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Abstract

Secondary volatile metabolites were isolated by simultaneous distillation—solvent extraction (SDE) and supercritical
(CO,) extraction (SFE) from fiowers, leaves and stems of Spilanthes americana (Mutis) Hieron (Compositae). The extracts
were analyzed by capillary gas chromatography using flame ionization, nitrogen—phosphorus (NPD) or mass spectrometric
detection. Compounds were identified according to their Kovats indexes, mass spectra (El, 70 eV), or by comparison with
standard substances. The method of extraction (SDE, SFE) and the source of the plant material (flowers, stems, leaves)
affected the composition of the extracts. SFE extracts from stems were rich (>40%) in sesquiterpenes (e- and
B-bisabolenes, caryophyllene and cadinenes), while those from leaves and flowers were abundant in nitrogenated (43 and
27%) and oxygenated (36 and 23%) compounds. N-(isobutyl)-2E,6Z,8FE-decairienamide, N-(2-methylbutyl)-2E,6Z,8E-
decatrienamide, N-(isobutyl)-6Z,8FE-decadienamide and N-(2-phenylethyl)-2E,6Z,8 E-decatrienamide are examples of the
nitrogenated compounds found. SDE extracts from stems, leaves, and flowers of S. americana contained sesquiterpene levels
of 32, 28 and 20%, and a generally higher proportion of oxygenated compounds (28, 52 and 32%) and monoterpenes (27, 10
and 42%}) than their SFE counterparts. Only trace-level contents of nitrogenated compounds were found using NPD in SDE
extracts. Some heavy hydrocarbons (C,>20) originated from flower pigments and waxes were isolated by SFE but not by
SDE. SFE was both-selective and highly efficient in the isolation of sesquiterpenes, heavy hydrocarbons and nitrogenated
compounds (amides).
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1. Introduction possess antiseptic and analgesic effects and insectici-
dal activity against adult mosquitoes, several leaf-
Spilanthes americana (Mutis) Hieron (family eating insects and houseflies [3-6]. The plant
Compositae) commonly called in Colombia produces a slight burning, paralytic effect on the
“guaca’, ‘‘guasca’ or ‘“‘quemadora’, is native to tongue [6]. The extracts from S. americana flowers
South America [1] and is used in Colombian cuisine also have found application in the treatment of
[2]. Extracts from S. americana have been shown to Herpes simplex and Herpes zoster [7].
—_— Research on the secondary metabolites from S.
*Corresponding author. americana has focused on the isolation and identifi-
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Fig. 1. Gas chromatograms of the extracts obtained by SDE and SFE from different parts of the Colombian Spilanthes americana. DB-1
1

(60 mx0.25 mm 1.D.) column, FID, temperature programmed from 50°C (5 min hold) to 250°C at 2.5 C° min .
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cation of spilanthol [N-(isobutyl)-2£,6Z,8E-deca-
trienamide] [8], one of the biologically active metab-
olites with an insecticidal activity, isolated from the
flowers of S. americana and other Spilanthes sp.
However, little information exists about other S.
americana secondary metabolites [4]. As this plant
exhibits an ample range of biological activity and is
widely used in folk medicine and the human diet, it
is important to extend the study to other secondary
metabolites. In the present work we isolated volatile
secondary metabolites from different parts of S.
americana (flowers, leaves, stems) using simulta-
neous distillation-solvent extraction (SDE) and
supercritical fluid (CO,) extraction (SFE). The ex-
tracts were analyzed by capillary gas chromatog-
raphy with different detection systems [flame ioniza-
tion detection (FID), nitrogen—phosphorus detection
(NPD) or mass spectrometry (MS)]. Compounds
were identified according to their Kovits indexes,
mass spectra (EI, 70 eV) and by comparison with
standard substances.

2. Experimental
2.1. Plant material

Spilanthes americana plants were gathered during
the flowering period from an experimental plantation
in Bucaramanga (Santander, Colombia) during
January—May 1995. In all extractions only fresh and
undamaged plant material was used. Volatile sec-
ondary metabolites from flowers, leaves or stems of
S. americana were obtained by SDE or SFE immedi-
ately upon harvesting.

2.2. Essential oil extraction

2.2.1. Simultaneous steam distillation—solvent
extraction

SDE was carried out in the micro-version ap-
paratus, as described elsewhere [9]. Dichloromethane
(chromatography grade reagent, Merck) and n-tetra-
decane (internal standard, reference substance for gas
chromatography, Merck) were used as solvent and
internal standard, respectively. For each extraction
25-30 g of plant material (flowers, leaves or stems)
were placed in a 50-ml flask and subjected to

simultaneous SDE for 2 h, then, steam distillation
was stopped and solvent extraction was continued for
15 min more.

2.2.2. Supercritical fluid extraction

A J&W Scientific High Pressure Soxhlet Extractor
(J&W Scientific, Folsom, CA, USA) was used to
obtain extracts from different parts (flowers, leaves
or stems) of S. americana using supercritical CO, at
40-45°C and 7.24-10°-7.58-10" kPa. The amount of
sample was the same as in SDE. The extract
obtained after 2 h of CO, recirculation followed by
depressurization was dissolved in 2 ml CH,CI,
containing 5 ul n-tetradecane as internal standard.

The effect of plant-to-plant variability was aver-
aged by performing independent extractions from
flowers, leaves or stems of S. americana. The
relative concentration values reported here corre-
spond to the average of these extractions for each
type of plant material.

2.3. Essential oil analysis

High-resolution gas chromatographic (HRGC)
analysis of the samples was performed on a Hewlett-
Packard (HP) (Palo Alto, CA, USA) 5890A Series 11
gas chromatograph equipped with split/splitless in-
jector (250°C, split ratio 1:10), FID and NPD.
operated at 250°C and 230°C, respectively. Chro-
matographic data were processed with an HP Chem-
Station 3365-11 (Hewlett-Packard). The columns
used were a DB-1 (J&W Scientific) cross-linked
fused-silica capillary column (60 mX0.25 mm LD.).
coated with polydimethylsiloxane (0.25 um phase
thickness) and DB-WAX (J&W Scientific) fused-
silica capillary column (60 mX0.25 mm [.D.), coated
with Carbowax 20M (0.25 pm phase thickness). The
oven temperature was programmed from 50°C (5
min hold) at 2.5 C° min~' to 250°C for the DB-I
column and from 50°C (5 min hold) at 2.5 C° min~
to 180°C for the DB-WAX column. Helium (AGA.,
99.995%) was used as a carrier gas (inlet pressure
152 kPa) with linear velocity 35.7 cm s ' for both
columns. Air and hydrogen flow-rates were 300 and
30 ml min ' for FID, and 100 and 5 ml min™' for
NPD. For both detectors nitrogen was used as a
make-up gas at flow-rates of 30 ml min~' (FID) and
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25 ml min~' (NPD). The injection volume was 0.5
ul.

A HP 5890A Series II gas chromatograph inter-
faced to an HP 5972 mass-selective detector with an
HP MS ChemStation Data system was used for MS
identification of the GC components. The column
used was a DB-1 (J&W Scientific) cross-linked
fused-silica capillary column (30 mx0.25 mm L.D.)
coated with polydimethylsiloxane (0.25 wm phase
thickness). The oven was programmed from 50°C (5

min hold) at 3.5 C° min ' to 250°C. The helium
inlet pressure was 78 kPa, with linear velocity 38 cm
min "' (split 10 ml min"'). The injector temperature
was kept at 250°C and the volume injected was 0.5
pl. The temperatures of the ionization chamber and
of the transfer line were 180°C and 285°C, respec-
tively. The electron beam energy was 70 eV. Mass
spectra and reconstructed chromatograms were ob-
tained by automatic scanning in the mass range m/z
50-400 at 2.2 scan s '. Chromatographic peaks

A

86
88
85 87
0
120
i B
P ()
n
e 2
a A Aan L'
~ T
0 20 9 60 . 100 120
Time (min.)

Fig. 2. Typical gas chromatograms, obtained on the DB-1 (60 m) column, fitted with (A) FID (Attn. 0) and (B) NPD (Attn. 5), of the extracts
isolated from S. americana flowers by SFE.
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Fig. 3. Mass spectra (EI, 70 eV): (a) N-isobutyl-2E,6Z,8 £-decatrienamide (spilanthol); (b) N-(2-methylbutyl)-2£,6Z,8E-decatrienamide; (c)
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Fig. 4. Compositional variation of Colombian Spilanthes ameri-
cana extracts obtained by (A) SFE and (B) SDE from different
parts of the plant.

were checked for homogeneity with the aid of the
mass chromatograms for the characteristic fragment
ions. NBS75K and WILEY 138 Data bases were used
for automatic identification of GC peaks.

3. Results and discussion

Fig. 1 shows typical chromatographic profiles of
the volatile secondary metabolites isolated by SDE
or SFE from different parts of Colombian S. ameri-
cana. The various compounds were identified using
both chromatographic (Kovats indexes, DB-1 and
DB WAX 60 m columns) [10,11] and spectroscopic
(mass spectra, EI, 70 eV) criteria [12]. While only 46,
48 and 50 compounds were detected at concen-
trations above 100 ppb in the SDE extracts from

flowers, leaves and stems, respectively, the secon-
dary metabolite mixtures isolated by SFE from these
parts contained 67, 51 and 53 compounds. A total of
80 out of 88 different secondary metabolites detected
in the Colombian S. americana at concentrations
higher than 100 ppb were positively identified by
means of HRGC using FID, NPD or MS. Table |
contains the chemical composition found for the
various extracts under study.

Fig. 2 shows chromatographic profiles of the SFE
extract from flowers, on the DB-1 (60 m) column
fitted with (A) FID (Attn. 0) and (B) NPD (Attn. 5).
Mass spectra of the main nitrogenated compounds (a)
N-(isobutyl)-2E,6Z.8 E-decatrienamide (spilanthol),
(b) N-(2-methylbutyl)-2E,6Z,8E-decatrienamide, and
(c) N-(2-phenylethyl)-2E,6Z.8E-decatrienamide) are
shown in Fig. 3. One of the principal compounds,
detected at concentrations of 13.9%, 8.8% and 3.2%
in the SDE extracts, and of 7.3%, 4.7% and 2.6% in
the SFE extracts from leaves, flowers and stems,
respectively, was identified tentatively as 5-phenyl-
2,4-pentadienyl acetate, C,;H,,0, (Fig. 2, peak 59),
from its mass spectrum, M, 202, M™ (), [M-CH,]"
mlz 187 (3), [M=CH,CO]" m/z 159 (4), [M-
OCOCH,1" m/z 143 (9), CH,CO™ m/z 43 (100)
and aromatic fragments m/z 77 (19), 91 (16), 103
(31), 115 (13), 117 (30) and 129 (38) (Fig. 3d).

The extraction method (SDE, SFE) and the source
of the plant material (flowers, leaves, stems) affected
the composition of the extracts as has been shown
previously for Cananga odorata [13,14] and Rutu
graveolens [15]. The extracts isolated by SDE or
SFE from different parts of S. americana differed
both quantitatively and qualitatively. In order to
appreciate these variations, the results from Table |
were grouped in Fig. 4 into compound families:
monoterpenes, C,,H,,; sesquiterpenes, C,;H,,; oxy-
genated compounds (alcohols, aldehydes, esters);
nitrogen containing compounds (amides) and hydro-
carbons (C,>20).

SFE extracts from stems were rich (>40%) in
sesquiterpenes («- and B-bisabolenes, caryophyllene
and cadinenes), while those from leaves and flowers
were abundant in nitrogenated (43 and 27%) and
oxygenated (36 and 23%) compounds. Spilanthol
was the main compound in the SFE extracts from
flowers (17.03%) and leaves (21.4%).

SDE extracts from stems, leaves, and flowers of S.
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americana contained sesquiterpene levels of 32, 28
and 20%, and a generally higher proportion of
oxygenated compounds (28, 52 and 32%) and mono-
terpenes (27, 10 and 42%) than their SFE counter-
parts. Only trace-level contents of nitrogenated com-
pounds were found using NPD in SDE extracts.
Some heavy hydrocarbons (C,>20) originating from
flower pigments and waxes were isolated by SFE,
but not by SDE. SFE was both selective and highly
efficient in the isolation of sesquiterpenes, heavy
hydrocarbons and nitrogenated compounds (amides).
The total amount of secondary metabolites obtained
by SFE was between 1.5 and 2 times larger than that
obtained by SDE for each type of plant material.

4. Conclusions

The volatile secondary metabolites from flowers,
leaves and stems of the Colombian §. americana
were obtained by SDE and SFE, using a J&W
Scientific high pressure soxhlet extractor. The chemi-
cal composition of the extracts obtained by different
techniques varied both quantitatively and qualita-
tively. SDE extracts possessed a higher content of
oxygenated compounds and monoterpenes. The SFE
method was more selective and particularly efficient
for the isolation of sesquiterpenes and nitrogen
containing compounds (amides) and afforded a high-
er yield (1.5-2 times) of total secondary metabolites
than SDE. The use of these extraction methods
combined with HRGC analysis employing different
detection systems (FID, NPD or MS), permitted a
thorough description of the secondary metabolite
profile of S. americana. This methodology can be
applied to many other aromatic plant studies.

Acknowledgments

This work was financially supported by Colcien-
cias (Grant 1102-92). Technical assistance from
Casa Cientifica, representatives of Hewlett-Packard
in Colombia, is appreciated.

References

[1] H. Garcia Barriga, Flora Medicinal de Colombia, Imprenta
Nacional de Colombia, Bogota, 1975.

[2] E.P. Arbelaez, Plantas Utiles de Colombia, V. Hugo, Medel-
lin, 1989.

[3] M. Calle and J. Prada, Rev. de la Federacon Odontolégica
Colombiana, 24 (1977) 3.

[4] L.S. Ospina de Nigrinis, J. Olarte Caro and E. Nufiez Olarte,
Rev. Col. de Ciencias Quim.-Farm., 16 (1987) 3.

[5] M. Jacobson, J. Am. Chem. Soc., 76 (1954) 4606.

[6] M. Jacobson, J. Am. Chem. Soc., 78 (1956) 5085.

[7] L.S. Ospina de Nigrinis, J. Olarte Caro and E. Nuiiez Olarte,
Rev. Col. de Ciencias Quim.-Farm., 15 (1986) 37.

[8] L. Crombie, A. Krasinski and Manzoor-i-Khuda, J. Chem.
Soc, (1963) 4970.

[9]1 M. Godefroot, P. Sandra and M. Verzele, J. Chromatogr., 203
(1981) 325.

[10] E. Kovats, Adv. Chromatogr., 1 (1965) 229.

[11] N.W. Davies, J. Chromatogr., 503 (1990) 1.

[12] W. Jennings and T. Shibamoto, Qualitative Analysis of
Flavor and Fragrance Volatiles by Glass Capillary Gas
Chromatography, Academic Press, New York, 1980.

[13] E.E. Stashenko, J.R. Martinez, C. Macku and T. Shibamoto,
J. High Resolut. Chromatogr., 16 (1993) 441.

[14] E.E. Stashenko, W. Torres and J.R. Martinez, J. High
Resolut. Chromatogr., 18 (1995) 101.

[15) E.E. Stashenko, H.S. Villa and M.Y. Combariza, J. Microcol.
Sep., 7 (1995) 117.



