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A B S T R A C T

Odontonema strictum (Acanthaceae) leave extract was investigated for its flavonoid content.
Column chromatography was used for compound isolation and mass spectrometry was performed
using electrospray ionization (ESI) in the negative ion mode for compound identification.

The full characterization of luteolin 7-O-[β-D-apiofuranosyl-(1 → 2)-O-β-D-ribofuranoside], a
flavone glycoside, was achieved using tandem mass spectrometry and high resolution 1D and 2D
Nuclear Magnetic Resonance (NMR). Among the 10 flavonoids glycosides detected in the ethanol
extract, beside the isolated one, 3 flavone glycosides with luteolin or apigenin aglycone were
tentatively identified.

1. Introduction

The plant species Odontonema strictum of the Acanthaceae family is commonly used in Burkina Faso to fight against hypertension.
This plant is nowadays more and more envisaged for a large range of biomedical and pharmaceutical applications, due to the broad
spectrum of reported biological activities, including antihypertension [1,2], antibacterial [3] and antioxidant [4] properties. Phyto-
chemical screenings revealed the presence of phytoconstituents belonging to many families, including tannins, flavonoids, steroids,
saponins, carbohydrates and glycosides [3]. A mixture of well-known phytosterols (stigmasterol and β-sitosterol) was isolated,
characterized [5] and showed antibacterial activity [6]. Several phenylpropanoid glycosides (verbascoside and isoverbascoside) were
isolated from Odontonema strictum leaves and exhibited potent radical scavenging activities against DPPH and H2O2 free radicals [7].
The antioxidant capacity of Odontonema strictum leaves extracts correlates quite well with the measured total phenolic and total
flavonoid contents, indicating the important contribution of phenolic compounds to the antioxidant properties [4]. In previous studies,
flavonoids have been identified as the major group of specific metabolites in Odontonema strictum leaves [4,8], but no molecule has
been isolated and fully characterized up to date. The literature mentioned the isolation of a flavonoid, proposed to be tiliroside, but its
structure was not firmly established [9]. In a previous report on the identification of Odontonema strictummetabolites, three flavonoids
have been detected but the glycosylation sites and bindings were not fully elucidated [4]. Besides being an integral component of the
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human diet with medicinal value, flavonoids also present biopesticide potentialities [10,11] and show good activity against micro-
organisms [12], cereal fungi [13] and termites [14]. Therefore, the isolation and identification of the flavonoids extracted from
Odontonema strictum leaves become mandatory from a structure/activity relationship point of view, but also to permit their (semi-)
industrial applications since the control and quality regulations enforced in industrial environments now require complete knowledge
of the molecules present in the formulations.

In the present study, we reinvestigated the flavonoid content of the Odontonema strictum ethanol extract. We successfully (i) iso-
lated and identified the most abundant flavonoid, and (ii) performed a thorough qualitative and quantitative analysis of the major
flavonoid glycosides. Several analytical methods have been employed to achieve our objectives, including column separation, Liquid
Chromatography-Mass Spectrometry (LC-MS), tandem MS (MS/MS) analysis, and 1H and 13C Nuclear Magnetic Resonance (NMR)
spectroscopy.

2. Material and methods

2.1. General experimental procedures

Extraction, column chromatography and Thin Layer Chromatography (TLC) were performed using ethanol, methanol, chloroform,
butanol, ethyl acetate and formic acid purchased from Sigma-Aldrich. Column chromatography was performed with silica gel
(230–400 mesh) (Sigma-Aldrich). Gel permeation chromatography was performed on Sephadex LH-20 from Pharmacia (Uppsala,
Sweden) and Diaion HP-20 reverse phase column from Supelco. TLC was performed on silica gel 60 F254 plates (Merck, Darmstadt,
Germany).

Standards, namely luteolin, apigenin, diosmin, kaempferol-7-O-neohesperidoside were purchased from Sigma-Aldrich (Paris-
France).

The LC-MS analyses were performed with methanol, acetonitrile and acetic acid HPLC grade, purchased from Merck (Darmstadt,
Germany). Milli-Q water was prepared using a Veolia Pure Lab flex 2 generator (Veolia, Brussels, Belgium).

2.2. Plant material and extraction

The leaves of Odontonema strictum were collected from the garden of the Department of Traditional Medicine, Institute for Health
Sciences Research at Ouagadougou (Burkina Faso). The collected plant material was compared to a previous voucher specimen
(N◦8702) deposited in the Herbarium of the National Centre for Scientific and Technological Research (Ouagadougou, Burkina Faso).
The leaves were shade dried, powdered and stored in an air tight container till further use. One and half kilogram (1.50 kg) of leaves
powder was first defatted with cyclohexane and then extracted with 15 L ethanol 70 % by stirring the mixture at room temperature for
24 h. The EtOH extract was filtered, centrifuged (Centriguge OSI, Italy) for 10 min at 2000 g and then concentrated on a rotavapor
under reduced pressure to give 72.42 g of a dried ethanol extract (4.83 % w/w).

2.3. Isolation and purification

Ethanol extract (72 g) was subjected to Diaion HP-20 column (MeOH–H2O, 3 × 50 cm), in order to remove the chlorophyll and
waxes, by increasing the gradient of methanol in water [15]. Twelve fractions were collected and analyzed by TLC with Neu reagent as
a derivatizing reagent. The fractions containing the main flavonoid were gathered and submitted to separation on silica gel column
(230–400 mesh, 3 × 40 cm) using CHCl3–MeOH gradient (0–100%MeOH). TLC was used to follow the separation during the column
chromatography. Forty fractions were collected and based on TLC profile, those containing the targeted spot were subjected to
repeated Sephadex LH-20 column chromatography (MeOH, 2.2× 154 cm) to yield the compound 1 (25 mg), as an amorphous powder
with orange color.

2.4. NMR spectra analysis

The NMR spectra of the isolated flavonoid (1) were recorded at 298 K in Dimethyl sulfoxide-d6 (DMSO-d6) on a Bruker Ascend 600
spectrometer operating at 14.09 T (600 MHz for 1H and 150.90 MHz for 13C). The chemical shift scales were calibrated using the signal
of the solvent (2.50 ppm for 1H and 39.50 ppm for 13C) or the signal of internal TMS (0.00 ppm). 2 D NMR spectra were recorded as
described in the literature [16].

2.5. LC–MS/MS analysis

The LC device used consisted of a Waters Alliance 2695, coupled to a Micromass Q-ToF Ultima API-US (Manchester UK) type mass
spectrometer, equipped with an electrospray source. The column used at a temperature of 40 ◦C was Phenomenex Kinetex C18, 150 ×

2.1 mm, 5 μm. Themobile phase, at a flow rate of 0.25 mL/min, consisted of a mixture of milli-Q water (0.01%HCOOH) (eluent A) and
methanol (eluent B) according to the gradient 10 % of B for 0–6 min, 30 % of B for 6–11 min, 35 % of B for 11–18 min, 50 % of B for
18–23 min, 90 % of B for 23–25 min, 100 % of B for 25–27 min and at the end 10 % B for 27–30 min. The sample (1 mg/mL in
methanol) was injected at a volume of 10 μL.

The parameters used for the MS analyses in negative mode were: capillary voltage 3.1 kV, cone voltage 40 V, source temperature
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100 ◦C, desolvation temperature 120 ◦C, desolvation gas - dry N2 (500 L/h). The electrospray negative ionization mode (ES –) were
used. The mass spectra in full scan mode were recorded by means of the Time-of-Flight (ToF) type analyser operating at a resolution of
8000 over a mass rangem/z 50–2000. For LC–MS/MS analyses, selected ions were collided against argon in the six-pole collision cell at
sufficient collision energy to induce a rate of sufficient decomposition.

The exact masses were determined using diosmin and kaempferol-7-O-neohesperidoside as internal standards.

2.6. Estimation of the relative abondance of flavonoids

In order to describe most of the flavonoids in the ethanol extract, we used a previously described methods [17,18] to estimate the
relative abundance of each flavonoid within the ethanol extract. This estimation was achieved using the extracted LC–MS signal
integration for each flavonoid molecular ion. The integration of the LC–MS signals allowed estimating the proportion of each flavonoid
in the extract. The relative abondance, the aglycone type, the glycosides composition and the retention time of each flavonoid was
generated using Microsoft Excel 2019.

3. Results and discussion

3.1. Flavonoid profiling in the ethanol extract

Ethanol is commonly used for flavonoid extraction from the biomass [19]. After drying and weighing, the leaves of Odontonema
strictum were defatted with cyclohexane and extracted with ethanol 70 % at room temperature for 24 h under stirring. The filtered
ethanol extract was subjected to Diaion HP-20 column separation. A rough phytochemical screening was realized all along the elution
from the column by thin layer chromatography (TLC) using the Neu reagent to detect flavonoids. The fractions containing flavonoids
were pooled and evaporated to dryness under reduced pressure. The dried extract was reconditioned in methanol for liquid chro-
matography - mass spectrometry (LC-MS) analysis as described in the literature [20]. The obtained chromatogram is shown in Fig. 1.

The total ion current (TIC) chromatogram of the ethanol extract features seven major signals (Fig. 1) that are ascribed to flavonoid
derivatives based on the TLC analysis, with measured m/z at 579.1, 549.1, 563.1, 533.1, 591.1, 577.1 and 605.1 for, respectively, the
signals detected at 15.77, 16.59, 18.04, 18.54, 18.94, 20.25 and 21.01 min (Fig. 1). A closer analysis allows detecting additional
flavonoids at 16.61 min and 18.19 min that are observed asm/z 547.1 andm/z 593.1 ions respectively, leading to a total of 9 different
compositions. Extracted Ion Current (EIC) chromatograms (Figure S1.1-9), are further built to detect isomers. Roughly, a dominant
isomer is detected for all the compositions, except for them/z 563 ions that appear at a 35:65 ratio at two different elution times, 18.04
and 18.93 min. Minor isomers are detected for the m/z 547 and 591 ions. In a first quantitative analysis, we reported in Table 1 the
relative abundances of all the detected flavonoid ions (by merging the minor isomers for m/z 547 and 591). The two isomers detected
at m/z 563 are distinguished in Table 1 due to their high abundances. Globally, 10 different molecules are constituting the flavonoid
extract of the leaves of Odontonema strictum.

3.2. Flavonoid isolation

The ethanol extract was further fractionated on silica gel column using CHCl3–MeOH gradient to isolate the dominant flavonoids
for further analysis, typically by targeting compound 1 in Table 1. Forty fractions were collected and based on TLC screening (Neu

Fig. 1. LC-MS analysis (negative ionization mode) of the Odontonema strictum flavonoid ethanol extract: the Total Ion Current (TIC) chromatogram
highlights the presence of 7 major signals. The m/z ratios correspond to the [M − H]− ions detected in the mass spectra.
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reagent) the fractions containing the targeted flavonoid – Rf 0.47 (Fig. S2) were further subjected to repeated Sephadex LH-20 column
chromatography to isolate the compound 1 (25 mg), as an amorphous powder with orange color. The isolated compound has been
subjected to mass spectrometry analysis with a special attention paid at the accurate mass of the detected ions and at the fragment ions
generated upon collision-induced dissociation experiments (CID). First of all, the deprotonated molecules, [M − H]− ions detected at
m/z 549 correspond to the elemental composition C25H25O14, as determined by high resolution mass spectrometry (Table 1).

Thesem/z 549 ions were further subjected to Collision-induced Dissociation (CID) experiments in the course of LC-MS/MS analysis
to generate fragment ions for structural characterization. At low kinetic energy, 20 eV (Fig. 2A), the precursor ions mostly dissociate by
generating two fragment ions that are observed at m/z 417 due to the loss of a 132 u pentose residue (xylose, apiose or ribose) and at
m/z 285 due to the loss of two pentose residues that could be either consecutive (m/z 549 → m/z 417 → m/z 285) or unique (m/z 549 →
m/z 285). Based on literature reports [21–23], the weaker intensity of the signal at m/z 417 compared to the m/z 285 signal indicates
an O-diglycosyl structure. Increasing the collision energy up to 65 eV induces the production of aglycone fragment ions, as clearly
observed in Fig. 2B. In particular, the presence of the 1,3A− fragment ions detected atm/z 151 points to luteolin or kaempferol aglycon,
as featured in Fig. 3 [24,25]. However, the observation of the key-fragment ions atm/z 133, says 1,3B− ions, and 256 allows to propose
a luteolin aglycone [25], as also confirmed by comparison with the CID spectrum of a standard luteolin.

The common glycosylation sites of flavoneO-glycosides are at the 7-, 5- or 4’-O positions. Flavonoid 5-O-glycosides rarely meet and
do not yield [Y0 − H]− . fragment ions in negative ion mode [26]. The identification of glycosylation site can be performed on the basis
of relative abundances of Y0

− and [Y0 − H]− . product ions. CID spectra obtained for deprotonated flavonoid 1 showed a radical aglycone
ion ([Y0 − H]− .) at m/z 284 beside the Y0

− ion at m/z 285, corresponding to the deprotonated luteolin. The radical aglycone ion ([Y0 −

H]− .) is relatively more abundant ([Y0 − H]− .)/Y0
− = 1.42) than the deprotonated aglycone Y0

− at high collision energy (65 eV) and
favour 7-O-glycolsylation. In addition, the 1,3B− ions are pronounced for the flavonoid 1 and confirm the 7-O-glycosylation [27,28].

The 1H and 13C NMR spectra were recorded on the isolated flavonoid 1 dissolved in DMSO-d6 and are all gathered in Figs. S3–12.
The 1H and 13C NMR chemical shifts are reported in Table 2. The 1H NMR spectrum features a total of six aromatic protons which
resonate between δH 6.30 ppm and δH 7.45 ppm (Fig. S3). The three aromatic protons of the B-ring (Fig. 4) at δH 7.44 ppm (1H, dd, J=

Table 1
LC-MS/MS analysis (ESI negative ionization mode) of the Odontonema strictum flavonoid ethanol extract: overview of the MS data generated.

N◦ Rt (min) Composition [M − H]- Relative abundance (%) m/z
[M − H]-

Δ(m/z)
(ppm)

Fragment ions in LC-MS/MS

Aglycone ions Sugar losses

1 16.6 C25H25O14 38.7 549.1254 1.8 m/z 285 132 u/132 u
2 15.8 C26H27O15 2.7 579.1360 1.7 m/z 285 162 u/132 u
3 18.0 C26H27O14 8.8 563.1396 − 0.9 m/z 285 146 u/132 u
4 18.9 C27H27O15 8.4 591.1351 0.2 m/z 285 42 u, 18 u, 132 u, 132 u
5 16.5 C26H27O13 9.3 547.1106 3.3 m/z 269 278 ua

6 18.4 C25H25O13 4.1 533.1313 3.4 m/z 269 132 u/132 u
7 18.1 C27H29O15 1.3 593.1462 − 7.4 m/z 299 162 u/132 u
8 18.9 C26H27O14 16.7 563.1396 − 0.9 m/z 299 132 u/132 u
9 20.2 C26H27O15 6.6 577.1528 − 5.0 m/z 299 278 ua

10 21.0 C28H29O15 3.4 605.1490 − 2.6 m/z 299 42 u, 18 u, 132 u, 132 u

a the 278 u loss could correspond to a 132 u + 146 u but the intermediate ions are not detected.

Fig. 2. LC-MS/MS analysis (negative ionization mode) of the Odontonema strictum flavonoid ethanol extract: CID spectra recorded at 20 eV and 65
eV (precursor ion kinetic energy) for the m/z 549 [M − H]− ions.
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2.22, 8.43 Hz, H-6’), 6.81 ppm (1H, d, J = 8.43 Hz, H-5’) and 7.38 ppm (1H, d, J= 2.22 Hz, H-2’) resonate in an ABX system, whereas
the A-ring protons with δH 6.77 ppm (1H, d, J = 2.16 Hz, H-8) and 6.38 ppm (1H, d, J = 2.16 Hz, H-6) point to an AB system. The
proton H-3 of the C-ring appears as a singlet at δH 6.69 ppm.

The HSQC spectrum showed in Fig. S8 allows determining the carbon atoms bearing these protons that are detected with δC 120.20
ppm (C-6’), 116.36 ppm (C-5’), 112.57 ppm (C-2’), 94.85 ppm (C-8), 99.61 ppm (C-6) and 102.44 ppm (C-3). The HMBC spectrum in
Fig. S9 shows correlations from H-3 to δC 165.44 ppm (C-2), 182.10 ppm (C-4), 105.73 ppm (C-10) and 119.10 ppm (C-1’). The two
aromatic protons of the A-ring (H-6 and H-8) correlate in HMBC with a carbon nucleus at δC 162.69 ppm (C-7). This value is an
indication of glycosylation at that position. The downfield shifts observed for C-6 (δC 99.61 ppm) and C-8 (δC 94.85 ppm) confirm the
glycosylation at C-7 of the aglycone. The other carbon nuclei of the aglycone which are quaternaries carbon atoms resonate at δC
161.47 ppm (C-5), 157.34 ppm (C-9), 146.88 ppm (C-3’) and 153.40 ppm (C-4’) as assigned by exploiting both the 13C NMR spectrum
(Fig. S6) and the DEPT 135 data (Fig. S7). The 1H and 13C NMR spectra data are also in good agreement with those previously reported
in the literature [29,30].

The structure elucidation of the two pentose moieties is achieved using 1D and 2D NMR experiments. The well-resolved anomeric
proton signals resonate at δH 5.17 ppm (1H, d, J= 7.44 Hz, H-1”) and 5.33 ppm (1H, d, J= 1.44 Hz, H-1‴) (Fig. S4). The analysis of the
HMBC spectrum (Fig. S9) reveals a correlation between the anomeric proton at δH 5.17 ppm with the carbon at δC 162.69 ppm (C-7),
which also confirms the glycosylation at that position of the aglycone. We deduce that the anomeric proton at δH 5.17 ppm belongs to
the pentose residue directly attached to the aglycone and the one at δH 5.33 ppm belongs to the second pentose. The correlation
spectrum HSQC (Fig. S8) allows identifying both anomeric carbons at δC 98.92 ppm (C-1”) and δC 109.33 ppm (C-1”’). Starting from
the anomeric proton signals, 1D TOCSY, DQF-COSY and 1H–1H-COSY experiments (Figs. S10–15) allow the sequential assignments of
the other protons of the pentoses, as previously described for other flavonoids glucosides [30,31]. Among these protons, four methine
and three methylene groups are present and appear in the region δH 3.25− 3.95 ppm, with characteristic splitting patterns (doublet,

Fig. 3. CID of flavonoid aglycone ions: 1,3A and 1,3B refer to aglycone fragments containing A- and B-rings, respectively, and superscripts 1 and 3
indicate the broken C-ring bonds with charges retention on the A- or B-ring fragments [25].

Table 2
1H and13C NMR spectroscopic data for isolated compound 1 (600 MHz, δH, J in Hz).

Atome 1H, δ (ppm); multiplicity (J in Hz) 13C δ (ppm)

2 – 165.44
3 6.69; s 102.44
4 – 182.10
5 (-OH) 8.47; s 161.47
6 6.38; d (2.16) 99.61
7 – 162.69
8 6.77; d (2.16) 94.85
9 – 157.34
10 – 105.73
1’ – 119.10
2’ 7.38; d (2.22) 112.57
3’ – 146.88
4’ – 153.40
5’ 6.81; d (8.43) 116.36
6’ 7.44; dd (8.43 and 2.22) 120.20
1’’ 5.17; d (7.44) 98.92
2’’ 3.53; t (7.8) 76.56
3’’ 3.43; brd 69.75
4’’ 3.75–3.78; brd 76.84
5’’ 3.30; dd (2.76) 64.35
1‴ 5.33; d (1.44) 109.33
2‴ 3.75–3.78; brd 76.43
3‴ – 79.63
4‴ 3.89 (H1); d (9.42) and 3.67 (H2); d (9.42) 74.27
5‴ 3.42; brd 65.98
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triplet and broad). The pentose not directly linked to the aglycone possesses a quaternary carbon and amethylene group, as revealed by
both 13C and DEPT 135 NMR spectra. The methylene protons in position 4‴ (Fig. 4) are different and resonate at δH 3.89 ppm (1H, d, J
= 9.42 Hz) and δH 3.67 ppm (1H, d, J = 9.42 Hz) in an AB system.

Based on all these MS and NMR data, the structure of flavonoid 1 is proposed to be luteolin 7-O-[β-D-apiofuranosyl-(1 → 2)-β-D-
ribofuranoside], presented in Fig. 4. This flavone is identified for the first time as for us. Some isomers of the isolated molecule were
previously isolated from Sclerochiton vogelii (Acanthaceae) [30] and Justicia secunda Vahl [31] and were respectively luteolin
7-O-[β-D-apiofuranosyl-(1 → 2)-β-D-xylopyranosyl] and luteolin 7-O-[β-apiofuranosyl-(1 → 2) β-xylopyranoside]. In these structures,
the pentose directly linked to the aglycone is a xylose while in compound 1 it is a ribose. Spectroscopic characteristics in 1H NMR of
compound 1 are deepened, because the highest resolution used (600MHz) allowed the assignation of all the aromatic protons and their
coupling systems (AB and ABX). For example, the protons H-2’ and H-6’ resonate respectively as doublet and doublet of doublets
respectively.

3.3. Other flavonoids characterization

The isolation of all the 10 flavonoids presented in Table 1 was not achieved, but we decided to gather as many as possible structural
information mostly using LC-MS and LC-MS/MS experiments. The CID mass spectra of all detected flavonoid ions are presented in
Figure S17.1-9 and the signature fragment ions are presented in Table 1. In particular, the monosaccharide losses leading to the
aglycone ions are highlighted.

Compounds 2, 3 and 6with respective retention times at 15.8, 18.0 and 18.4 min (Table 1) are tentatively identified based on their
MS/MS spectra analyses.

Compound 2 is detected as [M− H]− ions at m/z 579 that correspond to the molecular formula C26H27O15, as measured using
HRMS. The CIDmass spectrum is presented in Figure S17.1 and the occurrence of fragment ions atm/z 417 suggests the loss of a hexose
residue (typically a glucose), whereas the m/z 285 fragment ions arise from a consecutive 132 u loss, readily attributed to a pentose
loss. The aglycone ions detected at m/z 285 are identified as luteolin ions, based on the data acquired for compound 1 and luteolin
standard. The proposed structure is luteolin 7-O-[β-D-glycofuranosyl-(1 → 2)-O-β-D-ribofuranoside], as shown in Fig. 5. As far as
compound 3 is concerned (Rt at 18 min andm/z 563), the HRMS data confirm the elemental composition presented in Table 1 and the
CID mass spectrum is presented in Figure S17.2. Successive 146 u and 132 u losses,m/z 563 → m/z 417 → m/z 285, are again observed
(see also Table 1) and suggest successive rhamnose and pentose losses. The fragmentation of the m/z 285 aglycone ions (higher
collision energy regime) again confirms the presence of a luteolin. Compound 3 is tentatively identified as luteolin 7-O-[β-D-rham-
nofuranosyl-(1 → 2)-O-β-D-ribofuranoside] (Fig. 5). As far as compound 6 (Rt 18.4 min) is concerned, beside the elemental compo-
sition that is readily confirmed upon HRMS experiments in Table 1, successive 132 u losses yielding the aglycone ions at m/z 269
(Figure S17.5). These aglycone ions were identified as apigenin ions by comparison with reference ions. Compound 6 is thus proposed
to be apigenin 7-O-[β-D-apiofuranosyl-(1 → 2)-O-β-D-ribofuranoside] (Fig. 5).

As far as the other flavonoids are concerned, as shown in Table 1, all molecules possess a disaccharide, attached to the flavonoid
aglycone at the common glycosylation site, say the 7-position [32]. The intersaccharide linkage could be rutinoside-like or
neohesperidoside-like linkage, but the neohesperidoside linkage is probably present based on the NMR data for the isolated and full
characterized flavonoid 1 and literature data [33]. All aglycones are flavones (luteolin or apigenin). Two specific cases have been
detected and correspond to the m/z 591 (4) and 605 (10) ions.

4. Conclusions

In the present study, LC–MS and MS/MS analyses have revealed the wide array of flavonoids present in Odontonema strictum leaves.
One flavone glycoside was isolated and fully characterized as luteolin 7-O-[β-D-apiofuranosyl-(1 → 2)-O-β-D-ribofuranoside], using
tandem mass spectrometry and 1 D and 2 D NMR. Three other flavonoids glycosides with luteolin and apigenin aglycone were also

Fig. 4. Molecular structure of the isolated flavonoid 1 luteolin 7-O-[β-D-apiofuranosyl-(1 → 2)-O-β-D-ribofuranoside].
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identified. Full description of the major flavonoids was done by the determination of the amount of each flavonoid present in the
ethanol extract. The isolated flavonoid had the higher content with 38.68 %.

This study reveals the richness of Odontonema strictum in flavonoids and may justify its biological properties. This plant deserves to
be valued because it is available and easy to grow.
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Fig. 5. Proposed molecular structure for compounds 2, 3 and 6 detected at m/z 579, 563 and 533, respectively.
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