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Abstract: The species Drimys angustifolia Miers and D. brasiliensis Miers,
commonly known as "casca-de-anta", have in their leaves essential oils that can
confer cytotoxic effects. In this study, we evaluated the citotoxic effects of the
volatile oils from these two species. We also proposed a nanoemulsion formulation
for each of the species and assessed the in vitro cytotoxicity on U-138 MG (human
glioblastoma) and T24 (human bladder carcinoma) cell lines. The plant chemical
composition was evaluated by gas chromatography coupled to mass spectrometer.
Furthermore, the nanoemulsions were prepared and characterized. Our results
showed that; bicyclogermacrene (19.6%) and cyclocolorenone (18.2%) were
the most abundant for the D angustifolia oil and D brasiliensis oil, respectively.
Both nanoemulsions, D angustifolia and D brasiliensis appeared macroscopically
homogeneous and opalescent bluish liquids, with nanometric mean diameters of 168
nm for D brasiliensis and 181 nm for D angustifolia. The polydispersity indices were
below 0.10, with an acid pH of 4.7-6.3, and negative zeta potentials about -34 mV.
The results of transmission electron microscopy showed that droplets are present
in the nanometer range. Only the D brasiliensis oil was efficient in reducing the
cell viability of both U-138 MG (42.5%+7.0 and 67.8%+7.8) and T24 (33.2%=2.8,
60.3%=1.6 and 80.5%=8.8) cell lines, as assessed by MTT assay. Noteworthy, similar
results were obtained with cell counting. Finally, D brasiliensis oil incubation caused
an increase of annexin-V and propidium iodite population, according to evaluation
by cytometry analysis, what is characteristic of late apoptosis. The results presented
herein lead us to consider the potential therapeutic effects of the essential oils and
nanoformulations as novel strategies to inhibit tumor growth.
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2002). In Brazil, the genus is found from Bahia to Rio

Grande do Sul (Backes & Nardino, 1999) and occurs

The genus Drimys presents the widest in two species, D. angustifolia Miers (DA) and D.
geographical distribution of the Winteraceae family brasiliensis Miers (DB), commonly known as "casca-
includes the several species such as D. winteri, D. de-anta." Brazilians use these plants in folk medicine as
granadensis, D. brasiliensis and D. angustifolia antiscorbutic, stimulant, antispasmodic, anti-diarrheal,
(Ehrendorfer et al. 1979; Lorenzi & Abreu Matos, antipyretic and antibacterial (Almeida, 1993). They are
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also employed to treat asthma and bronchitis and it has
insecticidal properties (Da Cunha et al., 2001). These
plants are characterized by the presence of flavonoids
and essential oils (Limberger et al. 2007).

Essential oils are volatile, natural complex
compounds characterized by a strong scent, which are
formed by aromatic plants as secondary metabolites
(Bakkali et al., 2008). Some essential oils appear to
exhibit particular medicinal properties that have been
claimed to cure some organ dysfunctions or systemic
disorders. Many plants containing essential oils present
various biological activities, including citotoxicity effects
(Yunes, 2007). However, it is important to develop a
better understanding of their biological actions for new
applications in human health (Silva et al., 2003).

The cytotoxicity appears to include membrane
damage, the leakage of macromolecules and lysis (Lambert
et al., 2001; Oussalah et al., 2006). Essential oils seem
to have no specific cellular targets, because of the great
number of constituents, (Carson et al., 2002). As typical
lipophilic substances, they pass through cytoplasmic
membrane, breaking the structure of their different layers
of polysaccharides, fatty acids and phospholipids and
finally permeate them (Di Pasqua et al., 2006; Turina
et al., 2006). One way to improve the entry of essential
oils into the cells is through formulations that favor the
access, as the nanoemulsions.

These formulations are submicron sized
emulsions that have been studied as drug carriers for
improving the delivery of therapeutic agents and have
some advantages as higher surface area, allied to low
irritant effects, being suitable for human therapeutic
purposes as cancer therapy (Shah, 2010).

Approximately 2% of cancer deaths can be
attributed to brain tumors and the complex biology of
this tumor, and particularly the ability of tumor cells to
invade adjacent normal brain tissue diffusely beyond the
surgical resection. It leads to local recurrence and a poor
prognosis for the glioma patients (Stylli & Kaye, 2006).
In other types of tumor, as human bladder carcinoma, the
majority of the patients may present superficial bladder
tumors, although 20-40% of the bladder cancers develop
invasive tumors (Hinata et al., 2003).

The aim of this study was to evaluate the
chemical composition and propose a nanoemulsion
formulation for the species (DA and DB), as well as
to assess the cytotoxicity of the essential oils and
formulations in U-138 MG (human glioblastoma)
and T24 (human bladder carcinoma) cell lines. It
is worthy to note the uniqueness of the study with
these tumor cell lines, as well as the use, for the first
time, of a nanoemulsion formulation for species (DA
and DB), in order to test anti- cancer actions.
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Materials and Methods
Plant material

Drimys  angustifolia Miers, Winteraceae,
was collected at the Center for Research and Nature
Conservation Pr6-Mata (CPCN Pr6-Mata), Sdo Francisco
de Paula, Rio Grande do Sul, Brazil and D. brasiliensis
Miers was collected in Sdo Jerdnimo, Rio Grande do Sul,
Brazil. Both were identified by Sérgio Augusto de Loreto
Bordignon. Voucher specimens were deposited in the
ICN Herbarium (UFRGS, Porto Alegre), under numbers
ICN 123644 and ICN167795, respectively.

Extraction of essential oils

The essential oils were obtained from 100 g of
DA or DB fresh leaves by hydrodistillation for 4 h using
a Clevenger-type apparatus. The yields were calculated
to both oils.

Oils constituents

Quantitative and qualitative analyses were
performed by capillary gas chromatography (GC) and
GC/mass spectrometry (MS), respectively. The GC
analysis was performed in a chromatograph (Shimadzu
GC-17A) equipped with a Shimadzu GC 10 software,
using two fused silica capillary columns (30 mx0.25
mmx0,25 pm) with different polarity, one coated with
DB-5. Injector and detector temperatures were set at 220
°C; the oven temperature was programmed from 60-300
°C to DB-5 column. Helium was employed as carrier gas
(1 mL/min). The percentage compositions were obtained
from electronic integration measurements using flame
ionization detection without taking into account relative
response factors. The GC-MS analysis was performed
in the same apparatus and chromatographic conditions
as described above, using a quadrupole MS system (QP
5000) operating at 70 eV. Compound identification was
based on a comparison of retention indices (determined
relatively to the retention times of a series of n-alkanes)
and mass spectra with those of authentic samples and/or
with literature data (Limberger et al., 2007).

Nanoemulsions preparation

The nanoemulsions were prepared by high-
pressure homogenization method. Firstly, a coarse
emulsion was prepared: the oily phase, composed by
4% (w/w) of essential oil (DA or DB), 5% (w/w) of
Medium-Chain Triglycerides (MCT)' and 1% (w/w) of
lipophilic emulsifier Span 80® was added into water phase
containing Tween 20® (1%, w/w) and water (made up to
100%, w/v) and kept under moderate magnetic stirring

Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2):‘1\:&@12}]];%{)30 describes medium-chain triacylglycerides as the fixed oil extracted from the hard, dried

fraction of the endosperm of Cocos nucifera L. or from the dried endosperm of Elaeis guineenis Jacq. They
consist of a mixture of triglycerides of saturated fatty acids, mainly of caprylic acid and of capric acid. They
contain not less than 95% of saturated fatty acids. Medium-chain triacylglycerides have been used in a variety
of pharmaceutical formulations including oral, parenteral, and topical preparations (Kibbe, 2000).
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for 5 min at room temperature. Afterwards, the coarse
emulsions were individually subjected to high-pressure
homogenization (EmulsiFlex-C3®, Avestin, Canada)
for six cycles at pressure of 750 bars to obtain the final
nanoemulsion. The blank nanoemulsions were prepared
similarly, but without the addition of essential oils (DA
or DB). The nanoemulsions were named as Nano DA or
Nano DB, when prepared with DA or DB essential oils,
respectively.

Characterization of formulations

Particle size, polydispersity indices and zeta
potential analysis

The particle size and polydispersity index were
measured by photon correlation spectroscopy after
adequate aliquot dilution of the samples in purified water
(Zetasizer ZS90 Nanoseries, Malvern Instruments, UK).
The zeta potential values were measured using the same
instrument at 25 °C, after dilution of the 10 uL in 10
mL of NaCl (I mM) and ultra-filteration (0.22 pm). All
analyses were performed in triplicate.

pH determination

The pH values of the formulations were
determined directly in the samples using a calibrated
potentiometer (Digimed, Sao Paulo, Brazil), at room
temperature. The analyses were performed in triplicate.

Morphological analysis

Morphological analyses were carried out by
transmission electron microscopy (TEM; Jeol, JEM 1200
Exll, Centro de Microscopia-UFRGS), operating at 80 k'V.
The samples were placed on a carboncoated copper grid
(200 mesh) overlayed with 1% formwar in chloroform,
stained by 2.0% uranyl acetate aqueous solution.

Cell lines and cell culture

The human bladder carcinoma (T24) and human
glioblastoma (U-138 MG) cell lines were obtained from
ATCC (Rockville, Maryland, USA). T24 cells were
cultured in RPMI/10% FBS and U-138 MG cells in
DMEM/10% FBS, at 37 °C, a minimum relative humidity
of 95%, and an atmosphere of 5% CO, in air.

MTT cell viability assay

The cells were seeded at 6 x 10° cells per well
in 96-well plates and grown for 24 h. The cells were
treated with nano DA, nano DB, DA oil and DB oil at the
following concentrations 125, 250 and 500 ug mL"' for

24 h. At the end of this period, the medium was removed,
the cells were washed with CMF and 100 pl of MTT
solution (MTT 5 mg mL-1 in PBS in 90% DMEM/10%
FBS) was added to the cells and incubated for 3 h. The
formazan crystals were dissolved with 100 pl of dimethyl
sulfoxide (DMSO). The absorbance was quantified in 96-
well plates (Spectra Max M2e, Molecular Devices) at
595 nm.

Cell counting

The cells were seeded at 18x10° cells per well
in 24-well plates. On the second day, the cells were
treated with DB oil (125, 250 and 500 pg mL™"). After
24 h, the medium was removed and 200 pl of trypsin/
EDTA solution was added to detach the cells, which were
counted in hemocytometer.
V/P1

Annexin flow

technique

cytometry staining

The cells were seeded at 4x10* cells per well in
24-well plates and grown for 24 h. The cells were treated
with DB oil (250 and 500 pg mL") for 24 h. Dead cells
were quantified by annexin V-FITC-propidium iodide
(PI) double staining, using FITC Annexin V/Dead Cell
Apoptosis Kit (Invitrogen) 24 h after treatment, according
to the manufacturer’s instructions. Experiments were
performed on BD FACSCanto II flow cytometer and
the results were analyzed using FlowJo Software (Tree
Star).

Results
Composition of essential oils

The hydrodistilled essential oil from Drimys
angustifolia Miers and D. brasiliensis Miers,
Winteraceae, leavesyielded0.4%and 0.3%, respectively.
The chemical composition is presented in Table 1 and
Table 2. Twenty-nine constituents were identified,
accounting for 82.9% of the oil for DA and thirty-three
constituents for the 91.9% of the oil for DB. The oil
of DA was characterized by monoterpenoids (46.1%)
and sesquiterpenoids (28.3%), being the most abundant
compound bicyclogermacrene (19.6%), followed by
sabinene (9.7%) and mircene (5.2%). The oil of DB
was characterized by sesquiterpenoids (41.4%) and
monoterpenoids (42.6%), cyclocolorenone being the
most abundant (18.2%), followed by terpinen-4-ol
(8.7%) and alpha-gurjunene (6.9%).

Physicochemical properties of formulation

Both nanoemulsions, DB and DA appeared

Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2): Mar./Apr. 2013 261



Citotoxic activity evaluation of essential oils and nanoemulsions of Drimys
angustifolia and D. brasiliensis on human glioblastoma (U-138 MG) and

Madson R. F. Gomes et al.

macroscopically homogeneous and opalescent bluish
liquids. The physicochemical characteristics of the
formulations are presented in Table 3. The formulations
showed nanometric mean diameters of 168 nm for DB and
181 nm for DA, as well as polydispersity indices below
0.10 indicating an adequate homogeneity of these systems.
The values obtained are in agreement with those usually
reported for nanoemulsions produced by high-pressure
homogenization (Nuchuchua et al., 2009; Sakulku et al.,
2009). The formulations demonstrated acid pH (4.7-6.3)
and negative zeta potentials (about-34 mV). The negative
zeta potential values presented by the samples are related

viability of this cell type only at the highest concentration
of 500 pg mL"' (35.0%=7.7). Of note, DB oil significantly
diminished the U-138 MG cell viability when treated
at 250 and 500 ug mL*' (42.5%+7.0 and 67.8%+7.8,
respectively) when compared to control.

Table 2. Composition percentage* of oxygenated monoterpenes,
sesquiterpene hydrocarbons, oxygenated sesquiterpenes and
phenylpropanoids of essential oils from fresh leaves of Southern
Brazilian Drimys angustifolia and D. brasiliensis.

Retention Index

Composition percentage

ed ! DB5  Lit. (Adams, D. D.
to the presence of hydrophilic emulsifier (Tween 20%), 2007) angustifolia  brasiliensis
showing a negative surface density of charge due to the  oyygenated monoterpenes 99 173
presence of oxygen atoms in the molecules (Flores et al., 1023 1033 | 8-cincole 0.6 44
2011). Theresults of transmission electron microscopy can .
R . 1094 1098 linalool 1.3 1.8
be observed in Figure 1. The Figure reveals homogeneous ]
and spherical particles. The results corroborate to the 168 177 terpinen-4-ol 64 8.7
droplet size analysis, showing that droplets are presentin 1170 1183 p-cimen-8-ol - 0.3
the nanometer range, with particle size of less than 200 1181 1189 a-terpineol 0.9 2.1

nm. Sesquiterpene hydrocarbons 23.5 159
1399 1404 isocaryophyllene - 0.2
Table 1. Composm'on .percentage* of monoterpene 1400 1409 a-gurjuncne B 6.9
hydr(.)c_arbonﬁ of essentla.l.(n.ls from fresh l.e.aves. of Southern 1406 1418 B-caryophyllene 0.8 01
Brazilian Drimys angustifolia and D. brasiliensis.
1426 1459 aromadendrene 0.9 0.4
Retention Index Composition percentage
1438 1461 alloaromadendrene tr 1.4
DB5  Lit.(Adams, D. D.
2007) angustifolia  brasiliensis 1452 1477 y-muurolene 0.4 -
Monoterpene hydrocarbons 36.9 253 1469 1480 germacrene D 1.5 04
929 939 a-pinene 33 32 1487 1494 bicyclogermacrene 19.6 6.5
933 953 camphene _ 0.1 1512 1524 d-cadinene 0.3 -
965 976 sabinene 9.7 3.6 Oxygenated sesquiterpenes 4.8 25.5
968 980 B-pinene 3.9 33 1554 1565 ledol - 1.7
985 991 myrcene 52 6.5 1566 1576 spathulenol 1.4 2.9
989 1011 §-3-carene _ 0.2 1572 1581 caryophyllene 1.4 -
oxide II
1010 1018 o-terpinene 1.9 tr
1610 1619 10-epi-y-eudesmol 0.5 1.0
1014 1031 B-phelandrene 39 -
1639 1641 t-muurolol tr 0.9
1017 1026 p-cymene - 2.1 .
1640 1653 a-cadinol 0.3 -
1021 1031 limonene - 0.6 .
1745 1759 drimenol 1.2 0.8
1031 1040 (2)-B-ocimene 4.6 0.6
) 1748 1763 cyclocolorenone - 18.2
1031 1050 (E)-B-ocimene tr 0.1 -
Phenylpropanoids 8.5 7.9
1050 1062 y-terpinene 3.0 3.2
1278 1285 safrole 3.5 1.4
1080 1088 terpinolene 1.4 1.8 Lo
1511 1520 myristicin 5.0 6.5

*Expressed by GC/MS analysis on DBS column.
Cell viability

We tested the effect of nano DA, nano DB, DA
oil and DB oil in two different tumor cells. Cell viability
was not altered when the human glioma cell line U-138
MG was treated with either nano DA or nano DB in
different concentrations (Figure 2A). As shown in Figure
2B, the treatment with DA oil significantly reduced the

262  Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2): Mar./Apr. 2013

*Expressed by GC/MS analysis on DBS column.

Regarding the human bladder carcinoma T24
cell line (Figure 2B), DA oil reduced T24 cell viability
at 250 and 500 pg mL*' (36.7%+6.8 and 73.7%+2.7,
respectively), whereas DB oil displayed inhibitory
effects in all tested concentrations (33.2%=2.8,
60.3%=+1.6 and 80.5%=8.8). Regarding to the treatments
with nanoemulsions, DA nano significantly altered the



viability of the T24 lineage in the concentrations of 250
and 500 pg mL"' (26.1%=+8.4 and 65.7+6.2, respectively).
However, it did not alter significantly the cell viability
of the U-138 MG lineage in any of the concentrations
tested. DB nano only altered significantly T24 lineage in
the concentration of 500 pg mL" and it did not altered
U-138 MG lineage in the concentrations tested.

Table 3. Particle size, polydispersity index (PDI), zeta
potential and pH of nanoemulsions (expressed as mean+S.D).

. Particle Zeta potential
Formulation size (nm) PDI (mV) pH
DA 181.0+£1.8  0.08+0.00 -33.5£0.5 6.37+0.1
DB 168.5£3.0  0.08+0.04 -34.9+0.8 4.73£0.3

Figure 1. Transmission electron photomicrograph of the
nanoemulsions DA at 150 k (b) and DB at 75 k (a).

Cell counting

As shown in Figure 3, the U-138 MG cell
number was significantly reduced when the lineage was
treated with DB oil in concentrations of 250 or 500 pg
mL"! (46.3%=9.1 and 76.0%=2.5, respectively). The T24
lineage had a reduction in the cell number only when
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treated with the highest DB oil concentration of 500 pg
mL"' (67.1%+3.9).
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Figure 3. Effect of treatment with DB oil on cell number of
U-138 MG and T24 human cells after 24 h. The cell number
of the control group (not treated cells) was considered 100%.
The experiment was carried out at least three times in triplicate.
Each column represents the mean+=SEM. *p<0.05 and #p<0.001
for comparison versus control, as determined by ANOVA/
Tukey-Kramer test.

Annexin V/PI flow cytometry staining technique
As shown in Figure 4, the DB oil at 250 or 500
pg mL! induced a clear increase in annexin V-FITC/IP

positive population on both U-138 MG and T24 cell lines
(45.4%=*1.9, 53.6%+1.2 and 29.2%+2.4, 38.8%+4.7;

respectively).

Discussion

Generally, the major chemical components

B) Oils % %1438 MG
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T
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Figure 2. A. Effect of treatment with nano DA or nano DB (125, 250 and 500 pg mL™") on cell viability of U-138 MG and T24 cell
lines, after 24 h; B. Effect of treatment with DA oil and DB oil (125, 250 and 500 ug mL™") on cell viability of U-138 MG and T24
cell lines, after 24 h. The experiments were carried out at least three times in triplicate. Each column represents the mean+SEM.
*p<0.05, **p<0.01 and “p<0.001 for comparison versus control, as determined by ANOVA/Tukey-Kramer test.
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A) Control
U-138 MG

B) 250 pg mL?

C) 500 pg mL!
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Propidium lodite (PI)

Figure 4. Annexin V-FITC/PI positive U-138 MG or T24 cells 24 h after treatment with DB 0il 250 or 500 pg mL'. Each sample has
20.000 cells. Data shown is representative of at least 2 independent experiments.

determine the biological properties of the essential oils
(Croteauetal.,2000; Betts, 2001; Bowles, 2003; Pichersky
et al., 2006). Taking into account the composition of
the oils studied herein, we can observe that in Drimys
angustifolia Miers, Winteraceae, oil, there is a prevalence
of hydrogenated compounds (bicyclogermacrene,
sabinene and myrcene), with a total of 14.0% oxygenates
(Table 1 and 2).

Otherwise, Drimys brasiliensis Miers oil
has oxygenated compounds as major components
(cyclocolorenone and terpinen-4-ol), with a total of about
45.5% (Table 1 and 2). It is known that the cytotoxic
activity is enhanced by the presence of oxygenated
compounds, as they display functional groups of
aldehydes, phenols and alcohols (Bruni et al., 2003;
Sacchetti et al., 2005). This could explain the evident
citotoxic effects obtained by DB oil in our study (Figure
2B). All components have low molecular weight and
high lipophility which favors the penetration through
membranes, destroying polysaccharides, fatty acids
and phospholipids, and disrupting the structure of the
membrane, thereby increasing the cell damage (Bakkhali

264  Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2): Mar./Apr. 2013

et al., 2008).

An interesting result obtained in the cell
viability analysis was the increased cytotoxic activity
of the DB oil when compared to DA oil. The DA oil,
was able to reduce U-138 MG cell viability only at the
higher tested concentration (500 ug mL"), while DB oil
showed a significant cell viability reduction with half
of the effective DA oil concentration, indicating the
effectiveness of this oil (Figure 2B). Interestingly, both
oils had a cytotoxic activity in the T24 cell line, but DB
oil showed a higher reduction in the cell viability when
compared to DA oil. It decreased cell viability at the
lowest tested concentration of 125 pg mL"! (Figure 2B).
Studies have revealed evidence of the involvement of the
purinergic system in bladder tumorigenesis, particularly
ecto-5'-NT/CD73, the enzyme responsible for AMP
hydrolysis (Rockenbach et al., 2011). Increasing evidence
indicates that gastrin-releasing peptide (GRP) acts as
an autocrine growth factor for brain tumors. However,
it remains unclear whether the cAMP/protein kinase A
(PKA) signaling pathway plays a role in mediating the
mitogenic effects of GRP. (Farias et al., 2008). Those
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features of the tumor cells may explain the different
behavior of oils in cytotoxicity.

The nanoemulsions formulated were designed to
achieve better penetration associated with low molecular
weight and lipophilicity of the components of the oils,
increasing the availability within tumor cells (Tiwari &
Amiji, 2006). Thus, we observed that the nanoemulsions
have not been able to reduce cell viability in the U-138
MG cell line (Figure 2A). However, nanoemulsions were
able to reduce cell viability in T24 lineage at 250 and
500 pg mL" of DA oil or 500 pg mL"' of DB oil. In both
nanoemultions, there was only 4% of DA or DB oils, and
the real concentration in the nanoemultion are 10 and 20
pg mL!, of DA oil and 20 pg mL"' of DB oil, maintaining
the same activity with low concentration of oils of both
species (Figure 2A). The major components as well as the
presence of varying amounts of oxygenated components
oils, as described above and the mechanisms involved in
genesis and spread of tumor are different for both cell
lines and these features may explain the differences
between the cytotoxic concentrations for each cell type.

By the fact that only the DB oil was efficient in
reducing cell viability on both cell lines on at least two
concentrations, we decided to continue the investigation
only with this oil (Figure 2B). The data of cell counting
followed the same pattern observed in cell viability assay
with the two cell lineages, where DB oil reduced cell
number in a concentration dependent manner (Figure 3).

Apoptosis and necrosis represent two
fundamental types of cell death. Apoptosis cell death is
a highly regulated physiological process of programmed
cell death and plays an important role in the homeostasis
of different tissues in response to various stimuli
(Bergantini et al., 2005; Bras et al., 2005) and it is
characterized by not showing inflammatory response
(Yasuhara et al., 2003). While necrosis is usually
viewed as a more or less passive cell rupture caused
by excessive exogenous damage, apoptosis is an active
process consisting of highly coordinated molecular
events leading to a sequence of morphological changes
and is accompanied by modifications of the cellular
surface. The cell loses its surface anti-phagocytic “don't-
eat-me” signals (mediated mostly by CD31 and CD47
glycoproteins) and exposes ligands designating the cell
for phagocytosis (e.g. phosphatidylserine) (Ravichandran
& Lorenz, 2007; Erwig & Henson, 2008). Moreover,
several extracellular molecules bind to the apoptotic
cells (e.g. complement factors) facilitating phagocytosis
(Ravichandran & Lorenz, 2007; Elliott & Ravichandran,
2010). Importantly, the early apoptotic cells preserve
their plasma membrane integrity to retain the potentially
harmful cellular contents inside. If not successfully taken
up by phagocytes, apoptotic cells proceed to the phase
of late apoptosis (termed also secondary necrosis) when
the plasma membrane becomes permeable for small

molecules (e.g. propidium iodide (PI)) and subsequently
also for macromolecules (proteins) (Silva et al., 2008).
The leakage of intracellular molecules during secondary
necrosis provokes an inflammatory response (Elliott &
Ravichandran, 2010). The establishmentt of cell death
type induced by a treatment is important to suggest which
mechanism could be involved in the process.

Therefore, lastly we decided to investigate
the type of death induced by DB oil on U-138 MG and
T24 cell lines. We have shown that the death induced
by DB oil after 24 h has late apoptotic features (Figure
4), what means that the death by apoptosis induced
by DB oil occurs before 24 h. Cells on late apoptotic
death have both translocation of phosphatidylserin and
defragmentation of DNA, thus stain positive for FITC-
Annexin V and Propidium iodite (Cornelissen et al.,
2002). Several signals modulate the proliferation, survival
and cell death (Foster, 2008; Mester & Redeuilh, 2008).
In general, toxic or damaging stimuli can trigger cell
death by necrosis or apoptosis, which are differentiated
by the morphology and cellular pathways (Foster, 2008;
Kuwana & Newmeyer, 2003). Accordingly, treatments
that induce tumor cells death by apoptosis are considered
better, because apoptosis is a natural cell death so did not
results in inflammation, which is characteristic of necrosis
cell death (Kerr et al, 1995; Boujard et al., 2007).

Conclusions

In the results presented in this study, we showed
for the first time the potential citotoxic activity of DA and
DB species on human glioma (U-138 MG) and human
bladder carcinoma (T24) cell lines. The nanoemulsions of
the two oils were not active on the U-138 MG, but had
significant cytotoxicity effects towards human bladder
carcinoma cell line. Since the DB oil was more cytotoxic
than the other oil on both cell lines, it was selected the first
for further investigation of its citotoxic activity. It kept, the
same standard on cell counting and inducing late apoptosis.
Thus, DA and DB oils and nanoemulsions proved to be
promising pharmacological tools in cancer treatment, but
further studies still are needed to confirm this idea.
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