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W N e

Abstract: The primary objective of this research was to use flow cytometry to gain mechanistic
insights into the cytotoxic effects of Tribulus terrestris extracts on breast cancer (MCF7) and lung cancer
(A549) cell lines. T. terrestris was extracted using a Soxhlet apparatus in a progressive process. GC-MS
was used to establish the phytochemical constituents. The amounts of phenolic compounds and
flavonoids in the plant extracts were calculated using spectrophotometric analysis. The cytotoxicity
of plant extracts was initially evaluated in non-malignant L.929 cells, then in carcinogenic MCF-7 and
A549 cell lines. Then, we performed an Annexin V assay, an anti-Bcl-2 assay, a Caspase-3 assay, and a
DNA fragmentation (TUNEL) assay, using flow cytometry to investigate the underlying molecular
processes. Based on the data, the methanolic extract of T. terrestris contained the highest amounts of
phenolic compounds and flavonoids, with values of 169.87 ug GAE/g dwt and 160.12 ug QE/g dwt,
respectively. Analysis by GC-MS revealed the presence of bioactive phytochemicals with proven
cytotoxicity. Based on the MTT experiment, we determined that the ICsy values for the methanol
extract’s effect on the viability of the MCF-7 and A549 cell lines were 218.19 and 179.62 ug/mL,
respectively. The aqueous and methanol extracts were less cytotoxic when tested against the cancer-
free 1929 cell line (ICsg = 224.35 pug/mL). In both breast and lung cancer cells, the methanolic extract
was found to activate caspase-3 and inhibit the Bcl-2 protein, resulting in early and late apoptosis
and cell death via DNA damage. These findings point to cytotoxic effects of T. terrestris methanol
extract against breast and lung cancer cell lines. Due to its potential as a source of anti-cancer
chemotherapeutic medicines, T. terrestris warrants further investigation.

Keywords: T. terrestris; MCF-7; A549; cancer; apoptosis; cytotoxicity

1. Introduction

Cancer is one of the leading causes of death worldwide, and is an important barrier to
increasing life expectancy. It is estimated that about 19.3 million new cases of cancer and
about 10 million deaths were reported in the year 2020. Furthermore, this number may
increase to 20 million cases by the year 2025 [1]. There is a remarkable increase in incidence
and mortality that is associated with cancer seen in Saudi Arabia in recent years, when
compared with the increase in population size. Changes in lifestyle of the people in Saudi
Arabia may be one of the contributing factors to such an increase in cancer cases [2].
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Breast cancer is the most common cancer seen in females worldwide and also in Saudi
Arabia, and it is the second most cause of death due to cancer worldwide [3]. In Saudi
Arabia, the prevalence rate of breast cancer was reported as 53% [4]. According to estimates
from GLOBOCAN, breast cancer in females accounts for the highest incidence of about
11.7% of total new cancer cases diagnosed in the year 2020, followed by lung cancer with
an incidence rate of 11.4%. While lung cancer has the highest mortality rate, 18% of all
deaths due to cancer, breast cancer was reported to have a 6.9% death rate in the year
2020 [1]. Multiple factors, such as hormonal, environmental, and hormonal factors, play
a role in breast cancer development. The incidence of breast cancer is increasing in the
Arab population, and a significant number of cases are diagnosed at the advanced stage
of the disease, contributing to a higher mortality rate [5]. According to a Saudi Cancer
Registry data on incidence from 2017, breast cancer was the most common cancer among
women, and was responsible for 18.1% of all cancers. It is also reported that the breast
cancer incidence rate is common among young females [6]. According to Global Cancer
Incidence, Mortality and Prevalence (GLOBOCAN) 2020 report, a total of 24,485 cases
of cancer were reported in the year 2018, and 10,518 deaths were due to breast cancer.
Furthermore, GLOBOCAN reported that breast cancer is foremost on the list of cancers
in Saudi Arabia, with an incidence rate and mortality rate of 14.8% and 8.5% respectively;
in comparison, the lung cancer incidence rate and mortality rate reported were 3.8% and
7.4%, respectively [7].

Natural plants have been used by mankind since the ancient era for medicinal pur-
poses; it is estimated that more than 70 thousand plant species have been used for their
medicinal benefits. Likewise, natural products from plants are taken as sources of food or
as supplements and are well-known to possess anti-cancer activity [8]. It is estimated that
more than 60% of anti-cancer drugs are obtained from natural resources, mainly plants.
They act by inhibiting various steps that may promote carcinogenesis, and are capable
of more selectively killing cancer cells with minimal effect on normal cells. Some natural
compounds are even known to decrease the adverse effects of anti-cancer therapies. Hence,
the use of natural products, along with conventional anti-cancer therapy, may have syner-
gistic effects. The anti-cancer activities of natural products are due to their inhibition of cell
proliferation activity, antioxidant activity, and anti-inflammatory activity [9].

Tribulus terrestris (common name: puncture vine, Gokharu) is an important member
(among 20 species) of the genus Tribulus; it belongs to the family Zygophyllaceae [10]. It is
commonly grown in dry and hot desert regions, and is also commonly grown in grazing
land, farmland, and roadside. T. terrestris is native to the Mediterranean region, but is now
widely grown in warm regions of Asia, Africa, America, and Australia [11]. It has been used
for thousands of years in traditional Indian and Chinese systems of medicine. Furthermore,
this plant is included in different official pharmacopeia [12]. Its fruit as well as roots, either
alone or in combination, are used for the treatment of various ailments/disorders that
are associated with genitourinary tracts, such as kidney and bladder stones, urinary tract
infections, male infertility, sperm motility, and loss of libido both in men and women, as
well as in ocular diseases [12]. Some studies also reported antimicrobial and cytotoxic
effects of T. terrestris in the cardiovascular system [10].

It has been reported that T. terrestris is used by local tribal people in the southwest
city of Saudi Arabia (Jazan Province) for pain and kidney stones, vitiligo, and other skin
diseases [13]. A number of T. terrestris-containing pharmaceutical preparations and food
supplements are available in the market, and are used for different therapeutic appli-
cations [11]. A literature survey showed that T. terrestris has antidiabetic, cardiotonic,
hypolipidemic, hepatoprotective, antispasmodic, diuretic, antiurolithic, immunomodula-
tory, analgesic, anti-inflammatory, anti-cancer, anthelmintic, antibacterial, and larvicidal
activities [14].

The main active principles of the T. terrestris include alkaloids, amides, flavonoids,
glycosides, lignin, and saponins [15,16]. Kang et al. (2014) reported 14 different steroidal
saponins, of which 7 are new compounds, called terrestrinins C-I [16]. Saponins are known
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to have an active therapeutic principle that exerts cytotoxic effects and other therapeutic
responses. According to reports, the saponins content of T. terrestris is influenced by the
plant’s geographic location, and accordingly the biological activities of the plant [17]. It
was revealed that differences in sapogenin types, but also the number of sugars in saponins,
were found in samples that were obtained from different geographical regions [11].

Natural products have many drawbacks as well; their improper use can lead to serious
consequences. In contrast to this, there is a misconception that equates the term ‘natural’
with ‘safe’; consequently, their safety is either underestimated or overestimated [18]. Hence,
for the rational use of natural compounds, proper selection, screening, isolation, characteri-
zation, and optimization, is an extreme need. The aim of the present study was to carry out
qualitative and quantitative phytochemical screening of indigenously grown T. terrestris
that was collected from the southern region of Saudi Arabia, and to investigate its cytotoxic
effects using breast MCF7 and lung cancer A549 cell lines; moreover, its cytotoxic effects
on the non-cancer fibroblast cell line L929 by MTT assay were investigated, followed by a
mechanistic pathway analysis to elucidate its possible mechanism of action.

2. Materials and Methods
2.1. Plant Collection, Extraction, and Phytochemical Analysis

Whole plants of T. terrestris were collected from the Najran University Campus, Saudi
Arabia, and identified by Prof. Mohammed A. A. Orabi, Department of Pharmacognosy, Col-
lege of Pharmacy, Najran, Saudi Arabia. A herbarium specimen (TT-102023) was deposited
in the Department of Pharmacognosy. Plant material was washed and dried after gathering.
Using Soxhlet equipment, air-dried material was coarsely pulverized and extracted using
solvents of increasing polarity, hexane, ethyl acetate, methanol, and distilled water. Each
time, 100 g of powdered material and 1000 mL of solvent were used to create crude extract.
Each cycle lasted 24 h, or until the siphon tube’s solution became colorless. Each cycle ended
with air-dried plant material, and a new solvent extraction. End-of-cycle crude solvent
extracts were concentrated, dried, and kept at —20 °C [19]. The qualitative phytochemical
screening [20] was carried out to detect its phytocomponents.

2.2. Chemicals and Reagents

The cell lines 1929, A549, and MCF7 were procured from the National Centre for Cell
Science (NCCS), Pune, India. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (purity 97.5%) was purchased from Sigma-Aldrich, St. Louis, MO, USA. All other
chemical reagents were of analytical grade, and purchased from HiMedia, Mumbeai, India.

2.3. Estimation of Total Phenolic Content

The Folin—Ciocalteu test was applied to the methanolic and aqueous extracts of
T. terrestris to determine the total phenolic content that was present in the extract. An
amount of 5 mL of a 1:10 v/v aqueous solution of Folin—Ciocalteu reagent, and 4 mL of
a 75 g/L aqueous solution of sodium carbonate, were added to the extract [21,22]. The
absorbance was then measured at a wavelength of 760 nm using a spectrophotometer [21],
after the solution was vortexed and heated at 40 °C for approximately 30 min. Gallic
acid (GA) concentrations between 20 and 100 ug/mL were used to generate a standard
calibration curve, and the total phenolic content was reported in pg/g of GA. The following
formula was used to determine the total phenolic content:

y =0.001x +0.113

2.4. Estimation of Total Flavonoid Content

A previously reported colorimetric technique was utilized to assess the total flavonoid
concentration of the T. terrestris extracts [23,24]. Briefly stated, an aliquot of the extract was
diluted in 5 mL of water, to which 0.3 mL of a 1:20 v/v sodium nitrite aqueous solution
was added. After waiting 5 min, 3 mL of a 1:10 mL aluminum chloride solution was
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added, and after another 6 min, 2 mL of a 1 M sodium hydroxide solution was added. The
resulting mixture was thoroughly blended, and 10 mL of distilled water was added to it.
The mixture was left to stand at room temperature for 10 min, after which the absorbance at
a wavelength of 510 nm was measured. The flavonoid content of the extract was quantified
in terms of mg of quercetin/g of extract, using the equation y = 0.265x + 0.152, and a known
concentration of quercetin was used to build a standard curve [25].

2.5. In Vitro Cytotoxicity of T. terrestris Extracts

An in vitro cell viability assay (MTT assay) [26] was used to test the cytotoxicity
of various T. terrestris extracts. Cytotoxic activity in the non-cancerous cell line (L292),
lung cancer (A549), and breast cancer (MCEF-7) cell lines were determined by preparing
various concentrations (50, 100, 150, 200, and 250 pg/mL) from different solvent extracts of
T. terrestris. The formula for calculating the half-life (ICs) is as follows:

Inhibition percentage = (OD of test < OD of control) x 100

2.6. Determination of Apoptosis (Annexin-V Assay)

In the current investigation, MCF-7 breast cancer cell lines were exposed to T. terrestris
extract for approximately twenty-four hours, prior to being analyzed by flow cytometry for
the detection of early apoptosis and late apoptosis. In line with the instructions provided
for the kit [27], the flow cytometric analysis was carried out using Flow]Jo X 10.0.7 software
(10.0.7, Becton Dickinson, OR, USA).

2.7. Caspase Activation Assay

In the current study, breast cancer cell line MCF-7 was pretreated with caspase-3
inhibitor Z-DEVD-FMK (20 M, BD Biosciences, Franklin Lakes, NJ, USA) for 2 h. After
that, the cells were incubated for 24 h with methanolic extract, and then subjected to flow
cytometry to determine caspase-3 activation [19].

2.8. Anti-Bcl-2 Assay

According to the method outlined by Moraes et al. [21], we used flow cytometry to
determine the amount of Bcl-2 protein present in cancer cell lines MCF-7 and A549 that
had been treated with a methanolic extract of T. terrestris. Following treatment with the test
specimen at its IC5( concentration, the cell preparations were examined flow cytometrically
using Flow]Jo X 10.0.7 software, within thirty minutes of the end of the treatment.

2.9. DNA Degradation Analysis by TUNEL Assay

Using a TUNEL assay kit (The APO-DIRECTTM Kit, Waltham, MA, USA), we were
able to assess whether the methanol extract of T. terrestris caused DNA to break as a result of
apoptosis. Flow cytometric analysis, with the software Flowzo 10.1, was used to determine
the proportion of TUNEL-positive cells. Acquisition equipment included a 7 Cytomics
FC500 flow cytometer (Beckman Coulter, Brea, CA, USA).

2.10. GC-MS Analysis

The methanolic extract was analyzed by GC-MS with a ELITE-5MS column
(B0m x 0.25mm, i.d.), a GCMS-QP2010S model, helium as the carrier gas, a flow rate
of 1 mL/min, and an injector volume of 1 pL. Injector and ion source temperatures were
both set at 260 °C, while the column temperature was initialized at 80 °C and increased by
10 °C every minute. The scan mode used was 0.50 s, and the entire MS process took 7 min
to complete. The scan rate was 1000 Hz, and the beginning and ending m/z values were
50 and 500, respectively. Components were identified by comparing their mass spectra to
those in the NIST mass spectral collection [25].
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2.11. Statistical Analysis

Three independent experiments’ data (n = 3) are summarized and presented in terms
of mean + standard deviation. The software ‘GraphPad Prism version 5" was used to
conduct one-way ANOVA and Dunnett’s t-test analyses, and a p-value of less than 0.05 was
considered statistically significant.

3. Results
3.1. Phytochemical Analysis

Analysis was performed, based on the standard procedure of biochemical tests, to
detect different secondary metabolites that were present in the plant extracts. The results
revealed that among the tested extracts, methanol and aqueous extracts showed the pres-
ence of phenols and terpenoids as major phytoconstituents. Meanwhile, hexane extracts
showed the presence of steroids and saponins. The overall results are shown in Table S1.

3.2. Estimation of Total Phenols Content

Based on the phytochemical results, the methanol and aqueous extracts of the T. terrestris
were subjected to a quantification study, in order to evaluate total phenol and flavonoid
content by following a standard procedure. The quantification results showed that between
the methanol and aqueous extracts, the methanol extract exhibited the higher phenolic
content, i.e., 169.87 ug GAE/g dwt, whereas the aqueous extract exhibited 114.06 ug GAE/g
dwt. The total phenolic content was calculated from the standard calibration curve (y =
0.001x + 0.113) (Figure S1).

3.3. Estimation of Total Flavonoid Content

The methanol and aqueous extracts revealed total flavonoid contents to be 160.12 pg
QE/g dwt and 113.01 ug QE/g dwt, respectively.

3.4. In Vitro Cytotoxicity of T. terrestris Extracts

In the present study, the hexane, ethyl acetate, methanol, and aqueous extracts were
taken as treatments for the 1929 cell line, along with standard drug cisplatin as a positive
and untreated cells as a negative control. In all of the treated extracts, there was a dose-
dependent activity; with an increase in the concentrations of extracts, the percentage of cell
viability decreased. Almost all of the tested extracts showed a cytotoxic nature at higher
concentrations. At higher concentrations, hexane, ethyl acetate, methanol, and aqueous
extract showed cell viabilities as 47.05 4 0.01, 32.76 4 0.008, 32.76 + 0.02, and 53.23 =+ 0.01,
respectively. The results are shown in Table 1 and Figure S2.

Table 1. Growth inhibitory activity of different solvent extracts of T. terrestris against (L929) cell line.

Percentage of Cell Viability

Concentration (ug/mL)

Hexane Ethyl Acetate Methanol Aqueous
50 91.84+£0017*  98.35+£0.017 88.6240.002*  95.86 £ 0.008
100 87.56 £0.008* 80.51 £0.021* 78.314+0.002* 80.40 - 0.011 *
150 70.82 +0.007*  66.80 £0.008* 66.43 +0.005* 70.49 4 0.001 *
200 61.75 £0.018* 4544 £0.001* 52.87 £0.022* 60.91 + 0.018 *
250 47.054+0.010* 32.76 =0.008 *  32.76 +=0.022*  53.23 £ 0.012*

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

After the toxicity assay, the extracts were subjected to cytotoxic studies against breast
cancer MCF-7 and lung cancer A549 cell lines, along with cisplatin as a standard drug
for comparison. In both tested cell lines, the selected solvent extracts showed significant
activity by suppressing the cell’s growth through a decrease in cell viability. At the initial
concentrations of hexane, ethyl acetate, methanol, and aqueous extract, cell viability in lung
cancer was observed to be 96.38 + 0.008, 90.99 + 0.001, 43.57 4+ 0.003, and 49.39 + 0.012
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(Table 2 and Figure S3), respectively; in case of breast cancer, cell viability was found to be
97.43 + 0.018, 91.14 £ 0.009, 98.30 £ 0.003, and 91.31 + 0.008 (Table 3 and Figure S4), respec-
tively. In comparison, the selected solvent extracts showed more effective cytotoxic activity
against lung cancer than breast cancer. The cell viability and preliminary observations
indicated that the methanol extract was the most effective of the extracts tested.

Table 2. Growth inhibitory activity of different solvent extracts of T. terrestris against Lung Cancer
(A549) cell line.

Percentage of Cell Viability

Concentration (ug/mL)

Hexane Ethyl Acetate Methanol Aqueous
50 96.38 +0.008  90.99 +0.001* 43.57 £0.003* 49.39 £0.012*
100 88.35+0.001* 79.95+0.021* 27.13+£0.002* 44.7140.005*
150 7845 £0.013* 7196 £0.012* 2280 £0.015* 36.01 £0.010*
200 6794 £0.014* 6338 £0.023* 17.52+£0.009* 29.71 £0.014*
250 53.60 £ 0.018 * 4951 £0.011* 990 £0.006*  18.72 £0.026 *

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

Table 3. Growth inhibitory activity of different solvent extracts of T. terrestris against Breast cancer
MCEF-7 cell line.

Percentage of Cell Viability

Concentration (ug/mL)

Hexane Ethyl Acetate Methanol Aqueous
50 9743 £0.018 91.14+0.009* 9830+ 0.003  91.31 + 0.008 *
100 90.21 £ 0.006 * 8398 £0.006* 89.94 +£0.014* 82.34 4+ 0.009 *
150 82.13+0.008* 7098 +£0.011* 7245+0.014* 71.314+0.027*
200 68.85+0.009* 6147 +0.018* 51.25+£0.007* 60.87 £ 0.014 *
250 5721 +0.017* 4448 £0.006* 41.63 +£0.005* 5590 +0.019 *

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

The untreated MCF-7 and A549 cells were compared to the treated cells, and the
results showed that there were differences in the cellular morphology of the test samples.
In a set of untreated cells, the shape of the cells could be seen clearly, and there were greater
proportions of them without any intracellular voids. In contrast, in the treated test samples,
the number of cells gradually dropped as the concentration grew, and intracellular voids
were observed between the cells. In addition to this observation, it was found that apoptotic
bodies, cell shrinkage, membrane blabbing, cell turgidity, and other abnormalities were
present in the cells. All of these morphological features are characteristics of cells that are
going through the process of apoptosis. The results of the MTT as well as the microscopic
study indicated that the test samples had the potential to induce apoptosis in both breast
cancer MCF-7 and lung cancer A549 cell lines.

A standardized calibration curve was used to determine the ICs( for the extracts. For
lung cancer, the results were 277.14, 256.38, 179.62, and 189.70 g/mL for hexane, ethyl
acetate, methanol, and aqueous extracts, respectively; for breast cancer, the results were
293.27,238.11, 218.19, and 271.07 g/mL for the same solvents, respectively. The ICs( details
are shown in Table 4.

3.5. Determination of Early and Late Apoptosis (Annexin V Assay)

In the present study in treated breast cancer, MCF-7, cells subjected to a detection
of early apoptosis and late apoptosis were studied on the basis of flow cytometry. The
results showed that in the case of breast cancer untreated cells, around 4.24% of cell showed
apoptosis, whereas the standard drug cisplatin showed 25.48% of apoptotic cells, and the
methanol extract test sample showed 15.31% of apoptotic cells (Figure 1).
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Table 4. Cytotoxicity of different solvent extracts of T. terrestris against different cell lines.
IC50 (pg/mL)
Test Sample L929 Cell Line MCEF-7 Cell Line A549 Cell Line
Hexane extract 244.16 293.27 277.14
Ethyl acetate extract 194.43 238.19 256.38
Methanol extract 224.35 218.19 179.62
Aqueous extract 255.89 271.07 189.70
Cisplatin 9.87 2.51 11.47
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Figure 1. Detection of early and late apoptosis induced by methanol extract of T. terrestris in the

MCEF-7 cell line. Green and orange red colour is due to cells reaction with dyes used in the flowcytom-

etry, whereas the blue colour indicates the cells going through apoptosis death which are positively

stained with Annexin V.
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3.6. Caspase-3 Activation Assay

On breast cancer MCF-7 cells, the methanol extract of T. terrestris was examined
alongside the control group and the standard drug, cisplatin. The results of the caspase-3
assay showed that breast cancer cells had clearly undergone apoptotic induction. The
data revealed that 51.1% of MCF-7 breast cancer cells tested positive for caspase-3 when
exposed to the standard drug cisplatin, while 21.2% tested positive for the methanol extract.
Figure 2 displays the outcomes of caspase-3 flow cytometry.
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Figure 2. Confirmation of apoptosis induced by methanol extract of T. terrestris in the MCF-7 cell line
through the caspase 3 assay.

3.7. Anti-Bcl-2 Assay

In the current study, the Bcl-2 assay results demonstrated that untreated cells had a
lower degree of apoptosis, with a high level of Bcl-2-positive cells (93.5%). In contrast,
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the test sample (73.1%) and cisplatin (52.4%) treated for MCF-7 revealed lower levels of
Bcl-2-positive cells. Thus, compared to the untreated samples, a higher degree of apoptosis
was observed in the test drug and standard treated groups (Figure 3).

Count
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Comp-FL2 :: FL2 Lod

Plant Sample SLNo | Treatment | Bcl-2low | Bcl-2High

I | Untreated 6.52 9.5
2 Standard 476 514
3| Planfsample | 269 Bl

Comp-FL2 :: FL2 Loa

Figure 3. Flow cytometry-based study of inhibition of anti-apoptotic protein Bcl-2 through methanol
extract of T. terrestris in the MCF-7 cell line.

3.8. DNA Degradation Analysis by TUNEL Assay

The cell death that occurred in the apoptotic cells may have been due to DNA damage.
Hence, in the present study, DNA damage induced by the methanol extract of T. terrestris
and cisplatin was studied in breast cancer MCF-7 on the basis of a flow cytometry TUNEL
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assay. The results revealed that in the untreated group, around 8.68% of cells showed
DNA damage. In the treated breast cancer MCF-7 cell test sample, around 27.9% of cells
showed DNA damage, whereas in the case of the standard drug cisplatin, DNA damage
was observed in 41.9% of cells (Figure 4).
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Figure 4. Flow cytometry-based study of DNA damage induced by methanol extract of the Tribulus

plant in the breast cancer MCF-7 cell line.




Separations 2022, 9, 383

110f18

3.9. GCMS Analysis

After the phytochemical analysis, the methanol extract was observed to be a potent
extract; hence, the methanol extract was subjected to GC-MS analysis, in order to identify
the phytochemical compounds. The GC-MS results showed the presence of seven sharp
peaks in the gas chromatogram. Each peak was subjected to a similarity search using the
NIST library database to identify the compounds. Mainly, the GC-MS analysis showed the
presence of 9-Octadecene, (E), 1-Deoxy-d-mannitol, (E)-Phytol, 8-Pentadecanone, Methyl
palmitate, Methyl 9,12-octadecadienoate, Methyl linolenate, Isophytol acetate, Methyl
isostearate, and Squalene as major compounds. These compounds are known for several
applications, such as industrial applications, organic synthesis, and biological activities
(Table 5, and Figures S5 and S6).

Table 5. GC-MS-identified compounds of methanol extract of T. terrestris.

Peak No Compound Name Rt Base m/z Nature Uses

9-Octadecene, (E) 21.194 55.05 Long-chain hydrocarbon

Antimicrobial and
antioxidant activity [28,29]

2 1-Deoxy-d-mannitol 23.923 73.05 Sugar alcohol Antimetabolite [30]

(E)-Phytol 26.611 68.10

Cancer protective,
Acyclic hydrogenated antimicrobial,
diterpene alcohol anti-inflammatory, diuretic
action [31]

8-Pentadecanone 27.353 149.05 Aliphatic ketone

Anti-cancer [32],
Anti-phytopathogenic fungi
activities [33], Hepatotoxic,
Demyelination [34]

Potent antioxidant
property [35]
Anti-inflammatory effect,
anti-fibrotic effect [36,37]
Hepatoprotective, reducing

Methyl palmitate 28.379 74.05 Fatty acid methyl ester ~ chemotherapy-induced

toxicity in vivo,
neuroprotective effects, and
potent cardio-protective
agent [38]
Anti-proliferative [39]

6 Methyl 9,12-octadecadienoate 31.603 67.10 Fatty acid methyl ester

Hypocholesterolemic
hepatoprotective,
Antieczemic,
anti-histaminic, [34]
Antidermatophytic
activities [40]
Antimicrobial,
antioxidant [41]

Methyl linolenate 31.729 79.10

cancer-preventive,
anti-inflammatory,
antieczemic, antihistaminic,
hepatoprotective,
hypocholesterolemic,
nematicide, insectifuge,
antiacne, 5-alpha reductase
inhibitor- antiandrogenic,
anti-arthritic [31],
antioxidant and antifungal
activity [35]

Polyunsaturated fatty
acid methyl ester
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Table 5. Cont.

Peak No Compound Name Rt Base m/z Nature Uses
Monoterpene Precursor of vitamin E [42],
8 Isophytol acetate 31.951 71.10 acetate derivatives antimicrobial activity [43]

Recently patented for use in
ulcers, antipruritic, keloids,

9 Methyl isostearate 32.159 74.10 Fatty acid methyl ester ~ alopecia and anti-

inflammatory agents [44]
Antioxidant [35], cancer [45]

10

Squalene 43.201 69.05

Antioxidant, anti-cancer,
cardiovascular

protective effects [46]
Detoxifying agent, emollient
and moisturizer [47]

Acyclic polyunsatu-
rated triterpene

4. Discussion

Cancer is one of the most significant non-communicable diseases. It is responsible for
71% of total deaths worldwide, and the number of cancer cases is estimated to increase
by 80% in underdeveloped and developing countries [48]. It is anticipated that by 2030,
the number of cancer cases may reach 21.7 million, with about 13 million deaths [49].
Saudi Arabia accounts for more than half of the cancer burden in GCC countries. The high
prevalence of cases in Saudi Arabia is attributed to its population size, which accounts for
about 60% of the total GCC population [50]. The rising incidence of cancer can be attributed
to a variety of demographic shifts, including rising life expectancy, larger populations, and
the prevalence of risk factors including fast food consumption and tobacco use. [49,51-54].
The main aim of cancer treatment is to kill cancer cells, prolong the life expectancy of the
patient, reduce the relapse rate, and improve the quality of life of the patient [55]. However,
there is currently no effective treatment available for cancer that has minimal adverse effects
or no ill effects on the quality of patients’ life post-treatment. Hence, there is always a need
to search for a more effective treatment that can be used either alone, or as an adjuvant to
currently approved therapy.

Natural products are renowned for their effectiveness and tolerability in the treatment
of various diseases, including cancer. It has also been proven that natural products possess
synergistic effects with other drug therapies [56]. They serve as one of the sources of
drugs, and/or may serve as potential lead compounds in drug development [57]. Between
1930 and 2012, 183 drugs were authorized for use in treating cancer; of these, 30% came
from natural origins, 57% were semisynthetic in origin, and 34% had pharmacophores
that mimicked those of naturally occurring products [58]. However, the isolation and
characterization of constituents that are responsible for beneficial effects are challenging [56].
The present study focused on the cytotoxic effects on noncancerous as well as breast
and lung cancer cell lines, followed by the identification, and characterization of active
constituents present in T. terrestris.

In the present study, the major active constituents from plants were found to be
flavonoids, phenolics, terpenoids, and steroids, which is consistent with previous re-
ports [12,59,60]. Furthermore, results from quantification studies showed there was a higher
percentage of phenolic and flavonoid content in the methanolic extract compared with the
aqueous extract. These polyphenolics are very well-known for their antioxidant activity,
and they have been proven to have a role in many different types of diseases/disorders,
such as cardiovascular disease, hepatic disorder, diabetes, allergies, infection, inflammation,
and cancer, to name a few [61-63]. The anti-cancer effect of flavonoids is due to the antioxi-
dant effect, which, in turn, is dependent on a number of phenolic hydroxyl groups in their
structure [64,65]. Similarly, many reports are available that show anti-cancer properties of
terpenoids [66,67], as well as anti-inflammatory properties [68].
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The MTT assay is a well-known assay technique that is based on the metabolic activity
of cells, and is used for the detection of the viability, cytotoxicity, and proliferation of
cells [69-71]. The MTT assay in the present study, with microscopic examination, found that
both methanolic and aqueous extracts of T. terrestris showed significant cytotoxic activity
in cancer cell lines. Moreover, higher cytotoxicity was recorded with the lung cancer cell
line (A549) compared to the breast cancer cell line (MCF-7), and a good cytotoxic effect was
recorded, even at a low dose of extract used (50 pg/mL). In comparing the cytotoxic effects
of the methanol and aqueous extracts, the methanolic extract was found to have a higher
cytotoxic effect. The ICs values of 179.62 and 189.70 ng/mL were obtained with methanol
and aqueous extract, respectively. Similarly, studies also reported the cytotoxicity activity
of alcoholic, hydroalcoholic, and aqueous extracts of T. terrestris [72-74]. It was observed
that T. terrestris extract does not have much cytotoxic effect on normal cell lines. The hexane
and ethyl acetate extracts showed higher numbers of viable cells in all treated cell lines
compared to a methanolic extract. A previous report on T. terrestris extract showed cytotoxic
effects on fibroblast cell lines [75]. Moreover, Pourali M, et al., found higher cytotoxicity in
colon and prostate cancer cell line assays than in normal fibroblast cell lines [74].

It has been shown that natural products are shown to exert anti-cancer and antitumor
activities by the following mechanism: anti-angiogenesis, cell cycle inhibition, induction
of apoptosis, suppression of proliferation of cells, cell migration, and inhibition of metas-
tasis [58]. To further elucidate the possible anti-cancer mechanism of T. terrestris, the
methanolic extract was subjected to flowcytometry analysis using evaluation of early and
late apoptosis, followed by its confirmation with a Caspase-3 assay. Breast cancer cell lines
were employed for the mechanistic study using flow cytometry. It was found that the
extract showed considerable apoptosis action when compared to untreated MCF-7 cell lines.
However, the apoptotic effect of the extract was less than that of the standard drug, cisplatin.
The result of caspase-3 activity showed that the T. terrestris extract-treated MCF-7 cell lines
showed a high degree of caspase-3 activity when compared with untreated cell lines. This
indicated that one of the possible mechanisms of cytotoxicity of T. terrestris extract may be
due to the induction of apoptosis by activation of proteolytic enzyme caspase-3. A similar
activity in apoptosis induction and enhanced caspase-3 activity was reported in previous
studies [76,77]. However, another possible mechanism of apoptosis may also be involved,
such as by decreased expression of caspase-8 [78], down-regulating the expression of
Bax and p53 [77,78], DNA fragmentation [76,77], Bcl-2 [78,79], and down-regulation of
NF-kB [73].

GC-MS analysis in a previous report found the presence of x-amyrin as a major con-
stituent, and seven minor constituents in a methanolic extract of T. terrestris [80]. Similarly,
in the present study, we found ten major compounds through GC-MS analysis. Some of
these compounds were reported to have anti-cancer and antioxidant activities, and may be
responsible for the cytotoxic effects seen in the present study of normal non-cancerous cell
lines, as well as in cancer cells (Table 5).

It is well known that phenolic compounds present in medicinal plants are known
to exhibit potent antioxidant effects, and are quite effective in the treatment of different
diseases due to oxidative stress, including cancer [61,81-83]. T. terrestris was also reported
to contain saponins as major active compound with promising cytotoxicity [11]. Saponins
present in T. terrestris were previously reported to have anti-cancer activity on various
cell lines [75,78,79,84,85]. A steroidal saponin, nuatigenin, from seeds of T. terrestris, was
reported to have anti-cancer activity against breast cell line MCF-7 [78].

Patel et al., 2019, demonstrated that T. terrestris induced an intrinsic apoptotic pathway
in an MCF-7 cell line, as evidenced by increased expressions of the Bax and p53 genes,
DNA degradation, and decreased expression of the Bcl-2 gene [77,78]. The protein Bcl-2
inhibits cellular suicide by acting as an anti-apoptotic agent. Overexpression of Bcl-2 was
shown to prevent cell death and improve cell survival.

This study compared the effects of a T. terrestris methanolic extract with those of a
standard drug, and those of a control group of cells that had not been treated. There was
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an increase in apoptosis as compared to untreated cells, in both the test sample’s and the
standard drug’s abilities to inhibit the Bcl-2 protein. To further elucidate the mechanism of
apoptosis, a TUNEL assay was employed to determine the extent of DNA degradation. The
results revealed that the methanolic extract and cisplatin exhibited significant DNA damage
compared to untreated cells. Thus, T. terrestris can induce apoptosis by decreased Bcl-2
protein levels, increased caspase-3 activity, and DNA degradation in the breast cancer cell
line MCF-7. In light of this, the possibility exists that naturopathic remedies isolated from
T. terrestris could undergo further clinical development as potential therapeutic medications.

5. Conclusions

In conclusion, the cytotoxic action of the T. terrestris methanol extract was demon-
strated by its ability to significantly suppress the growth of both the breast cancer MCF-7
and lung cancer A549 cell lines. The test medication caused DNA damage and apoptosis
in breast cancer MCF-7, as shown by flow cytometry. Furthermore, T. terrestris showed
powerful cytotoxic activity, comparable to that of the gold standard medication cisplatin.
Therefore, T. terrestris should be further investigated to identify lead compounds that have
cancer chemotherapeutic potential. Additional research is necessary before the results of
this study can be applied to clinical trials.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/separations9110383/s1, Figure S1: Calibration curve for the standard
gallic acid; Figure S2. Images of cytotoxicity of methanol extract of T. ferrestris on non-cancerous
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(MCEF-7) cell line; Figure S5. GC spectrum of methanol extract of T. terrestris; Figure S6. MS spectra
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