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Abstract: Chemical constituents and acetylcholinesterase inhibition was investigated in both essential oil and
dichloromethane subextract obtained from the aerial parts of Senecio ventanensis, an endemic Asteraceae. The
chemical composition of the oil was determined by GC and GC-MS. The major constituents were a-terpinene
(12.2%), limonene (11.9%), [1-humulene (10.5%), sabinene (9.1%), terpinolene (8.8%), p-cymene (8.1%) and
a-ocimene (7.3%). The bioassay guided isolation of the constituents of the active dichloromethane subextract
(ICsp = 361.6 png/mL) led us to the isolation of two diastereoisomers of a sesquiterpene endoperoxide 3,6-
epidioxy-1,10-bisaboladiene (1 and 2), reported here for the first time in S. ventanensis. The identification was
achieved by comprehensive analyses of its *H and **C NMR spectroscopic data (including 2D experiments) and
mass spectrometric data. Their absolute configuration is proposed on the basis of AM1 calculations and NOESY
experiments. This is the first time that compounds 1 and 2 have been separated as well as the first phytochemical
investigation of S. ventanensis.
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1. Plant Source

Senecio ventanensis Cabrera (Asteraceae) (Sin.: Senecio pinnatus Poir. var. glandulosus Ball) is
an endemic species that grows wild in the Southwest of Buenos Aires province, Argentina. The genus
Senecio is known to be a source of pyrrolizidine alkaloids (PAs), eremophilanolides, and
furanoeremophilanes [1]. Senecio species were used in the folk medicine for the treatment of wounds
and as antiemetic, anti-inflammatory, and vasodilatory preparations [1].

Flowering plants of S. ventanensis were collected at Cerro Calvario, Tornquist, Buenos Aires
province in October 2009. Voucher specimen was identified by Dr. Maria Gabriela Murray and
deposited in the Herbarium of Universidad Nacional del Sur (BBB) in Bahia Blanca, Argentina, under
the number Murray M.G. 486.

2. Previous Studies
To the best of our knowledge, there are no phytochemical and biological reports on S.

ventanensis. The sesquiterpene endoperoxide 3,6-epidioxy-1,10-bisaboladiene has been obtained
previously, always as a mixture of two stereoisomers, from several species, mainly from the
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Asteraceae family [2-5]. Antimicrobial, antifungal, antitumor and antimalarial activities have been
reported for this mixture in the past [2-4, 6, 7].

3. Present Study

As part of our ongoing investigations of acetylcholinesterase (AChE) inhibitors from endemic
and native plants [8, 9], we have studied the essential oil and the dichloromethane (DCM) subextract
of S. ventanensis, their ability to inhibit AChE and chemical composition.

The fresh plant material was grounded into small pieces and the essential oil from the aerial
parts of S. ventanensis (88.1 g) was isolated by hydrodistillation in a Clevenger-type apparatus (3-4 h)
(yield: 0.015 %). The chemical composition of the oil was determined by GC-MS (See Supplementary
material). The compounds were identified by comparison of their retention indices (Kovats Indices)
with those of known compounds [10-15] and also by comparison of their MS with those stored in the
MS database (NBS75K.L MS DATA). Relative percentage amounts were obtained directly from GC
peak areas. Results are summarized in Table 1.

Table 1. Chemical composition of the essential oil from Senecio ventanensis.

Constituents® RI®  Percentage ® Identification °
1-nonene 892 0.9 Ri, MS, S
a-thujene 938 0.4 Ri, MS
o-pinene 939 3.6 Ri, MS, S
sabinene 972 9.1 Ri, MS
B-pinene 981 6.0 Ri, MS
B-myrcene 992 2.3 Ri, MS, S
a-phellandrene 1006 1.3 Ri, MS
o-terpinene 1012 12.2 Ri, MS
p-cymene 1027 8.1 Ri, MS
limonene 1030 11.9 Ri, MS, S
trans B-ocimene 1038 0.7 Ri, MS
a-0cimene 1056 7.3 Ri, MS
y-terpinene 1074 2.6 Ri, MS
terpinolene 1088 8.8 Ri, MS
terpinen-4-ol 1179 3.4 Ri, MS
a-cubebene 1349 0.2 Ri, MS
o-copaene 1377 0.4 Ri, MS
B-cubebene 1391 0.3 Ri, MS
caryophyllene 1421 2.2 Ri, MS
aromadendrene 1440 0.8 Ri, MS
a-humulene 1454 105 Ri, MS
8-cadinene 1518 2.0 Ri, MS
spathulenol 1578 5.1 Ri, MS

@ Components are listed in order of elution on HP-5 column. PRI retention index determined on HP-5column. © Determined by GC-
FID integration. ¢ Ri = retention index identical to bibliography, MS = identification based comparison of mass spectra , S =
retention time identical to authentic compound

Twenty three components representing the 98.5% of the total oil were identified. The major
constituents were o-terpinene (12.2%), limonene (11.9%) and a-humulene (10.5%). Monoterpene
hydrocarbons were the main constituents of the essential oil of S. ventanensis (66.2%), followed by
sesquiterpene hydrocarbons (16.3%), phenylpropanoids (8.1%), oxygenated sesquiterpenes (5.1%) and
oxygenated monoterpenes (3.4%).

It was reported that a-terpinene was the predominant compound in other two Argentinian
Senecio species oils, S. filaginoides var. lobulatus (4.4%) from the province of Chubut [16] and S.
graveolens (60%) from the province of Jujuy [17]. This compound was also one the main
components of the essential oils of S. atacamensis (30.0 and 20.6% for leaves and stems, respectively)
from Chile [18] and S. nutants aerial parts oils (15.1-12.2%) from Peru [19]. Limonene was one of the
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major constituents of the essential oils of S. vernalis (6.2%) from Turkey [20] and of the South
African species S. polyanthemoides (3.1-43%) [21] and S. pterophorus (10.3-30.2%) [22]. The
essential oils of S. bombayensis [23] and S. longipenicillatus [24] were reported to contain the
sesquiterpene a-humulene (5.2 and 15.8%, respectively) as one the main constituents of the oils.

These components of S. ventanensis essential oil, a-terpinene, limonene and a-humulene,
have not been detected as main compounds of the oils of other five Senecio species from Argentina (S.
mustersii, S.subpanduratus, S. subulatus, S. viridis, S. argophylloides) although limonene was detected
as a minor constituent of all the studied oils (0.2-5.3%) [25, 26].

Dichloromethane (DCM) subextract (14 g) was obtained from fresh material (1.3 kg) by
maceration in ethanol, evaporation to dryness and further partition with H,O:MeOH (9:1) and DCM.

We found that the DCM sub-extract from aerial parts of S. ventanensis inhibited AChE, with
ICs0 = 361.6 pug/mL in a spectrophotometric assay using Ellman’s colorimetric method [27]. On the
other hand, the essential oil resulted to be inactive against AChE (8.9% of AChE inhibition at 166
pg/mL).

In order to identify the AChE inhibitors present in the DCM subextract a bioassay guided
fractionation was carried out. A portion of this subextract (5 g) was subjected to column
chromatography over Silicagel, eluting with mixtures of hexane:AcOEt of increasing polarity. Active
fractions, eluted with hexane:AcOEt 98:2, were combined and submitted to flash chromatographic
separation with hexane:Et,0 98:2. Compound 1 (2.5 mg, [a]o® = -180 (c 0.1, CHCI,)) and a mixture
of 1 and 2 (4.2 mg, 54:46 ratio determined by GC) were obtained. Repeated and careful
chromatographic separation of 1 and 2 afforded a mixture enriched in compound 2 (75%, 1.9 mg).
From de NMR spectra of these compounds, provided in the supplementary material, the presence of a
bisabolane sesquiterpenoid endoperoxide was established. Comparison of these data with the literature
revealed that 1 and 2 are two diastereomers of 3,6-epidioxy-1,10-bisaboladiene that have been
obtained previously, always as a mixture of two diastereoisomers (Figure 1). This is the first time that
one of these diastereomers has been isolated.

1 2
Figure 1. Structure of compounds 1 and 2 isolated from S. ventanensis.

The stereochemistry of C-7 in 1 and 2 has been already established as S by a biosynthetic
approach [2]. The stereochemistry of C-3 and C-6 is either 3R,6R or 3S,6S. In the NOESY spectrum of
1 we observed cross peaks between CH3-14 (0.99 ppm) and H-5a (2.02 ppm) and H-5b (1.50 ppm),
while in the NOESY spectrum of the mixture of 1 and 2 we also observed that for compound 2 the
signal of CHs-14 (1.00 ppm) correlates only with H-5a (2.02 ppm). AM1 calculations optimizing the
dihedral angle between C-14 and the peroxy bridge showed that the stereoisomer 3S,6S has one
conformation of minimal energy that could explain the NOE observed between CH;-14 and one of the
H-5 protons, while the stereoisomer 3R,6R has two conformations of minimal energy that show how
CHs-14 could give a cross peak with H-5a and H-5b in the NOESY experiment (Figure 2). These
observations lead us to propose that the endoperoxide 1 has the 3R,6R,7S stereochemistry while 2 is
the 3S,6S,7S isomer.
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Figure 2. Minimal energy conformation of (3R,6R,7S)- and (3S,6S,7S)-3,6-epidioxy-1,10-bisaboladiene.

Table 2. Summary of acetylcholinesterase inhibition results

Inhibitor ® Inhibition (%)° / 1Cs,
Essential oil 8.9+0.7 (166 png/mL)
DCM subextract 361.6 1.1 pg/mL
1 10.6 + 1.4 (200 uM)
1:2 (54:46) 36.4 + 0.1 (200 uM)
1:2(25:75) 49.4 + 0.2 (200 pM)
eserine © 99.0 + 0.2 (200 uM)

Samples were dissolved in buffer with MeOH as cosolvent (final conc. 2.5 %).
®Values represent the mean of three replicates + standard deviation, inhibitor
concentration between brackets. ©Positive control.

Results suggest that endoperoxide 2 is a better inhibitor than 1 since the highest inhibition was
observed for the mixture enriched in 2. The ICsy determined for the 54:46 mixture was 432.3 £ 0.6 uM
(ICso = 102.1 £ 0.1 pug/mL). Unfortunately, further attempts to obtain pure 2 have been unsuccessful
until now. These results confirm the importance of knowing the stereochemistry of the inhibitor.

This study represents the first analysis of the secondary metabolites present in S. ventanensis
with AChE inhibition and the first phytochemical record for this species. Even though the DCM
subextract showed a moderated enzymatic inhibition (ICs, = 361.6 ug/mL), compounds 1 and 2
proved to be weak inhibitors, which suggest that others AChE inhibitors, that couldn’t be isolated,
should be responsible for the observed activity of the DCM subextract. Finally, this is the first time
that compounds 1 and 2 have been separated, allowing to propose an absolute configuration for each
one.
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