a
substantially lower IC50 value among all of the evaluated solvent extracts, according to the
overall data. With an IC50 value of 296.11 µg/mL, it also demonstrated less toxicity in the
tested non-cancerous cell line.

Further studies were carried out on the methanol extract to determine the mechanism
and its phytoconstituents using GCMS, LCMS, and dual-staining assays. The GC-MS and
LC-MS results showed that multiple secondary metabolites were present. These identi-
fied compounds are known to have a wide range of uses, including as flavoring agents,
cosmetics, detergents, and building blocks for chemical synthesis. These findings are con-
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sistent with the previous literature. For example, Negoumy (1986) discovered six common
flavonoids with isorhamnetin and herbacetin glucoside and rutenoside connections [54].
El-Wakil (2007) discovered two distinct phytoconstituents with rhamnoside linkages to
kaempferol and acacetin in the water/methanol extract of this plant [55]. Some phenolic
components in the plant were shown to have antioxidant action by Khaled Tawaha in
2007 [56].

To maintain a redox balance, the production and elimination of reactive oxygen species
(ROS) must be tightly regulated. When things get out of balance, oxidative stress and cel-
lular damage occur due to a redox imbalance, which can lead to several disease states,
including cancer. In the mitochondrial respiratory chain and other metabolic activities,
oxygen consumption leads to the production of ROS. It plays a role in the development and
advancement of cancer. Cell proliferation is just one of many biological processes regulated
by reactive oxygen species (ROS), which also affects signaling pathways such as those
involving growth factors and mitogenic pathways. This promotes cancerous tumor devel-
opment and the onset of carcinogenesis by stimulating unchecked cell proliferation [57].
Therefore, antioxidant chemicals that lessen oxidative stress are gaining popularity as a
means of combating cancer [58]. According to phytochemical studies of F. arabica, it contains
a high concentration of phenolic compounds, which are well-known antioxidants [55,59].
Thus, it is assumed that any drug that reduces oxidative stress is useful in treating cancer.
It is reasonable to presume that the antioxidant phytochemicals found in F. arabica are
responsible for the plant’s cytotoxic potential against the tested cell lines.

Furthermore, we assessed the mechanism of the cytotoxic action of F. arabica by
performing a dual-staining assay. Cell death was analyzed using a combination of acridine
orange and ethidium bromide labeling. Both ethidium bromide and acridine orange, which
are both cell-permeable dyes, attach to the nucleic acid and emit green and red fluorescence,
respectively, when the membrane is disrupted. Therefore, the two dyes help identify the
cause of cell death [60]. In the current study, the dual staining assay showed that the
F. arabica extract-treated cancer cell lines had more apoptotic or dead cells compared to the
controls. Cisplatin and the untreated cells were used as controls. From the above results,
we can assume apoptosis and cell necrosis as possible mechanisms responsible for the
cytotoxic potential of F. arabica.

Study limitations: There are a few study limitations worth addressing. The MTT assay,
which was used as a cytotoxicity assay, has some drawbacks, including poor repeatability,
interactions between polyphenolic substances and the MTT, interference between the
compounds’ absorbance spectra at 570 nm, and DMSO toxicity. For determining cell
viability, the DRAQ7 flow cytometry colorimetric test method is preferred and suggested
as a substitute for an MTT assay [61].

Study implications: Herbal remedies are rapidly being accepted as effective supple-
mental cancer treatments. Many clinical studies have reported the favorable effects of
herbal medicines on cancer patients’ survival, immunological regulation, and quality of life
when used in conjunction with conventional cancer therapies. These phytochemicals have
been developed into cancer treatments, and new technologies are emerging to advance
the field. Nanoparticles for nanomedicines are a novel technology that aims to improve
the anticancer effects of compounds produced from plants by managing the compound’s
release and researching alternative administration techniques. As a result, the current
study should provide useful technological support for the evidence-based use of herbal
medications in cancer therapy.

5. Conclusions

F. arabica showed a significant cytotoxic effect against oral cancer KB-3-1, breast cancer
MCF-7, and lung cancer A549 cell lines. Evidence from dual staining microscopy suggests
that the tested drug induced apoptosis in the tested cell lines through a sequential molecular
mechanism, which can be attributed to DNA damage and necrosis. Furthermore, F. arabica
has strong cytotoxic activity, comparable to that of the gold standard medication, cisplatin.
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Since F. arabica shows promise as a source of anticarcinogenic medicines, it should be inves-
tigated further to find lead molecules with potential as cancer chemotherapies. Additional
research is needed before the results of this study can be applied to clinical testing.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/separations10020110/s1, Figure S1: Cytotoxicity of F. arabica
against noncancerous L929 cell line. Cisplatin was used as a standard drug; Figure S2: Cytotoxic
activity of F. arabica against Lung cancer A549 cell line. Cisplatin was used as a standard drug;
Figure S3: Cytotoxic activity of F. arabica against Breast cancer MCF-7 cell line. Cisplatin was used
as a standard drug. Figure S4: Cytotoxic activity of F. arabica against Breast cancer MCF-7 cell line.
Cisplatin was used as a standard drug; Figure S5: GC chromatogram and mass spectra of methanol
extract of F. arabica; Figure S6: LCMS chromatogram and mass spectra of methanol extract of F. arabica.
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