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Abstract ___________________________________________________________________________________________________ 

Introduction. Medicinal plants, especially from the genus Heliotropium (family 
Boraginaceae), have been traditionally used for treating ailments and are gaining attention 
for their cytotoxic effects against cancer cell lines.
Purpose. This study aimed to evaluate the anticancer efficacy of methanolic extracts 
from two Heliotropium species (H. crispum and H. curassavicum) which have not been 
previously studied in Iraq, focusing on their phytochemical composition and cytotoxic 
activity against breast cancer cells.
Materials and methods. Plant samples were collected from Basrah province (April – 
November 2023) and methanolic extracts were obtained via cold maceration, followed 
by solvent partitioning with n-hexane, chloroform, and ethyl acetate. Phytochemical 
screening and PA identification were done using GC-MS and HPLC with standards 
(heliotrine and rivularine), these two PAs were isolated and their concentration quantified 
via HPLC. Cytotoxic activity was evaluated using the MTT assay against MCF-7 and HdFn 
cell lines, with plant extracts, isolated heliotrine, and doxorubicin (standard anticancer 
drug) in two-fold serial dilutions (25–400 µg/mL).
Results. HPLC analysis showed heliotrine as the predominant PA in both H. curassavicum 
(61 µg/g) and H. crispum (54 µg/g), with rivularine concentrations of 11 µg/g and 15 
µg/g, respectively. Cytotoxicity assays revealed a significant reduction in MCF-7 cell 
viability: heliotrine (75% – 29%), H. crispum (85%-48%), H. curassavicum (88% – 49%), 
and doxorubicin (74% – 25%). IC₅₀ values were 74.5 µg/mL (heliotrine), 81.87 µg/mL (H. 
crispum), 64.17 µg/mL (H. curassavicum), and 103 µg/mL (doxorubicin).
Conclusion. Both H. crispum and H. curassavicum exhibited cytotoxic activity against 
MCF-7 cells. These findings support the potential of Heliotropium species as sources of 
bioactive compounds for anticancer drug development.
Keywords: anticancer activity, GC-MS, H. crispum, H. curassavicum, HPLC
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Резюме ___________________________________________________________________________________________________ 

Введение. Лекарственные растения, особенно из рода Heliotropium (семейство 
Boraginaceae), традиционно используются для лечения болезней и привлекают все 
большее внимание своим цитотоксическим действием против линий раковых кле-
ток.
Цель. Данное исследование было направлено на оценку противораковой эффектив-
ности метанольных экстрактов двух видов Heliotropium (H. crispum и H. curassavicum), 
которые ранее не изучались в Ираке, с упором на их фитохимический состав и цито-
токсическую активность против клеток рака молочной железы.
Материалы и методы. Образцы растений были собраны в провинции Басра (апрель –  
ноябрь 2023 г.), метанольные экстракты были получены путем холодной мацерации 
с последующим разделением растворителей н-гексаном, хлороформом и этилаце-
татом. Фитохимический скрининг и идентификация ПА были проведены с помощью 
ГХ-МС и ВЭЖХ со стандартами (гелиотрин и ривуларин), эти два ПА были выделены, 
а их концентрация была определена количественно с помощью ВЭЖХ. Цитотоксиче-
скую активность оценивали в МТТ-анализе против клеточных линий MCF-7 и HdFn с 
использованием растительных экстрактов, выделенного гелиотрина и доксорубици-
на (стандартного противоракового препарата) в двукратных серийных разведениях 
(25–400 мкг/мл).
Результаты. Анализ ВЭЖХ показал, что гелиотрин является преобладающим ПА как 
у H. curassavicum (61 мкг/г), так и у H. crispum (54 мкг/г), при этом концентрации ри-
вуларина составили 11 мкг/г и 15 мкг/г соответственно. Анализы цитотоксичности 
выявили значительное снижение жизнеспособности клеток MCF-7: гелиотрин (75% –  
29%), H. crispum (85% – 48%), H. curassavicum (88% – 49%) и доксорубицин (74% – 25%). 
Значения IC50 составили 74,5 мкг/мл (гелиотрин), 81,87 мкг/мл (H. crispum), 64,17 мкг/мл  
(H. curassavicum) и 103 мкг/мл (доксорубицин).
Выводы. Как H. crispum, так и H. curassavicum проявили цитотоксическую актив-
ность в отношении клеток MCF-7. Эти результаты подтверждают потенциал видов 
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	� INTRODUCTION
The Boraginaceae family is a widespread angiosperm family including 110 genera 

and 1,600 species, predominantly found in temperate regions, particularly in the 
Mediterranean region [1]. Heliotropium, Arnebia, Cordia, Martensia and Trichodesma 
represent the important genera within the family [2]. The genus Heliotropium is one of 
the largest genera within its family, encompassing 247 approved species (POWO, 2022) 
[3, 4]. Over 18 species documented in Iraq by Abbas (1991), the two species H. crispum 
and H. curassavicum are distributed as halophytic succulent perennial annual herb or 
shrub. Heliotropium curassavicum L. is a species recently recorded for the first time in Iraq, 
Basrah Province [5]. The new recording of H. curassavicum is a notable enhancement to 
the country’s flora, broadening the recognized distribution of this species in the Middle 
East. Both species are considered as a relatively under-explored medicinal plant in Iraq 
that are known to contain PAs [6].

PAs are naturally occurring heterocyclic compounds of ester alkaloids that consist of a 
necine base moiety that is esterified with one or two necic acids. They exist as free necines, 
whether the necine base heliotridine or retronecine, or as a mixture of free bases and their 
corresponding N-oxides.

Plants of Heliotropium, significant medicinal plants, endured intensive investigation 
into the chemical composition. Several compounds, including flavonoids, PAs, phenols, 
and terpenoids have been obtained and characterized. Both H. crispum and H. 
curassavicum are distinguished by abundant PAs, which have antioxidant,  anticancer, 
antidiabetic and antimicrobial effects [7–9]. The phytopharmaceutical field has been 
exploring pyrrolizidine alkaloids in botanical extracts for nearly three decades [10]. 

Various Heliotropium extracts shown notable anticancer efficacy in different 
experimental tumor lines. 7-angeloyl heliotrine and retronecine isolated  from H. 
subulatum demonstrated inhibitory action against Sarcoma 180 [11].

	� MATERIALS AND METHODS
Plant Materials
The whole plants of H. crispum and H. curassavicum were collected during full 

flowering (April – November 2023) in Basra province, from the Airport Way and Al-Seiba, 
respectively. Authenticated by Dr. Ula Almosawi, a specialist in plant taxonomy in College 
of Pharmacy, University of Basrah. The plants were washed, air-dried under shade, and 
mechanically grinded for further analysis of medicinal properties and phytoconstituent 
screening.

	� EXTRACTION METHODS
100g of each plant species was macerated in 1L of 70% methanol for 5 days. The crude 

methanolic extract was filtered, concentrated, and dried to obtain a dry powder. The dried 

Heliotropium в качестве источников биологически активных соединений для разра-
ботки противораковых препаратов.
Ключевые слова: противораковая активность, ГХ-МС, H. Crispum, H. curassavicum, 
ВЭЖХ
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extract was then dissolved in distilled water and partitioned with n-hexane, chloroform, 
and ethyl acetate, resulting in four fractions:
	� n-hexane fraction;
	� Chloroform fraction;
	� Ethyl acetate fraction;
	� Aqueous layer.

The fractions were stored in sealed containers in the refrigerator for further use.

	� PRELIMINARY PHYTOCHEMICAL ANALYSIS BY CHEMICAL TESTS
A.	 Dragendroff’s test: adding 1 ml of extract and a few drops of Dragendorff’s reagent 

were added. The formation of a brown precipitate shows the existence of alkaloids.
В.	 Wagner’s test: the addition of 1 ml of extract and two drops of Wagner’s reagent 

results in the production of a reddish-brown precipitate, indicating the abundance of 
alkaloids.

С.	 Mayer’s test: through adding 1 ml of extract was treated with a few drops of Mayer’s 
reagent. The emergence of a white-creamy precipitate suggests that the alkaloids are 
present [12].

	� CHROMATOGRAPHIC ANALYSIS
Gas Chromatography – Mass Spectrometry (GC-MS) Technique
The GC-MS analysis was performed using an Agilent Technologies 7890B GC instrument 

coupled with a 5977A MSD. The analysis utilized an HP-5MS UI column with a temperature 
program starting at 40 °C for 5 minutes, increasing to 300 °C at 8 °C/min. The carrier gas 
flow rate was 1 ml/min, and the injection temperature was 290 °C [13].

Instrument Parameters:
	� Ion source temperature: 230 °C.
	� Mass range: 44–750 m/z.
	� Scan speed: 1562 (N2).

Compound identification was confirmed using the Wiley and NIST 2014 and 2020 
Library database, based on retention indices, molecular ions, and mass spectrometry 
fragmentation patterns.

	� HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) TECHNIQUE
Conditions:

	� Instrument: Shimadzu preparative HPLC system.
	� Column: ODS C18 (250×4.6 mm, 5 μm particle size).
	� Mobile phase: 0.01M phosphate buffer (pH 6.2) and acetonitrile (75:25 v/v).
	� Detection: UV detector at λ 220 nm.
	� Flow rate: 1.0 mL/min.
	� Temperature: 30 °C.
	� Injection volume: 0.1 mL.

Standard Preparation
	� Reference standards: Heliotrine and rivularine (purity ≥ 98.0%).
	� Stock solutions: 1.0 mg/mL in methanol.

Quantification:
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	� Peak areas of standards compared to samples at same retention times (Table 1).

Table 1
The analysis of standard PAs concerning concentration, retention time and area.

Seq. PAs Reten. Time [min] Area Conc. µg/ml
1 Heliotrine 3.25 3215.90 10
2 Rivularine 4.98 5821.08 10

Cytotoxicity Assessment by MTT Assay
This in vitro approach was employed to explore the possible cytotoxic potential of 

three samples including: the plant extracts of H. crispum and H. curassavicum and the 
isolated heliotrine on (MCF-7) tumer cell line and (HdFn) normal cell line.

Cell Line and Culture Maintenance
The Michigan Cancer Foundation-7 (MCF-7) breast carcinoma cells and human 

dermal fibroblast (HDFn) celll lines from the Biotechnology Research Center at Al-
Nahrain University were cultured in RPMI-1640 media with 10% heat-inactivated fetal 
bovine serum, 2-mM L-glutamine, 20-mM HEPES, 100 U/mL penicillin, and 100 μg/mL 
streptomycin. Cells were incubated at 37 °C with 5% CO₂ until reaching 90% confluency, 
then subcultured using 3 mL of 50 mg/mL trypsin [14].

MTT Protocol
MCF-7 cells (1×10⁴ – 1×10⁶ cells/mL) were seeded in 96-well plates (200 µL/well), 

incubated for 24 hours at 37  °C with 5% CO₂, and then treated with two-fold serial 
dilutions (25–400 µg/mL) of H. crispum, H. curassavicum, heliotrine, and standard drug 
doxorubicin. Controls received serum-free media. After 24 hours, MTT solution was added, 
and cells were incubated for 4 hours. Formazan crystals were solubilized with DMSO, and 
absorbance was measured at 575 nm using an ELISA reader. The mean OD with SD have 
been calculated for each set of repetitions, yielding a comprehensive analysis  of the 
results collected IC₅₀ values were calculated using GraphPad Prism 10 Software from La 
Jolla, Ca, USA.

	� RESULTS
Extraction
The use of methanolic maceration as an extraction method yielded 2.425 mg of H. 

crispum and 2.656 mg of H. curassavicum from crude extract.

Phytochemical Screening
The results for the tested plants samples are shown in Table 2.

Table 2
Results of Dragendorff’s and Wagner’s Reagent

Sample ID Plant species Dragendorff’s test Wagner’s test Mayer’s test
Sample 1 H. crispum + + +
Sample 2 H. crispum +/– – –
Sample 3 H. crispum – – –
Sample 4 H. crispum – – –
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Sample ID Plant species Dragendorff’s test Wagner’s test Mayer’s test
Sample 5 H. crispum + + +
Sample 6 H. curassavicum + + +
Sample 7 H. curassavicum +/– – –
Sample 8 H. curassavicum – – –
Sample 9 H. curassavicum – – –
Sample 10 H. curassavicum + + +

Notes: sample1 and 6 = crude extract, sample2 and 7 = chloroform fraction, sample3 and 8 = ethyl acetate fraction, sample 4 and 
9 = n-hexane fraction, sample 5 and 10 = final aqueous fraction; H. crispum and H. curassavicum, respectively.

Chromatographic Analysis
Gas Chromatography-Mass Spectrometry (GC–MS) Analysis
Mass spectra in Fig. 1 highlight unique peaks for each PA, with retention times, m/z 

ratios, and peak areas summarized in Table 3, offering a detailed overview of PA content.

Table 3
Pyrrolizidine alkaloids identified in methanolic extract of H. crispum and H. curassavicum by GC-MS.

Heliotropium species Rt (min.) Area Area (%) Chemical formula PA type

H. crispum

29.1306 1833832 0.1444 C16H23NO6 Monocrotalin
25.9882 40863909 3.218 C17H27NO6 3’-Acetyllycospamine
25.0602 9962317 0.785 C15H25NO5 Echinatine
24.9746 299787942 23.608 C16H27NO5 Heliotrine
23.8480 3790661 0.299 C13H19NO3 Rivularine
23.3829 52704242 4.159 C15H27NO5 Trachelanthine
18.4349 40402971 3.182 C8H13NO2 Heliotridine
15.9197 8442868 0.665 C8H13NO2 Trachelanthamidine

H. curassavicum

29.1186 732035 0.1448 C16H23NO6 Monocrotalin
25.9145 5248242 1.038 C17H27NO6 3’-Acetyllycospamine
25.0070 914685 0.180 C15H25NO5 Echinatine
24.8377 57391140 11.354 C16H27NO5 Heliotrine
23.7428 427864 0.085 C13H19NO3 Rivularine
23.4932 19788437 3.915 C15H27NO5 Trachelanthine
18.1725 9471659 1.874 C8H13NO2 Heliotridine
15.7616 2328243 0.164 C8H13NO2 Trachelanthamidine

High-Performance Liquid Chromatography (HPLC) Analysis
The identities of the analytes were confirmed by comparing retention times with 

authenticated standards. Fig. 2 shows distinct peaks for heliotrine and rivularine in both 
plant extracts, while Table 4 presents their retention times, areas, and heights, providing 
qualitative and quantitative data.

Table 4
HPLC detection for Heliotrine and Rivularine in methanolic extract of H. crispum and H. curassavicum 

PA standard / H. species Reten. Time [min] Area [mAU.s] Height [mAU] Area [%] Height [%]
Heliotrine st. 3.25 3215.90 688.95 100 100
Rivularine st. 4.98 5821.08 510.47 100 100

H. crispum
3.27 875654.08 600.12 25.00 25.00
4.99 455987.45 400.25 20.00 20.00

H. curassavicum
3.20 985160.24 784.15 27.00 27.00
4.90 324115.70 574.32 19.00 19.00

End of Table 2
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Fig. 2. Preparative HPLC for (A) Heliotrine standard, (B) Rivularine standard (C) H. crispum extract (D)  
H. curassavicum extract

Fig. 1. GC-MS spectra of the methanolic extract of (A) H. crispum (B) H. curassavicum
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Fig. 4. Preparative HPLC for Isolated rivularine

Fig. 3. Preparative HPLC for Isolated heliotrine
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Table 5
The concentration of heliotrine and rivularine in H. crispum and H. curassavicum

Heliotropium Heliotrine conc. (µg/g) Rivularine conc. (µg/g)
H. crispum 54 15
H. curassavicum 61 11

Assessments of Cytotoxicity by MTT Assay
MCF-7 cells viability decreased dose-dependently (25–400 µg/mL), with heliotrine 

showing the strongest cytotoxicity (29% viability), followed by H. crispum (48%) and H. 
curassavicum (49%), compared to doxorubicin (25%) (Fig. 3, 4). IC50 and selectivity index 
(SI) values are shown in (Table 6).

Table 6
IC50 for MCF-7 and HdFn cell lines with SI by MTT Assay

Compound HdFn IC50 µg/ml MCF-7 IC50 µg/ml SI

Heliotrine 130.9 74.5 1.75
H. crispum extract 134.5 81.87 1.64
H. curassavicum extract 182.5 64.17 2.84
Doxorubicine 120.7 103.0 1.17

Fig. 5. In vitro cytotoxicity on MCF-7 and HdFn cell lines measured by MTT assay
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Fig. 6. Inhibition of MCF-7 cells

	� DISCUSSION
Extraction
The extraction conditions and solvent type significantly affect the quantity and quality 

of pyrrolizidine alkaloids (PAs). Since PAs, including their N-oxides, are more soluble in 
polar solvents [15], 70% methanol was used for extraction. To avoid reduced yields from 
increased temperatures [16] therefore, maceration at room temperature was employed. 
The darker color of the extract indicates a concentrated yield [17]. As a long-time method 
for extraction, maceration for 5 days, with continuous agitation to increase the level of 
tertiary bases of PAs detected in the extract [18].

Phytochemical Screening
This study aimed to identify pyrrolizidine alkaloids in polar and non-polar fractions 

of two Heliotropium species. Color changes or precipitate formation after reacting with 
specific reagents confirmed the presence of the analyzed compounds, as shown in Table 2. 
Both H. crispum and H. curassavicum tested positive for alkaloids in the crude methanolic 
extracts and final aqueous fractions (samples 1, 5, 6, and 10) using Dragendorff’s, Wagner’s, 
and Mayer’s tests. Other fractions showed weak positive or negative results, suggesting 
that alkaloids were either absent or present in undetectable amounts in the nonpolar to 
moderately polar solvent fractions. Polar solvent maceration resulted in greater diversity 
of secondary metabolites, with aqueous fractions showing the highest PA content 
compared to other fractions [15]. This suggests that the alkaloids in these species are 
more water-soluble, making the aqueous fraction more concentrated. The method also 
serves as an effective purification technique for alkaloids, enhancing their detectability 
[19]. The polar aquous fractions of each plant extract exhibited the greatest diversity in 
content of PAs relative to the other fractions.
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Gas Chromatography-Mass Spectrometry (GC–MS) Analysis
The analysis identified eight pyrrolizidine alkaloids in H. crispum and H. curassavicum, 

including heliotrine, rivularine, and echinatine. The use of polar solvents for extraction 
resulted in a greater diversity of secondary metabolites, as indicated by GC-MS results. 
Eight pyrrolizidine alkaloids were identified in both plant extracts, while fewer or none 
were found in the less or non-polar fractions. The polar solvent exhibited the highest 
diversity of PA content compared to other fractions [15]. The GC-MS results showed only 
PAs, with no PA N-oxides detected, possibly due to their chemical nature, which makes 
them non-volatile and undetectable via gas chromatography [16].

High-Performance Liquid Chromatography (HPLC) Analysis
According to GC-MS results, supported by NIST data, were validated using ≥98% 

pure heliotrine and rivularine standards in HPLC to confirm identity and quantify PAs in 
H. crispum and H. curassavicum. Preparative HPLC enabled effective separation despite 
challenges like isomer co-elution and similar fragmentation patterns in PA identification 
[16, 20]. The quantitative assessment demonstrated notable disparities in the quantities 
of heliotrine and rivularine between the two species, where heliotrine showed the highest 
concentration: 61 µg/g in H. curassavicum and 54 µg/g in H. crispum compared to rivularine 
concentrations which exhibit lower concentration: 11 µg/g in H. curassavicum and 15 µg/g 
in H. crispum (Table 5). HPLC technique is well suited for the separation, identification and 
quantification of PAs and related N-oxides due to several advantages, including efficient 
separation, the ability to identify an extensive variety of compounds, and straightforward 
sample preparation. Furthermore, the utilization of standard PAs yields defined outcomes. 
Quantitative analysis revealed higher heliotrine levels than rivularine in both species, with 
H. curassavicum containing the most (61 µg/g). HPLC proved effective for separating and 
quantifying PAs due to several advantages, including efficient separation, the ability to 
identify an extensive variety of compounds, and straightforward sample preparation. 
Furthermore, the utilization of standard PAs yields defined outcomes [10] [21].

The first recorded incidence of H. curassavicum in Iraq is a remarkable finding, 
highlighting the possibility for undiscovered plant diversity within the nation. The 
discovery and documentation of a novel plant species is a crucial aspect of botanical 
research as it enhances the overall comprehensive inventory of country’s flora [5]. 
Heliotrine was identified as the major PA in both species studied, aligning with findings 
in 11 of 20 Heliotropium species. Its highest levels appeared in the inflorescences of  
H. lasiocarpium and H. suaveolens, observed by Yaseen AL-Shekhany [22] who we agree with 
in our result, suggesting it is the main PA produced by these plants. The higher heliotrine 
level in H. curassavicum may reflect a more active biosynthetic pathway, influenced by the 
presence of both saturated and unsaturated PAs. These differences in PAs content could 
affect each species’ therapeutic potential and toxicity [23, 24]. Isolation of heliotrine (Fig. 
5) and rivularine (Fig. 6) by P-HPLC; demonstrates well-isolated and symmetrical peaks for 
each one. The raised peak area and height confirm a significant presence of these PAs in the 
analyzed samples, with rivularine exhibiting a slightly smaller area than heliotrine. 

Assessments of Cytotoxicity by MTT Assay
For ages, plants have been utilized in cancer treatment, with about 3000 species 

recognized for their anticancer properties. Several anticancer medications are derived 
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from plant-based chemicals [25]. The MTT assay evaluated the in vitro cytotoxic effects 
of heliotrine, H. crispum, and H. curassavicum extracts on MCF-7 and HdFn cells, with 
doxorubicin as a reference. All tested samples showed cytotoxicity against MCF-7 cells 
with varying selectivity, where H. curassavicum had the highest selectivity (SI=2.84), 
while heliotrine was the most potent. HdFn cells maintained higher viability, indicating a 
potentially safer therapeutic window.

Heliotropium species exhibit anticancer activity through different mechanisms. 
The PI3K/Akt/mTORC1 system is crucial in malignant growth, apoptosis suppression, 
metastasis and therapeutic resistance [26]. GSK-3β, regulated by this pathway, influences 
breast cancer cell response to treatment [27]. Activation of the WNT/β-catenin pathway 
supports cancer stem cell survival and tumor recurrence [28]. Investigations have shown 
H. bacciferum extract inhibited MCF-7 cell proliferation in a dose-dependent manner. 
Molecular docking revealed strong binding of heliotrine to Wnt2, GSK3β, and β-catenin, 
suggesting it may disrupt metastasis-related signaling and block epithelial-mesenchymal 
transition, highlighting its potential anticancer mechanism [29]. Cytotoxicity assay of H. 
curassavicum extract has been conducted on MDA-MB-231 (human breast cancer cells), 
exhibiting varying levels of cytotoxic and showing a dose-dependent decrease in cell 
viability against breast cancer cells [30].

As shown heliotrine has demonstrated potential anticancer activity by different 
mechanisms, so our findings agree with these litreture. 

	� CONCLUSION
This is the first report from Iraq identifying various PAs in methanolic extracts of H. 

crispum and H. curassavicum, revealing their anticancer activities. The high heliotrine 
content suggests effective extraction and supports its use as a chemotaxonomic marker for 
Heliotropium. The in vitro investigations provide substantial evidence that these species 
exhibit anticancer activity, suggesting their potential as a value-added component for 
functional applications. It considered the first comprehensive study in Iraq for the newly 
recorded H. curassavicum. Future research should involve additional screening of the 
plants from this tribe for quantitative analysis and identification of novel PAs.

_________________________________________________________________________________________________

	� REFERENCES
1.	 Ahmad L, He Y, Semotiuk AJ, et al. Survey of pyrrolizidine alkaloids in the tribe Lithospermeae (Boraginaceae) from Pan-Himalaya and their 

chemotaxonomic significance. Biochemical systematics and ecology. 2018 Dec 1;81:49–57.
2.	 Nazaire M, Hufford L. A broad phylogenetic analysis of Boraginaceae: implications for the relationships of Mertensia. Systematic Botany. 2012 

Sep 1;37(3):758–83.
3.	 Diane N, Förther H, Hilger HH. A systematic analysis of Heliotropium, Tournefortia, and allied taxa of the Heliotropiaceae (Boraginales) based on 

ITS1 sequences and morphological data. American Journal of Botany. 2002 Feb;89(2):287–95.
4.	 Mabberley DJ. Mabberley’s plant-book: a portable dictionary of plants, their classification and uses. 2017.
5.	 Al-Rudainy YT, Al-Mayah AA. Heliotropium curassavicum l, 1753 (boraginaceae): a new record for flora of Iraq. Bulletin of the Iraq Natural History 

Museum (P-ISSN: 1017-8678, E-ISSN: 2311-9799). 2024 Jun 20;18(1):1–6.
6.	 Arshad A, Ahemad S, Saleem H, et al. RP-UHPLC-MS chemical profiling, biological and in silico docking studies to unravel the therapeutic 

potential of Heliotropium crispum Desf. as a Novel Source of Neuroprotective Bioactive Compounds. Biomolecules. 2021 Jan 4;11(1):53.
7.	 Arshad MA, Ahmad SA, Khurshid UM, Pervaiz IR. Studies on the antioxidant and xanthine oxidase inhibition potential of Heliotropium crispum. 

Acta Pol. Pharm. 2018 Jan 1;75:41–4.
8.	 Shahbaz A, Abbasi BA, Iqbal J, et al. Chemical composition of Gastrocotyle hispida (Forssk.) bunge and Heliotropium crispum Desf. and 

evaluation of their multiple in vitro biological potentials. Saudi journal of biological sciences. 2021 Nov 1;28(11):6086–96.
9.	 Suthar R, Solanki HA. Phytochemical screening of halophytic plant Cressa cretica L. Life sciences leaflets. 2021 Apr 1;134.
10.	 Kopp T, Abdel-Tawab M, Mizaikoff B. Extracting and analyzing pyrrolizidine alkaloids in medicinal plants: A review. Toxins. 2020 May 13;12(5):320.
11.	 Singh B, Sahu PM, Jain SC, Singh S. Antineoplastic and antiviral screening of pyrrolizidine alkaloids from Heliotropium subulatum. Pharmaceutical 

biology. 2002 Jan 1;40(8):581–6.



280 "Eurasian Journal of Oncology", 2025, volume 13, № 3

12.	 Dube N, van Heerden FR, Zachariades C, et al. First record of pyrrolizidine alkaloids in the southern African biotype of Chromolaena odorata 
(Asteraceae). South African Journal of Botany. 2021 Jul 1;139:19–25.

13.	 Kovats VE. Gas‐chromatographische charakterisierung organischer verbindungen. Teil 1: retentionsindices aliphatischer halogenide, alkohole, 
aldehyde und ketone. Helvetica chimica acta. 1958;41(7):1915–32.

14.	 Mahmood RI, Abbass AK, Al-Saffar AZ, Al-Obaidi JR. An in vitro cytotoxicity of a novel pH-Sensitive lectin loaded-cockle shell-derived calcium 
carbonate nanoparticles against MCF-7 breast tumour cell. Journal of Drug Delivery Science and Technology. 2021 Feb 1;61:102230.

15.	 Yusnawan E. The effectiveness of polar and non polar fractions of Ageratum conyzoides l. to control peanut rust disease and phytochemical 
screenings of secondary metabolites. Jurnal Hama dan Penyakit Tumbuhan Tropika. 2013;13(2):159–66.

16.	 Al-Subaie SF, Alowaifeer AM, Mohamed ME. Pyrrolizidine alkaloid extraction and analysis: Recent updates. Foods. 2022 Nov 30;11(23):3873.
17.	 Chmit MS, Wahrig B, Beuerle T. Quantitative and qualitative analysis of pyrrolizidine alkaloids in liqueurs, elixirs and herbal juices. Fitoterapia. 

2019 Jul 1;136:104172.
18.	 Mroczek T, Widelski J, Glowniak K. Optimization of extraction of pyrrolizidine alkaloids from plant material. Chemia analityczna. 2006 Jan 

1;51(4):567.
19.	 Beuerle T, Benford D, Brimer L, et al. Scientific opinion on pyrrolizidine alkaloids in food and feed. EFSA Journal. 2011 Nov;9(11):1–34.
20.	 Avula B, Sagi S, Wang YH, et al. Characterization and screening of pyrrolizidine alkaloids and N-oxides from botanicals and dietary supplements 

using UHPLC-high resolution mass spectrometry. Food chemistry. 2015 Jul 1;178:136–48.
21.	 Carpinelli de Jesus M, Hungerford NL, Carter SJ, et al. Pyrrolizidine alkaloids of blue heliotrope (Heliotropium amplexicaule) and their presence 

in Australian honey. Journal of agricultural and food chemistry. 2019 May 30;67(28):7995–8006.
22.	 AL-Shekhany YN, AL-Khesraji TO. Alkaloid and glycoside contents and antioxidant activity of two Heliotropium species (Boraginaceae) from 

Kurdistan Region-Northern Iraq. Garmian University Online Journal. 2012;2:963–79.
23.	 Birecka H, Frohlich MW, Hull L, Chaskes MJ. Pyrrolizidine alkaloids of Heliotropium from Mexico and adjacent USA. Phytochemistry. 1980 Jan 

1;19(3):421–6.
24.	 Dreger M, Stanisławska M, Krajewska-Patan A, et al. Pyrrolizidine alkaloids – chemistry, biosynthesis, pathway, toxicity, safety and perspectives 

of medicinal usage. Herba Pol. 2009;55(4):127–47.
25.	 Asma ST, Bashir K, Ayyaz A, et al. Natural products/bioactive compounds as a source of anticancer drugs. Cancers (Basel). 2022;14(24):6203.
26.	 Rascio F, Spadaccino F, Rocchetti MT, et al. The pathogenic role of PI3K/AKT pathway in cancer onset and drug resistance: An updated review. 

Cancers. 2021 Aug 5;13(16):3949.
27.	 McCubrey JA, Steelman LS, Bertrand FE, et al. GSK-3 as potential target for therapeutic intervention in cancer. Oncotarget. 2014 May 28;5(10):2881.
28.	 Pandey P, Khan F, Seifeldin SA, et al. Targeting Wnt/β-catenin pathway by flavonoids: implication for cancer therapeutics. Nutrients. 2023 Apr 

26;15(9):2088.
29.	 Gauranga R, Suresh V, Selvamani M, et al. Anti-metastatic Effect of Heliotropium bacciferum on MCF-7 Human Breast Cancer Cell Line. Cureus. 

2024 Apr 24;16(4).
30.	 Abutaha N, Alghamdi R, Alshahrani O, Al-Wadaan M. Heliotropium curassavicum extract: Potential therapeutic agent for liver cancer through 

cytotoxicity, apoptosis, and molecular docking analysis. Arabian Journal of Chemistry. 2024 Oct 1;17(10):105986.


