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ABSTRACT

The interest in using the Datura stramonium plant is due to its natural products, which are used in many phar-
maceutical industries. The objective of the current study was to assess the therapeutic and cytotoxic effects of the
D. stramonium plant on two types of human cancer cell models (MCF7 and HT29) in vitro. A soxhlet apparatus
was used to obtain methanolic extract from dried plant leaves. The recovered crude, after the solvent had evapo-
rated, was then dispersed at varied concentrations of extract 100, 50, 20, and 0.0 µg/mL and tested to see how the
cells responded. Also, the cancer-testis antigen (CTA) gene transcription in the two cell types exposed to the plant
extract was examined using a semi-quantitative real-time polymerase chain reaction. Gas chromatography–mass
spectrometry (GC-MS) results produced the significant main metabolites Nonanoic acid, Tropine N-Oxide, 3,6-
Ditigloyloxy-7-hydroxytropane, Hexadecanoic acid, 2-Pentadecanone,6,10,14-trimethyl-, Carvenone, methyl
ester, Phytol, Aposcopolamine, Hyoscyamine, 4,8,12,16-Tetramethylheptadecan-4-olide, Scopolamine, Alpha.-
Tocospiro A, 1,2-Cycloheptanedione, 3,3,7,7-tetramethyl-, dihydrazone, Campesterol, Stigmasterol, Gamma
-Sitosterol and dl-.alpha.-Tocopherol. The results showed that the two types of cell lines impacted by D. stramo-
nium extract, through untreated type 1 cells (MCF7) gave a highly significant transcription according to all applic-
able genes. All implemented analyses cleared the strong genetic impacts of Datura extract on cancer cells’
genomes. TGIF2LY and C2orf63 transcript accumulation were also significantly elevated when exposed to plant
extract at a level of 50 µg/mL in cell line type 2 (HT29), but TGIF2LY and P53 had the lowest relative expression at
a level of 100 µg/mL when treated the same cell line type.
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1 Introduction

All living species in our world depend heavily on plants to survive. Plants play a significant role in
several pharmaceutical businesses, as they produce at least 25% of the medicine in pharmacies,
highlighting the immense diversity of plants’ importance in all aspects of life [1]. Promising possibilities
for cancer and other disease therapies, plant-derived natural compounds are important resources for drug
research and development, with notable potential in avoiding and regulating oxidative stress. The
antioxidant properties of phytochemicals like phenolic compounds have been connected to their effects.
Given the complexity and abundance of these bio-constituents, plant extracts and preparations must
undergo precise in vitro characterization and quantification to potentially translate into in vivo effects and
clinical usage [2]. The chemopreventive and anticancer properties of three main classes of secondary
metabolites were studied by [3]. These classes included nitrogen-containing secondary metabolites
(alkaloids and glucosinolates), polyphenols (curcumin, quercetin, resveratrol, and flavonoids), and
terpenoids (monoterpenoids, diterpenoids, sesquiterpenoids, and tetraterpenoids).

The Solanaceae family of plants includes the weed known as Datura. It is commonly used because of its
therapeutic and poisonous characteristics [4]. D. stramonium, D. ferox, D. innoxia, and D. metel are among
the species in the genus Datura that are valuable for medicine [5]. Since the beginning of time, people have
utilized these species for both medical and recreational purposes. Traditional and ethnopharmacological uses
of Datura species include anticancer, antiasthmatic, anesthetic, sedative, antihemorrhoidal, expectorant, and
demulcent properties [5]. Inflammation, rheumatoid arthritis, wounds, ulcers, gout, asthma and bronchitis,
fever, and toothache are just a few of the various illnesses for which it is widely acknowledged as an
effective treatment [6].

D. stramonium, which is the most prevalent species in this family and is endemic to Asia, is more
prevalent in temperate, tropical, and subtropical temperatures [7]. Atropine, scopolamine, and
hyoscyamine are just some of the dangerous tropane alkaloids found in D. stramonium [6]. A GC-MS
test of the Datura plant extract was conducted in the current investigation. Liquid, gaseous, or solid
materials can all be analyzed using GC-MS. Beginning with the GC, the analysis can be performed [8,9].
Ulcers, wounds, sciatica, rheumatism, inflammation, gout, swellings, bruising, asthma, fever, bronchitis,
tumors, toothaches, and cancer disorders have all been treated using D. stramonium [5]. D. stramonium is
regarded as poisonous everywhere. Some of the first indications and symptoms to manifest are rapid
heartbeat, high heart rate, pupil dilatation, dry mouth, and vision impairment. Decreased body
temperature, nausea, severe tremors, aggressive conduct, lack of control over one’s muscles, slow
breathing, and a rapid and weak pulse will follow [10]. The hazardous dose for it is four mg for children
and ten mg for adults [6]. D. stramonium is involved in criminal behavior in ways beyond the individual
use of anesthetic for illicit pleasure [11] when it is blown into the faces of victims as an anesthetic by
Datura powder to prevent their free will in crimes such as sexual assaults, robberies, and other crimes
[12]. Plants have long been used to cure cancer, as they are still a vital component of modern therapy
[13]. Plant extracts can kill a range of cancer cells produced by humans depending on the dosage and the
passage of time. To prevent the extracts from harming healthy cells [14]. The effects and eradication of
cancer are aided by the immunological, anti-inflammatory, and antioxidant properties of Datura extract
[15]. As one of the most significant antioxidants, flavonoids, which influence cancer cells, are phenols.
D. stramonium plays a part in the effect and eradication of cancer cells [16]. Alkaloids are crucial
secondary metabolites that are necessary to humanity and are known to have therapeutic properties. These
therapeutic compounds are significant because they may effectively scavenge free radicals or bind with
oxidative reaction catalysts, including certain metal ions, preventing the onset of many degenerative
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diseases. These compounds are highly valued for usage in pharmaceutical formulations because of their
broad spectrum of properties, and they may prove to be useful metabolites that can be utilized to treat
deadly illnesses like cancer [17].

The most frequent condition that poses a threat to life is cancer [18]. Cancer can essentially be defined as
the uncontrollable expansion of unusual cells in any direct organ [19]. When it deviates from the conventions
of cell division, cancer is defined as a condition marked by modifications or mutations in the cell genome.
The proteins that are produced by these changes (DNA mutations) upset the delicate biological balance
between cell division, leading to malignant cells that continue to divide [20]. Advances in cancer
pathobiology research have been made possible by the availability of a wide variety of experimental
model systems that examine the various manifestations of this illness, provide an understanding of
genetic and epigenetic modifications, and allow the testing of anticancer drugs [21]. Maheshwari and
Sharma [22] investigated that most of the phenolic compounds, i.e., quercetin, carvacrol, curcumin,
hydroxychavicol, crocin, palmatine, aloin, gingerol, allicin, epigallocatehn, thymol, pyrogallol, and
carvone were found to modulate one or more signaling pathways linked with cell survival, cell
propagation/differentiation, cell migration, angiogenesis, cell cycle, apoptosis, detoxification enzymes,
hormone activities, reactive oxygen species up-and-down regulation, altered gene expression, and
immune responses. According to research by Lesetja et al. [23], Tulbaghia violacea extracts show
anticancer activities with morphological alterations that facilitate the induction of apoptosis. In contrast to
methanolic extract, T. violacea increases apoptosis-related gene expression in all tested cancer cell lines,
particularly cervical cancers, while butanolic extract has little to no effect on the selected cancers. Hexane
extracts of T. violacea have been demonstrated to be actively involved in the induction of apoptosis.

For studying cancer biology and evaluating the therapeutic impact of anticancer medications in
laboratories, human cancer cell lines are useful models [24]. The isolation of each cell line from the
illness that the patient has allows for the detection of pathological traits that would otherwise go
unnoticed in conventional clinical diagnostic settings as well as the performance of tests that would be
hard to carry out in vivo [24]. Artificial reproduction of the therapeutic and cytotoxic effects of wild
plants on human cancer cells has been studied using two different types of cancer cells. Human colorectal
cancer cell line HT-29 has an epithelial appearance. In vitro studies on intestinal cell uptake, secretion,
and translocation [25]. Having estrogen, progesterone, and glucocorticoid receptors, a female patient with
metastatic breast cancer’s pleural effusion was used to create the stable epithelioid cell line MCF-7 [26].
A heterogeneous collection of proteins termed the Cancer Testis Antigen (CTA) was created exclusively
by the testis tissues, including the germ cells, of a healthy adult male. Leukemia, renal cancer, and
colorectal cancer all produce modest quantities of cancer testis antigen, while lung cancer, melanomas,
bladder cancer, and ovarian cancer produce significant levels [27]. CTAs play a unique and crucial
function in cancer diagnostics and therapeutic targeting since they are made by cancer cells rather than by
somatic cells [28]. CTAs’ importance in cancer immunology has increased as a result of their high
specificity for malignancies and testis tissues. The modulation of CT genes’ expression and their
biological roles in tumor cells are still poorly understood, despite accumulating evidence of their
contribution to carcinogenesis. Some CT genes’ roles in cell division and other functions can be
identified in normal tissues [29]. There are numerous CTAs, some of which are recognized to have a
specific purpose while others are yet unknown in terms of their intended use as cancer marker indications
[30]. When cytotoxic T cells detect the MHC peptide complex using seven primers that contain the most
tumor-specific antigens, as opposed to the housekeeping Actin gene and the control therapy, tumors are
eradicated [31]. This work aims to separate the chemicals from the D. stramonium medicinal plant and
test their effects on two cancer cell lines (MCF7 and HT29).
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2 Materials and Methods

The current investigation was carried out in the Molecular Biology Laboratory and High-Altitude
Research Center (HARC) at Taif University in Saudi Arabia.

2.1 Collection of Plant Materials
The region of El Haweia provided the D. stramonium leaves for collection.

2.2 D. stramonium Crude Isolation
The samples of D. stramonium leaves were air-dried before being put through a Soxhlet system

to extract secondary compounds while using methanol as a solvent for 6 h. The crude form of
D. stramonium was gathered, filtered, and held until analysis at −4°C [32].

2.3 GC-MS Examination of D. stramonium Leaves

2.3.1 Gas Chromatography and Mass Spectrometry Analysis
For the GC-MS analysis of plant crude, an Agilent Technologies (Little Falls, CA, USA) 6890N

Network gas chromatographic (GC) system equipped with an Agilent Technologies 5975 inert XL Mass
selective detection system and an Agilent Devices 7683B series auto-injector was employed. The HP-
5 MS capillary column in Little Falls, California, USA (30 m × 0.25 mm film with a thickness of
0.25 µm) was utilized to separate the compounds. With a 100:1 split ratio, a sample volume of one
milliliter was injected in the split mode. An electron ionization system with a 70-eV energy of ionization
was implemented for GC/MS monitoring. The GC analysis program that was chosen for the column oven
temperature program was. A 1.5 mL min-1 flow rate of helium was utilized as a gas transporter. The
mass scanning range was set at 50 to 550 m/z, and the temperatures of the injector and MS transfer line
were each maintained at 300°C for 10 min.

2.3.2 Compound Characterization
Considering their retention values in comparison to (C9-C24) n-alkanes or to genuine chemicals, the

components of the oil were identified. Moreover, compounds were recognized with their MS data in
comparison to published mass spectra and samples from the NIST mass spectral library [33].

2.4 Cultivation of Human Cancer Cell Lines

2.4.1 Developing the Cell Lines
Two of the cell lines MCF7 (Human Caucasian Breast Adenocarcinoma) and HT29 (Human Colon

Colorectal Adenocarcinoma) utilized in this experiment were cultivated in Dubeco’s modified Eagle’s
medium (DMEM) + GLATMAXMT + 10% FBS at 37°C with 5% CO2. The cell lines passage was based
on the dilutions and confluences advised by the American Type Culture Collection (ATCC), who sold
them. 10% foetal bovine serum (FBS) was added to the medium in which the cell lines were grown
(Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA; Lot 41Q6208K). Using the Mycoplasma
PCR Detection kit, cultures were routinely tested for mycoplasma contamination (Sigma Aldrich, Saint
Louis, MO, USA; MP0035).

2.4.2 Frozen Cancer Cell Lines Regeneration
A container of cells was removed from the liquid nitrogen cylinder and warmed in a bath of water set to

37°C for just over two min. A conical 15 mL tube containing the cells was used that was sterile and filled with
5 mL of full, warmed growth media. After that, to pelletize the cells, they were centrifuged for 5 min at
1000× g. Aspiration was done of the supernatant, next, 10 mL of fresh growth fluid was added to the
pellet for re-suspension, and the appropriate flask was then filled with the mixture. The cells were
cultured at 37°C for 24 h with the necessary CO2 content in a humidified incubator.
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2.4.3 Isolation of Adherent Cells from Culture
The adhering cells were subjected to one wash in Dulbecco’s phosphate saline solution (DPBS; Gibco®,

Sigma Aldrich, Saint Louis, MO, USA; 14190-250) when the plates’ medium was aspirated. The cell layer
surface of the plate was next covered with trypsin (Gibco®; 25300-054) to allow the cells to disintegrate into
suspension. After that, plates were returned to the incubator for 2–5 min based on the cell type. The cells
could then be utilized whenever required after warm fresh media containing serum was incorporated to
stop the trypsin action.

2.4.4 Generating Stocks of Cancer Cell Lines
1×trypsin-EDTAwas used to trypsinize cells after being twice rinsed with 1× DPBS when they reached

80%–90% confluence (GIBCO 1370163). Having gathered the cells in fresh medium (10 mL), they
underwent a 5-min centrifugation at 1000 × g. Before being put into a cryotube that had been labeled, in
1 mL of 10% dimethyl sulfoxide (DMSO) and 90% FBS solution, pellets of cells were gently re-
dissolved. To achieve successful cell recovery, these vials should then be kept at −80°C for at least 24 h
in an isopropanol-filled Nalgene “Mr. Frosty” thawing vial. It strongly suggested maintaining a steady
cooling pace of room temperature to 1°C per minute. For temporary storage, the cells could be kept at –
80°C for one day, or they could be kept in a liquid nitrogen tank for a longer period.

2.4.5 Counting Cells
The slide of a hemocytometer (Z169021-1EA; Sigma-Aldrich) and its cover were thoroughly cleaned

via 70% ethanol and then cleaned with deionized water. To provide a good estimate of the actual cell
content, stirring the cell suspension helped break up any cell clumps. 10 µL of cell culture were mixed in
a clean Eppendorf tube with Trypan blue at 0.4% (Invitrogen; 15250-061). The coverslip was placed over
the hemocytometer’s grid and by using a 20P micropipette through V-like wells, 10 µL of the
combination was poured into the chamber. Live cells were unstained when a Carl Zeiss Axiostar
microscope with 10× objectives was used to read the hemocytometer, whereas blue cells indicated dead
cells (with Trypan Blue stains). For both girds, five squares were used to count the average number of
cells. Next, the total amount of active cells was calculated following the formula:

Cells/mL–standard number of living cells times 2 (Trypan Blue-based dilution) × dilution factor × 104.
Second, the number of viable cells was determined by Biorad’s TC10 cell counter using the trypan blue dye
exclusion method.

2.5 Cellular Viability

2.5.1 Examining Viable Cells
Depending on the cell line, 6-well plates were used for cell plating at the proper concentration; for

example, 103 MCF7 cells per milliliter were adopted for plating. Before the treatment, the cells were
incubated for 24 h following treatment with plant extract. The treatment was done three times every 24 h
using three different concentrations 100, 50, and 20 µg/mL, after those photos were taken using an
inverted microscope for both untreated and treated cells.

2.5.2 The MTT Assay
The MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide) can be used to

measure cell viability as described by Darwish et al. [34]. To perform this test in 96-well plates, cells
were developed, and three different doses of plant extract were applied. Then each well received 10 µL
of MTT ingredient, which was wrapped with aluminum foil and maintained in CO2 for 4 h. After that
100 µL of DMSO was utilized, and 15 min of CO2 incubation followed. The absorbance was read via a
microplate reader at 570 nm [35]. The viability of cells was recorded according to the following equation:
% viability = Absorbance of sample at 570 nm/Absorbance of untreated at 570 nm × 100, where
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untreated cells were treated with culture media only. The effect of different concentrations on cell viability
was expressed as % inhibition against concentration and used to calculate IC50 (concentration required to kill
50% of the cells). Results were expressed as mean ± SD (n = 5).

2.6 Isolation Procedure for Trizol RNA

2.6.1 Integration
Tissues

Tissue samples were homogenized in 1 mL of Trizol reagent per 50 to 100 mg of tissue using a glass-
Teflon or power homogenizer (such as the Polytron or Tekmar’s TIS-SUEMIZER). The sample amount
shouldn’t be more than 10% of the volume of Trizol reagent employed for homogenization.

Monolayer Grown Cells

Ice-cold PBS was used to rinse the monolayer cell once. Cells in a 3.5 cm culture dish were immediately
lysed by a cell scraper and 1 mL of Trizol. The cell lysate was pipetted repeatedly. The area of the culture dish
determines how much Trizol reagent was added (10 cm2 of 1 mL), not the entire number of cells. There was a
chance that the isolated RNA would pick up DNA if there was not enough Trizol reagent.

Suspension Grown Cells

300× g spined cells for 5 min. The media were removed, and then the cells in icy PBS. Cells were spun
to form pellets at 300× g for 5 min. A syringe was used and a needle to repeatedly pipette the Trizol reagent
into the cells to lyse them. 5–10 × 106 animal cells should be treated with 1 mL of the reagent.

Nucleoprotein

Nucleoprotein complexes completely dissociated; the homogenized material was kept at room
temperature for 5 min to get rid of cell debris, centrifuge, and then the supernatant was placed in a fresh tube.

2.6.2 Level Separation
For every 1 mL of the Trizol reagent, chloroform at 0.2 mL was added. The caps were secured on the

sample tubes. Strong vortex sampling for 15 s is followed by an incubation period of 2 to 3 min at room
temperature. Between 2°C and 8°C and a maximum of 12,000× g, the samples were centrifuged for
15 min. Centrifugation led to the formation of three separate phases in the mixture: a lower, red, phenol-
chloroform phase; interphase; and an upper, white, aqueous phase. Only in the aqueous phase does RNA
naturally occur. A new tube was carefully used to transfer the top aqueous phase, paying careful not to
disturb the inner phase. During homogenization, the aqueous phase’s volume, which makes up around
60% of the Trizol reagent, was measured.

2.6.3 RNA Precipitation
Isopropyl alcohol was added to the aqueous phase for RNA precipitating. For the beginning of

homogenization, 1 mL of Trizol reagent was diluted with 0.5 mL of isopropanol. Samples must be
maintained for 10 min at 15°C–30°C before being centrifuged for a maximum of 12,000× g at 2°C–4°C
for 10 min. Before centrifugation, the RNA precipitate forms the gel-like pellet on the bottom and side of
the tube, which is typically undetectable. The supernatant was eliminated before RNA washing. To wash
the RNA pellet once, the Trizol reagent used before was substituted with at least 1 mL of 75% ethanol.
The samples were mixed and then centrifuged for 5 min at 2°C to 8°C at no more than 7500× g. The
washing process described above was performed once, and then any remaining ethanol was eliminated.
To re-dissolve RNA, the RNA pellet was dried for five to ten minutes using air or a vacuum. The
solubility of the RNA pellet was significantly reduced if the pellet was allowed to completely dry.
The solution was repeatedly pipetted through a pipette tip to dissolve the RNA in DEPC-treated water,
resulting in samples with an A260/A280 ratio of less than 1.6.
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2.6.4 Spectrophotometric Analysis
39 µL of water treated with DEPC was added to 1 µL of RNA to dilute it (1:40 dilution). OD

measurements were determined at 260 and 280 nm in a 10 µL microcuvette to ascertain the material’s
purity and concentration. The rule of thumb that 40 µg/mL of RNA = 1 OD at 260 was used.

2.6.5 Primary Strand cDNA Synthesis Reaction
Following the guidelines provided by the manufacturer, cDNAs were created utilizing (First Strand

cDNA Synthesis Kit with ThermoScientific Recertification, Lithuania) from 2 µL of total RNA to the
20 µL reaction mixture’s final volume. The cDNA method includes the following components: (dT)
18 Primer, about 1 µL, 200 u/µL of Revert Aid RT, 10 mM dNTP mix (2 u/µL), RiboLock RNase
inhibitor (20 u/µL), 5X Reaction Buffer (4 µL), and 9 µL of nuclease-free water were incorporated.
Ultimately, adding and combining diethylpyrocarbonate (DEPC) treated water increased the capacity to
20 µL. At 42°C, incubate for 60 min. To stop the process, the mixture was heated at 70°C for five min.
Therefore, once obtaining the cDNAs, we chilled them for at least 3–5 min.

2.6.6 PCR
Total RNA was extracted using the Promega High-Capacity Access RT-PCR System according to the

manufacturer’s instructions, and aliquots of the RNA were reverse transcribed. Sequences of the selected
primers for the genes expressing cancer cells (C2orf63, TEX19, GAINTL5, TGIF2LY, RNF17-003,
RNF133, P53, and β ACT Housekeeping) were considered from previous studies. This is how the master
PCR reaction mix was made: 0.6 µL primer, 2 µL cDNA, and 4 µL PCR volumes by including 12.8 µL
ddH2 and employing a negative control, so, the master mix total volume was 20 µL. Thermocycler PXE
0.5 was utilized to conduct semi-quantitative RT-PCR tests. (Thermo Scientific), the cycling program as
following: Stage 1: 94°C, 2–4 min; Stage 2 (40 Cycle): 94°C, 30 s, 61.1°C, 1 min; Stage 3: 68°C, 7 min;
Stage 4: 4°C. Standard agarose gel electrophoresis was used to evaluate the SqRT-PCR findings. The
bands were measured using GelPro32 (Version 4.03).

2.6.7 Agarose Gel Electrophoresis
As previously mentioned, electrophoresis of PCR products was performed by 1.5% Gel that was

generated for 90 min at 100 V. UV transelements were used to photograph and show the samples. The
reaction products’ sizes were determined with DNA molecular size ranges of 100–1500 bp.

2.7 Statistical Analysis
GraphPad Prism 8 (GraphPad Software, La Jolla, CA, USA) was utilized in all of the study statistical

analyses. The data was analyzed using one-way ANOVA. When the p-values were less than 0.05,
significant differences were found. The mean less the standard deviation (SD) represents the results.

3 Results

3.1 GC-MS Constituents in D. stramonium
GC-MS analysis of D. stramonium methanolic crude extract resulted in eight major secondary products

classified as antioxidants that have inhibition properties against tumors and cancer diseases. These products
were Nonanoic acid, Tropine N-Oxide, 3,6-Ditigloyloxy-7-hydroxytropane, 2-Pentadecanone,6,10,14-
trimethyl-, Carvenone, Hexadecanoic acid, methyl ester, Phytol, Aposcopolamine, Hyoscyamine,
4,8,12,16-Tetramethylheptadecan-4-olide, Scopolamine, Alpha-Tocospiro A, 1,2-Cycloheptanedione,
3,3,7,7-tetramethyl-, dihydrazone, Campesterol, Stigmasterol, Gamma-Sitosterol and dl-alpha-Tocopherol
as shown in Table 1.
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3.2 Impact of D. stramonium Extract on Cancer Cell Lines Morphology
After 24 h of incubation from the last treatment (20 µg/mL) with plant extract, how D. stramonium leaf

extract affects cancer cell lines MCF7 and HT29 was evident (Fig. 1a,b). When compared to the samples that
were not treated, the treatment had an impact on the density and shape of cancer cells. It is clear that when
compared to other concentrations, the effect of concentration at 100 µg/mL is the biggest, followed by
concentration at 50 µg/mL. However, compared to other therapies, 20 µg/mL concentration is less
efficient. There is no need to perform a negative control sample because the extract has already been
dissolved in standard media.

3.3 Effects of D. stramonium Extract on the Persistence of Cancer Cell Lines
In two different lines of cancer cells, the potential impact of plant extracts fromD. stramonium at various

concentrations on cell viability was noted by the MTT Cell Proliferation Assay test (Figs. 2 and 3). When
compared to the untreated cells as a positive control, it can be noted that the high concentration
(100 µg/mL) significantly recorded 0.134 and 0.259 for MCF7 treated and untreated cells, respectively
(Fig. 2), whereas it is more effective than lower concentrations on the HT29 cell line with values of
0.06675 for the extract-treated cells and 0.349 for the untreated ones (Fig. 3). A concentration that kills
50% of the cells (IC50) was determined and used to compare the activity of different preparations. The
IC50 values were 63.2 µg/mL for the MCF7 and 47.4 µg/mL for the HT29 groups, respectively. The
results prove that the HT29 cell line is the most cytotoxic sensitive one (Figs. 2 and 3).

Table 1: GC-MS analysis of D. stramonium

Peak R. time Area Area% Name Formula

1 7.1337 334336815.1 0.036 Nonanoic acid C9H18O2

2 8.6686 24246204.3 0.003 Tropine N-oxide C8H15NO2

3 18.0894 237025970.1 0.025 3,6-Ditigloyloxy-7-hydroxytropane C18H27NO5

4 18.9258 70951873.5 0.008 2-Pentadecanone,6,10,14-trimethyl- C18H36O

5 19.5971 56336695.3 0.006 Carvenone C10H16O

6 20.2404 91002072.9 0.019 Hexadecanoic acid, methyl ester C17H34O2

7 23.5889 184971038.3 0.020 Phytol C20H40O

8 25.4025 11550316.3 0.001 Aposcopolamine C17H19NO3

9 26.4458 2813479.5 0.0003 Hyoscyamine C17H23NO3

10 27.3363 163388926.6 0.026 4,8,12,16-Tetramethylheptadecan-4-olide C21H40O2

11 28.1195 31725821.9 0.004 Scopolamine C17H21NO4

12 34.1095 999918718.4 0.117 Alpha.-Tocospiro A C29H50O4

13 37.1069 336645025.7 0.045 1,2-Cycloheptanedione, 3,3,7,7-tetramethyl-,
dihydrazone

C11H22N4

14 38.5004 373245352.9 0.041 Campesterol C28H48O

15 38.8726 99404135.7 0.011 Stigmasterol C29H48O

16 39.4881 111527930.6 0.012 Gamma.-Sitosterol C29H50O

17 40.6916 76972433.2 0.017 dl-.alpha.-Tocopherol C29H50O2
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Figure 1: The effect of D. stramonium extract at three concentrations 100, 50 and 20 µg/mL on MCF7
(a), and HT29 (b) cells after 24 h of incubation

Figure 2: The effect of D. stramonium extract at concentrations (100, 50 and 20 µg/mL) on cell viability
of MCF7 cancer cell line using MTT assay. The results are expressed as the mean ± SD (ns, not
significant, *p < 0.05)
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3.4 Gene Expression Assays
Expression of the genes C2orf63, TEX19, GAINTL5, TGIF2LY, RNF17-003, RNF133, and P53 was

influenced by the impact of different D. stramonium methanolic crude extract dosages on the proliferative
activity of MCF7 and HT29 cell lines, demonstrating the relationship between changes in transcription of
the cancer antigen (CTA) biosynthesis and the response of two types of the cell line to the addition of D.
stramonium crude. So, it was wise to keep an eye on how much cancer would be given priority (Figs. 4
and 5). It has been determined that when compared with the same genes’ expression in cells exposed to
the three concentrations of D. stramonium methanolic crude extract, both gene transcript accumulation
under untreated cell line type (MCF7) and expression were present. Data in (Fig. 4) demonstrating how
the preselected genes affected transcription in cells exposed to various doses of Datura extract revealed
that the C2orf63 level of transcripts in cells exposed to 50 µg/mL was 416.97 in comparison to the
untreated cells (65.40), whereas cells cultured on medium equipped with 20 µg/mL gave the fold of the
GAINTL5 transcript content 175.11 in the cells that received 20 g/mL. Under various rates of exposure to
plant extract conditions, the level of RNF17-003 transcript that was gradually increased reached
346.66 with 20 µg/mL. According to the expression patterns of TGIF2LY and P53, the alternative
transcript accumulation brought on by exposure to D. stramonium extract was greatly reduced in cell line
type 2 HT29 in the cells treated with 100 µg/mL plant extract as shown in (Fig. 5). The C2orf63
transcript level 448.34 increased sharply to 50 µg/mL in the exposed cells, as seen in the expression
patterns. Compared to control plants’ transcript levels of 215.25, cells cultivated on medium
supplemented with 50 µg/mL of extract produced a P53 transcript value (249.12). Cells treated with D.
stramonium methanolic crude extract at 50 and 20 µg/mL concentrations produced greater levels of
TEX19 expression, 346.83 and 240.96, respectively. The RNF17-003 gene’s transcript accumulation was
observed at various plant extract concentrations, and the control-cultured cells produced a significantly
higher level of transcript (251.28) than the cells that were exposed to 100, 50, and 20 µg/mL of plant
extract, which managed to score levels of nearly 243.26, 95.01, and 97.28, respectively. It is essential to
remember that the level of RNF133 expression (137.64) found in cultured cells grown in media with 50
µg/mL extract was higher than the 110.25 found in control cells. Following recovery, P53 and TGIF2LY
transcripts associated with cells maintained on media containing 100 µg/mL data did not show any
discernible trend and a non-significant difference when compared to control.

Figure 3: The effect of D. stramonium extract at concentrations (100, 50 and 20 µg/mL) on cell viability of
HT29 cancer cell line using MTT assay. The results are expressed as the mean ± SD (***p < 0.001, ****p <
0.0001)
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Figure 4: Gene expression of C2orf63, TEX19, GAINTL5, TGIF2LY, RNF17-003, RNF133, and P53 genes
in cell line type 1 (MCF7) as determined by RT-PCR. The findings are shown as mean ± SD (***p < 0.001)
vs. standard anticancer D. stramonium extract. An internal standard for normalization was actin

Figure 5: Gene expression of C2orf63, TEX19, GAINTL5, TGIF2LY, RNF17-003, RNF133, and P53 genes
in cell line type 2 (HT29) as determined by RT-PCR. The data are presented as the mean ± SD (ns, not
significant; ***p < 0.001) vs. standard anticancer D. stramonium extract. Actin was an internal standard
for normalization
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4 Discussion

There were just two tropane alkaloids found in D. stramonium, hyoscyamine, and scopolamine,
according to published studies on the substance [36]. A receptor on the plasma membrane or
endomembrane surface detects an extracellular or intracellular signal, which triggers a signal transduction
network that stimulates transcription factor biosynthesis and regulates the expression of genes involved in
plant secondary metabolite biosynthesis. This is the general biological function and regulatory principle
for the activation of secondary metabolite biosynthesis in plants [37]. In our knowledge, the three
compounds as 2-Pentadecanone, 1,2-Cycloheptanedione, 3,3,7,7-tetramethyl-, dihydrazone, and 6,10,14-
trimethyl-, 4,8,12,16-Tetramethylheptadecan-4-olide, have not been reported previously. This result
explains the environmental effect of the high altitudes in Taif governorate, which affected the secondary
metabolite content in medicinal plants. The capacity of a species to adapt to its environment is essential
to its survival in the ecosystem, and most types of plants have evolved a wide variety of metabolic
processes to address different environmental challenges [38]. In reaction to environmental changes, plants
either modify their physiological and morphological features or adjust their capacity to photosynthesize to
preserve a homeostatic rate of photosynthesis [39]. Environmental elements such as soil bacteria, high
altitude, high or low temperatures, nutrients, light conditions, drought, soil pH, and water availability are
also important, having a significant effect on the quality and quantity of SMs produced by the plants [40].
According to data from the Food and Drug Administration, 74% of the approved molecules are employed
in anticancer therapy, and 40% of them are natural substances or compounds inspired by them. The most
recent and effective examples of secondary metabolites with strong anticancer potential are described,
including compounds of the alkaloid, diterpene, triterpene, and polyphenolic types [41]. Investigating the
potential effect of the crude D. stramonium methanolic extract as an anti-cancerous adjuvant, human
breast and colon carcinoma cell lines MCF7 and HT29 were performed in this study. The D. stramonium
at all concentrations was the most potent on the HT29 cell line regarding cytotoxicity, where the IC50 was
47.4 µg/mL compared to 63.2 µg/mL in the MCF7 group, respectively. Natural substances and some
medications can cause proliferation in cancer cells by interfering with actively dividing cells, but not with
G0 resting cells [42]. Because of changes in medical thinking, substances derived from plants can now be
developed as medicines. Successful cases including paclitaxel and homoharringtonine, which are in
clinical usage, and curcumin, and ingenol mebutate which are in clinical trials, were discussed because
the focus was on those that are either in clinical trial development or already utilized in anticancer
therapy [41]. Datura metel, another species of the genus Datura, has been found to contain several
significant phytochemicals, such as withanolides, daturaolone, datumetine, daturglycosides, ophiobolin A,
baimantuoluoline A, and many more. These phytochemicals may be responsible for plenty of biological
activities, such as wound healing, neurological, anti-inflammatory, anti-microbial, insecticidal, anti-cancer,
anti-diabetic, analgesic, antipyretic, anti-inflammatory, anti-inflammatory, anti-microbial, neurological,
and anti-diabetic [43]. According to research by [44], breast cancer MCF7 cell lines were utilized to
determine the anticancer impact of the plant species D. metel, and the impacts on control Vero cell lines
were contrasted, whereas D. stramonium was utilized to treat cancer at a therapeutic dose of 0.05–0.10 mg.

Antioxidants prevent oxidative damage to cells by cooperating with and combating free radicals. The
term “free radical scavengers” is another term for antioxidants, which the body produces in some
amounts to combat free radicals. Endogenous antioxidants are these compounds. The common pathway
for cancer, aging, and many other diseases is cellular damage, which antioxidants play a crucial role in
preventing. Because of phytochemical components including beta-damascenone, betaeudesmol, and
phytol acetate, which scavenge free radicals and lower the generation of nitric oxide, the Datura plant
has antioxidant qualities. By increasing the release of pro-inflammatory cytokines and boosting
lymphocyte cytotoxic activity against cancer cells, it also has anti-inflammatory properties. Furthermore,
Datura’s anticancer potential relies on its capacity to block cellular signaling pathways that contribute to
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the formation of cancer, namely in lung and breast tumors, through the action of substances such as cardiac
glycoside, flavonoids, alkaloids, and tannins [45]. Besides, several phenolics studied to date possess different
pharmacology and pathways to treat different cancers; they are also found to effectively scavenge the
multitude of non-biological superoxide radicals, free radicals, nitrogen and chlorine species, hydrogen
peroxide, and various reactive oxygen species [22]. These highly reactive ions and molecules are
produced during the normal metabolism of cells but are present in higher levels in cancer cells due to
increased metabolic activity, mitochondrial dysfunction, peroxisome activity, increased cellular receptor
signaling, oncogene activity, increased activity of oxidases, cyclooxygenases, lipoxygenases, and
thymidine phosphorylase, or through crosstalk with infiltrating immune cells [2]. Reactive oxygen species
(ROS) are managed under normal physiological conditions through detoxification by non-enzymatic
molecules such as glutathione or through antioxidant enzymes, which specifically scavenge different
kinds of ROS [2].

The maximum superoxide radical inhibition of the D. stramonium seed methanol extract was observed
to be 53.17% at a concentration of 60 µg/mL. It was discovered that the methanol extract works well to
scavenge superoxide radicals produced by riboflavin’s photoreduction [46]. Aerial sections extracted with
methanol of D. metel L. yielded three withanolide glycosides known as daturataturin, daturametelin, and
7,27-dihydroxy-1-oxo with a 2,5,24-trienolide. The antiproliferative effects of each substance were
evaluated on the human colorectal cancer cell line (HCT-116). Of the withanolides examined, the highest
activity was obtained from the nonglycosidic substance, having 3.2 ± 0.2 µM IC50 [47]. For both Vero
and MCF7 cell lines, compared to the stem extract, data revealed that the ethanol extract from the leaves
had a higher level of anticancer properties because they had lower IC50 values than the latter. According
to reports, the plant’s withanilides, which are steroidal lactones, have a strong anticancer effect on the
colorectal cancer (HCT-116) cell line [48]. Calystegines, which have glycosidase inhibitory actions
against cancer, are abundant in several Solanaceae species [49]. The findings support the plant’s
significant anticancer potential, which has been mentioned in prior papers concerning the species [47].
Our results were by those recorded by [50], who mentioned that by neutralizing free radicals present in
different oral mucosal diseases, antioxidants contained in medicinal plants, such as vitamins E, C, and A,
lessen mucosal damage. Additionally, the phytochemicals present in medicinal plants can change the
cellular defense mechanisms to protect normal cells from ROS and cause oral cancer cells to undergo
apoptosis via modifying cell signaling pathways.

Little information is available in the literature on gene expression profile investigations, even though
extracts from medicinal plants have been shown to preserve intriguing biological activity, such as anti-
inflammatory, anticancer, and antibacterial properties [51–54]. The mRNA was evaluated in the current
study using RT-PCR to assess the expression of genes from the cancer-testis (CT) in cancerous cells.
Depending on where on the chromosomes they are located, CT genes can be separated into two groups.
Genes found on the X chromosome’s X-CT group are normally expressed in both healthy testicles and
the placenta during the spermatogonial stage of spermatogenesis. A few X-CT genes that belong to big
paralogue families are C2orf63, TEX19, GAINTL5, TGIF2LY, RNF17-003, RNF133, and P53. Of the
known CT genes, 52% are X-CT genes [55]. When meiosis occurs, spermatocytes normally express the
non-X-CT group that is encoded on the autosomes [56]. SPO11, SCP-1, CT9/3BRDT, BORIS, and BAGE
are examples of non-X-CT genes, which are typically discovered as single-copy genes [27]. The results
of our investigation were in harmony with the findings of [57], who investigated that the MDA-MB-
231 and MCF-7 cell lines were significantly inhibited in their growth by the Kigelia africana ethanol
extract, with IC50 values of 20 and 32 μg/mL, respectively, and the mRNA expression levels of apoptotic
genes were shown to be influenced by the K. africana ethanolic extract’s IC50 concentration as well,
according to quantitative RT-PCR gene expression analysis [57]. Although the majority of spermatogenic
germ cells in the testis express CT genes, during several phases of sperm formation, certain CT genes are
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expressed. Several CT genes have been linked to specific functions in normal tissues, such as cell division
[29], and the role of germ cells [58]. For instance, SPO11 is essential for creating DNA double-strand breaks
that trigger meiotic homologous recombination [32]. During meiosis 1, synaptonemal complex protein 1
(SYCP1) starts chromosome synapsis [59]. Male germline cells go through meiosis II, during which
spermatogenesis regulates the promoter methylation process [60]. One significant cohort of this germ line
group is thought to be the CT genes. Although the roles of CT proteins in the testis are not fully
understood, several have been implicated in neoplastic processes [61]. Despite having reported that CT
genes may be involved in cell development, transcriptional control, potential proto-oncogenes, and
genetic instability, there is still a paucity of information about the significance of CT genes in cancer cells
[62]. During the development of cancer, CTAs may be essential for controlling complex genes and
activating errant genes [63].

According to MTT data recorded by [64], the MCF-7 cancer cells died most when treated with
Dioscorea extract at an IC50 concentration (438.35 µg/mL) for 72 h, whereas the control cell line’s cells
stayed healthy. The investigation of changes in gene expression also revealed that the rise in Bax gene
expression and the reduction in Bcl-2 gene expression after 24 h of treatment with the Dioscorea plant
extract expression (2.1 times) at 48 h of therapy, the decrease in Bcl-2 expression was not statistically
significant. In contrast to the statistically significant rise in Bax after 72 h of treatment with the plant
extract, Bcl-2 gene expression dropped by 0.67 times, and Bax expression rose 2.72 times [64]. Similarly,
further evidence that the P53 gene is primarily elevated in cells treated with hexane and methanol
Tulbaghia violacea extract raises the possibility that cell death is caused by the P53-dependent pathway
[23]. Interestingly, microarrays and macroarrays can also be utilized in toxicogenomic and
pharmacogenomic studies, which are designed to analyze in detail how medicinal plant medicines affect
target cells’ total gene expression. Thus, Carlo et al. [65] compared the gene expression profile of the
K562 cell line with the data from microarrays and discovered that the effects of Emblica officinalis and
Moringa oleifera extracts were contrasted.

5 Conclusion

D. stramonium extract resulted in eight major anticancer inhibition compounds. Nonanoic acid, tropine
N-oxide, 3,6-Ditigloyloxy-7-hydroxytropane, 1,2-Cycloheptanedione, 3,3,7,7-tetramethyl-, dihydrazone,
hexadecanoic acid, carvenone, 2-pentadecanone,6,10,14-trimethyl-, methyl ester, phytol, aposcopolamine,
hyoscyamine, 4,8,12,16-Tetramethylheptadecan-4-olide, Scopolamine, Alpha.-Tocospiro A, Campesterol,
Stigmasterol, Gamma. -Sitosterol and dl-.alpha.-Tocopherol. D. stramonium extract confirmed its success
in inhibiting cancer cell line development in different stages. Cancer-testis (CT) gene expression was
increased in cancer cells (MCF7 and HT29) after exposure to D. stramonium extract, according to our
findings. Although D. stramonium extract shows promise in reducing the proliferation of breast and colon
cancer cells, additional research is needed to identify the active components of the whole crude extract
that target certain cancer cell types. More studies are required to fully understand the various cellular and
molecular pathways of cancer cell lines as affected by medicinal plants.
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