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a b s t r a c t

E. oleracea is a tropical plant from the Amazon region, with its fruit used for food, and traditionally, as an
antioxidant, anti-inflammatory, hypocholesterolemic, for atherosclerotic disease, and has anticancer
properties. The oil of the fruit has antidiarrheic, anti-inflammatory and antinociceptive activities, but
without genotoxicity evaluation. Therefore, the aim of this study was to evaluate the genotoxic potential
of E. oleracea fruit oil (EOO), in rat cells. Male Wistar rats were treated with EOO by gavage at doses of 30,
100 and 300 mg/kg, for 14 days, within a 24 h interval. The DNA damage in the leukocytes, liver, bone
marrow and testicular cells, was assessed by the comet assay, and the clastogenic/aneugenic effects in
the bone marrow cells, by the micronucleus test. Our phytochemicals characterization of the EOO
showed the presence of vanillic, palmitic, g-linolenic, linoleic, oleic, cinnamic, caffeic, protocatechuic,
ferulic, syringic acids, and flavonoids quercetin and kaempferol rutinoside as the main constituents. Both
cytogenetic tests performed showed that EOO presented no significant genotoxic effects in the analyzed
cells, at the three tested doses. These results indicate that, under our experimental conditions, E. oleracea
fruit oil did not reveal genetic toxicity in rat cells.

© 2016 Published by Elsevier Ltd.
1. Introduction

Plants have for a very long time, formed the basis of sophisti-
cated traditional medicine systems that have been in existence for
thousands of years, and continue to provide mankind with new
remedies. They have gained a significant increase in popularity, as
complementary and alternative medicines for the prevention and
treatment of different infectious and non-infectious diseases in
human therapy (Kim et al., 2015; Gurib-Fakim, 2006). According to
the literature review data, natural products and their derivatives,
represent 50%e80% of all the drugs in clinical use in the world (Sen
and Samanta, 2015; Petrovska, 2012).

Euterpe oleracea Mart. (Arecaceae family) is a plant whose fruit
is commonly known as “açaí”. This fruit is used traditionally in the
iologia, Faculdade de Filosofia
Av. Hygino Muzzi Filho, 737.
0, Marilia, SP, Brazil.
.L. Maistro).
Brazilian folk medicine to treat anemia, diarrhea, malaria, pain,
inflammation, hepatitis, and kidney diseases (Caetano et al., 2014;
de Bem et al., 2014; V�asquez et al., 2014; Souza et al., 2011; Le~ao
et al., 2007). Moreover, açaí is considered a dietary food supple-
ment, in appreciation to its high content of natural antioxidant and
can be considered as one of the new superfruits (Yamaguchi et al.,
2015). Açaí fruits have been used as a functional food due to its
nutritional benefits and therapeutic promise and, for this reason, it
is being studied currently, by researchers worldwide (Bonomo Lde
et al., 2014). Most of the Amazonian population consume açaí juice
daily, and this makes it a fruit of great economic importance
(Murrieta et al., 1999). A study by Khayat (2005) showed that, the
daily intake of açaí fruit acted as a coadjuvant, to reduce the risk of
coronary atherosclerotic disease in a population of the State of Par�a
in Brazil. Extracts from açaí fruit, induced a vasodilator effect in the
rat mesenteric vascular bed, and this suggests its possible use in the
treatment of cardiovascular diseases (Rocha et al., 2007). With
specific regard to the açaí fruit oil, antidiarrheic action was proven
(Plotkin and Balick, 1984) and Favacho et al. (2011) reported anti-
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inflammatory and antinociceptive activities.
Considering the fact that genetic toxicity is a crucial endpoint in

the safe testing of plants as it addresses potential mutagenicity,
which has implications for risks of both genetic disease and cancer;
and that to the best of our knowledge, there are no data in the
literature about the genetic toxicity of E. oleracea fruit oil, the aim of
this present study was to investigate the genotoxic and clastogenic/
aneugenic potential of this oil in different rat cells, using the comet
and micronucleus assays, respectively. Concomitantly, the main
chemicals present in this oil were determined.

2. Material and methods

2.1. Chemicals

Doxorubicin (DXR, Oncodox®, Meizler) was used as the DNA
damage agent in the comet and micronucleus assays, and was
prepared by dissolving it in sterile water. The other main chemicals
were obtained from the following suppliers: Normal Melting Point
(NMP) agarose (Cat. No. 15510e019: Invitrogen) Low Melting Point
(LMP) agarose (Cat. No. 15517e014: Invitrogen), sodium salt N-
lauroyl sarcosine (L-5125: Sigma) and ethylenediaminetetraacetic
acid (EDTA) (Merck). EOO was dissolved in Tween 80.

2.2. Plant material

The E. oleracea Mart. (Arecaceae family) fruit oil (EOO) was
kindly provided by the company Açaí do Amap�a Agro-Industrial
Ltda Sambazon, located in the city of Macap�a, in Amap�a State,
Brazil. The extraction method consisted of a standardized method
used by the company, which cannot be published, because of patent
protection.

2.3. Phytochemical analysis

The Açaí fruit oil was dissolved in methanol:water (1:1) with
0.1% formic acid for reading in a positive mode and in methanol:-
water solution (1:1) with 0.1% ammonium hydroxide to read in the
negative mode. The solutions were directly infused into ESI in the
Mass Spectrometer (MS). The ESI-MS spectra and ESI-MS/MS were
acquired using positive ion mode for the acidic solution, and
negative ion mode for the alkaline solution.

The chromatographic separation was performed using an Acq-
uity UPLC BEH hybridizes column (Ethylene bridged hybrid) C18
with dimensions of 50 mm � 2.1 mm and particle size of 1.7 mm at
room temperature. The mobile phase consisted of methanol:formic
acid 0.1% 65/35 v/v with flow of 0.7 mL.min�1 and injection volume
of 5 mL.

The phytochemical analyses were performed, using an Ultra
Performance Liquid Chromatography (UPLC) Waters, Acquity
model, coupled to a mass spectrometer TQD model, Waters, with
ionization electrospray source and mass analyzer type triple
quadrupole -TDQ. To perform the sequential mass analysis, argo-
niumwas used as collision gas. The Masslynx software was used for
data acquisition and processing. Analyses were initially monitored
in full-scan mode of mass detector and then the desired signals
were selected for collision induced dissociation.

2.4. Animals and dosing

Experiments were carried out in 4e5 weeks old male Wistar
rats, weighing about 100 ge120 g. The animals were acquired from
the animal's house of the Universidade Estadual Paulista (UNESP),
Botucatu, S~ao Paulo state, Brazil, and kept in polyethylene boxes, in
a climate controlled environment (22 ± 4 �C, 55 ± 5% of relative
humidity) with a 12 h lightedark cycle (7:00 a.m. to 7:00 p.m.).
Food (NUVILAB CR1-NUVITAL) and water were available ad libitum.
The animals were divided into five experimental groups, with six
animals in each group. The EOO (30 mg/kg, 100 mg/kg or 300 mg/
kg b.w.) was diluted in vehicle (1% Tween 80) and administered by
gavage daily for 14 consecutive days, at 24 h interval. In this pro-
cedure, each animal was weighed individually and then the
calculated dose, was solubilized in 0.4 mL of the vehicle being
administered. These doses were selected based on its traditional
use in Brazil (25 mle30 ml daily) (http://beneficiosnaturais.com.br/
oleo-de-acai-beneficios-e-propriedades/), and also, on our pre-
liminary acute toxicity studies in rats. At the dose of 300 mg/kg,
some animals began to display signs of toxicity such as diarrhea and
bristling of the hair. For this reason, higher doses were not tested.
The negative control group received only vehicle by gavage, and the
positive control group received an intraperitoneal injection of
doxorubicin (DX R) at 16 mg/kg body weight. On the 15th day, 24 h
after the administration of the last treatment, the rats were anes-
thetized with xylazine and ketamine (4 mg/kg b.w., i.p.), and the
peripheral blood from the tail was collected to the comet assay.
Immediately after this, the animals were euthanized by cervical
dislocation, and the liver, bone marrow and testicle cells were
collected for comet assay, and the bone marrow from another fe-
mur for micronucleus test. The Animal Bioethics Committee of the
Faculdade de Medicina de Marília (CEUA/FAMEMA, Marília, S~ao
Paulo state, Brazil) approved this present study on the 31st of
January, 2013 (protocol number 1659/12), in accordance with the
federal government legislations on animal care.

2.5. Comet assay

The comet assay (SCGE) was carried out through the method
described by Speit and Hartmann (1999), which was based on the
original work of Singh et al. (1988), and includes modifications
introduced by Klaude et al. (1996), as well as some additional
modifications. Briefly, peripheral blood samples from the vein in
the tail, and liver, bone marrow, and testicular cell samples were
washed with saline solution, in an ice bath. A small portion
(diameter of about 4 mm), was transferred to a Petri dish con-
taining 1 ml of Hank's solution (pH of 7.5) and then homogenized
gently with small pinches and a syringe to avoid clumps of cells. An
aliquot of 20 ml was removed from the supernatant of each cell type
to determine cell viability. Cell counting was performed using a
hemocytometer. Cell viability was determined by trypan blue dye
exclusion. The number of trypan blue-negative cells was consid-
ered as well as the number of viable cells, and it was greater than
85%. Another equal aliquot of cells from each animal was mixed
with 120 ml of 0.5% low melting point agarose at 37 �C, and rapidly
spread on two microscope slides per animal, precoated with 1.5%
normal melting point agarose. The slides were coverslipped and
allowed to gel at 4 �C for 20 min. The coverslips were gently
removed, and the slides were then immersed in cold, freshly pre-
pared lysis solution consisting of 89 ml of a stock solution (2.5 M
NaCl, 100 mM EDTA, 10 mM Tris, pH set to 10.0 with 8 g of solid
NaOH, 890 ml of distilled water and 1% sodium lauryl sarcosine),
plus 1 ml of Triton X-100 (Merck) and 10 ml of DMSO (Merck). The
slides, which were protected from light, were allowed to stand at
4 �C for 1 h, and then placed in the gel box, positioned at the anode
end, and left in a high pH (>13) electrophoresis buffer (300 mM
NaOHe1 mM EDTA, prepared from a stock solution of 10 M NaOH
and 200 mM, pH 10.0, EDTA) at 4 �C for 20 min, prior to electro-
phoresis, to allow DNA unwinding. The electrophoresis run was
carried out in an ice bath (4 �C) for 20 min at 300 mA and 25 V
(0.722 V cm �1). The slides were then submerged in a neutralization
buffer (0.4 M TriseHCl, pH 7.5) for 15 min, dried at room
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temperature and fixed in 100% ethanol for 10 min. The slides were
dried and stored overnight or longer, before staining. For the
staining process, the slides were briefly rinsed in distilled water,
covered with 30 ml of 1 � ethidium bromide staining solution
prepared from a 10 � stock (200 mg ml�1) and coverslipped. The
material was evaluated immediately at 400 � magnification, using
a fluorescence microscope (Olympus BX 50) with a
515 nme560 nm excitation filter and a 590 nm barrier filter. Only
individual nucleoids were scored. The extent and distribution of
DNA damage indicated by the SCGE assay, was evaluated by
examining at least 100 randomly selected and non overlapping cells
(50 cells per coded slide) per animal in a blind analysis (sixmice per
group). These cells were scored visually, according to tail size, into
the following four classes: class 0, no tail; class 1, tail shorter than
the diameter of the head (nucleus); class 2, tail length 1e2 times
the diameter of the head; and class 3, tail length more than twice
the diameter of the head. Comets with no heads, with nearly all of
the DNA in the tail, or with a very wide tail, were excluded from the
evaluation because, they probably represented dead cells
(Hartmann and Speit, 1997). The total score for 100 comets, which
ranged from 0 (all undamaged) to 300 (all maximally damaged),
was obtained by multiplying the number of cells in each class by
the damage class.

2.6. Micronucleus test

The assay was carried out, following standard protocols as rec-
ommended by Schmid (1975) and Maistro (2014). The same six
male rats from each group used in the comet assay, were used for
this assay. The bone marrow from one femur, was flushed out using
2 ml of saline (0.9% NaCl) and centrifuged for 7 min. The super-
natant was discarded and smears were made on the slides. The
slides were coded for a “blind” analysis, fixed with methanol and
stained with Giemsa. For the analysis of the micronucleated cells,
2000 Polychromatic Erythrocytes (PCE) per animal were scored, to
determine the clastogenic and/or aneugenic property of the EOO.
To detect possible cytotoxic effects, the PCE/NCE (Normochromatic
Erythrocytes) ratio in 200 erythrocytes/animal was calculated
(Gollapudi and McFadden, 1995). The cells were blindly scored
using a light microscope at 1000 � magnification. The mean
number of Micronucleated Polychromatic Erythrocytes (MNPCE)
for each individual rat was used as the experimental unit, with
variability (standard deviation) based on differences among ani-
mals within the same group.

2.7. Statistical analysis

After verifying for normal distribution (normality test KS per-
formed), the data obtained from comet assay, were submitted for
Analysis of Variance (ANOVA) and the TukeyeKramer multiple
comparison test (Sokal and Rohlf, 1995), and the data obtained from
micronucleus assay, were submitted for the analysis of variance test
(ANOVA) with linear regression, both using the GraphPad Prism®

software (version 5.02). A value of P < 0.05 was considered statis-
tically significant for all the parameters evaluated.

3. Results

The lipid fraction of açaíberry oil was analyzed using both the
negative and positive method. The chemical profile of the poly-
phenols fatty acids present in the fraction of the dichloromethane
and methanol of açaíberry oil extracts, were analyzed using
“fingerprint” by negative mode by LC/ESI-MS. The fractions showed
peaks at 169.1 m/z [M�H]; 255.3 m/z [M�H]; 277.2 m/z [M�H],
279.3 m/z [M�H] and 281.4 m/z [M�H], corresponding to the
deprotonated molecules of the vanillic acid, palmitic acid, g-lino-
lenic acid, linoleic acid, and oleic acid, respectively. These peaks can
be seen in the chromatogram (Fig.1). In the positivemode, phenolic
acids were identified as cinnamic acid with peak at 149.1 m/z and
caffeic acid with peak at 181.1 m/z (Fig. 2). The methanol fraction
(considered aqueous) was also analyzed using the negativemode. It
was possible to identify the presence of flavonoids: quercetin,
deprotonated molecule [M�H] 301.3 m/z and kaempferol rutino-
side, [M�H] 593.1m/z (Fig. 3). Other compounds were identified as
protocatechuic acid [M�H] 155.1 m/z; ferulic acid [M�H] 195.1 m/z
and syringic acid [M�H] 199.1 m/z (Fig. 4).

Some isolated toxic clinical signs such as diarrhea, were
observed in the animals treated with 300 mg/kg EOO. The cell
viability observed in the trypan blue staining protocol was over 85%
in all the treatments (data not shown). DNA damage was evaluated
in the blood leukocytes, liver, bone marrow and testicular cells of
Wistar rats. The results of the comet assay, are presented in Fig. 5.
No significant induction of DNA strand breaks was observed in any
of the EOO treated groups. In the few nucleoids that presented DNA
damage, it was minor (class 1), as was also observed in the vehicle
control. Positive control DXR, induced a significant increase in DNA
damage (p < 0.001) as shown by the scores obtained for all the cell
types analyzed, validating the species selected and the study design
used to detect genotoxic effects.

Clastogenic/aneugenic damage was investigated, by analyzing
micronuclei formation in the bone marrow Polychromatic Eryth-
rocytes (PCE). Exposure to EOO, did not induce any significant in-
crease in the micronucleus frequency in the bone marrow cells, as
well as no significant difference/increase in the PCE/NCE ratio
(P < 0.05) (Table 1). As expected, exposure to induced positive
control DXR led to a significant increase in the number of micro-
nucleated cells when compared to the vehicle control (P < 0.001).
Cytotoxicity in the bone marrow cells, was measured by quanti-
fying the PCE/NCE ratio and it revealed that EOO did not decrease
the PCE/NCE ratio compared to the control.

4. Discussion

Natural products can be considered as compounds derived from
biological sources like plants, minerals and organic matter and, it is
important that they possess biological properties, and are also used
for therapeutic medicine on man and animals (Sharma and Gupta,
2015; Grover et al., 2002). To discover how drugs are developed
from natural sources, it has become necessary to conduct a study,
combining the botanical, phytochemical, biological, and molecular
techniques (Sen and Samanta, 2015). Some of these techniques
include, the UPLC (phytochemical analysis), comet assay and
micronucleus test (evaluation of genotoxic/mutagenic potential),
where the identification of the biomolecules and biological activ-
ities of these compounds need to be investigated (Hobbs et al.,
2015; Trentin Dda et al., 2011; Saleem et al., 2009; Tice et al., 2000).

Chemical studies on açaí have shown that this fruit contains
polyphenolic components with antioxidant properties, especially
the presence of bioactive substances, such as phenolics, flavonoids
and anthocyanins (Pozo-Insfran et al., 2004). Favacho et al. (2011)
observed the presence of the fatty acids, oleic, palmitic and pal-
mitoleic as the major compounds of the açaí fruit oil. In the present
study, the UPLC analysis of the EOO confirmed the compounds
described by Favacho et al. (2011), and also revealed vanillic acid,
palmitic acid, g-linolenic acid, linoleic acid, oleic acid, cinnamic
acid, caffeic acid, protocatechuic acid, ferulic acid, syringic acid,
flavonoids quercetin and kaempferol rutinoside as the main con-
stituents. Pacheco-Palencia et al. (2008) evaluating the absorption
of the açaí oil using a Caco-2 intestinal cell monolayer demon-
strated that phenolic acids such as p-hydroxybenzoic, vanillic,



Fig. 1. Analysis of the dichloromethane fraction of the açaíberry oil by LC/ESI-MS (negative mode).

Fig. 2. Analysis of the dichloromethane fraction of the açaiberry oil by LC/ESI-MS (positive mode).

Fig. 3. Analyze of the methanolic fraction of the açaiberry oil by LC/ESI-MS (negative mode).

Fig. 4. Analysis of the methanol fraction of the açaiberry oil by LC/ESI-MS (negative mode), focusing on the peaks between 100 and 300 m/z.
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syringic, and ferulic acids, in the presence of DMSO, were readily
transported from the apical to the basolateral side along with
monomeric flavanols such as (þ)-catechin and (�)-epicatechin.
According to the authors, these results provide evidence for the
bioactive properties of açaí polyphenolics in mammal cells.

The genotoxic property of EOO was evaluated using the comet
assay. The alkaline version of the comet assay, can measure low
levels of DNA damage, such as single and double strand breaks,
alkali-labile sites, DNAeDNA and DNA-protein crosslinks (Tice
et al., 2000). Our results on the genotoxic evaluation of EOO
in vivo in peripheral blood leukocytes, liver, bone marrow and
testicular cells indicated that the oil did not present any significant
genotoxic effects, under the applied conditions. Is important to
remember that, how the cells analyzed in the comet assay were
collected 24 h after the last treatment with the test oil, DNA damage
repair processes may have occurred. However, we consider it un-
likely, since our pilot in vitro studies, with 4 h exposure of human
cells to the EOO, also revealed absence of genotoxicity (unpublished
data). Our in vivo results are in agreement with the study of açaí
pulp, where Ribeiro et al. (2010), despite some differences in the
chemical composition of their study material, also reported the
absence of the genotoxic effects of the açaí pulp in peripheral blood
leukocytes by the alkaline version of the comet assay.

The second cytogenetic assay performed in the present study to
verify the genotoxic potential of EOO, was the micronucleus test.
The in vivo assay, is the primary test in a battery of genotoxicity
tests recommended by regulatory agencies around the world
(Krishna and Hayashi, 2000; Maistro, 2014). The assay measured
the clastogenicity (chromosome breakage) and aneugenicity
(chromosome lagging due to dysfunction of mitotic apparatus), and
estimates the ratio of Polychromatic Erythrocytes (PCE) to Nor-
mochromatic Erythrocytes (NCE) which is useful in evaluating any
perturbations in hematopoiesis as a result of animal treatment
(Krishna and Hayashi, 2000; Gollapudi and McFadden, 1995). The
increased MN frequency may play an important role in the
neoplastic development of certain tumors (Murgia et al., 2008). Our
results of micronucleus assay, did not show a significant genotoxic
effect on the bone marrow cells of the rats, treated with EOO for
fourteen consecutive days. The rat historical vehicle control for a
period of 10 years in our laboratory show that MNPCE range was
0e8, with a mean of 2.26 per 2000 PCE; and a positive control had a
mean of 13.04 per 2000 PCE. Comparing the responses in treated



Fig. 5. Genotoxicity of Euterpe oleraceae oil (EO) in different cells of rat by comet assay. *p < 0.001 (ANOVA/Tukey post-test) when compared to negative control. Data are expressed
as the mean values obtained from six animals per group (n ¼ 6); Score ¼ DNA damage index.

Table 1
Number of micronucleated polychromatic erythrocytes (MNPCE) observed in the bone marrow cells of male (M) Wistar rat treated with Euterpe oleraceae fruit oil (EOO), and
respective control.

Treatments Number of MNPCE per animal MNPCE Mean ± SD PCE/NCE Mean ± SD

M1 M2 M3 M4 M5 M6

Control 2 2 2 2 3 1 2.00 ± 0.63 1.20 ± 0.07
(1% Tween 80)
EOO 1 1 3 5 3 2 2.50 ± 1.51 1.19 ± 0.06
(30 mg/kg)
EOO 1 3 2 3 2 2 2.16 ± 0.75 1.27 ± 0.11
(100 mg/kg)
EOO 2 3 2 2 2 3 2.33 ± 0.51 1.21 ± 0.11
(300 mg/kg)
Doxorubicin 9 9 10 6 7 10 8.50 ± 1.64* 1.16 ± 0.05
(16 mg/kg)

*Significantly different from negative control (p < 0.001).
Two thousand cells per animal were analyzed. SD ¼ standard deviation of the mean.
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animals of this present study with the historical controls of our lab,
the data obtained also point to absence of clastogenic/aneugenic
effects of EOO. Considering this endpoint, our findings are also in
accordance with the data obtained from açaí pulp, when the au-
thors observed in both acute and sub-acute treatments, the absence
of chromosomal mutations in mice (Ribeiro et al., 2010). Yet, in the
study mentioned above, the authors reported an interesting che-
moprotective effect of açaí pulp against doxorubicin-induced DNA
damage, in different cells of mice, and the protective effects
observed can be explained as a result of the antioxidant compounds
present in the açaí fruit, which do not present genotoxic effects, as
observed in our present study, but present antigenotoxic potential.
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Some of the main components found in the EOO had its geno-
toxic potential evaluated. Quercetin have contrastant results re-
ported. In some cultured bacterial, human, and rodent cells
genotoxic effects were observed (Resende et al., 2012; Barjesteh
van Waalwijk van Doorn-Khosrovani et al., 2007; Carver et al.,
1983). Some in vivo studies showed an indication for higher inci-
dence of tumors after quercetin exposure (Pamukcu et al., 1980;
National Toxicology, 1992) and other revealed negative for geno-
toxicity in transcriptome analyses of liver and small intestine of
mice (Hoek-van den Hil et al., 2015). Kaempferol induced gene and
chromosomal mutation in rodent cells in vitro (Maruta et al., 1979;
Carver et al., 1983). In vitro genotoxicity assessment of caffeic, cin-
namic and ferulic acids on rodent HTC cells showed that the three
phenolic acids were not genotoxic by the comet assay but showed
clastogenic effects by the micronucleus test (Maistro et al., 2011).
Despite of some isolated compounds of EOO to present mutagenic
effects, our results showed that the mixture of then in EOO showed
no genotoxic effects in different cells of rats.

In conclusion, under the experimental conditions employed in
the present work, our findings provide the first evidence that the E.
oleracea fruit oil, administered by gavage, is not genotoxic in the
leukocytes, liver, bone marrow and testicular cells of rats, and by
themicronucleus test, that it has no clastogenic/aneugenic effect on
the bone marrow either. However, considering that the açaí oil
preparation method could not be revealed due to its patent pro-
tection, we think that further studies evaluating the E. oleracea fruit
oil obtained by other ways and sources are required to better attest
its safe use by humans.
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