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INTRODUCTION

ABSTRACT

Heliotropium curassavicum L. (Family Boraginaceae) is a marine coastal
wild herb species, reported to have multiple therapeutic activities including anti-
gout, ant-rheumatism, anti-arteriosclerotic and anti-cancer. The aim of the
current study is assessing the seasonal changes in the chemical composition and
anticancer activities of H. curassavicum collected from Port Said Governorate.
The GC-MS analysis was performed to screen the seasonal variation in the
phytochemical constituents of the hexane extract of the plant. GC-MS analysis
of hexane extract of H. curassavicum identified the presence of thirty-two,
fourteen, thirty-nine and forty-five compounds in winter, summer, autumn, and
spring seasons, respectively. The extracts of H. curassavicum in all different
seasons share three similar phytocompounds which were hexadecanoic acid, 9-
octadecenoic acid (Z) in addition to 9,12-octadecadienoic acid (Z,Z). Erucic
acid was the most common compound in autumn and spring, whereas the most
prevalent compound in winter was eugenol, while summer extract was
dominated by Z,Z. Quantitative phytochemical analysis revealed the seasonal
variation in phytochemicals, where flavonoids and phenolic compounds were at
a high level in the autumn and summer seasons, while alkaloid levels peaked
during autumn and spring. The MTT assay demonstrated that the extract
exhibited selective cytotoxic effects on cancer cell lines (HepG2 and MCF-7),
with slight preference of autumn season. The underlying mechanism of
cytotoxicity of 1Cso of the autumn extract against targeted MCF-7 cells resulted
in cell cycle arrest at the S phase, accompanied by a significant rise in the
proportion of apoptotic cells, as indicated by flowcytometric analyses cell cycle
analysis and annexin-V assay. Apoptotic activities of the autumn plant extract
were further confirmed by detecting the expression levels of some related genes
in MCF-7 cell lines treated with the extract by qPCR, which showed increased
expression of pro-apoptotic genes such as P53, BAX, and caspase-8, along with
a decrease in the expression of the anti-apoptotic gene BCL-2 upon treatment.
Therefore, the results highlight seasonal changes in the chemical composition
of H. curassavicum extract, which are associated with differences in its
anticancer activity.

The Boraginaceae family, comprising approximately 154 genera and 2,000
species distributed globally, is among the largest groups of dicotyledonous flowering
plants (Cohen et al., 2018). This plant family holds significant value in traditional
medicine and is widely utilized in ethnobotanical practices and cosmetic applications
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(Dresler et al., 2017; ararenk et al., 2025). Genus Heliotropium is a large member
within the Boraginaceae family, commonly found across tropical and temperate regions
of both hemispheres. Globally, it includes approximately 270 to 330 species, with 16
species recorded in Egypt (Boulos, 2002). Traditionally, species within the
Heliotropium genus have been employed in folk medicine to manage a variety of
ailments, including gout, inflammation, skin disorders, menstrual issues, rheumatism,
and bites from venomous animals (Ghori et al., 2016).

Heliotropium curassavicum L. (family Boraginaceae) is a widespread and
troublesome weed that commonly invades newly reclaimed agricultural lands at
Deltaic Mediterranean coast of Egypt. Its rapid growth and strong adaptation to saline
and disturbed sandy soils enable it to establish and spread easily. Owing to its
halophytic nature and ecological preferences, this species has become a significant
invader of cultivated areas in this region (Hegazy et al., 1994). This species is glabrous,
usually perennial herb, fleshy throughout a sand binder salt marsh. The stems and
branches can reach lengths of up to 70cm, while the leaves measure between 15— 40mm
in length and 4— 10mm in width, typically oblanceolate to linear-lanceolate in shape
with an obtuse tip and nerves faint. The inflorescences are terminal or lateral, either
simple or branched, scorpioid in form, and range from 3 to 6cm in length, with
flowering occurring from March to August (Boulos, 2002; Pothiraj et al., 2021;
Akbar et al., 2023; Abutaha et al., 2024). This halophytic plant contains many
important phytochemicals such as alkaloids, phenols, tannins and steroid and protein
(Suthar & Solanki, 2021). H. curassavicum has a history of traditional use for treating
wounds and diseases such as rheumatism, and it has also been investigated for its
potential effects against liver cancer and diabetes (Abutaha et al., 2024). Although the
biological activities of H. curassavicum are well recognized, the comprehensive
therapeutic potential of its bioactive compounds, particularly concerning anticancer
remains insufficiently investigated (Sharma et al., 2009).

Cancer remains a major cause of death globally. Various types of therapeutic
strategies are involved in cancer treatment including radiotherapy and chemotherapy
protocols (Igbal et al., 2017; Tawfik et al., 2023). These therapeutic approaches are
effective in treating different cancers, but they have several limitations such as disease
recurrence, limited bioavailability, toxicity, no specificity, fast clearance, restriction in
metastasis and noncompliance owing to severe adverse effects including fatigue, pain,
anemia, nausea and hair loss (Bonam et al., 2018). There is an increasing demand for
new more safe and specific therapeutic agents to treat and control this life-threatening
disease.

Medicinal plants are generally regarded as having lower toxicity and
fewer side effects than conventional treatments like chemotherapy and radiotherapy.
Several phytochemicals compounds such as flavonoids, alkaloids, phenolics, steroids
glycosides, and tannins which have positive impact on health and cancer prevention are
available in theses plants (Azwanida, 2015). As a result, medicinal plants are gaining
attention as valuable sources of alternative anticancer compounds, largely due to their
ability to selectively target cancer cells while exhibiting minimal toxicity toward
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normal cells (Greenwell & Rahman, 2015; Lanchhana e al
2023).

Phytochemicals are characterized by their countless medicinal benefits without
causing any harm to human beings. They play an important role in the treatment of
multiple conditions such as asthma, arthritis, cancer, and more (Banu & Cathrine,
2012). These phytochemicals are chemicals that are naturally present in plants which
possess antioxidant, antibacterial, anti-cancer inflammatory activities. Antioxidants
may help in the prevention and treatment of cancer and other diseases by protecting
cells from damage caused by free radicals (Gamal et al., 2023). Many plant-derived
products have shown significant antitumor activity against various cancer cell lines in
both animal models and humans (Soomro et al., 2018; Elfar et al., 2023).
Phytochemical content is influenced by various environmental factors, including
altitude, soil characteristics, and seasonal variation. Changes in environmental
conditions, particularly seasonal changes, have an effect on both the concentration and
composition of these compounds. Exposure to fluctuating or extreme temperatures
throughout different seasons can significantly impact the phytochemical compositions
(Gololo et al., 2016; Boveiri Dehsheikh et al., 2019). Environmental conditions affect
not only plants growth but also their secondary metabolites. Consequently, availability
and concentration of phytochemicals in plants are influenced by seasonal changes
(Mwamatope et al., 2021).

Seasonal phytochemical studies of unrecognized species could lead to the
discovery of new natural bioactive compounds. However, the effect of different seasons
on chemicals composition and anticancer activity of Helitropium curassavicum was not
apparent in the literature. Therefore, this work aimed to evaluate seasonal variations in
phytochemicals composition, and the associated anticancer activities of H.
curassavicum extract.

MATERIALS AND METHODS

Plant materials collection and extraction

Aerial parts of Heliotropium curassavicum were collected from west Port Said.
31°16°19.43N 32° 16" 4.96 E during the four seasons of 2021: autumn, winter, spring,
and summer. The leaves were air-dried for approximately three weeks before being
ground into a fine powder using an electric grinder. About 20g of the plant powder was
added to 200mL of a solvent mixture (methanol & hexane), and the extraction was
performed using soxhlet apparatus continuing the extraction process until the solvent
became clear. The plant extract was subsequently filtered through Whatman filter
paper, and the resulting filtrate was concentrated using a rotary evaporator at a
controlled temperature of 45°C (Gracelin et al., 2013; Adetuyi et al., 2020).

Cell lines sources and types
Human cancer cell lines for breast (MCF-7) and liver (HepG2), along with
normal monkey kidney cell lines, were obtained from VACSERA Company in Cairo,
Egypt. The cells were cultured in RPMI-1640 medium supplemented with 10% heat-
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inactivated fetal bovine serum (FBS) and 1% penicillin antibiotic, and incubated at
37°C in a humidified atmosphere containing 5% COs.

GC-MS analysis

GC-MS analysis was conducted at Nawah Scientific Center using an instrument
equipped with a TR-5 MS capillary column (30m % 0.32mm internal diameter, 0.25um
film thickness). Helium was used as the carrier gas at a steady flow rate of 1.0mL/ min,
with a split injection ratio of 1:10. Program started at 60°C and was held for 1.0min,
increased at a rate of 4.0°C/ min to 240°C, and was maintained at that temperature for
an additional min. The injector and detector temperatures were maintained at 210°C.
Each sample was diluted with hexane in a 1:10 (v/v) ratio, and 1.0 uL of the prepared
solution was injected. Mass spectra were recorded using electron ionization (EI) at 70
eV, with a scan range of m/z 40-450 (Ezhilan & Neelamegam, 2012; Joshi, 2020).

Quantitative analysis of phytochemical constituents
Total alkaloids
Heliotropium curassavicum samples were used for the extraction and
quantification of total alkaloids using titrimetric techniques (Plummer, 1990;
Chakraborty et al., 2018). During this procedure, the total alkaloid content was
calculated based on the following equivalent:
1.0 mL 0.1IN HC1=0.0162 g alkaloid.
Total phenolics
The determination of total phenolic content was carried out following the method
outlined by Cumplido-N4jera et al. (2019). In this procedure, 0.1mL of the plant
extract was mixed with 2.5mL of 0.1mol L' Folin-Ciocalteu reagent, followed by the
addition of 2.0mL of saturated sodium carbonate (Na:COs). The mixture was then
allowed to stand for 1.0 hour, after which the absorbance was measured at 720nm, using
water as a blank.
Total flavonoids
The total flavonoid content in the plant extract was measured using the
aluminum chloride colorimetric technique. Exactly, 0.32mL portion of the extract was
combined with 0.32mL of 2% (weight/volume) aluminum chloride (AICIs) solution and
3.36mL of analytical-grade ethanol. The mixture was left to react for 25min, after which
absorbance readings were taken in triplicate at 413 and 427nm using a
spectrophotometer. The blank consisted of 0.32mL of the extract solvent, 0.32mL of
the AICls solution, and 3.36mL of ethanol (Chakraborty et al., 2018)
DPPH scavenging assay
The antioxidant activity of the samples was assessed using the DPPH radical
scavenging assay, following the method described by Shoily et al. (2025). Briefly, 0.5¢g
of plant material from both control and treated groups was collected and centrifuged.
The samples were then homogenized in n-hexane at a concentration of 1.0mg/ mL. For
the assay, 100uL of the prepared DPPH solution (0.004% in methanol) was mixed with
0.3mL of the sample extract. The mixture was thoroughly shaken, wrapped in
aluminum foil, and incubated in the dark at 25°C for 30 to 60min. The color change
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from deep violet to light yellow indicated radical scavenging activity. The absorbance
was recorded at 515nm. For the control (A0), 2.7mL of DPPH solution was mixed with
0.3mL of the extract solvent (Afroz Shoily et al., 2025).

MTT assay (MCF-7 cell lines, HepG2 cell lines, and VERO cell lines)
The anticancer potential of Heliotropium curassavicum against HepG2, MCF-

7, and VERO cell lines was assessed using the MTT assay (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide), which measures cell viability in the presence of
the plant extract. As described by Horiuchi et al. (1988), cells were seeded into 96-
well plates at a density of 1.0 x 10° cells/mL (100 pL per well) and incubated at 37°C
for 24 hours. After washing twice with phosphate-buffered saline (PBS), the cells were
treated with the H. curassavicum extract for 48 hours. Following treatment, 20uL of
MTT solution (prepared at 5 mg/mL in PBS) was added to each well, and the plate was
centrifuged at 252xg for 5min to ensure thorough mixing. The cells were then incubated
at 37°C with 5% CO: and 95% relative humidity. After incubation, the resulting
formazan crystals were dissolved in 200uL. of DMSO to ensure complete solubilization.
Absorbance was measured at 560nm, using DMSO as the blank control

( Belakhdar et al. 2012; Senthilraja & Kathiresan, 2015).

Flow cytometry

To analyze the cell cycle, MCF-7 cells were seeded in 6-well plates at a density
of 1.0 x 10* cells per well and incubated at 37°C with 5% CO: for 24 hours prior to
treatment. Cells were then exposed to the ICso concentration of Heliotropium
curassavicum hexane extract for 48 hours. After the treatment, cells were harvested and
centrifuged at 1007xg for 5min, after which the supernatant was gently removed to
avoid disturbing the pellet. The cell pellets were fixed in 500uL of 70% cold ethanol
and stored overnight at —20°C. After fixation, the cells were washed with 500uL of PBS
and incubated at 4°C for 2 hours. Subsequently, the pellets were stained with a solution
containing 50ug/ mL propidium iodide (P1), 0.1% Triton X-100, and 0.5mg/ mL RNase
for 1.0 hour at 30°C in the dark. Flow cytometry was performed to analyze the stained
cells using an excitation wavelength of 488nm. DNA content was quantified using a
FACSCalibur flow cytometer (Becton Dickinson, USA) (You et al., 2018).

Assessment of apoptosis by annexin V-FIT

The percentage of apoptotic cells was determined through flow cytometry
utilizing the annexin V-FITC Apoptosis Detection Kit, following the manufacturer's
protocol. In brief, cells were seeded and exposed to the 1Cso dose of H. curassavicum
extract. After a 48-hour incubation period, cells were centrifuged at 112xg for 5min and
were then resuspended in 500uL of annexin-V binding buffer. Next, SuL of annexin-
V-FITC and 5uL of propidium iodide (P1) were added to the suspension. The mixture
was incubated in the dark at room temperature for 5min. Finally, apoptotic cell levels
were assessed using a BD FACSCalibur flow cytometer (Zhao et al., 2015).

DNA fragmentation by diphenylamine assay (DPA)
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Quantitative assessment of DNA fragmentation was estimated based on the
method described by Gibb et al. (1997). MCF-7 cells were treated with H.
curassavicum extract for 48 hours and DNA fragmentation was evaluated using the
diphenylamine (DPA) assay, which detects deoxyribose residues. Approximately 5 x
10° cells were placed in sterile 1.5mL microcentrifuge tubes and centrifuged at 448xg
for 5min at 4°C. The resulting pellets and supernatants were carefully separated into
individual tubes. The pellets were then resuspended in 0.5mL of lysis buffer. Exactly,
1.5mL of 10% trichloroacetic acid (TCA) was added to both the pellet (P) and
supernatant (S) and incubated at 4°C for 10min. Subsequently, 2mL of DPA reagent
was added to each fraction (the pellets and supernatant) and incubated at room
temperature for 24 hours. Absorbance readings were taken at 600nm to quantify DNA
content in both the supernatant (representing fragmented DNA) and the pellet
(representing intact DNA), following the approach outlined by Akolade et al. (2018).
DNA fragmentation was calculated using the formula:

DNA fragmentation (%) =[S/ (S + P)] x 100.

Assessment of DNA fragmentation by gel electrophoresis
Genomic DNA fragmentation was evaluated through agarose gel
electrophoresis, following the procedure outlined by Zhao et al. (2013). After a 48-
hour treatment with H. curassavicum extract, DNA was isolated from MCF-7 cells.
Electrophoresis was performed on an 8% agarose gel containing ethidium bromide.
After separation, DNA bands were visualized under ultraviolet (UV) light and captured
using a digital camera Canon (U.S.A).

Gene expression (QPCR)

MCF-7 cells were treated with H. curassavicum extract at its ICso
concentration (85.23ug) for 48 hours. The gPCR was then proceeded using the One-
Step qPCR iScript kit with SYBR® Green, following the manufacturer's guidelines for
reaction setup and thermal cycling conditions. The PCR master mix included 25uL of
2x SYBR® Green solution, 1.5uL each of forward and reverse primers (10umol), 1.0uL
of 50x iScript Reverse Transcriptase, and nuclease-free water to bring the final volume
to 50uL. Prior to amplification, the reaction mixture was heated at 95°C for Smin to
initiate denaturation. The amplification process consisted of 45 cycles, each involving
denaturation, annealing, and extension phases (Li et al., 2022). All used primers are
listed in Table (1).

Table 1. Forward and reverse primers used in gene expression analysis

Gene Forward Reverse

BAX 5- 5’>-TGTGTCCACGGCGGCAATCATC-
TCAGGATGCGTCCACCAAGAAG-3’ 3

BCL-2 3 3

ATCGCCCTGTGGATGACTGAGT-3’ GCCAGGAGAAATCAAACAGAGGC-3’
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P53 5’- 5’-TGGATGGTGGTACAGTCAGAGC
CCTCAGCATCTTATCCGAGTGG -3’ -3’

CASP8 5’- 5’-TCAGGACTTCCTTCAAGGCTGC-
AGAAGAGGGTCATCCTGGGAGA-3’ 3

GAPDH 5’- 5’-ACCACCCTGTTGCTGTAGCCAA-
GTCTCCTCTGACTTCAACAGCG-3’ 3

Hemolytic assay

The hemolytic activity of H. curassavicum extract was evaluated using a
spectrophotometric method as described by Yang et al. (2005). Fresh human blood
samples were collected from healthy volunteers and transferred into EDTA tubes,
followed by thorough mixing. The samples were centrifuged at 1007xg for 10min to
separate the erythrocytes from the plasma. The supernatant was discarded, and the
erythrocytes were washed multiple times with phosphate-buffered saline (PBS) until
the plasma was completely removed. During each wash, the buffy coat was carefully
removed and made suspension without hemolysis. A volume of 900uL of erythrocyte
suspension was mixed with 100uL of H. curassavicum extract at varying concentrations
(31.25, 62.5, 125, 250, 500, and 1000ug/ mL, prepared in PBS). These mixtures were
incubated at 37°C for 1.0 hour. Following incubation, the samples were centrifuged at
11181xg for 5min at 4°C. The amount of free hemoglobin released into the supernatant
was measured using a UV-Vis spectrophotometer at 570nm. Sterile PBS served as the
negative control, while 0.1% Triton X-100 was used as the positive control. All
experiments were performed in triplicate, and the average values were calculated (Silva
et al., 2000; Zohra & Fawzia, 2014).

Statistical analysis

Data were statistically analyzed using SPSS software version 26.0. Results are
presented as the mean + standard error (SE). Group comparisons were performed using
either Student’s t-test or one-way ANOVA, followed by Tukey’s post hoc analysis. A
P-value < 0.05 was considered statistically significant.

RESULTS

GC-MS analysis

GC-MS analysis was processed to identify and assess the temporal variation for
phytochemicals that present in hexane extract of H. curassavicum in four different
seasons. The GC-MS chromatogram analysis of the extract identified the presence of
thirty-two, fourteen, thirty-nine and forty-five compounds in winter, summer, autumn,
and spring seasons, respectively (Fig. 1). The phytochemical constituents were
identified based on their peak areas, retention times, and molecular formulas (Table
2). Erucic acid was the most prevalent compound at retention time of 34.98 with a
peak area of 7.69%, and retention time (35) and a peak area of 5.38% in autumn and
spring seasons, respectively. Moreover, the most common compounds in autumn
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following erucic acid were benzene (5.10%), hexadecanoic acid (2.68%), 9,12-
octadecadienoic acid “Z,Z” (2.67%), and tetratetracontane (1.70%). The prevailing
compounds in spring season after erucic acid were benzene (5.85 %), “Z” (2.29%),
and tetratriacontane (2.23%).

The most common compound in winter was eugenol at retention time 13.59 with
peak area 40.54% followed by hexadecanol (7.83%), dodecanol (7.35 %), benzene,
1,2,4,5-tetramethyl- (6.95%), 9,10 dideutero (4.89%), hexadecanoicacid, (2.05%) and
9-octadecenoic acid “Z” (1.98%). The most dominant compound in summer season
was z,Z at retention time 30.68 with peak area ( 43.95 %) followed by palmitic acid,
TMS derivative (19.91%), Z (6.83%), hexadecanoic acid (5.04%) ,phenol (4.07%) and
cyclobutane (1.70%). Across all seasons, the extracts of H. curassavicum consistently
contained three common phytocompounds: hexadecanoic acid, Z, and z,z.

The mass spectrum of H. curassavicum extract identified twenty-two compounds
in winter such as eugenol with peak area (40.54 %), eicosapentaenoic acid (0.94%),
limonen-6-ol,pivalate(0.29%), benzene, 1,2,4,5-tetramethyl(6.95%), p-
cymene(0.21%), hydrocinnamic acid (0.37%), and methyl 2,4-tridecadiynoate(3.60%)
that were not detected in the other seasons. It can be observed that four compounds
were detected in the summer season and did not exist in the other seasons such as
palmitic acid, TMS derivative (28.19%), phenol with peak area (2.51%), cholestan-3-
ol, 2-methylene (1.15%) and tetraneurin-A-diol (1.27%). Additionally, there were
three compounds that existed in autumn such as methyl stearate (1.33%),
dimethylpropanoilhydrazono (0.20%) and docosane (0.80%) and two compounds in
spring such as 17-Pentatriacontene(1.81%) and isomeric dodecylbenzene (0.37%) that
were absent in the other seasons.

Table 2. Phytocomponents identified in the hexane extract of H. curassavicum
during different seasons

Retenti Compound name M. Peak area %
on time Wt W S a S
4.15 Cyclobutane 426 0. 1. N N
5.17 7-Epi-Cis- Sesquisabinene Hydrate 222 0. 3. N N
5.15 Eicosapentaenoic Acid 302 0. N N N
5.82 Limonen-6-O1, Pivalate 236 0. N N N
6.43 Benzene, 1-Methyl-4-(1-Methylethyl) 134 2. N N N
7.30 Benzene, 1,2.4,5-Tetramethyl 134 6. N N N
7.78 2,3-Epoxicaran, Trans 152 0. N N N
7.78 P-Cymene 134 0. N N N
9.19 Benzene, 1,3-Dimethyl-5-(1-Methyleth 148 2. N N N
9.44 Benzaldehyde, 4-(1-Methylethyl)- 148 0. N N N
10.50 N-Isobutylundeca-2(E)-En-8,10-Diyn 231 0. N N N
10.88 Hydrocinnamic Acid 294 0. N N N
11.93 Nonanoyl Chloride 176 0. N N N
12.86 1,5,5-Trimethyl-6-Methylene-Cycloh 136 2. N N N
13.44 Benzene, (1-Butylhexyl)- 218 N N 1 2
13.59 Eugenol 164 4 N N N
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13.60
13.95
13.98
14.59
14.66
15.19
15.25
15.49
15.70
15.87
16.10
16.22
16.33
16.44
16.55
16.84
17.61
17.74
18.61
18.76
20.44
24.28
20.67
21.47
23.56
25.97
27.3
28.18
28.19
28.65
29.30
29.90

30.68
31.12
31.12
32.29
33.31
33.80
33.97
34.96
34.98
35.12
35.54
35.34

Benzene, (1-Propylheptyl)-
Benzene, (1-Ethyloctyl)-
Phenol
Methyl 2,4-Tridecadiynoate
Benzene, (1-Methylnonyl)-
1,3-Propanediol,
Benzene, (1-Pentylhexyl)-
Octadecadiynoic Acid,
Benzene, (1-Methyldecyl)-
Benzene, (1-Ethylnonyl)-
Isomeric Dodecylbenzene
1-Dodecanol
Tetraneurin - A - Diol
Cholestan-3-0Ol, 2-Methylene-
Benzene, (1-Methyldecyl)-
3-Trifluoroacetoxypentadecane
Dideutero Octadecanal
7-Methyl-Z-Tetradecen-1-Ol Acetate
1-Hexadecanol
Benzene, (1-Pentyloctyl)-
Hexadecanoic Acid, Methyl Ester
Hexadecanoic Acid
Dioxo-11-A-Hydroxycona
Alanine, 3-(Benzyloxy)-, L-
Methyl Stearate
Oxiraneoctanoic Acid, 3-Octyl-,
Pentatriacontane
12-Methoxy-2-Trimethylsily
Palmitic Acid, Tms Derivative
Tetratetracontane
9-(2',2'-Dimethylpropanoilhydrazono)
Pentatriacontane
9-Octadecenoic Acid (Z)-
9,12-Octadecadienoic Acid (Z,7)
Heptacosane
Docosane
Dotriacontane
Nonacosane
4h-1-Benzopyran-4-One,
Isochiapin B
Hahnfett
22-Tricosenoic Acid
Oleic Acid
STIGMAST-5-EN-3-OL, (34,24S)-
17-Pentatriacontene

218
218
164
220
218
232
232
290
232
232
246
186
280
400
232
324
270
268
242
260
270
330
341
195
298
312
492
328
328
618
576
492
282
280
380
310
450
408
610
346
0
352
562
414
490

ZZNZZLL L L L~ 2222 222 O ZZNZ 222 ZNZ2 22O 2Oz Zw

ZzZ - - z2ZZZNz2ZzZz2ZDz7Z

=z
% >

Z
>

NA
NA
5.04
NA
NA
NA
1.18
NA
NA
28.1
NA
NA
NA
2.52
439
NA
NA
NA
NA
NA
5.04
NA
NA
NA
NA
NA

ZAZZZZE N ZOZN 22— —

O O N0 OO = OO0 O NO oo o O N= T =N 7
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Abbreviation : M.Wt: Molecular weight , win; winter , sum: summer , spr: spring,aut: autumn,
NA: Not Applicable.

Quantitative analysis of phytochemical constituents
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The phytochemical components of H. curassavicum extracts during different
seasons are explored in Table (3). Data revealed that methanol-based extractions
yielded a substantial presence of plant secondary metabolites. Exploring the
phytochemical constituents of H. curassavicum extracts (Table 3) in different seasons
showed that the extracts using methanol solvent contained a good amount of plant
secondary metabolites. The result shows that all the seasons contain the phytochemicals
in varied concentrations of phenols with the highest level occurring in autumn 23.2
(mg/g), followed by summer 21.64 (mg/g), spring 16.92 (mg/g) and the lowest level
occurred in winter (3.95mg/ g). H. curassavicum extract was found to have maximum
amount of total alkaloids in autumn with 9.81mgg™! then in spring with 9.3mgg"! and
in winter with a minimum amount of total alkaloids at 3.91mgg™'. While, the moderate
amount was in summer with 6.13mgg!. The total flavonoid content varied between
261.7 and 103.6mg/ mL quercetin in summer and winter, respectively.

Changes in DPPH radical scavenging activity

The H. curassavicum extract demonstrated significant DPPH radical scavenging
activity, which intensified with increasing concentrations, indicating a dose-dependent
response (Table 3). The antioxidant activity was most notable during the summer
season, reaching a peak value of 43.26 + 0.005, whereas the lowest activity was
recorded in the winter season (17.62+0.014).

Table 3. Changes in phytochemicals constituents and antioxidant activity of H.

curassavicum during four different seasons. Values are mean + standard error

Alkaloid Flavonoids Phenols DDPH
Season (mgg™) (mgi m% (mg/g gallic acid) (%)
Winter 391+ 103.6 £0.008 3.95 +0.008 17.62
0.015 +0.014
Spring 9.3+0.02 186.7 £0.014 16.92 £0.02 26.4
+0.014
Summer 6.13 + 261.7 +0.017 21.64 +0.008 43.26
0.012 +0.005
Autumn 9.81 254.2 +£0.005 23.2 +£0.008 45.07 £
I NnNNO n Nor
P <0.05 0.063 0.057 0.042 0.651

Cell proliferation by MTT assay

To evaluate the cytotoxic effects of H. curassavicum extracts obtained across
four different seasons, human breast cancer (MCF-7), human liver cancer (HepG2), and
African green monkey kidney (VERO) cell lines were exposed to varying extract
concentrations (31.25— 1000pg/ mL). A significant, dose-dependent reduction in the
proliferation of all three cell lines following treatment with the hexane extract for 48
and 72 hours. Cell viability was assessed using the MTT assay after 24 and 72 hours of
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incubation. Several extracts exhibited cytotoxic effects in a dose-responsive manner, as
shown in Fig. (1). Notably, the extracts from autumn and winter demonstrated the
strongest cytotoxic activity against the MCF-7 cell line. The hexane extract of H.
curassavicum in autumn season appeared to be the most robust against MCF-7 (ICso =
85.23png/ mL) followed by winter season (ICso = 85.37 pg/mL) compared to spring and
summer seasons with 1Cso= 122.19 pg/mL) and 1Cs0=116.21 pg/mL, respectively. The
highest cytotoxic activity of H. curassavicum extract against HepG2 was observed in
winter with 1Cs0=70.59ug/ mL compared to the other seasons. Low or no cytotoxicity
was detected in normal African green monkey kidney cell lines (VERO) after treatment
with H. curassavicum extract in all seasons. H. curassavicum extract was found mostly
selective toward cancer cells (Table 4).

These findings are noteworthy, as they indicate that the H. curassavicum
extract exhibits greater toxicity toward cancer cells compared to normal cells. The
results clearly demonstrate the increased efficacy of the hexane extract of H.
curassavicum against cancer cell lines across all seasonal samples. It is clear that MCF-
7 in autumn season was the most susceptible cancer cell line compared to all seasons
and other cell lines. Therefore, cell cycle arrest and apoptotic analysis were carried out
on this cell only. Obviously, after 48 hours of the treatment of MCF7 with H.
curassavicum extract, during autumn season the highest selective index was obtained
compared with other extracts. Accordingly, this autumn extract has been selected for
further investigation against its target cell MCF7.

Table 4. I1Cso values and selectivity index (SI) of H. curassavicum extract on MCF-7,

HepG2, and VERO cell lines

. I1Cso (pg/mL) Corresponding Sl
Incu_batl VER Vero/ Vero/
on period MCF-7 HepG2 o MCE-7 HepG2
279
. 85.37 70.59
winter + 3.27 3.95
+1.14 +3.26 3.83
415.7
. 122.19 110 7
spring +1.82 +351 + 34 3.78
2.71
48h 376.2
summ 116.21 92.33 1
er £1.67 +133 + 3.24 4.01
7.81
409.6
autum 85.23 123.6 3
n +15 +2.84 + 4.80 3.31
15.37
. 74.09 142 210
winter + 4,65 +11.08 +43 2.83 1.05
354.1
. 113.75 101.8 6
Do spring + 256 +059 + 3.11 3.48
415
344.0
summ 92.8 118.19 3
er £0.77 +0.29 + 3.7 2.91

2.22
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Fig. 1. Anticancer effects of the hexane extract of H. curassavicum, evaluated
against two cancer cell lines (MCF-7 and HepG2) as well as a normal cell line
(Vero).(A) The cell viability percentage of MCF-7 cell line, (B) The cell viability
percentage of HepG2 cell line and (C) The cell viability percentage of the normal cell

line Vero.

Flowcytometry

Cell cycle analysis was conducted using the hexane extract of H. curassavicum

to quantitatively assess the degree of apoptosis. As shown in Fig. (2), treatment of MCF-
7 breast cancer cells with the extract resulted in cell cycle arrest at the S phase. The
treated cells exhibited a 35.63% population in the S phase, compared to 27.26% in the
untreated control group.
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Fig. 2. The cell cycle phase distribution in MCF-7 cells after exposure to the hexane
extract of H. curassavicum was analyzed following treatment at the ICso concentration
for 48 hours. Panel (A) illustrates the cell cycle profile of untreated control cells,
whereas panel (B) presents the profile of MCF-7 cells treated with the extract.
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Fig. 3. The proportion of cells distributed across the GO-G1, S, and
G2/M phases of the cell cycle

Apoptotic cell death analysis

Apoptosis was evaluated using annexin-V-FITC/PI staining, which showed

that treatment with the ICso concentration of H. curassavicum extract (85.23)

significantly increased the total apoptotic rate in MCF-7 cells to (31.29%) compared to
the control group (2.28%) (Fig. 4).
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Fig. 4. Apoptosis in MCF-7 cancer cells induced by the hexane extract of H.
curassavicum was evaluated using Annexin V-FITC/PI staining. Cells were treated
with the ICso concentration for 48 hours. The lower-left quadrant indicates early
apoptotic cells, while the upper-left quadrant represents late apoptotic cells. Panel (A)
shows the control MCF-7 cells, panel (B) displays cells treated with H. curassavicum
extract, and panel (C) provides a quantification graph of the Annexin V/PI double-
staining assay, analyzed using a BD FACSCalibur flow cytometer. Data are presented
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as mean £ SEM. *** indicates a statistically significant difference (p <0.001) compared
to the control.
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DNA fragmentation

Quantification results of DNA fragmentation in MCF-7 cells following
treatment with the ICso concentration (85.23) of H. curassavicum extract as measured
by the DPA assay are shown in Fig. (5). Compared to the control group, which showed
4.58% + 0.24 DNA fragmentation, the treated cells exhibited a significantly higher
fragmentation level of 27.31% + 1.43. These results suggest that the plant extract
induced considerable DNA damage.
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Fig. 5. DNA fragmentation levels in treated MCF-7 cells as determined by the
diphenylamine (DPA) method

DNA agarose gel electrophoresis

The DNA gel pattern of untreated MCF-7 control cells displayed distinct bands
indicating intact DNA. In contrast, treatment with the ICso concentration of H.
curassavicum extract (85.23) led to increased DNA smearing and the appearance of a
ladder-like fragmentation pattern, which intensified with higher extract concentrations
compared to the control group (Fig. 6).
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Fig. 6. DNA fragmentation patterns from MCF-7 cells analyzed using 8% agarose

gel electrophoresis. Lane (1) shows intact DNA from untreated MCF-7 cells, while lane
(2&3) displays fragmented DNA from MCF-7 cells exposed to 85.23 pug/mL of H.

curassavicum extract.

qPCR analysis

The gPCR analysis of MCF-7 cells treated with H. curassavicum extract revealed
an upregulation in the expression of P53, BAX, and caspase-8 by 3.2674-fold, 3.1886-
fold, and 4.6837-fold, respectively. In contrast, a downregulation of BCL-2 expression
was observed in the treated cells. An increased expression of caspase 8, BAX, and P53
was observed in treated cells compared to the untreated control cells (Fig. 7).
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Fig. 7. gPCR was conducted to evaluate the expression of apoptosis-related genes
in both untreated MCF-7 cells and those exposed to the ICso concentration of the hexane
extract of H. curassavicum. The dashed line represents the control group, set at a fold

change of 1.0.

Hemolytic assay
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The H. curassavicum extract demonstrated a mild hemolytic effect on human
red blood cells across all four seasons. The plant extract of H. curassavicum through
four different seasons displayed low or no hemolytic activity on erythrocytes (Figure
8), as compared to negative and positive controls.
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Fig. 8. Hemolytic activity of hexane extract of H. curassavicum against human

erythrocytes through four different seasons

DISCUSSION

Due to the increasing prevalence of chemotherapeutic drugs resistance and their
related toxic side effects, medicinal plant-based anticancer therapies may have potent
activities with less toxic side effects (Housman et al., 2014; Sultana et al., 2014).
Recently, the medicinal plants have received great attention due to the presence of high
levels of the bioactive phytochemicals with anticancer potentials (Katalinic et al.,
2006; Nyamai, 2016; Huang et al, 2025). It is well established that both spatial and
temporal variation have significantly influenced the phytochemical composition of
plants (Ogwu et al., 2025).

Species of Heliotropium contain various bioactive compounds, including
alkaloids, terpenoids, phenolics, pyrrolizidines, and quinones, which are well known
for their strong antioxidant and antimicrobial activities (Ghori et al., 2016). These
antioxidants help reduce oxidative stress induced by reactive oxygen species (ROS),
which is associated with the development of diseases such as cancer, arteriosclerosis,
rheumatoid arthritis, and the aging process (Liguori et al. , 2018).
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H. curassavicum is an important medicinal herb, containing various vital
bioactive phytochemicals like alkaloids, glycosides, phenols, flavonoids, saponins etc.
It is found in seashores and marshy areas near or not far from the sea. It can be readily
identified by its glabrous, fleshy stems and leaves, along with its terminal scorpioid
cymes (Charilaou, 2018).

GC-MS analysis of the hexane extract of H. curassavicum demonstrated that
seasonal changes affect its phytochemical composition. Eugenol was identified as the
predominant compound during the winter season. Similar findings have been reported
elucidating the presence of eugenol in the essential oil of the same plant of H.
curassavicum. (Joshi, 2020). Z,Z was the most dominant compound in summer season.
These findings agree with (El-Kamali et al., 2019) which have found Z,Z in the n-
hexane extract of H. sudanicum. GC-MS analysis revealed the presence of the fatty acid
compound erucic acid as one of the most common components in autumn and spring
seasons. This fatty acid compound was detected throughout the extract of the entire
plant of Anchusa azurea belonging to the Boraginaceae family (Engel et al., 2016).

Our findings revealed the hexane extract of H. curassavicum showed the
highest antiproliferative activity against MCF-7 in autumn season followed by winter
season compared to spring and summer seasons, whereas the highest cytotoxic activity
of H. curassavicum extract against HepG2 was observed in winter season. In contrast,
the Vero normal cell line showed no significant response to the same concentrations of
the plant hexane extract, suggesting that its cytotoxic activity is selectively directed
toward cancer cell lines. Comparable selective inhibitory effects of this plant have been
reported on the growth and proliferation of HelLa, SiHa, and C33A cells, showing a
dose-dependent response when compared to untreated controls (Paul et al., 2018).
However to our knowledge, the existence of erucic acid, eugenol and Z,Z may explain
the variation in the anti- proliferative activity of AH. curassavicum. The anticancer of
these mentioned constituents is well established in a variety of reports (Jaganathan &
Supriyanto, 2012; Altinoz et al., 2021; Diab, Donia & Saad-Allah, 2021). The hexane
extract of this plant contains unique compounds such as eugenol, Z,Z and erucic acid,
which have a potential anti-proliferative effect against a variety of human tumor cell
lines. In earlier studies, eugenol have been reported to exhibit antimutagenic,
antioxidant, anti-inflammatory, antigenotoxic, and anticancer properties (Jaganathan
& Supriyanto, 2012). Z,Z has been previously shown to possess anticancer activity.
Similarly, the presence of Z,Z in the extract of Boraginaceae species; Cordia sebestena
L. also has multiple biological uses with antimicrobial, anticancer and hepatoprotective
effects (Diab et al., 2021). Boragno officinalis (family: Boraginaceae) is one of the
richest species in erucic acid with a potent anticancer activity (Galanty et al., 2023). In
addition to these findings, the hexane extract of H. curassavicum exhibited notably
selective cytotoxic effects when compared to other Boraginaceae species, including
Heliotropium ciliatum and Heliotropium subulatum ( Singh et al., 2002; Ilonga, 2012).

DNA fragmentation assay was performed by seeding of MCF-7 with the
hexane extract of H. curassavicum for 24 hours and showed a typical ladder formation
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for incubated cells. DNA damage is characteristic of apoptotic cell death. The assay
was conducted to assess the genotoxic potential of the extract leading to cell death.
Extensive nuclear DNA damage serves as an internal signal to the mitochondria,
triggering the release of cytochrome ¢ and shifting the balance toward cell death instead
of repair and survival. The assay was performed to evaluate genotoxicity potential of
the extracts (Al Ssadh & Madar, 2018; Tawfik et al., 2021). Similar fragmentation of
DNA was observed for the same plant extracts in previous studies ( Paul et al., 2015;
Sarkar et al., 2021). Interestingly, eugenol, erucic acid and octadecadienoic acid
induces apoptosis and DNA damage (Dewey et al.,, 2007; Shin et al., 2007;
Manivannan et al., 2017).

Notably, H. curassavicum showed a powerful capacity to trigger apoptosis and to
cause cell cycle arrest in MCF-7 cancer cells. Cell cycle analysis indicated that the
hexane extract caused growth arrest at the S phase, potentially as a result of DNA
damage (Ye et al., 2003). These results are consistent with previous studies showing
that members of the same genus, such as Heliotropium curassavicum, can trigger
apoptosis in various cancer cell lines by inhibiting the G1/S transition, as observed in
HeLa, C33A, and SiHa cells (Paul ez al., 2018). It also caused a G1/S phase cell cycle
arrest in cervical cancer cells. Similar results were observed in other Boraginaceae
species, such as Echium arabicum extracts, which caused S-phase arrest in HepG2 liver
and colon cancer cells (Abutaha et al., 2022).

Furthermore, flow cytometry analysis of MCF-7 cells treated with H.
curassavicum extract revealed a notable increase in both early and late apoptotic cell
populations. The increase in Annexin V-FITC stained cells clearly indicates the
induction of apoptosis in the treated cells. Previous studies have reported that other
species extracts of the same family induce apoptosis rather than necrosis on different
cancer cell lines such as Heliotropium ramosissimum and Onosma bracteata. on
colorectal carcinoma and human osteosarcoma cell lines, respectively (Fayedet al.,
2022; Kumar et al., 2022). Mitochondria play a key role in regulating apoptosis by
releasing cytochrome c and other apoptosis-inducing factors into the cytoplasm, as well
as decreasing the mitochondrial membrane potential (Kumar et al., 2022). The ability
to induce apoptosis is a critical parameter for assessing the anticancer potential of plant
extracts (Engel et al., 2016).

Apoptosis plays a vital role in maintaining and supporting life by regulating
cell numbers during growth and development, as well as eliminating damaged cells that
could disrupt homeostasis. Triggering apoptosis in cancerous cells through natural
phytochemicals presents a promising approach for cancer therapy using
chemotherapeutic agents. Apoptosis is initiated through two primary pathways: the
mitochondrial pathway and the death receptor pathway. Caspase-9 is involved in the
mitochondrial pathway, whereas caspase-8 plays a key role in the death receptor
pathway. Both pathways converge on the activation of the effector enzyme caspase-3,
ultimately leading to cell death (Ranneh et al., 2023). Additionally, apoptosis induction
in MCF-7 cells treated with H. curassavicum extract was confirmed by the increased
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expression of pro-apoptotic genes such as P53, BAX, as well as the activation of
caspase-8, which collectively play a role in promoting apoptotic cell death. This was
accompanied by a reduction in the expression of the anti-apoptotic gene BCL-2.
Similarly, treatment with root extracts of Lithospermum erythrorhizon Sieb (a member
of the Boraginaceae family), in studies addressing human hepatocellular carcinoma
cells, has demonstrated an increase in pro-apoptotic markers such as P53, BAX, and
caspases-3, -8, and -9, along with a decrease in the expression of the anti-apoptotic
protein BCL-2 (Wu et al., 2012; Wang et al., 2018). Similarly, treatment of cervical
cancer cell lines with the methanolic extract of H. curassavicum resulted in reduced
BCL-2 levels and elevated expression of pro-apoptotic proteins BAX and P53 (Paul et
al., 2018).

The P53 tumor suppressor protein is crucial in initiating the process of apoptosis and
its inactivation can lead to uncontrolled cell growth and genomic instability. Due to its
critical role in controlling apoptosis, cell cycle arrest, and senescence, P53 has become
a compelling target in the development of cancer therapies. Studies have reported
increased expression of P53, caspase-3, and caspase-9, along with a reduction in BCL-
2 levels, as indicative markers of apoptosis (Kumar et al., 2022). Moreover, P53 can
activate genes responsible for apoptosis and cell cycle regulation. In response to
apoptotic stress, P53 moves to the mitochondria, where it binds to the anti-apoptotic
protein BCL-2, releasing the pro-apoptotic protein BAX. This interaction promotes the
release of cytochrome c into the cytosol, thereby initiating the apoptotic process (Cao
et al., 2022).

In the present study, the H. curassavicum extract demonstrated minimal hemolytic
activity against human red blood cells, suggesting its potential as a candidate for
developing novel anticancer treatments. Several medicinal plants with strong anticancer
properties, including Nonea vesicaria from the Boraginaceae family, have also been
reported to exhibit low or negligible hemolytic effects (Mouffouk et al., 2020).

The findings also suggest that this plant contains elevated levels of various
phytochemicals. Specifically, flavonoids and phenols were found in higher
concentrations during the autumn and summer seasons, while alkaloid accumulation
peaked in autumn and spring. These results are consistent with observations reported in
earlier studies. In this regard, five species of Heliotropium (family Boraginaceae), H.
bacciferum, H. longiflorum, H. zeylanicum H. jizanense and H. pterocarpum have been
reported to exhibit varying pigment yields, with significant differences in phenolic and
flavonoid content observed among the species (Radwan, et al., 2020).

CONCLUSION

The results of this study disclosed the anti-proliferative properties of H.
curassavicum extract and demonstrated its ability to induce apoptosis in vitro. These
findings suggested a promising potential for the use of H. curassavicum in the
development of therapeutic strategies, particularly for breast and liver cancers. Due to
its selective antiproliferative activity, this plant extract may serve as a valuable source
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for anticancer drug discovery. The data further indicated that the extract suppresses
growth and proliferation of MCF-7 cells by triggering apoptosis and causing cell cycle
arrest at the S phase. These anticancer effects highlight the potential for further
investigation into this plant, aiming to isolate the specific bioactive compounds
responsible for the observed biological activities.
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