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A B S T R A C T

Juçara fruit (Euterpe edulis) has received attention due to its similarities to Euterpe oleracea (Açaí). The aim of this
study was to evaluate the cytotoxicity, bioactive compounds, antioxidant capacities and chemopreventive ac-
tivities of the fruit pulps of six populations of E. edulis (J1-J6) and one population of E. espiritosantense from
different ecological regions. ESI(−)-FT-ICR-MS was used to evaluate the pulp composition. The varieties J1 and
J4 presented higher polyphenol contents, while J2 and J5 showed higher anthocyanin contents. ESI-FT-ICR MS
identified cyanidin-3-rutinoside (J1, J2, J3, J4, J5, J7), protocatechuic acid, methylhydroxybenzoate hexoside
and rutin (J1 to J7) and malvidin-glicoside (J2 to J5). The J2, J3, J4, J5 and J6 samples inhibited inducible nitric
oxide synthase (iNOS). The chemoprevention biomarker quinone reductase was significantly induced by J6. Pulp
from plants J3, J4, J6 and J7 significantly reduced the inflammatory cytokine TNF-α, and J6 was selected as
having the most potential for cultivation and consumption.

1. Introduction

Euterpe edulis Martius (Arecaceae), a native Atlantic tropical forest
palm popularly known as white palm heart, suit palm heart or juçara, is
largely distributed along the Brazilian Atlantic coast and almost
reaching Argentina (Leitman, Soares, Henderson, Noblick, & Martins,
2015). juçara palm heart is economically valuable as a delicacy and is
the second-most exported non-wood product in the Atlantic forest. This
exploration contributes to the environment degradation with intense
exploitation (Schulz et al., 2016). In addition to the palm heart, the fruit
has also attracted attention because of its similarities to Euterpe oleracea
(Açaí), which is widely utilized as a source of nutrition and represents
20% of the non-wood forest products sold in Brazil (de Brito et al.,
2007). In addition, use of Juçara fruit has been implemented as a
possibility to alleviate the exploitation, once fruit utilization increases
economic income and rational use contributing to preservation since

diminishes palm cutting.
Although similarities properties as nutritional characteristics and

bioactive compounds such as anthocyanins, flavonoids and phenolic
acids related to potent antioxidant activity are better than those of E.
oleracea indicating prospective use as food (Schulz et al., 2016). Several
Juçara fruits has been related to antioxidant effects in vitro (Bicudo,
Ribani, & Beta, 2014; Schulz et al., 2015, 2016) as in vivo (Cardoso
et al., 2015).

The development of cancer is a complicated process in which sev-
eral factors combine to disrupt normal cell growth and division. One
strategy to decrease cancer incidence is cancer chemoprevention
(Wattenberg, 1985), which involves the prevention, delay, or reversal
of the carcinogenesis process through the ingestion of dietary or
pharmaceutical agents. To determine chemopreventive potential, sev-
eral short-term in vitro bioassays should be performed for all three
stages of carcinogenesis (initiation, promotion and progression). In
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addition, the samples should not present any cytotoxicity (Pezzuto
et al., 2005). These chemoprevention assays should relate the cross-talk
between phase II enzyme inducers and the ability to suppress in-
flammatory signaling (H. Liu, Dinkova-Kostova, & Talalay, 2008). In
this context, nitric oxide (NO) is a mediator of the inflammatory process
and is synthesized by inducible NO synthase (iNOS). Induction of this
enzyme occurs through the nuclear factor kappaB (NF-κB) pathway and
is mediated by various pro-inflammatory cytokines, including inter-
feron-γ, tumor necrosis factor-α, and interleukins−1 and -6 (Clancy &
Abramson, 1995).

It has been reported that a diet rich in vegetables and fruits is
capable of preventing approximately 20% of cancers (Terry et al.,
2001). Cancer prevention associated with healthy food consumption
has received government investment because it may be a successful
prevention strategy and has low adverse effects. Reactive oxygen spe-
cies (ROS) enhance the risks of inflammatory diseases and cancer. It is
believed that antioxidants directly react with reactive radicals by ac-
cepting or donating electrons to pair or remove the unpaired electron of
the radical, by indirectly decreasing the formation of free radicals by
inhibiting the activities or expression of free-radical-generating en-
zymes, or by enhancing the activities and expression of other anti-
oxidant enzymes (Lobo, Patil, Phatak, & Chandra, 2010).

Thus, the study of effective, nontoxic natural compounds with anti-
oxidative and chemopreventive activities has intensified. The hypoth-
esis of this study is that juçaras rich in polyphenols possess cancer
chemoprevention activities. Therefore, this work is aimed at identifying
and quantifying polyphenolic compounds to evaluate their antioxidant
activities and to determine the chemopreventive capacity of the pulp of
six genotypes of E. edulis and one variant genotype (considered a new
species, E. espiritosantense) fruits produced in Espírito Santo State, Brazil
as a strategy to promote sustainable consumptionn.

2. Experimental

2.1. Plant material

Juçara fruits were supplied by INCAPER (Capixaba Institute for
Research, Technical Assistance and Rural Extension) and were frozen at
−20 °C until use. Fruits were collected from the Biological Reserve
Santa Lucia, Santa Teresa (forest fragment 1, F1), and Domingos
Martins (private booking, forest fragment 2, F2) ES, Brazil. Seven
Juçara palm genotypes were selected and are referred to as J1 to J7 and
classified according to genotype (G) and the forest fragment (F) in
which they were collected. J1 was classified as G1F2 and was collected
from latitude S20°20′44.0″, longitude W040°40′37.5″, altitude of
698m; J2 was classified as G11F1, was collected from latitude
S19°58′09.4″, longitude W040°32′14.9″, altitude of 721m; J3 was
classified as G7F1 and was collected from latitude S19°58′10.3″, long-
itude W040°32′15.8″, altitude of 735m; J4 was classified as G10F1 and
was collected from latitude S19°58′10.8″, longitude W040°32′14.5″,
altitude 721m; J5 was classified as G9F1 and was collected from lati-
tude S19°58′10.8″, longitude W040°32′14.4″, altitude 743m; J6 was
classified asG6F1 and was collected from latitude S19°58′09.8″, long-
itude W040°32′15.7″, altitude 728m; and J7 was classified as G2EF1
and was collected from latitude S19°58′00.9″, longitude
W040°32′12.2″, altitude 671m. Juçara 1 through 6 are wild-type gen-
otypes, while J7 is a different species, Euterpe espiritosantense.

For future cultivation and the preservation of genetic information,
samples were deposited in the INCAPER Germoplasm Bank of Juçara.

2.2. Sample preparation

For pulp preparation, 1 kg of fruit circa 800 seeds per kilo of fruit
were submitted to manual separation from the bunch (Fadden et al.,
2008). Thereafter, fruits were selected considering as mature the fruits
with black appearance separated from the green, red, and damaged or

already dried fruits. The fruits were stored at −20 °C until use. For
aqueous extract obtainment fruits were transferred to a bowl with
purified water and warmed, around 40 °C, for 30 to 40min until the
point where by hand-tightening, the pulp easily loosens from the seed.
Then, for separation of rest of pulp solid and skin the fruits were
kneaded with 250mL of purified water until complete pulp removal
was achieved. The seeds were discarded, and the aqueous extracts were
lyophilized using a DIM freeze dryer line (LT, version 3.0/2014) at
−80 °C and a pressure of 0.000400mmHg.

2.3. Total phenolic content determination

The total polyphenol content was determined using the Folin-
Ciocalteu method as previously described (Singleton, Orthofer, &
Lamuela-Raventós, 1999), with some modifications. A gallic acid cali-
bration curve was constructed for concentrations ranging from 6.25 to
150 μg∙mL−1 (R2= 0.9877), and the results are expressed as equiva-
lents per μg of gallic acid∙g−1 in dry weight. Briefly, 30 μL of each
sample were added to a 96-well plate added to 150 μL of Folin-Cio-
calteu reagent and 120 μL of sodium carbonate. After 90min of reac-
tion, the absorption was determined at 740 nm. Samples were solubi-
lized in ethanol (1.0 mg∙mL−1). The experiments were conducted in
triplicate.

2.4. Evaluation of total anthocyanins content

The total monomeric anthocyanin (TMA) content of the Juçara ex-
tracts was determined using a spectrophotometric pH differential pro-
tocol (Giusti & Wrolstad, 2001). The anthocyanin content was ex-
pressed as μg cyanidin 3-glucoside equivalents (cy-3-glu)∙g−1 in a 10%
solution of Juçara. The experiments were conducted in triplicate.

2.5. ESI-FT-ICR MS

To identify the molecules present in the crude portion of the aqu-
eous lyophilized extract, negative ion-mode electrospray ionization
Fourier transform ion cyclotron resonance mass spectrometry (ESI
(−)-FT-ICR-MS) was used. For this purpose, 250 μL of the E. edulis
extract and 1 μL of the NH4OH peroxide-alkaline solution (Vetec
Química Fina Ltda, Brazil) were injected into the FT-ICR MS spectro-
meter (model 9.4 T Solarix, BrukerDaltonics, Bremen, Germany). The
mass spectra were obtained in the negative mode in the mass range of
m/z 200–2000. The conditions of the ESI source were: a nebulizer gas
pressure of 2.0 bar, a capillary voltage of 2.5 kV, and a transfer capillary
temperature of 280 °C. The accumulation time of the ions was 0.001 s.
Each spectrum was acquired by the accumulation of 100 scans. The
spectra were obtained at high resolution (4M), providing unambiguous
molecular formulas for singly charged molecular ions (Oliveira et al.,
2016). Mass spectra were acquired and processed using Compass Data
Analysis software (Bruker Daltonics, Bremen, Germany). The structural
formulas of the compounds were obtained through the ChemSpider
database software (www.chemspider.com).

2.6. Collision induced dissociation (CID) experiments

Two instruments were used for the CID experiments, FT-ICR MS and
LCQ Fleet ion trap. For the FT-ICR MS, the quadrupole window was
closed in a range of 1 Da, providing the isolation of the ion of interest.
Subsequently, the ion is conducted into a collision cell (hexapole) with
collision energy ranging from 3 to 20 V, with Argon being used as the
collision gas. In order to increase the amount of ions in the ICR cell, the
accumulation time of ions in the hexapole was 0.1 s. Each spectrum was
acquired from the accumulation of 100 scans with a time domain of 4M
(mega-point). For the MS/MS experiments using an LCQ Fleet ion trap,
100 μL of the samples were transferred to 1.5 mL vials which had their
volume filled with methanol containing 10 μL of NH4OH. The
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equipment conditions were: source voltage=3.5 kV; vaporizer
temperature= 170 °C; capillary voltage=−10 V; capillary
temperature= 275 °C; and tube lens voltage=−50 V.

2.7. Antioxidant activity by ABTS assay

The antioxidant activity was evaluated by ABTS (2,2′-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) reduction colorimetric method
(Re et al., 1999). A quercetin (2-(1,1-dimethylethyl)-1,4-benzenediol)
standard curve was constructed for the concentration range of 4.0 to
0.5 μg∙mL−1 (R2= 0.9959), and the results were expressed in μg
quercetin.g−1 dry weight. For the test, 20 μL aliquots of the samples
were added to 270 μL of the ABTS working solution in a 96-well plate,
and the absorption was determined at 734 nm. The samples were
evaluated at eight different concentrations varying from 0.031 μg∙mL−1

to 500 μg∙mL−1. Measurements were performed in triplicate, and the
results are expressed as IC50.

2.8. Antioxidant potential by sodium nitroprusside (SNP) assay

The nitric oxide scavenger activity was determined indirectly using
sodium nitroprusside (SNP) according to (Bates, Baker, Pharmacology,
&, 1991) with modifications. The 2.5mM NPS solution was prepared in
water and mixed with different sample concentrations ranging of 3 to
75 μg.mL−1, which was dissolved in ethanol and incubated at room
temperature for 10min. Nitrite formation was determined by Griess
reaction (Green et al., 1982) adding 150 μL of Griess reagent in mixture,
(equal volumes of 1% sulphanilamide in 5% phosphoric acid and 0.1%
N-(1-naphthyl) ethylenediamine solution). The 1.5 mM gallic acid was
used as positive control. Absorbance was determined using a microplate
reader (Multi-Mode, Filter Max F5, Molecular Devices Spectra, EUA) at
540 nm. The NO concentration was determined against a calibration
curve of sodium nitrite. The quantification of nitrite was determined by
regression analysis from a standard curve of sodium nitrite (R2 0.996)
and the percentage of the NO inhibition was calculated by using the
nitrite level of SNP induced group as control. Determinations were
performed in triplicate. The quantity of nitrite was determined by re-
gression analysis from a standard curve of sodium nitrite
(2500–2.44 μg∙mL−1). The percentage of NO inhibition was calculated
using the nitrite level induced by the control.

2.9. Assessment of in vitro cytotoxicity

The cytotoxicity was evaluated in vitro using murine hepatoma
(Hepa 1c1c7) (ATTC® CRL-2026TM) and the mouse macrophage cell
line RAW 264.7 (ATCC® TIB-71™). The colorimetric MTT (3-(4,5-di-
methylthiazol−2-yl)-2,5-diphenyl tetrazolium bromide) assay was
carried out as described (Mosmann, 1983). These experiments were
carried out in triplicate.

2.10. Inhibition of nitric oxide (NO) production in murine macrophage
RAW 264.7 cells assay

The level of nitrite, the stable end product of NO, was estimated as
described previously (Park et al., 2011). Briefly, RAW 264.7 cells were
seeded at a density of 1×105 cells/well and incubated in 96-well
culture plates at 37 °C, 5% CO2 in humidified air for 24 h. The cultured
medium was replaced with phenol red-free medium containing various
concentrations of compounds for 15min prior to 1 μg/ml of LPS ex-
posure for 20 h. The amount of nitrite in the cultured media was
measured by using Griess reagent. Under the same experimental con-
ditions, sulforhodamine B assay was performed to evaluate the cyto-
toxic effect of compounds toward RAW 264.7 cells. L-NG-monomethyl
arginine citrate (L-NMMA), a positive control of this assay, showed an
IC50 value of 25.1 μM.

2.11. Nuclear factor-κB (NF-κB) luciferase assay

NF-κB inhibition assay was conducted using luciferase reporter
assay as previously described (Sudarat Homhual et al., 2006). Briefly,
the cell line 293-NF-κB (human renal derived 293 cell line, 293.12 -
PTA5554) transfected with NF-κB-luciferase reporter gene were seed
into a sterile 96-well plate at 2× 104 cells per well and allowed to
achieve approximately 80% confluence for 48 h incubation. Pulp ex-
tracts were tested at the concentration of 20 μg. mL−1. After treatment
with tested compounds for 10min, cells were incubated for additional
6 h with or without TNF-α (5 ng. mL−1). Thereafter, cells were washed
with PBS and luciferase assay was performed using the Luc assay system
from Promega®, as previously described (Sudarat Homhual et al.,
2006). Luciferase activity was monitored (Mults-Mode Microplate
Reader, Filter Max F5, Molecular Devices Spectra, USA). The results
were expressed as percentage of NF-κB inhibitory activity. Na-tosyl-L-
phenylalanine chloromethyl ketone (TPCK) was used as a positive
control; IC50= 3.8 nM. The experiments were carried out in triplicate.

2.12. Aromatase

Aromatase activity was assayed as previously reported by Pezzuto
et al. (2005). Briefly, the NADPH regenerating system (90 μL) was pre-
incubating with 20 μg. mL-1 of aqueous extract of E. edulis. Narigenin
curve was constructing with concentrations ranging of 74.46 μM to
0.57 μM as positive control. Dimetilsulfoxide (DMSO) 0.5% was used as
negative control. After adding test compound and controls, incubation
for 10min at 37 °C was performed. Then, enzyme and substrate mixture
were added (100 μL) and incubation 30min at 37 °C realized. After that,
the reaction was stopped by the addition of 75 μL of 5M NaOH, the
reaction was shaking for 5min, and further incubated for 2 h at 37 °C.
This last step allows signal ratio enhancing over background. Finally,
fluorescence was measured at 485 nm (excitation) and 530 nm (emis-
sion). The experiments were conducted in triplicate.

2.13. Determination of the induction of NAD(P)H: quinone reductase

The activity of quinone reductase (QR) in the phenolic fractions was
assessed in 96-well plates using Hepa 1c1c7 (murine hepatoma cells,
ATCC CRL-2026), as previously described (Pezzuto et al., 2005).
Briefly, cells were grown to a density of 2×104 cells. mL−1 in 200 μL
of Dulbecco's modified Eagle's medium (DEMEM containing 100 IU.
mL−1 penicillin, and 100 μg. mL−1 streptomycin at 37 °C in a humidi-
fied atmosphere containing 5% CO2 (all Sigma–USA). After a 24 h pre-
incubation period, the media were renovated. The cells were incubated
for an additional 48 h. Enzyme activity was determined using aqueous
extract of E. edulis at the concentration of 20 μgmL−1 as a function of
the NADPH-dependent menadiol-mediated reduction of 3-(4,5-di-
methylthiazo-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to for-
mazan. Absorption was determined at 595 nm. A total protein assay
using crystal violet staining was run in parallel. The induction ratio (IR)
of QR activity represents the specific enzyme activity of agent-treated
cells compared with a DMSO-treated control. Data presented are the
result of three independent experiments run in duplicate. 40-Bromo-
flavone (CD=53.71 nM) was used as a positive control. The experi-
ments were carried out in triplicate.

2.14. Measurement of cytokines

Quantification of TNF-α and IL1-α were carried out on the super-
natant of RAW 264.7murine macrophages activated with LPS
(1μg∙mL−1). The enzyme-linked immunosorbent assay (ELISA) was
performed using specific antibodies (purified and biotinylated) and
cytokine patterns according to the manufacturer's instructions
(eBioscience, San Diego, California, USA). Optical densities were de-
termined at 450 nm using a microplate reader (Mults-Mode Microplate
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Reader, Filter Max F5, Molecular Devices Spectra, USA). Cytokine levels
were expressed in picograms (pg), and sensitivities were considered
as> 10 pg∙mL−1. Dexamethasone (IC50= 3.92 μg∙mL−1) was used as
the positive control. Concentrations were tested in the range of 10 to
100 μg∙mL−1, and all samples were run in triplicate.

2.15. Statistical analysis

Results were expressed as the mean ± standard deviation. Analysis
of variance (one-way ANOVA) followed by Tukey's post-test for mul-
tiple comparisons were performed using GraphPad Prism 5.0(2007)
software for Windows. The results were considered significant when
p < .05.

3. Results and discussion

3.1. Identification of bioactive compounds

The different genotypes of Juçara fruits analyzed were labelled J1
through J7 and classified according to genotype (G) and fragment (F) in
which it was collected. Total polyphenols and anthocyanins contents
are displaced by Table 2. Genotypes J1 and J4 presented higher poly-
phenol contents compared to the other analyzed samples, but less than
the values reported previously for E. oleracea (Rufino et al., 2010).

The anthocyanin contents of Juçara varieties are depicted in
Table 2, Fig. 1. J2 and J5 had anthocyanin contents lower than pre-
viously described for E. edulis (4.25 ± 0.08mg∙g−1cyanidin− 3-O-
glucoside) (Inada et al., 2015). J1, J3 and J7 had low content of an-
thocyanins compared to the values reported for E. oleracea, which
varied from 2.13 ± 0.12mg∙g−1 fruit to 2.68 ± 0.93mg∙g−1 fruit
when using cyanidin-rutinoside and cyanidin-glucoside standards for
the calibration curves (Pompeu, Silva, & Rogez, 2009). Statistical
analysis confirmed that J2 and J5 samples had elevated levels of

anthocyanins and differed significantly (p < .0001) from the other
samples analyzed in the present study.

The chemical compositions of E. edulis fruits were studied using ESI
(−)FT-ICR-MS, Fig. 1.The mass error acquired were even lower than
4.5 ppm, which, among the 117 signals detected (Table 1S), 14 organic
compounds were identified and classified into four phytochemical
classes: phenolic acids (40%), flavonoids (33.33%), anthocyanins
(20%), and stilbenes (6.67%) (Fig. 1 and Fig. 2). It was possible to note
that with the increase of their molar weight (Mw), the DBE values
ranged from 6 to 20 corresponding to compounds containing from 1 to
4 phenolic rings. In addition, CID experiments (ESI(-)MS/MS) allowed
the identification of the chemical connectivity of 14 proposed poly-
phenolic structures in work (Table 1 and Fig. 1S, supplementary ma-
terial).

The compound 1, m/z 287, [C15HO6]− ion, was assigned as dihy-
drokaempferol. The CID experiment produces fragments of m/z 259
(loss of CO, − 28 Da) (Fig. 1S-a), corroborating with the reported in the
literature (Garzón, Narváez-Cuenca, Vincken, & Gruppen, 2017; Kang
et al., 2010). Compound 2, m/z 315, [C13H15O9]− ion, was assigned as
protocatechuic acid hexoside., where its MS2 spectrum shows fragments
of m/z 271 (− 44 Da), resulting from loss of CO2, and of m/z 153 (−
163 Da), resulting from the loss of the hexoside fraction (Fig. 1S-b1).
The MS3 experiments for ion of m/z 271 shows losses of 73, 45 and
30 Da that occur in the hexoside ring structure, whereas the MS3 spectra
of ion of m/z 153 show a loss of 44 Da, CO2 (Fig. 1S-b2 and b3). Pro-
tocatechuic acid hexoside had already been reported in Juçara fruit
samples (Garzón et al., 2017). Compound 3, m/z 329, [C14H17O9]− ion,
was assigned as methylhydroxybenzoate hexoside. Its fragmentation
profile produces signals of m/z 314 (−15 Da), resulting from loss of the
methyl radical of the ester group, m/z 270 (−60 Da), due to loss of the
ester group attached to the phenolic ring, and m/z 242 (−59 Da
and− 29 Da) resulting from loss of the ester group attached to the
phenolic ring and in hexoside fraction, respectively (Fig. 1S-c1). MS3

Fig. 1. ESI (-)-FT-ICR MS profile of samples juçara 1–7.
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experiments of ion of m/z 242 generates the fragment of m/z 213 (~
31 Da) due to loss of hexoside fraction (Fig. 1S-c2). This phenolic acid
had not been described in of Juçara palm fruit samples. Compound 4,
m/z 359, [C 15H19O10]− ion, was assigned as syringic acid hexoside.
The fragmentation of ion of m/z 359 generated signals with m/z 197
(−162 Da) and m/z 182 (−181 Da), resulting from cleavage of hexo-
side fraction (Fig. 1S-d). This phenolic acid had already been reported
(Rezaire et al., 2014). Compound 5, m/z 399, [C18H23O10]− ion, was
assigned as a derivative of feruloyl sinapic acid (Garzón et al., 2017).
The fragmentation of compound generated signals of m/z 382 (−17 Da)
from the radical loss of hydroxyl group in the hexoside fraction, m/z
236 (−163 Da) and m/z 223 (−177 Da), both from hexoside fraction
losses (Fig. 1S-e). Compound 6, m/z 433, [C21H21O10]− ion, was as-
signed as a flavonoid glycoside (Mulabagal & Calderón, 2012), in which
its ESI(−)MS2 spectrum generates a signal of m/z 269 (−164 Da) from
loss of the glycoside fraction (Fig. 1S-f1), whereas the fragmentation
profile of the MS3 spectrum for this ion produces fragment of m/z 225
(−44 Da) from the loss of C2H4O (Fig. 1S-f2) (Galaverna, Sampaio,
Barata, Eberlin, & Fidelis, 2015).

Compound 7, m/z 445, [C19H25O12]− ion, was identified as a de-
rivative of sinapoyl hexoside (Garzón et al., 2017). Its CID spectrum
generated ions of m/z 427 (−18 Da) relative to the loss of H2O, m/z
383 (−62 Da) and m/z341 (−104 Da), both resulting from fragmen-
tations in the hexoside group, and m/z 283 (−162 Da) corresponding to
loss of synapoyl fraction (Fig. 1S-g). Compound 8, m/z 447,
[C21H19O11]− ion, is identified as orientin, being reported in several
works(Garzón et al., 2017; Gordon et al., 2012; Kang et al., 2010;
Mulabagal & Calderón, 2012; Pacheco-Palencia, Hawken, & Talcott,
2007). Its fragmentation profile produces the ion of m/z 285 (−162 Da)
from loss of hexoside group (Fig. 1S-h). Compound 9, m/z 449,
[C21H21O11]− ion, was assigned as dihydrokaempferol glucoside and
had already been reported (Kang et al., 2010). The MS2 experiment of
the m/z 449 generates the fragment of m/z 269 (−180 Da), resulting
from the loss of the glucoside fraction (Fig. 1S-i1), whereas the MS3

experiment for the ion of m/z 269 generates the fragment of m/z 225
(−44 Da), resulting from the neutral loss of C2H4O (Fig. 1S-i2), as

reported in the literature (Galaverna et al., 2015). Compound 10, m/z
491, [C23H23O12]− ion, was identified as malvidin-glucoside (Poulose
et al., 2014). Its fragmentation profile generated ions of m/z 473
(−18 Da), m/z 459 (−32 Da), m/z 447 (−44 Da) and m/z 387
(−104 Da) from fragmentations in the glucoside fraction. Finally, the
fragment of m/z 179 (−312 Da) is derived from the loss of the gluco-
side fraction (Fig. 1S-j). Compound 11, m/z 593, [C27H29O15]− ion, is
identified as cyanidin-rutinoside, which is reported in several works in
literature (Bicudo et al., 2014; Garzón et al., 2017; Gordon et al., 2012;
Mulabagal & Calderón, 2012; Pacheco-Palencia et al., 2007; Poulose
et al., 2014; Rezaire et al., 2014).Its fragmentation profile produces ion
of m/z 285 (−308 Da), being corresponding to loss of rutinoside frac-
tion(Fig. 1S-k). Compound 12, m/z 609, [C27H29O16]− ion, was iden-
tified as Rutin and had already been reported (Garzón et al., 2017).
Their fragmentation profile showed ions of m/z 300 (−309 Da) and m/
z 285 (−310 Da) resulting from losses of the hexoside fraction (Fig. 1S-
l). Compound 13, m/z 675, [C35H31O14]− ion, has been identified as a
flavonoid, which has not yet been reported in the literature. Their
fragmentation profile showed fragments of m/z 643 (−32 Da) and m/z
507 (−168 Da), characteristic of loss of methoxyl and trimethoxylated
benzene rings, respectively (Fig. 1S-m). Compound 14, m/z 757,
[C33H41O20]− ion, is identified as a flavonoid, not being reported in
Juçara fruit samples. Their fragmentation profile shows ions of m/z 611
(−146 Da) and m/z 593 (−164 Da), being characteristic of loss of
hexoside, and m/z 447 (−310 Da) characteristic of loss of two hexoside
rings (Fig. 1S-n).

Fig. 3 shows a histogram of class distribution composed of 116
chemical species, proving that six genotypes of Juçara fruit (samples J1-
J3 and J5-F7) are mainly rich in phenolic compounds, being abundant
in species containing 13 and 14 oxygen atoms whereas the sample J4 is
rich in phenolics species containing 11 oxygen atoms.

3.2. Determination of the antioxidant capacities of Juçara genotypes

The in vitro antioxidant capacities determined by ABTS and SNP are
shown in Table 2. Indeed, the ABTS method could better quantify the

Fig. 2. Classification of chemical compounds identified in Table 2 into of the phytochemical classes. The size of the bubbles is directly proportional to the relative
intensity of the assigned signals in FT-ICR mass spectra.
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antioxidant activities for all Juçara genotypes analyzed.
The presented ABTS antioxidant capacities varied from

5.88 ± 2.06mg∙g−1 (J2) to 88.51 ± 13.56mg∙g−1 (J6) and agree
well with those determined by ABTS for E. oleraceae of
55.79 ± 1.12mg∙g−1 (Rufino et al., 2010). SNP antioxidant activities
were detected for J3 (22.77 ± 0.15mg∙g−1) and for J4
(13.52 ± 2.52mg∙g−1) but were not significantly different.

Among the seven genotypes of Juçara analyzed, J6 presented a
higher antioxidant capacity and a significantly higher content of total
polyphenols compared to the analyzed samples. The consumption of J6
fruits is highly recommended because foods with high polyphenol
contents and antioxidant activities have been shown to prevent several
diseases associated with oxidative stress, such as cancer and cardio-
vascular and neurodegenerative diseases (Sotgia, Martinez-Outschoorn,
& Lisanti, 2011).

3.3. Determination of the chemopreventive capacity of Juçara genotypes

None of the Juçara genotypes evaluated were cytotoxic against
murine hepatoma (Hepa 1c1c7) (ATTC® CRL-2026TM), mouse macro-
phage cell line RAW 264.7 (ATCC® TIB-71™) until the highest evaluated
concentration was tested (1–1000 μg∙mL−1). Therefore, further experi-
ments on the chemoprevention approach could be performed.

The J2, J3, J4, J5 and J6 Juçara genotypes showed significant NO
synthesis inhibition, in RAW264.7 macrophages, with percentages of
64.67 ± 5.43%, 53.90 ± 7.91%, 50.55 ± 2.72% and
61.46 ± 6.32%, respectively (Table 2). The NF-κB inhibition levels
detected for J3 (28.95 ± 6.22%) and J6 (10.11 ± 3.99%) were quite
low. All Juçara genotypes presented statistically similar NF-κB inhibi-
tion abilities (Table 2). All The analyzed Juçara samples presented
antioxidant activity in the ABTS assay and only J3, J4 and J5 in the in
vitro NO production (SNP). The inhibition of NO synthesis in the
RAW264.7 macrophages could be related with the antioxidant activity.
The inhibition of NO production by antioxidant compounds has been
demonstrated, especially through the inhibition of inducible nitric
oxide synthase (iNOS) and the inhibition of the nuclear factor kappa B
(NF-κB). This approach is an important mechanism of chemoprevention
associated with the second stage in cancer evolution and is also known
as the cancer promotion phase (Bonavida & Baritaki, 2011; Kleinert,
Euchenhofer, Ihrig-Biedert, & Förstermann, 1996; Pascual & Glass,
2006; Tedeschi et al., 2003).

The induction of phase II enzyme NAD(P)H:QR can offer protection
against toxic and reactive chemical species (Pezzuto et al., 2005).
Therefore, phase II enzyme NAD(P)H is considered an important che-
moprevention biomarker. In addition, antioxidant activity can be as-
sayed indirectly in Hepa1c1c7 cells by using the induction of NAD(P)H

Fig. 3. Histogram of class distribution of compounds (CcHhOo) classified as function of number of oxygen atoms present in each molecular formula.

Table 2
Antioxidant capacities and chemopreventive in vitro analyses.

Antioxidant activities Chemopreventive activities

Pulp
extract

Total phenolic
(μg.g−1)

Anthocyanins
(μg.g−1)

ABTS (mg∙g−1) SNP (mg∙g−1) (NO in
vitro production)

NO (%inhibition of
NO synthesis)

NF-κB (%
inhibition)

Aromatase (%
inhibition)

Quinone
reductase
(IR**)

J 1 167.92 ± 5.52a 204.62 ± 2.27b 22.83 ± 3.44b ND* ND* 6.20 ± 3.65b −8.5 1
J 2 115.15 ± 11.03b,c 378.51 ± 1.39a 5.88 ± 2.06c,d ND* 52.34 ± 19.29a ND* 25.4 1
J 3 125.84 ± 5.34b 191.26 ± 7.18c 33.69 ± 3.01b 22.77 ± 0.15a,b 64.67 ± 5.43a 28.95 ± 6.22a 24.5 1
J 4 166.26 ± 4.08a 48.43 ± 2.31d 17.65 ± 2.18b,d 13.92 ± 2.52b 53.90 ± 7.91a ND* 23.6 1
J 5 134.15 ± 8.45b 392.54 ± 3.66a 29.42 ± 7.00c,d 3.81 ± 0.63b 50.55 ± 2.72a ND* 32.0 2
J 6 128.55 ± 6.91b 41.19 ± 3.38d 88.51 ± 13.56a ND* 61.46 ± 6.32a 10.11 ± 3.99b 21.1 3
J 7 110.62 ± 0.65c 243.25 ± 3.98b,c 31.45 ± 11.98b,d ND* ND* ND* 14.2 2

Results expressed as the mean ± SD for triplicates. Different letters indicate significant differences between fractions (One-way ANOVA followed by Tukey post hoc
test, p < .05). *ND-not detected **IR induction ratio. Cell lines used: Quinone reductase-Hepa 1c1c7 (murine hepatoma cells, ATCC CRL-2026), 293-NF-κB (human
renal derived 293 cell line, 293.12 - PTA5554), RAW 264.7 cells (iNOS). QR results are considered when the IR is 2. For inhibition of NF-κB, results are considered
when above 50%. For aromatase results are considered when above 80%.
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quinone oxidoreductase 1 activity (Pezzuto et al., 2005). The anti-
oxidant activity found for J6 is consistent with its quinone reductase
induction (2.8 ± 0.9) observed in this study (Table 2) and can be re-
lated to the polyphenol content and protocatechuic acid hexoside and
rutin levels found in J6. These compounds are known to have anti-
inflammatory, anti-tumor and anti-genotoxic effects (Babich,
Sedletcaia, & Kenigsberg, 2002; Liu, Wang, Chu, Cheng, & Tseng,
2002). Quercetin, the aglycone of rutin, inhibited the production of
nitric oxide (NO) in a concentration-dependent manner in lipopoly-
saccharide (LPS)-induced RAW 264.7 macrophage cells, and these
compounds also exhibited QR induction in cultured Hepa 1c1c7 cells
(Nitteranon, Zhang, Darien, & Parkin, 2011).The varieties J5 and J7
induced quinone reductase and J6 inhibited NO synthesis, in
RAW264.7 macrophages, demonstrating that these three varieties,
principally J6, have high chemopreventive potential and are strongly
recommended for agricultural cultivation.

To further evaluate the chemopreventive potential of the Jucaras
genotypes, their ability to prevent aromatase activity was evaluated
since its inhibitors have been reported to effectively treat hormone
receptor-positive breast cancer in postmenopausal women (Lukong,
2017). However, the results for aromatase were not significant. Thus,
aromatase inhibition is not the route utilized by Juçara fruits to elicit
chemoprevention (Table 2).

3.4. In vitro cytokines evaluation

The anti-inflammatory capacity of Juçara fruit was evaluated using
macrophages RAW 264 stimulated by LPS. The cytokines TNFα and IL-
1α were detected by ELISA using specific antibodies. The Juçara fruits
did not present significant inflammatory inhibition for the pro-in-
flammatory cytokine IL-1α in the evaluated concentration range (0 to
100 μg∙mL−1) (Fig. 2S – A and C). Dexamethasone, a potent gluco-
corticoid that was used as a positive control, inhibited IL-1α at levels of
99.3 ± 1.2% and at a concentration of 3.92 μg∙mL−1.

Extracts J3, J4, J6 and J7 significantly reduced the TNF-α levels
(Fig. 2S – B and D). The anti-inflammatory effects elicited by J3 and J4
(both at 100 μg∙mL−1) for J6 (10 μg∙mL−1) and for J7 (all concentra-
tions tested ranging from 0 to 100 μg∙mL−1) were similar to those of the
positive control dexamethasone. However, no difference was present
between the samples. Concomitantly, J3 and J4 reduced TNF-α levels
by 37.8 ± 18.8% and 29.4 ± 10.9%, respectively. J6 (10 μg∙mL−1)
significantly reduced the TNF-α level by 28.00 ± 9.6%. Among the
extracts, J7 presented the highest inhibition of TNF-α, reducing its level
by 46.4 ± 7.3% at a concentration of 10 μg∙mL−1. This inhibition was
similar to the inhibitory effect of dexamethasone, the positive control,
at a concentration of 3.92 μg∙mL−1 (49.1 ± 10.6%). Previous studies
with species of the genus Euterpe have demonstrated that the extracts of
acai (Euterpe oleracea) are involved in the down regulation of cytokine
TNF-α expression (Kang et al., 2010).

4. Conclusion

The six evaluated genotypes of E. edulis and one E. espiritosantense
had different polyphenol, flavonoid and anthocyanin compositions.
Consequently, the specimens demonstrated different antioxidant and
chemopreventive profiles. The high antioxidant activity in vitro de-
tected in J6 supported the induction of quinone reductase in cell culture
assays. J6 also inhibited TNF α and NO synthesis, in RAW264.7 mac-
rophages. TNF-α inhibition could be a possible cross-talk effect between
the induction of QR and the inhibition of NO synthesis, in RAW264.7
macrophages. E. edulis genotype J6 should be included in the daily diet
as in natura consumption or as a nutraceutical. In addition, the culti-
vation of this genotype is a feasible and sustainable option for rational
palm use instead of palm cutting. Further studies should be conducted
understand the potential health effects of the consumption of Juçara
fruit (J6) as food or as a supplement.
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