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For the first time, the chemical composition and cytotoxic evaluation of essential oils from leaves of
Oxandra sessiliflora R. E. Fries (Annonaceae) has been reported. Leaves of O. sessiflora were collected
in four different periods during the years 2010 (September and December) and 2011 (March and June).
The essential oils, obtained by hydrodistillation procedures, were analyzed by Gas chromatography
(GC) and Gas chromatography-Mass spectrometry (GC-MS). Chemically, the predominance of
hydrocarbon sesquiterpenes was detected (57.54 to 75.06%), with germacrene D (17.12 to 32.20%) and
biclyclogermacrene (7.95 to 18.91%) as the main compounds. These oils were also composed of
monoterpenes (9.65 to 17.02%) and oxygenated sesquiterpenes (4.42 to 11.43%). Additionally, the
essential oils obtained from leaves collected in September, 2010 and March, 2011 were tested in vitro
against murine (B16F10-Nex2) and human melanoma (A2058), breast adenocarcinoma (MCF7), leukemia
(HL-60), and cervical carcinoma (HelLa) cell lines. Since values of ICso to HL-60 cells were determined as
approximately 6 ug/mL in both tested oils, the results suggested that the essential oils and their
compounds could be used as prototypes for the development of new medicines for the treatment of
human leukemia.
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INTRODUCTION

Oxandra is a genus from Annonaceae which includes studies on Oxandra. Alkaloids, triterpenes, mono-

twenty-two species of trees from tropical regions of South
America (Lobdo et al.,, 2005). In Brazil were found 14
species, mainly in the Amazon, Cerrado, and Atlantic
Forest (Maas et al., 2010). Despite the occurrence of
these species in the Brazilian biomes, there are few
articles which report phytochemical and pharmacological
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terpenes, and steroids were isolated from O. xylopioides
(El-Shanawany, 1985; El-Shanawany et al., 1985; Zhang
et al., 1987; Arango et al., 1987a, b; Guinaudeau et al.,
1988), which displayed anti-inflammatory and antioxidant
activities, while anti-leishmanial and anti-chagasic
monoterpenes were obtained from O. espintana
(Hocquemiller et al.,, 1991). Alkaloids, sesquiterpenes
and triterpenes were isolated from O. asbeckii but no
pharmacological aspects were described (Tinto et al.,
1992).



O. sessiliflora R.E. Fries is known in Brazil with
vernacular name “conduru-preto” and has been
geographically described in the Amazonian and Cerrado
regions, mainly in the Para, Amazonas, Tocantins,
Maranhdo, Ceara, and Piaui States (Abreu and Castro,
2004; Mesquita and Castro, 2007). Since there are no
previous phytochemical or pharmacological investigations
carried out on this species, and based on the course of
our studies with volatiles from Brazilian species (Sartorelli
et al., 2012; Santana et al., 2012), this study reports the
chemical composition and the intraspecific variation of
the essential oils from leaves of O. sessiliflora R. E. Fries
(Annonaceae). Additionally, the in vitro cytotoxic potential
of crude oils was evaluated against murine and human
cell lines.

MATERIALS AND METHODS
Collection of samples

Leaves of O. sessiliflora were collected at Parque Ambiental de
Teresina, Piaui State, Brazil on the 15th September and December,
2010 as well as 15th March and June, 2011. The voucher specimen
has been deposited at Herbario Graziela Barroso do Amaral (UFPI)
under number TEPB 27870.

Extraction of the essential oils

To each collection, fresh leaves (300 g) were subjected to
hydrodistillation in a clevenger type apparatus for 4 h. After
extraction, the essential oils were dried over anhydrous Na,SO,
filtered, and the solvent was evaporated under reduced pressure
(100 mmHg). Chemical analyses of the obtained crude oils were
performed immediately.

Gas chromatography (GC) and gas chromatography-mass
spectrometry (GC-MS) analyses

GC analyses were performed using a Shimadzu GC-2010 gas
chromatograph equipped with a DB-5 column (30 m x 0.25 mm
internal diameter and 0.1 ym film thickness), using helium as carrier
gas. Temperature programming was performed as follows: 60 to
240°C at 3°C/min. The injector and interface temperatures were
established as 220 and 240°C, respectively. Component
concentrations were calculated from electronic integration of Flame
ionization detector (FID) peak areas without the use of response
factor correction. GC-MS analyses were carried out in a Shimadzu
GC-17A chromatograph interfaced with a MS-QP-5050A mass
spectrometer, using the same conditions described above. The MS
operating conditions were: ionization voltage 70 eV ion source at
230°C.

Compounds identification

The essential oils were obtained by steam distillation and analyzed
by GC and GC-MS. The identification of the components was
based on the comparison of their mass spectra with those in the
spectrometer data base (Willey 229 library) and confirmed by
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determination of their Kovats indexes which were determined
relatively to the retention times of a series of n-alkanes (Adams,
2008).

Cell lines

The murine melanoma cell line B16F10 was originally obtained from
the Ludwig Institute for Cancer Research (Sao Paulo, Brazil). The
melanotic B16F10-Nex2 subline, characterized at the Experimental
Oncology Unit (UNIFESP - Federal University of Sdo Paulo), was
characterized by low immunogenicity and moderate virulence.
Human melanoma cell line (A2058), breast adenocarcinoma
(MCF7) and leukemia (HL-60) cell lines were obtained from the
Ludwig Institute for Cancer Research. Human cervical carcinoma
(HeLa) was acquired from Dr. Hugo Pequeno Monteiro, UNIFESP.
All cells were cultured at 37°C in a humidified atmosphere
containing 5% CO., in Roswell Park Memorial Institute (RPMI) 1640
medium (Invitrogen, Carlsbad, CA) supplemented with 10 mM N-2-
hydroxyethylpiperazine-N,-ethanesulfonic acid (Hepes) (Sigma, St.
Louis, MO), 24 mM sodium bicarbonate (Sigma), 40 mg/L
gentamycin (Schering-Plough, Sdo Paulo, Brazil), pH 7.2, and 10%
fetal calf serum (Invitrogen).

In vitro cytotoxic activity

The essential oils extracted from O. sessiliflora were re-suspended
in dimethyl sulfoxide (DMSO) at final concentration of 10 mg/mL,
diluted in RPMI medium containing 10% fetal calf serum ranging
from 100 to 0 pug/mL and incubated with 1 x 10* cells in a 96-well
plate. After 24 h of incubation, cell viability was measured using the
Cell Proliferation Kit | (MTT) (SIGMA), an MTT-based colorimetric
assay (Mosmann, 1983). Readings were made in a plate reader at
570 nm, with a reference of 650 nm. All experiments were
performed in triplicates.

RESULTS AND DISCUSSION

The chemical composition and the relative percentages
of constituents identified in the essential oils obtained
from leaves of O. sessiliflora in September and
December, 2010 (Samples A and B) and March and July,
2011 (Samples C and D) are shown in Table 1. This table
also shows the yields of each essential oil, which were
calculated on basis of weight of fresh leaves. Com-
paratively, the essential oil from leaves of O. lanceolata
from Cuba (Pino et al., 2005) was previously analyzed
and the yield of this oil was calculated as 0.7%, higher
than that found in O. sessiliflora (Samples A: 0.25%, B:
0.28%, C: 0.23%, and D: 0.20%).

The identification of compounds was carried out by
interpretation of mass spectra and also by determination
of their respective Kovats indexes (Adams, 2008).
Chemically, the essential oils from leaves of O.
sessiliflora was shown to be composed of thirty-three
derivatives corresponding to approximately 90% of the
total identified volatiles. The oils from December, 2010
(sample B), March and June, 2011 (samples C and D)
were composed by a higher diversification of compounds
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Table 1. Chemical composition of essential oils from leaves of O. sessiliflora in different periods of
collections (Samples A to D).

Content (%)

IK Constituents
Sample A Sample B Sample C Sample D
930 a-Pinene 2.21 4.27 1.84 2.76
974 B-Pinene 1.82 4.07 1.80 3.05
975 Sabinene 0.79 - - -
990 Myrcene - 1.05 0.48 0.98
1004 a-Phellandrene 2.12 - 0.37 0.83
1020 p-Cymene - - 0.69 -
1021 0-Cymene - 2.03 - 1.07
1025 B-Phellandrene 10.08 - 4.47 -
1026 Limonene - 7.21 - 9.17
1032 Cis-p-Ocymene - - - 0.42
1334 0-Elemene 8.40 10.59 7.42 7.63
1344 a-Cubebene - 0.47 0.34 0.18
1368 a-Copaene - 0.90 0.70 0.29
1385 B-Cubebene - 1.19 0.99 0.44
1386 B-Elemene 1.37 2.82 1.67 1.42
1410 B-Caryophyllene 6.42 9.81 8.08 5.83
1427 Aromadendrene - 0.63 - 0.31
1442 a-Humulene 1.05 1.52 1.27 0.89
1474 Germacrene D 31.29 17.12 32.20 25.56
1488 Bicyclogermacrene 18.91 7.95 16.72 16.55
1494 Germacrene A 1.04 0.93 1.23 0.85
1502 Valencene - - - 0.20
1505 a-Amorphene - 0.46 - -
1517 o-Cadinene - 0.52 0.94 0.85
1543 Germacrene B 2.46 2.63 3.50 3.19
1549 Elemol 0.81 - - -
1566 Caryophyllene oxide - - - 0.41
1569 Spathulenol 3.61 9.82 3.26 2.20
1571 Globulol - - 0.37 -
1577 Viridiflorol - - 0.23 -
1581 Guaiol - - 0.20 -
1637 8-Cadinol - 0.98 0.62 1.37
1645 Torreyol - 0.63 1.02 0.90
Essential oil yield/(%) 0.25 0.28 0.23 0.20
Monoterpenes 17.02 18.63 9.65 18.28
Sesquiterpenes 75.36 68.97 82.76 69.07
Hydrocarbon 70.94 57.54 75.06 64.19
Oxygenated 4.42 11.43 5.70 4.88
Total 92.38 87.60 90.41 87.35

Sample A: September, 2010; Sample B: December, 2010; Sample C: March, 2011; Sample D: June, 2011.
IK: Kovats retention index

(22 to 25 derivatives identified in each oil) while only 15
compounds were detected in the oil from September,
2010. The characterized compounds were grouped in two
main classes of volatiles: monoterpenes (9.65 to 18.63%)

and sesquiterpenes (68.97 to 82.76%), being the amount
of hydrocarbon (57.54 to 75.06%) higher than the
oxygenated C,s derivatives (4.42 to 11.43%). Detected
qualitative and quantitative variations on the chemical



Table 2. ICsp (ug/mL) values of crude essential oil from leaves
of O. sessiliflora obtained in March and September collections
against cell lines.

ICso (ug/mL) essential oils from O.

Cell Lines sessiliflora

Sample A Sample C
B16F10-Nex2 67.5+3.4 46.5+2.3
A2058 > 100 79.8+4.1
HelLa 52.4+2.6 47.4+2.4
MCF7 64.8+3.2 47.4+2.1
HL-60 6.3+£0.3 6.2+0.2

Cell lines: B16F10-Nex2: murine melanoma; A2058: human
melanoma; MCF7: breast adenocarcinoma, HL-60: leukemia, and
HelLa: cervical carcinoma.

constituents of essential oils during the four periods of
study are presented in Table 1. The main compounds
found in all collections were the hydrocarbon sesquiter-
penes O-elemene (7.42 to 10.59%), [B-caryophyllene
(5.83 to 9.81%), germacrene D (17.12 to 32.20%), and
biclyclogermacrene (7.95 to 18.91%). Beside these
compounds, only a- and B-pinenes, B-elemene, a-
humulene, germacrenes A and B, and spathulenol were
found in the four analyzed oils. Quantitatively, only a
small variation was detected in the proportions of 6-
elemene, B-elemene, germacrene A, and germacrene B,
while the relative amount of 3-caryophyllene was higher
in December, 2010 (sample B, 9.81%) and March, 2011
(Sample C, 8.08%) in comparison to the other collections
(samples A and D, 6.42% and 5.83, respectively).
Similarly, in December, 2010 (sample B), the amounts
of d-elemene (10.59%) and spathulenol (9.82%) were
higher than the other periods of collection. Otherwise, in
December, 2010 (sample B) the amounts of main
derivatives germacrene D (17.12%) and bicycle-
germacrene (7.95%) were lower than the other periods of
collection. Moreover, the monoterpenes were detected in
reduced percentage in the studied oils but with an
expressive variation. a- and B-pinenes were detected in
the four samples with relative amounts of approximately
2%, except in sample B, where the proportions of both of
these compounds were approximately 4%. Otherwise,
the amount of B-phelandrene was 10.08% in September,
2010 and 4.47% in March, 2011, being not detected in
the other collections. Similarly, limonene was found only
in December, 2010 (7.21%) and June, 2011 (9.17%).
Based on these evidences, further investigations should
be carried out to investigate the influences of some
environmental (Gobbo-Neto and Lopes, 2007) and/or
microclimatic (Lago et al., 2006) factors in the production/
accumulation of volatiles in O. sessiliflora. Finally, based
on some evidences that essential oils showed in vitro
cytotoxicity effects (Santana et al., 2012), the obtained
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crude oil from leaves of O. sessiliflora (Samples A and C)
were evaluated against five different tumoral cell
lineages. Dose-response curves were generated and ICsq
values were calculated for this active oil against five cell
lines (B16F10-Nex2, A2058, HelLa, MCF7 and HL-60), as
shown in Table 2.

Human leukemia cells (HL-60) was the most sensitive
to both tested oils, with similar 1Cs, found (approximately
6 pg/mL) B16F10-Nex2, MCF7 and Hela cells showed
moderate potentials with I1Csy ranging from 46.5 £ 2.3 to
67.5 = 3.4 pg/mL while A2058 cells was less sensitive
with ICs Of 79.8 = 4.1 pg/mL to the oils from sample D
and inactive to the oil from sample A. Thus, based on the
previous information, the values of ICsy lower than 30
pg/mL indicated a promising extract or essential oil
(Suffness and Pezzutto, 1991), both oils from samples A
and C showed an excellent activity against HL-60. It is
important to mention that the different values of ICsq
observed in the analyzed oils could be directly associated
with the presence of different compounds in each oil
(Lahlou, 2004) which could be acting individually or
synergistically.
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