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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 Iraqg, 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 pg/mL).

Results. HPLC analysis showed heliotrine as the predominant PA in both H. curassavicum
(61 pg/g) and H. crispum (54 ug/qg), with rivularine concentrations of 11 pug/g and 15
pg/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%). ICs, values were 74.5 ug/mL (heliotrine), 81.87 pug/mL (H.
crispum), 64.17 ug/mL (H. curassavicum), and 103 pg/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.
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Pesiome

BBepeHue. JlekapcTBeHHble pacTeHus, ocobeHHO u3 popa Heliotropium (cemeinctso
Boraginaceae), TpaALMOHHO NCNONb3YIOTCA AN1A NeyeHns 6onesHel 1 NprBReKaloT BCe
6onbluee BHYMaHME CBOUM LIMTOTOKCMYECKM AeNCTBUEM MPOTUB IMHUIN PAKOBbIX Kie-
TOK.

Llenb. [laHHOe nccnepoBaHye 6b110 HanpaBieHo Ha OLEHKY MPOTUBOPAKOBOMN 3¢ deKTB-
HOCTM METaHOJIbHbIX SKCTPaKTOB ABYX BUAoB Heliotropium (H. crispum 1 H. curassavicum),
KOTOpble paHee He 13yvanuchb B Mipake, C ynopom Ha nx GUTOXMMUYECKNIA COCTaB U LIUTO-
TOKCMYECKYI0 aKTMBHOCTb NMPOTMB KNETOK paka MOJIOUYHOM Xese3bl.

Matepuanbi u metogbl. O6pa3Lbl pacTeHWi 6binK cobpaHbl B NpoBuHLMK bacpa (anpenb —
HOAGPb 2023 TI.), METAHOJNbHbIE SKCTPaKTbl ObIIV MOYyYEHbI MYTEM XONIOAHOW MaLepaLmm
C nocnefyoWNM pasfieNieHneM pacTBopuTenel H-rekcaHoM, XnopodopMom 1 STinave-
TaToM. DUTOXMMUNYECKUIA CKPUHWHT U naeHTuduKaumsa MNA 6binm npoBefeHbl C MOMOLLbIo
'X-MC 1 B2KX co cTaHaapTamu (rennmoTpuH 1 puBynapyviH), 3T1 Aea MA Obliv BblAeneHbl,
a X KOHLEeHTpaLmA 6blia onpegeneHa KONMYeCTBEHHO ¢ nomMoLybio BOXKX. LiuToTokcnye-
CKYI0 aKTUBHOCTb oLleHMBany B MTT-aHanv3e npoTuB KneTouHbix nuHuin MCF-7 n HdFn ¢
NCMONb30BaHMEM PACTUTESNIbHBIX SKCTPAKTOB, BblAENEHHOIO FreNMOTPrIHA 1 JOKCopyomLn-
Ha (CTaHABAPTHOro NPOTMBOPAKOBOIO MpenapaTa) B ABYKPATHbIX CEPUNHbBIX pa3BedeHUsAX
(25-400 mKkr/mn).

Pe3ynbtatbl. AHanu3 B3XKX nokasasn, uto refnoTpuH sBAsieTcA npeobnagatowm MNA Kak
y H. curassavicum (61 MKr/r), Tak n y H. crispum (54 MKr/r), npy 3ToM KOHLeHTpauun pu-
BynapuHa coctasuam 11 MKr/r n 15 MKr/r cooTBeTCTBEHHO. AHaNM3bl LUNTOTOKCUYHOCTM
BbIABUIN 3HAUUTENIbHOE CHUXKEHNME »KM3HecnocobHocTn Knetok MCF-7: rennoTpuH (75% -
29%), H. crispum (85% — 48%), H. curassavicum (88% — 49%) 1 fokcopyouLmH (74% — 25%).
3HayeHuna IC50 coctaBunu 74,5 mkr/mn (rennotpuH), 81,87 mxr/mn (H. crispum), 64,17 mkr/mn
(H. curassavicum) n 103 mMKr/mn (GOKCOpyO6ULIMH).

BbiBopgbl. Kak H. crispum, Tak 1 H. curassavicum npoaBuAn LUTOTOKCUYECKYIO aKTUB-
HOCTb B OTHOWeHuK Knetok MCF-7. 2T pe3synbraTbl NOATBEPXKAAIOT NOTEHLUMan BU40B

«EBpasnincKMin OHKONOMMUECKMI XXypHar», 2025, Tom 13, N2 3 269



Heliotropium B KauecTBe NCTOYHMKOB OMONOIrMYECKN aKTUBHbBIX COEAUHEHWI ANA pa3pa-
60TKM NPOTMBOPAKOBbIX NPenapaTos.

KnioueBble cnoBa: npotnBopakoBasa akTuBHocTb, [ X-MC, H. Crispum, H. curassavicum,
B2XKX

B 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].

B 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 AlImosawi, 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.

B EXTRACTION METHODS
1009 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
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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.

B 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.

B. 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.

C. 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].

B CHROMATOGRAPHIC ANALYSIS

Gas Chromatography - Mass Spectrometry (GC-MS) Technique

The GC-MS analysis was performed using an Agilent Technologies 7890B GCinstrument
coupled with a 5977A MSD. The analysis utilized an HP-5MS Ul 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:
®  |on 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.

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

Instrument: Shimadzu preparative HPLC system.

Column: ODS C18 (250x4.6 mm, 5 um particle size).

Mobile phase: 0.01M phosphate buffer (pH 6.2) and acetonitrile (75:25 v/v).
Detection: UV detector at A 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. pg/ml
1 Heliotrine 3.25 3215.90 10
2 Rivularine 498 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 pug/mL
streptomycin. Cells were incubated at 37 °C with 5% CO, until reaching 90% confluency,
then subcultured using 3 mL of 50 mg/mL trypsin [14].

MTT Protocol

MCF-7 cells (1x10* — 1x10° cells/mL) were seeded in 96-well plates (200 pL/well),
incubated for 24 hours at 37 °C with 5% CO,, and then treated with two-fold serial
dilutions (25-400 pg/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 1G5, values were calculated using GraphPad Prism 10 Software from La
Jolla, Ca, USA.

B 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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End of Table 2

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
29.1306 | 1833832 0.1444 C16H23NO6 Monocrotalin
25.9882 40863909 |3.218 C17H27NO6 3’-Acetyllycospamine
25.0602 9962317 0.785 C15H25N05 Echinatine
H. crispum 249746 | 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
29.1186 | 732035 0.1448 C16H23NO6 Monocrotalin
259145 5248242 1.038 C17H27NO6 3'-Acetyllycospamine
25.0070 | 914685 0.180 C15H25N05 Echinatine
H. curassavicum 24.8377 57391140 | 11.354 C16H27NO5 Heliotrine
23.7428 | 427864 0.085 C13H19NO3 Rivularine
234932 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. 498 5821.08 510.47 100 100
X 3.27 875654.08 600.12 25.00 25.00
H. crispum 4.99 455987.45  400.25 2000 2000
H. curassavicum 3.20 985160.24 784.15 27.00 27.00
4.90 324115.70 574.32 19.00 19.00
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B

Fig. 1. GC-MS spectra of the methanolic extract of (A) H. crispum (B) H. curassavicum
A B
C D

Fig. 2. Preparative HPLC for (A) Heliotrine standard, (B) Rivularine standard (C) H. crispum extract (D)
H. curassavicum extract
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Fig. 3. Preparative HPLC for Isolated heliotrine

Fig. 4. Preparative HPLC for Isolated rivularine
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Table 5

The concentration of heliotrine and rivularine in H. crispum and H. curassavicum

Heliotropium

Heliotrine conc. (ug/g)

Rivularine conc. (ng/g)

H. crispum

54

15

H. curassavicum

61

11

Assessments of Cytotoxicity by MTT Assay
MCF-7 cells viability decreased dose-dependently (25-400 pg/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). IC,, and selectivity index
(SI) values are shown in (Table 6).

Table 6

IC,, for MCF-7 and HdFn cell lines with Sl by MTT Assay
Compound HdFn IC_ pg/ml MCF-7 IC_, pg/ml Sl
Heliotrine 130.9 74.5 1.75
H. crispum extract 1345 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

276

"Eurasian Journal of Oncology", 2025, volume 13, Ne 3




Fig. 6. Inhibition of MCF-7 cells

B 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 pg/gin H.curassavicumand 54 ug/gin H. crispum compared torivularine
concentrations which exhibit lower concentration: 11 pg/g in H. curassavicum and 15 pg/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 pg/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.lasiocarpiumand 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-3[3, regulated by this pathway, influences
breast cancer cell response to treatment [27]. Activation of the WNT/B-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, GSK3[3, and B-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.

B 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.
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