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Investigation by GC-FID and GC-MS of the essential oil (LPOE) from the leaves of Lippia pedunculosa revealed, as the major compounds, the monoterpenes
rotundifolone (71.7%) and (R)-limonene (21.8%). These two compounds and the minor constituent piperitenone (1.2%) were also isolated from the leaves and
identified by spectrometric analysis. LPOE and isolated compounds were evaluated for their trypanocidal activity against epimastigote and trypomastigote
forms of Trypanosoma cruzi. Significant results with ICsy values lower than 34.0 pg.mL"" were observed against these forms of 7. cruzi for LPOE and isolated
compounds. Rotundifolone was the most active compound with an ICs, lower than 10.0 ug.mL™ for both forms of T. cruzi. The effects of LPOE and isolated
compounds were also evaluated in cultures of macrophages infected with 7. cruzi. Treatment with (R)-limonene and rotundifolone caused a moderate reduction
in the percentage of macrophages infected by 7. cruzi and in the number of intracellular parasites at concentrations non-toxic to macrophages.
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The genus Lippia L. is widely distributed throughout South and
Central America, and Tropical Africa. It belongs to the family
Verbenaceae and comprises approximately 254 species of herbs,
shrubs and small trees [la,1b]. In Brazil, this genus is represented
by nearly 120 species [Ib], some of which are used in folk
medicines as an alternative to current drugs. Among their interesting
properties, it is possible to list analgesic, anti-inflammatory,
antipyretic, sedative, antifungal,  antihypertensive, diuretic,
larvicidal, antimicrobial, antioxidant, antiviral, molluscicidal,
antimalarial, antispasmodic, anticonvulsant, fumigant, trypanocidal,
and stimulant activities [1a,1b,2a-2j,3].

Species of Verbenaceae in general are known to produce
monoterpenes and sesquiterpenes, although other compounds, such
as alkaloids, carotenoids, flavonoids, iridoids, phenolic acids,
saponins, sterols, sugars, tannins and triterpenes have been also
identified  [1b]. Limonene, (E)-caryophyllene, p-cymene,
camphor, linalool, a-pinene and thymol were frequently found
in the essential oil of Lippia species.

However, despite several medicinal properties, only very few
Lippia species have been chemically and pharmacologically
investigated [1b,2a-2j,3]. To the best of our knowledge, there have
been no scientific investigations of L. pedunculosa Hayek. This
species is a shrub, 0.7 — 1.5 m high, found in the northeast
(Alagoas and Sergipe) and southeast (Sdo Paulo) regions of Brazil.
In the northeast, it occurs in areas of “Caatinga” and is considered
rare [la]. In our continuing search for bioactive natural products
from Sergipe plants with trypanocidal properties, herein we
report, for the first time, the phytochemical and pharmacological
investigation of the essential oil from the leaves of L. pedunculosa.
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Figure 1: Isolated compounds of the essential oil from the leaves of Lippia
pedunculosa.

Hydrodistillation of the leaves of L. pedunculosa resulted in
2.1+0.1% of essential oil (light yellow) in relation to the dry weight
of plant material. CG-FID and GC-MS analysis allowed the
identification of ten compounds in the essential oil and revealed (R)-
limonene (1), rotundifolone (2) and piperitenone (3) as major
constituents (Table 1, Figure 1); their identities were confirmed by
isolation using preparative TLC, and structure elucidation from
spectroscopic and spectrometric data, and by comparison with
literature information [4a-4c].

The predominant presence of rotundifolone in L. pedunculosa is
uncommon for this genus. Although a minor constituent of the
essential oil of other Lippia species, like L. turbinata Griseb and
L. junelliana (Mold.) Tronc., this compound is considered as a
chemotaxonomic marker of species of Mentha (Labiatae/
Lamiaceae) [6a,6b]. However, high levels of limonene are typical of
Lippia species [1b,2a-2j, 3,6a,6b].

In in vitro assays, the essential oil (LPOE) and the isolated
compounds rotundifolone and (R)-limonene showed promising
trypanocidal activity against epimastigote and trypomastigote
forms of 7. cruzi, with ICsy values lower than 34.0 pg.mL™'
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Table 1: Essential oil composition of Lippia pedunculosa leaves.

Compound RI RI” Peak area %
1 o-Pinene 927 932 1.0£0.0
2 Myrcene 987 988 0.1+0.0
3 Limonene 1028 1024 21.8+1.4
4 Methylchavicol 1197 1195 0.4+0.1
5 Thymol 1295 1289 0.3+0.0
6 Piperitenone 1338 1340 1.2+0.1
7 Rotundifolone 1363 1366 71.7+2.3
8 a-Copaene 1377 1374 0.2+0.0
9 (E)-Caryophyllene 1421 1417 0.7+0.1
10 Bicyclogermacrene 1494 1500 0.1+0.0
Monoterpenes 96.5
Sesquiterpenes 1.0
Total Identified 97.5

Data are expressed as mean + SD of three analyses. RI (retention indices): “calculated
on RTXx®-5MS column according to Van Den Dool and Kratz [7a] based on a
homologous series of normal alkanes; “according to Adams [7b].

Table 2: ICs, values for trypanocidal activity.

ICso pg.mL’
Sampl Epimastigote forms Tryp tigote forms
Essential Oil (LPOE) 15.142.4 11.3+0.3
(R)-Limonene 33.740.6 14.1+2.1
Rotundifolone 9.2+1.8 9.3+l1.5
Benznidazole® 2.7+0.7 2.7+0.5

Data are expressed as mean +SD of three independent experiments. * Reference drug
(positive control).

(Table 2). The most significant activity was observed against
trypomastigote forms (infecting forms), with ICs, values lower
than 10.0 pg.mL"', reaching 9.3 pg.mL" for rotundifolone, the most
effective compound. Hence, the trypanocidal activity against both
forms of T. cruzi observed for the essential oil could be
attributed to the presence of rotundifolone. However, the presence
of (R)-limonene in the LPOE diminishes the trypanocidal activity
against both forms.

The effects of the LPOE and isolated compounds on the
intracellular form of the parasite were also evaluated in cultures
of macrophages infected with 7. cruzi (amastigote forms) at a
concentration of 5.0 pg.mL™ (Figure 2). The treatment with
(R)- limonene and rotundifolone caused a moderate reduction
in the percentage of macrophages infected by T. cruzi and in the
number of intracellular parasites at concentrations non-toxic to
macrophages (5.0 pgmL™") (Figure 2). Nevertheless, they were
less effective than the positive control benznidazole (drug used
in the treatment of Chaga’s disease). It is important to highlight,
however, that this medicine is highly toxic to mammalian cells and
that its cure rate is approximately 70-80% in the acute phase and
a mere 10-20% in the chronic phase [8]. When compared
with the essential oils of other Lippia species, the essential oil of
L. pedunculosa was demonstrated to be the most active [3].

This is the first report of the volatile composition of the leaves
of L. pedunculosa and its trypanocidal properties. Rotundifolone
and (R)-limonene were found to be the major compounds. The
trypanocidal activities suggest that this species is a rich source of
biologically active compounds, such as rotundifolone. In addition,
this work demonstrates the importance of chemical and biological
investigations of the essential oils of Verbenaceae.

Experimental

General experimental procedures: IR spectra were measured in
KBr pellets on a Shimadzu IR Prestige-21, and optical rotations
were recorded in CHCl; on Jasco P-2000 spectrophotometers. MS
were acquired on a Shimadzu QP2010 GC/MS system equipped
with an AOC-20i auto-injector. 1D and 2D NMR data were
acquired at 298 K in CDCl; on a Bruker AVANCE III 400 NMR
spectrometer, operating at 9.4 Tesla, observing 'H and 13C at 400
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Figure 2: In vitro trypanocidal activity of the LPEO and isolated compounds of Lippia
pedunculosa against amastigotes proliferation in macrophages at the concentration of
5.0 pgmL’'. (A) Percentage of infected macrophages. (B) Relative number of
amastigotes per 100 macrophages. Benznidazole (Bdz) was the positive control and
(C-) negative control. Values represent the mean+SEM of triplicates. * p<0.05; **
p<0.01 *** p<0.001 compared with the control group.

and 100 MHz, respectively. Silica gel 60 F,s, was used for
analytical (0.25 mm), and preparative (1.00 mm) TLC. Compounds
were visualized by exposure under UV,s4/365 light and spraying with
p-anisaldeyde reagent, followed by heating on a hot plate.

Plant material: The leaves of L. pedunculosa were collected in
October 2013 at the ‘Povoado Cajueiro’, city of Pogo Redondo
[coordinates: S 09° 40' 46" W 37° 39' 41"] in Sergipe State, Brazil.
The identity of the plant was confirmed by Dr Ana Paula do
Nascimento Prata of the Department of Biology from Sergipe
Federal University (UFS), Brazil, and a voucher specimen (23159)
was deposited in the Herbarium of UFS (ASE/UFS).

Hpydprodistillation, GC-FID and CG-MS analysis: The essential oil
from dried leaves (for 24 h) of L. pedunculosa (100 g) was obtained
by hydrodistillation for 3 h using a Clevenger-type apparatus. The
essential oil was dried over anhydrous sodium sulfate and the
content percentage was calculated in relation to the dry weight of
plant material used. It was then stored in a freezer until analysis.
The hydrodistillation was performed in triplicate. GC-FID and
GC-MS analysis were performed according to Silva et al. [5].
Essential oil components were identified by comparing the
retention times of the GC peaks with standard compounds ran
under identical conditions, as well as by comparison of retention
indices [7a] and MS [7b]. GC-FID and GC-MS analyses were
performed on a Shimadzu GC-2010 Plus GCMS-QP2010
Ultra GC-FID, equipped with a Shimadzu AOC-20i auto-injector.
The separation of the compounds was achieved on a
RTx®-5MS fused capillary chromatography column (30 m x 0.25
mm x 0.25 pm film thickness) coated with 5%-diphenyl-95%-
dimethylpolysiloxane.

Isolation of limonene, rotundifolone and piperitenone: Part of the
essential oil (250 mg) was subjected to a preparative TLC eluted
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with n-hexane 100%, giving 34.3 mg of (R)-limonene (1). The other
part (250 mg) was subjected to preparative TLC, eluting with a
mixture of n-hexane-ethyl acetate (95:05, v/v), yielding
rotundifolone (2) and piperitenone (3). This process was repeated
4 times (4 x 250 mg), affording 687.5 mg and 14.0 mg of
rotundifolone (2) and piperitenone (3), respectively.

(R)-Limonene (1): Colorless oil. [a]*p: +100.7 (¢ 1.0 g/100 mL,
CHCly). MS, 'H and "*C NMR data compared with authentic
sample.

Rotundifolone (2): Light yellow oil; [a]”p: +168.4 (¢ 1.94 g/100
mL, CHCl). IR, MS, 'H and *C NMR data according to [4a,4b].

Piperitenone (3): Light yellow oil. IR, MS, 'H and '*C NMR data
according to [4c].

Assessment of trypanocidal activity of essential oil and isolated
compounds: The trypanocidal assay on epimastigote and
trypomastigote forms of 7. cruzi were carried out according to Silva
et al. [5]. For in vitro infection, peritoneal macrophages (2 x 10°
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cells.well'l) obtained from BALB/c mice were cultured in a 24
well-plate with rounded coverslips on the bottom in RPMI
supplemented with 10% FBS and incubated for 24 h. Cells were
then infected with trypomastigotes (1:10) for 2 h. Free
trypomastigotes forms were removed by successive washes using
saline solution and the cells were incubated for 24 h. Next, cultures
were incubated in complete medium alone or with the compounds
(5 pg.mL™") for 72 h. Cells were fixed in absolute alcohol and the
percentage of infected macrophages and the number of amastigotes
forms per 100 macrophages was determined by manual counting
(100 cells per slide) after hematoxylin and eosin staining in an
optical microscope. The one-way ANOVA and Bonferroni for
multiple comparisons were used to determine the statistical
significance of the group comparisons.
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