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Background: Medicinal plants and natural products have proven effective in inhibiting the growth of cancer cells due to their rich
content of active compounds, with polyphenols being among the most prominent. This study aims to assess the antiproliferative
activity of Heliotropium bacciferum extracts on breast (MCF-7) and lung (A549) cancer cell lines and identify the extract’s key
active compounds.

Methods: The antiproliferative activity of Heliotropium bacciferum extract and fractions on breast (MCF-7) and lung (A549)
cancer cell lines was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. Sub-
sequently, the hexane extract was selected as the most effective extract for investigating the mechanism of its antiproliferative
activity on A549 cell lines. The investigation involved the evaluation of cell cycle alterations using propidium iodide staining and
the induction of apoptosis using the Annexin V-FITC/PI kit. Finally, gas chromatography/mass spectrometry (GC/MS) analysis
was conducted to identify the chemical compounds in the hexane extract of Heliotropium bacciferum.

Results: According to the MTT assay, the hexane fraction of Heliotropium bacciferum effectively halted the growth of A549 and
MCEF-7 cancer cells with IC5o values of 104.14 and 83.84 pg/mL, respectively. Additionally, methyl lineoleate (36.5%), linoleic
acid (19.1%), and 3’-Acetyllycopsamine (10.7%) were the major components in the Heliotropium bacciferum hexane fraction,
according to GC/MS analysis.

Conclusions: In order to produce pharmaceutical anticancer medicines for cancer therapies, Heliotropium bacciferum hexane
fraction can be employed.

Keywords: Heliotropium bacciferum; hexane fraction; cell cycle; apoptosis; MCF-7; A549

Introduction

Cancer remains one of the leading causes of death
worldwide, ranking second as the most common cause of
death after cardiovascular diseases [1,2]. According to data
from the World Health Organization (WHO), nearly 10 mil-
lion people succumb to cancer annually, equating to one
in six deaths [3]. Among the most prevalent cancers, lung
and breast cancers top the list, accounting for approximately
2.26 million new cases of lung cancer and nearly 2.21 mil-
lion new cases of breast cancer. In terms of mortality, lung
cancer ranks first with 1.80 million deaths, while breast can-
cer ranks fifth with 685,000 deaths [3].

Numerous methods are used to treat cancer, which can
be applied individually or in combination, depending on the
specific pathology. These treatment regimens include im-
munotherapy, hormone therapy, chemotherapy, hyperther-

mia, stem cell transplantation, photodynamic therapy, ra-
diation therapy, surgery, and targeted therapy [4—6]. De-
spite the significance of these treatment approaches, they
are often associated with undesirable side effects, and their
efficacy may diminish with time. Furthermore, they can
affect healthy tissues and organs [6]. Given these limi-
tations, numerous studies in recent years have sought al-
ternatives for cancer treatment. These alternatives aim to
reduce the side effects associated with established cancer
treatments or enhance their effectiveness [1,7,8]. Among
these alternatives, natural products and medicinal plants
have emerged as promising candidates due to their efficacy
in treating various types of cancer. These natural products
often contain active compounds such as polyphenols and
flavonoids, which play pivotal role in suppressing carcino-
genesis [9,10]. These compounds inhibit cancer cell growth
through mechanisms that involve modifying signaling path-
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ways, inhibiting cell cycle events, regulating enzymes asso-
ciated with cancer cell proliferation, and induction of apop-
tosis [7,10,11].

Heliotropium bacciferum (H. bacciferum) is a notable
medicinal plant renowned for its rich content of active com-
pounds. This species belongs to the genus Heliotropium
and the Boraginaceae family, comprising over 100 genera
and more than 2000 species [12]. In alternative medicine,
H. bacciferum has been widely adopted. Various parts of
H. bacciferum are used to treat skin conditions such as ab-
scesses, boils, tinea, tonsillitis, and burns [13]. In Saudi
Arabia, H. bacciferum is used to treat scorpion stings [14].
Recent studies have illuminated this species’ biological
properties, including antifungal, antibacterial, anticancer,
anti-inflammatory, antidiabetic and anti-hyperlipidemia ac-
tivities [13,15,16]. These beneficial effects are attributed
to its active constituents, with pyrrolizidine alkaloids be-
ing one of the most significant [13,15]. A study conducted
by Aissaoui ef al. [13] assessed the anticancer potential of
H. bacciferum extracts on DLD1 and HCT116 cancer cell
lines. The findings indicated that the methanol extract had
no discernible effect on the cancer cell lines, while the chlo-
roform extract exhibited activity at concentrations ranging
from 62-95 pg/mL [13].

To our knowledge, the mechanistic underpinnings
of the anticancer properties of H. bacciferum remain ex-
plored. Therefore, this study aimed to evaluate the anti-
proliferative activity of various extracts of H. bacciferum
on MCF-7 and A549 cancer cell lines. Subsequently, the
hexane extract was selected for cell cycle analysis and to
investigate the induction of apoptosis in A549 cells. Ad-
ditionally, the chemical compounds in hexane extract were
determined using gas chromatography/mass spectrometry
(GC/MS) analysis, shedding light on the potential mech-
anisms of action in the species responsible for inhibiting
cancer cell growth.

Materials and Methods

Plant Source

Aerial parts of H. bacciferum were collected in March
2022 from Saudi Arabia. The plant was identified by a
botanist and, a voucher specimen (HBQU-041511) was de-
posited at the herbarium of King Saud University.

Preparation of Plant Extract and Fractions

A Soxhlet device was employed to extract dried pow-
der from the aerial parts of H. bacciferum using three liters
of ethanol. After evaporating the liquid extract using a ro-
tary evaporator, the extraction yielded approximately 45 g
of raw methanolic extract. Subsequently, the raw extract
was sequentially partitioned into different polar solvents (n-
hexane, chloroform, and n-butanol) to obtain 2, 4, 13, and
17.5 g of dried fractions.
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Antiproliferative Activity
Cell Culture

The breast cancer cell line MCF-7 (ACC 115) and the
lung cancer cell line A549 (ACC 107) were provided by the
German Collection of Microorganisms and Cell Cultures
(DSMZ Leibniz Institute, Braunschweig, Germany). The
cell lines were verified to be free of mycoplasma contam-
ination, and their identity was confirmed via short tandem
repeat (STR) profiling. The cells were incubated in Dul-
becco’s modified eagle’s medium (DMEM-5671) contain-
ing 4.5 g/L of glucose, 10% fetal bovine serum (FBS), and
1% of the antibiotics (streptomycin, penicillin, glutamine,
and non-essential amino acids).

Cytotoxicity Activity Using MTT Assay

The  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay was utilized to assess
cytotoxicity following a protocol by Nasr ef al. [17]. The
H. bacciferum crude extract and fractions were applied
to MCF-7 and A549 cell lines at various concentrations
for 48 hours, with untreated cells serving as the control.
After treatment, cells were exposed to MTT for 24
hours, and the formazan product was dissolved in acidified
isopropanol for 15 minutes. The absorbance at 570 nm was
measured using a microplate reader. The IC5q (concentra-
tion that causes 50% inhibition) was determined to assess
the cytotoxicity of the extract. Cell viability percentage
was determined as follows:

Cell viability (%) = Mean absorbance of treated cells /

mean absorbance of untreated cells ( control ) x 100

The IC5( values were calculated from the graph of cell
viability percentage plotted against sample concentrations
according to the following equation:

IC50 = (50 — b)/a
a and b: From the linear equation of the curve.

Cell Cycle Analysis

The impact of the H. bacciferum hexane fraction on
A549 cell cycle distribution was determined by staining
with propidium iodide (PI) [17,18]. Briefly, A549 cells
were plated and cultured for 24 hours with or without the
IC50 and 2 ICsq doses of the hexane fraction. Follow-
ing treatments, cells were trypsinized, collected, and fixed
in 70% ice-cold ethanol at 4 °C for 4 hours. Phosphate-
buffered saline (PBS) was used to wash the cells. The
cells were then centrifuged, rinsed with ice-cold PBS,
and stained with 50 pg/mL propidium iodide while 100
pg/mL RNase was added for 30 min at 37 °C in the dark.
Flow cytometry was used to identify cell cycle distribution
(CytoFLEX S, Beckman Coulter, Brea, CA, USA).
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Table 1. ICso values for the Heliotropium bacciferum (H.
bacciferum) extract and fractions.

H. bacciferum extract and fractions ICs¢ (pg/mL)

Cell Lines

Crude Hexane Chloroform  Butanol
A549 ND 83.84 £ 0.48 ND ND
MCEF-7 ND 104.14 £ 1.2 ND ND

ND, Not Determined.

Apoptosis Quantification by Annexin V-FITC/PI

Apoptosis was investigated using the Annexin V-
FITC/PI kit (BioLegend, San Diego, CA, USA) following
the manufacturer’s instructions. A549 cells were exposed to
IC50 and 2 IC5( doses of the hexane fraction for 24 hours,
along with the control group. Subsequently, detached and
adherent cells were gathered and incubated for 15 min at
room temperature with 5 pLL of FITC conjugated with an-
nexin V and 5 pL of PI in the dark. Using flow cytometry,
live, early, late, and necrotic cells were quantified (Beck-
man Coulter, Brea, CA, USA).

Compounds Identification by GC/MS Analysis

The chemical components of the H. bacciferum
hexane fraction were identified wusing gas chro-
matography/mass spectrometry (GC/MS) (Turbomass,
PerkinElmer, Inc., Waltham, MA, USA). The temperature
program of the instrument was initially set at 40 °C for
two minutes, followed by an increase at a rate of 5 °C
per minute up to 300 °C. Compounds were identified
by comparing spectra with the Adam Library [19] and
the Wiley GC/MS Library [20]. In addition, the main
compounds were drawn using ChemDraw Ultra 12.0.2
software (Perkinelmer, Waltham, MA, USA).

Statistical Analysis

Data from at least three separate experiments were
used to calculate means and standard deviation (SD). The
statistical analysis was performed using Analysis of Vari-
ance (ANOVA) in the GraphPad Prism 8.4.3 software
(GraphPad Software, Inc., San Diego, CA, USA), with the
Tukey post hoc test applied at p < 0.05.

Results

Cytotoxic Effects of H. Bacciferum Methanolic
Extract and Fractions

In our investigation of the antiproliferative effects of
H. bacciferum, we assessed the IC5y values for various
extract fractions. Notable, the hexane extract emerged as
the most promising, inhibiting the growth of cancer cells
with ICsq values of 83.84 + 0.48 pg/mL and 104.14 £ 1.2
ng/mL for A549 and MCF-7 respectively (Table 1). More-
over, our dose-dependent analysis of the impacts of hexane
fraction on cell viability revealed a clear trend of cell growth
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inhibition, particularly in A549 lung cancer cells (Fig. 1).
Given these results, hexane extract was selected for subse-
quent investigations.
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Fig. 1.
ties of hexane fraction using MTT assay.

Dose-response results of antiproliferative activi-
MTT, 3-(4,5-
dimethylthiazol-2y1)-2,5 diphenyl tetrazolium bromide.

Cell Cycle Analysis

In this study, we conducted a comprehensive cell cycle
analysis to evaluate the impact of H. bacciferum hexane ex-
tract on A549 cancer cells. Our investigation compared the
treatment of the hexane extract to a control group (Fig. 2).
Our results revealed the H. bacciferum hexane extract sig-
nificantly increased the percentage of A549 cells in the G1
phase, with an increase of around 16% at the IC5( concen-
tration and about 23.5% at the 2 x 1C5( concentration (p <
0.0001). Additionally, there was a significant decrease in
the S phase from 24.1% to 15.7% for ICsq-treated cells and
from 24.1% to 11.8% for 2x ICs¢-treated cells, compared
to the control. Moreover, in the G2/M phase, there was a
significant decrease from 23.4% to 15.8% for IC5( treated
cells (p < 0.0001) and from 23.4% to 12.4% for 2x 1Csyq
treated cells (p < 0.0001), compared to the control.

H. Bacciferum Hexane Fraction Induces Apoptosis
in A549 Cells

To understand the effects of H. bacciferum hexane ex-
tract on apoptosis, the A549 cells were treated with the ex-
tract, and the results were compared with a control group.
The treatment of A549 cells with the H. bacciferum hexane
fraction resulted in a significant increase in apoptotic cells
(Fig. 3). Specifically, there was a substantial increase from
1.9% =+ 0.1% to 38.3% =+ 0.7% for the IC5y concentration
(p < 0.0001), and this percentage further rose to 54.7% =+
1.13% for 2x 1C5¢ treatment (p < 0.0001). The findings
underscore the potent apoptotic effects of the H. bacciferum
hexane fraction on A549 cells (p < 0.0001).
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Fig. 2. Flow cytometry results of the H. bacciferum hexane fraction on the dispersion of the cell cycle in A549 cells. 83.84 (ICs0)
and 167.68 (2x ICso) ng/mL of the H. bacciferum hexane fraction were applied to A549 cells for 24 hours. ***p < 0.001 and ****p <

0.0001.

Composition of H. Bacciferum Hexane Fraction

The active compounds in H. bacciferum hexane frac-
tion were assessed using chromatographic methods. The
chromatogram is shown in Fig. 4. To the best of our knowl-
edge, this is the first report on the phytochemical composi-
tion of H. bacciferum hexane fraction using gas chromatog-
raphy/mass spectrometry (GC/MS).

Our analysis revealed the presence of seventeen com-
pounds, collectively constituting 99.99% of the H. bac-
ciferum hexane fraction. Notably, the primary constituents
include methyl lineoleate (36.5%), linoleic acid (19.1%),
and 3'-acetyllycopsamine (10.7%) (Table 2, Fig. 5). The re-
maining compounds accounted for approximately 33.69%
of the total content, while the three primary compounds
comprised approximately 66.3%. These findings provide a
comprehensive overview of the composition of the H. bac-
ciferum hexane fraction and offer valuable insights into its
phytochemical profile.

Discussion

Cancer poses a global challenge, with increasing inci-
dence rates and cancer-related deaths. As a result, immedi-
ate interventions are essential to eliminate or at least lessen
the problem. Numerous studies have extensively investi-
gated medicinal plants and their bioactive compounds for

their potential in cancer treatment, highlighting their safety
and effectiveness [21-25]. Notably, using plant-derived
drugs offers the advantage of being non-toxic to normal
cells. These drugs typically target cancer cells through var-
ious mechanisms, including DNA damage prevention, an-
tioxidation, methylation regulation, disruption of mitosis,
and inhibition of histone deacetylases (HDAC) [26]. This
study was conducted in light of the cytotoxic potential of H.
bacciferum extract and fractions, as well as the mechanisms
behind cell cycle arrest and apoptosis induction. Increasing
concentrations of the H. bacciferum methanolic extract and
fractions were applied to A549 and MCF-7 cells. In a study
to evaluate the cytotoxicity of H. bacciferum extracts on
cancer cells, Canga et al. [27] observed that the chloroform
extract inhibits the proliferation of HCT116 and DLD1 cells
(IC50 =95 pg/mL and 62 ng/mL, respectively), whereas the
methanol extract had no effect on these cells [13]. These re-
sults differ somewhat from ours, as the chloroform extract
had no effect on the cells used. However, the results values
from their study were close to the results obtained in this
study for the hexane extract. It is worth noting that the re-
sults can vary depending on the cancer cell types, extraction
methods, and environmental factors [28,29].

The effect of the extract on cell cycle arrest or the cell
cycle phase influenced by the extract was investigated to
better understand the mechanical effect of hexane extract
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Fig. 3. Apoptosis assay of treated A549 cells using Annexin-V/PI. (A) Distribution of A549 cells without the treatment (control) and
following treatment with ICs¢ and 2x ICso concentrations of H. bacciferum hexane fraction. (B) A bar graph showing cell distribution

in control and treated A549 cells was analyzed using flow cytometry. ***p < 0.001 and ****p < 0.0001.
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Fig. 4. Gas chromatography/mass spectrometry (GC/MS) chromatogram of H. bacciferum hexane extract.

on the inhibition of A549 cell growth. Our results demon-  action can be attributed to the active compounds in H. bac-
strate that the hexane extract of H. bacciferum inhibited the ciferum hexane extract, such as methyl lineoleate, palmitic
development of cancer cells by causing cell cycle arrest in ~ acid, and linoleic acid, which have been reported to disrupt
the G1 phase, in a dose-dependent manner. This arresting or inhibit cell division [30-32].
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Table 2. GC/MS analysis and compound identification.

Compound name Chemical formula ~ Molecular weight (g/mol)  RT (min) %Area
4-O-Methyl-d-arabinose CH1205 164.16 3.917 2.08491517
5-Methylhexan-3-one C7H140 114.19 4.752 0.48785935
Indole CsH7N 117.15 8.55 5.85678676
Nonylcyclopropane CioHoy 168.32 10.055 1.40059632
1-Ethoxy-2-methylpropane CsH140 102.17 10.558 5.59357327
1-Methyl-2-octylcyclopropane Ci2Hag 168.32 12.919 2.36611481
5-Octadecene, (E)- C18Hsg 252.5 15.892 1.04787456
2-Tridecanol C13H2s0 200.36 18.362 0.46480327
Palmitic acid C16H3202 256.42 20.271 3.0376985
Methyl lineoleate C19H3402 294.5 21.517 36.5089961
Methyl isostearate C19H3g052 298.5 21.792 1.6974584
Linoleic acid C18H3202 280.4 21.979 19.0997869
3’-Acetyllycopsamine C17H27NOg 341.4 22.3 10.7489604
Echinatine C15H25NO5 299.36 23.426 4.0096751
2-Methyl-Z,Z-3,13-octadecadienol C19H360 280.5 24287 0.68664256
Methoxymethyl(triethyl)stannane CgHooOSn 250.95 25.403 0.55645419
2(1H)—NaF)hthalenone, 4a,5,6,7,8,8a—h§xahydro C14HasO 208.34 26.55 435180435
-7.alpha.-isopropyl-4a.beta.,8a.beta.-dimethyl-
(o]
HO = ~ ~
a
Z
Linoleic acid Methyl lineoleate

3'-Acetyllycopsamine

Fig. 5. Major compound identified in H. bacciferum hexane fraction.

The regulation of programmed cell death, from intrin- apoptosis induction. The results demonstrated that the H.
sic or extrinsic pathways, is crucial for maintaining a bal-  bacciferum hexane fraction induced programmed cell death
ance between cell division and apoptosis. These pathways (apoptosis) in a dose-dependent manner, affecting both the
involve changes in plasma membrane permeability and the early and late stages. Importantly, our previous cell cycle
modulation of gene expression, including anti-apoptotic assay revealed that cells treated with H. bacciferum hexane
(Bcl2) and pro-apoptotic (Bax) genes, and activation of var-  fraction accumulated in the G1 phase, suggesting that A549
ious caspases [33—-35]. Recent research has placed great  cells undergo apoptosis via a p53-independent mechanism
emphasis on finding new anticancer agents that can effi- [37].
ciently and specifically induce apoptosis in cancer cells The phytochemical analysis results identified methyl
[36]. In our study, we used the Annexin V-FITC/PL as-  jineoleate, linoleic acid and 3'-acetyllycopsamine as the
say and flow cytometry analysis to examine whether the 45 compounds in the H. bacciferum hexane fraction. The

ot?served cell 1n1.11b1t10n in A549 ce'lls following .treatmejnt significance of these chemical compounds in treating var-
with the H. bacciferum hexane fraction was associated with 5,6 diseases, including cancer, lies in their antioxidant
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properties, which counteract free radicals [38]. These com-
pounds regulate molecular pathways implicated in cancer
development and progression by enhancing antioxidant lev-
els, inhibiting proliferation, preventing carcinogenesis, in-
ducing cell cycle arrest, and promoting apoptosis while
also regulating the immune system [39]. Numerous studies
have demonstrated the impact of these compounds on can-
cer cell growth, apoptosis induction, and cell cycle arrest.
For instance, research by Zhang et al. [40] revealed that
linoleic and palmitic acids induced apoptosis in H4IIE cells.
Palmitic acid, in particular, affects cell cycle progression
in various ways, including reduced DNA synthesis, G2/M
arrest, and failure of cytokinesis in N2a cells [32]. More-
over, these compounds induce apoptosis in multiple cancer
cell lines by activating signaling pathways such as MAPK,
AMPK/Akt/mTOR, miR-129-3p/Smad3, and estrogen re-
ceptor alpha [41-43].

Conclusions

Our study revealed that the H. bacciferum hexane frac-
tion is rich in three primary chemicals, which are methyl
lineoleate, linoleic acid, and 3’-acetyllycopsamine. This
is the first work through which the phytochemical compo-
nents and anti-cancer mechanisms of H. bacciferum are ex-
plained. Moreover, this fraction can halt the cell cycle and
induce apoptosis in A549 and MCF-7 cancer cells, eftec-
tively impeding their proliferative abilities. These obser-
vations suggest that this fraction may trigger G1 arrest and
apoptosis in A549 cells through a p53-independent mecha-
nism. Consequently, by inhibiting the cell cycle in the G1
phase, the H. bacciferum hexane fraction holds promise as
a potential therapeutic agent for malignant disorders.
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