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Abstract

The anti-inflammatory, antiproliferative and cytoprotective activity of the Attalea phalerata
Mart. ex Spreng pulp oil was evaluated by in vitro and in vivo methods. As for the chemical
profile, the antioxidant activity was performed by spectrophotometry, and the profile of carot-
enoids and amino acids by chromatography. Our data demonstrated that A. phalerata oil
has high carotenoid content, antioxidant activity and the presence of 5 essential amino
acids. In the in vitro models of inflammation, the oil demonstrated the capacity to inhibit
COX1 and COX2 enzymes, the production of nitric oxide and also induces macrophages to
spreading. In the in vivo models of inflammation, the oil inhibited edema and leukocyte
migration in the Wistar rats. In the in vitro model of antiproliferative and cytoprotective activ-
ity, the oil was shown inactive against the kidney carcinoma and prostate carcinoma lineage
cells and with cytoprotective capacity in murine fibroblast cells, inhibiting the cytotoxic action
of doxorubicin. Therefore, it is concluded that A. phalerata pulp oil has anti-inflammatory
effects with nutraceutical properties potential due to the rich composition. Moreover, the oil
also has cytoprotective activity probably because of its ability to inhibit the action of free
radicals.

Introduction

The fruits of Attalea phalerata Mart. ex Spreng. (Arecaceae) are known as bacuri, acuri or
motacu in the Brazilian Cerrado. The pulp of "bacurizeiro” fruits are important foods for ani-
mals such as agouti, wild boars, macaws, parakeets, besides serving as raw material for starch
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development [1,2]. The high nutritional value of the fruit presents a promising nutraceutical
food due to the presence of beneficial minerals, high amount of lipids, most of which are short
chain saturated fatty acids and unsaturated fatty acids in addition to the presence of provita-
min A carotenoids [1,3,4].

The pulp oil is popularly used to relieve joint pain, pulmonary congestion [1,2] and antipy-
retic [5]. Additionally, it is applied as hair tonic against hair loss and treatment of dandruff [2].
The fruit has a high content of carotenoids in its composition, predominantly B-carotene, -
zeacarotene and o-carotene and also high levels of fatty acids, mainly monounsaturated
[3,4,6].

Carotenoids are antioxidants that assist in the maintenance of the immune system, to pre-
vent chronic disease [6-9] and regulation of inflammatory processes by inhibiting the expres-
sion of nitric oxide synthase (iNOS) and cyclooxygenase (COX1 and COX2) [10,11]. In
tumorigenesis, carotenoids are able to protect the human body from cellular damage caused
by oxidative stress and decrease the risk of mutations through their ability to inactivate free
radicals [9,12]. The prevention process takes place by direct action in free radicals in order to
avoid oxidative stress and DNA damage in the human body [13]. Despite the occurrence of
antioxidants endogenous production, it is recommended to complement with antioxidants
from food sources, such as carotenoid supplementation from natural products [14,15].

According to the above, the objective of the present study was to evaluate the anti-inflam-
matory, antiproliferative and cytoprotection effect of the bioactive compounds present in A.
phalerata Mart pulp oil.

Material and methods
Plant material and oil extraction

The fruits of A. phalerata were collected in the municipality of Rio Brilhante-MS (21° 48’07 "S
54° 32’47" W). The voucher specimen of the species was deposited in the Herbarium of the
Universidade Federal da Grande Dourados (UFGD) No. DDMS5033. The pulp of the fruit was
dehydrated to obtain the oil, which was carried out with 1:3 hexane solvent (pulp: solvent,

w/v) under continuous stirring (150 rpm) for 7 days at room temperature in the dark. After
extraction, for complete removal of the solid residue, the material was filtered and the solvent
was completely removed under reduced pressure at 40°C in a rotary evaporator. The A. phaler-
ata oil pulp (APOP) was packed in an amber bottle and refrigerated at 9°C until the beginning
of the analysis.

Analytical evaluation

Analysis of carotenoids and amino acids by high performance liquid chromatogra-
phy. The sample was analyzed in a high-performance liquid chromatography (HPLC) analyt-
ical system (LC-56AD, Shimadzu, Kyoto, Japan) with a binary solvent using ODSHYPERSIL
column (C-18, 150 mm long x 4.6 mm of Internal diameter, 5 um particle size, Thermo Elec-
tron Corporation) and diode array detector (PAD) monitored at *A* = 200-800 nm. All chro-
matographic analyzes were performed at 22°C.

Carotenoids: Elution was started using 90% acetonitrile, 10% ethyl acetate, in 15 min 50%
acetonitrile, 50% ethyl acetate and in 25 min returning to the initial condition. The flow rate
and volume injected were 0.7 mL min™ and 20 mL, respectively. The identification of the com-
pounds was based on the absorption spectra in the UV region and associated with standards
for o-carotene and B-carotene. Carotenoid quantification in the APOP was performed by
external calibration curve. The concentrations of o-carotene and B-carotene were determined
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with the respective standards. Due to the lack of analytical standards, the amount of {-carotene
was determined using the B-carotene curve.

Amino acids: Eluent A consists of a solution of 25 mM acetic acid and 0.02% sodium azide
in ultrapure water, adjusted to pH 6 and the eluent B consists of acetonitrile. Elution was
started using 96% of eluent A, 4% of eluent B, in 30 min 69% of eluent A, 31% eluent B and in
40 min returning to the initial condition. The flow rate and volume injected were 0.9 mL min™"
and 20 pL, respectively. The identification of the compounds was based on absorption spectra
in the UV region and associated to standards for alanine, arginine, isoleucine, methionine,
proline, serine, threonine, tryptophan and valine. The amino acid quantification in APOP was
performed by external calibration curve and the concentration of alanine, arginine, isoleucine,
methionine, proline, serine, threonine, tryptophan and valine were determined with respective
standards.

A linear regression (or least squares) of the peak areas as a function of the concentrations
was performed to determine the correlation coefficients. The equation parameters (slope and
intercept) of the standard curve were used to obtain the concentration values for the samples.

Evaluation of the antioxidant capacity by the B-carotene / linoleic acid system. The
antioxidant capacity of the B-carotene / linoleic acid system was adapted from Marco [16] and
Dos Santos et al. [17]. Firstly, the B-carotene / linoleic acid solution was prepared by dissolving
40 pL of linoleic acid, 530 uL of Tween 40, 50 uL of the B-carotene solution and, to complete
the solubilization, 1 mL of chloroform. After complete solubilization of the compounds, the
chloroform was evaporated, and oxygenated distilled water was slowly added to the flask with
vigorous agitation. The samples were prepared using 5 mL of the solution of the B-carotene /
linoleic acid system, 400 uL of Trolox (50 ug mL™" to 800 ug mL™") and 400 uL of APOP extract
at different concentrations (50 ug mL™" to 800 ug mL '), homogenized and taken to the water
bath at 40°C for 120 min. Spectrophotometric readings (Biochrom®) Libra S60) were per-
formed every 15 min for 120 min at 470 nm. All determinations were performed in triplicate.
The antioxidant activity of the oil was expressed as % of inhibition of oxidation + standard
deviation.

Animals

Adult female Wistar rats (200-250 g) and adult male Swiss mice (30-50 g) were used, from the
Central Animal House of the Universidade Federal da Grande Dourados (UFGD). The ani-
mals were kept in collective cages (5 animals/cage) at controlled temperature (22 + 1°C), light
cycle (12 h light / dark), treated ad libitum water and commercial rodent feed. At the end of
the experiments, the euthanasia of the animals was performed with isoflurane overdose fol-
lowed by cardiac puncture exsanguination for the rats and CO, chamber for the mice. The
experiments were conducted according to the standards of the Conselho Nacional de Controle
de Experimentac¢io Animal (CONCEA) and the tests were previously approved by the
Comissdo de Etica no Uso de Animais (CEUA-UFGD) (protocols 21-2013 and 22-2015).

In vitro anti-inflammatory evaluation

Obtainment of murine peritoneal macrophages. The mice were pretreated with 1.5 mL
of a 3% thioglycolate solution, intraperitoneally (ip), 96 h prior to collection of the cells. After
this period, they were submitted to euthanasia and macrophages obtained by washing the peri-
toneal cavity with 3 mL of buffered saline (PBS) in a sterile laminar flow chamber. The lavage
from peritoneal cavity was centrifuged (700 rpm/5 min) and the supernatant discarded. The
cells were resuspended in 1 mL of RPMI 1640 culture medium. Then, the total count was car-
ried out determining the number of mL™ cells. From this, dilutions were performed to obtain
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2x10° mL™" cells. The peritoneal macrophages obtained were used in tests 2.4.2., 2.4.3. and
2.4.4.

Cell viability by the MTT assay. Cell viability is determined by the MTT (3- (4,5-
dimethylthiazol-2yl) -2,5-diphenyl tetrazoline bromide) assay described by Mosmann [18].
Peritoneal macrophages were distributed in 96 well plates (2x10° cells/well) and incubated at
37°Cin 5% CO, atmosphere. After 24 h the cells were treated with different concentrations of
APOP (1,5and 10 mg mL™) for 16 h in RPMI 1640 culture medium. Then, the MTT (20 mL,
5 mg mL™") was added to each well and the cells incubated for 2 h. After formation of the
resulting crystals from the cells, it was dissolved in DMSO (dimethylsulfoxide, 200 uL). The
absorbances were determined using an ELISA microplate reader (Anthos Labtec® LP 400) at
a wavelength of 540 nm.

Production of nitric oxide (NO) by peritoneal macrophages. For determination of NO
production the macrophage suspension (2x10 cells 100 uL™") was incubated for 60 min in the
96-well plate in RPMI 1640 medium at 37°C in 5% CO, atmosphere for adhesion. The non-
adherent cells were removed after this period. LPS (E. coli lipopolysaccharide, 1 ug mL™, 10 pL)
and/or APOP (1 mg mL", 10 uL) were diluted in RPMI 1640 and added to the plate. Cells were
incubated for 48 h, and at the end of this period, the production of NO was determined by the
accumulation of nitrite in the supernatants of the cell culture, which was quantified by the
Griess method [19]. Aliquots of the supernatants were added to an equal volume of Griess
reagent [1% sulfanilamide / 0.1% n-(1-naphthyl) in 2.5% phosphoric acid) and incubated for 10
min at room temperature. Then, the absorbance was determined on an ELISA sensor (Anthos
Labtec® LP 400) at wavelength of 540 nm. The nitrite concentration values were extrapolated
from a calibration curve of sodium nitrite as standard and expressed as uM of NO_,.

Spreading of macrophages. The macrophage spreading assay was performed according to
the methodology described by Rabinovitch and DeStefano [20]. Peritoneal macrophages (2x10°
cells, 100 uL™") were dispersed on glass coverslips in a 24-well plate and incubated with 1 mL of
RPMI 1640 medium in the presence or absence of APOP (10 uL, 1 mg mL™") and/or LPS (10 L,
1 ug mL™) at 37°C in 5% CO, atmosphere. Subsequently, the coverslips were washed with PBS
and the cells adhered to the glass were fixed with 2.5% glutaraldehyde and examined in a phase
contrast microscope (Optphase®) at magnification of 400x. One hundred macrophages were
counted and classified as spread or not, according to morphological criteria. Spread macrophages
index was presented as percentage of spread macrophages related to the count of 100 cells.

COX1 and COX2 inhibition. The inhibition assay of cyclooxygenase 1 (COX1) and
cyclooxygenase (COX2) was performed using three distinct groups, with diclofenac sodium as
the reference compound. The assay included both ovine COX1 enzymes and recombinant
human COX2 enzymes to perform the screening of specific inhibitors using diclofenac sodium
as standard. The compounds tested were added to both COX1 and COX2 with the substrates
and buffers to perform the COX reaction according to instructions from the COX Inhibition
Assay Kit (Item No. 560131, Cayman Chemicals Company, USA). Compounds were incu-
bated with the enzymes for 10 min at 37°C and absorbance was read using a plate reader (Syn-
ergy H1 Hibrid Reader-Biotek) at 412 nm.

In vivo anti-inflammatory evaluation

Carrageenan-induced paw edema. In the in vivo evaluation for Carrageenan-induced
paw edema Wistar rats were randomly distributed in five groups, 5 animals/group. Group 1
(negative control) was treated by oral means with vehicle (0.9% saline); Groups 2, 3 and 4 were
given 300, 500 and 700 mg kg ' of APOP, respectively. The doses used in the study were stipu-
lated in pre-tests and established under the non-toxic limits of daily doses [4]. After one hour,
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the animals received 50 pL of 0.9% saline containing 300 ug of carrageenan in the right hind
paw. The same volume of saline solution was given to the left hind paw. The edema was evalu-
ated in both paws 0.5; 1; 2 and 4 h after the injection of carrageenan, with the assistance of a
digital plethysmometer [21,22].

Pleurisy induced by carrageenan. In the in vivo evaluation by the experimental model of
pleurisy induced by carrageenan, Wistar rats were randomly assigned to four groups, 5 animals/
group. Group 1 (naive), which did not receive intrapleural carrageenan injection; Group 2 (nega-
tive control) was treated with vehicle (0.9% saline solution); In group 3, dexamethasone (1 mg kg™,
subcutaneously) was applied and group 4 was treated with 700 mg kg ™' of APOP orally [4]. After
1h, pleurisy was induced in the experimental groups by intrapleural injection of 100 uL of carra-
geenan in 1% saline solution. The naive group received 100 pL of sterile saline by intrapleural
injection. After 4 h, the animals were euthanized, and the pleural cavity was washed with 1 mL
PBS. A 20 L aliquot of the lavage (exudate) was collected from the pleural cavity and diluted in
Turk’s solution (1: 20) and the total leukocyte count was performed in a Neubauer chamber [23].

Antiproliferative and cytoprotective evaluation

Antiproliferative evaluation. For the antiproliferative activity evaluation, two human
neoplastic cell lines, 786-0 (ATCC-CRL-1932, kidney carcinoma), PC-03 (ATCC-CRL-1435,
prostate carcinoma) and a normal cell line, NIH/3T3 (murine fibroblast) were used. Cells were
incubated at 37°C (5% CO,) for extension and increase in cell density [24]. Samples (APOP
and B-carotene) were resuspended in DMSO at the concentration of 0.1 g mL™, diluted in
complete culture medium and the highest dilution had a DMSO concentration of less than
0.4%. The test was performed with sulforhodamine B dye (SRB), which is based on its affinity
for the basic proteins present in the intact cells fixed by trichloroacetic acid [25]. The test was
performed with a TO plate, where a complete medium and cell were placed, and test plate with
triplicate of cell suspension, where the test samples were placed in concentrations of 0.25, 2.5,
25 and 250 ug mL™". The TO plate was incubated for 24 h at 37°C (5% CO,) and the test plate
was incubated under the same conditions for 48 h after placing the test samples. The positive
control was doxorubicin at concentrations of 0.025, 0.25, 2.5 and 25 ug mL L. The result was
obtained in absorbance at 540 nm and the dose for inhibition of 50% growth was determined.

Cytoprotective evaluation. NIH / 3T3 cells (7.5x10°cells/well) were grown in 96-well
plates and treated with different concentrations of APOP (250, 500, 1000 and 2000 ug mL™") in
triplicate for 24 h at 37°C, 5% CO, atmosphere. After 24 h, doxorubicin at the concentrations
of 0.025, 0.25, 2.5 and 25 pg mL ™" was added to the wells with cell suspension and APOP, in
increasing order of concentration, respectively for further 24 h. The percentages of growth
were obtained as mentioned in the item antiproliferative activity.

Statistical analysis

The results were expressed as mean + standard deviation (SD) for the analytical evaluation
experiments and standard error of the mean (SEM) for the biological experiments. The analy-
sis of variance was performed with one-way ANOVA followed by the Tukey test to evaluate
the possible differences between groups.

Results and discussion
Carotenoids, antioxidant activity and amino acids

Natural products are composed of numerous secondary metabolites, which perform particular
actions in the human body, and can be beneficial or harmful. Important compounds are

PLOS ONE | https://doi.org/10.1371/journal.pone.0195678  April 10,2018 5/16


https://doi.org/10.1371/journal.pone.0195678

o @
@ : PLOS | ONE Pharmacological potential of the Attalea phalerata Mart. ex Spreng. pulp oil

terpenes, carotenoids and phenolic compounds, which are associated with the fight against
chronic diseases such as cancer, diabetes, heart disease, chronic inflammation and the fight
against reactive oxygen and nitrogen species (ROS/RNS) [26-28].

The elucidation of the compounds contained in the natural products is of extreme impor-
tance for the knowledge of the mechanism of action of herbal medicines and nutraceutical
foods. APOP is mainly composed of carotenoids, which are o-carotene (11.02 ug g™ + 0.3), p-
carotene (62.33 ug g +0.7) and {-carotene (1.94 pg g +0.1) (Table 1). Studies point out that
the different carotenoids play an important role in capturing free radicals by binding their
structural chains, making them more stable [29,30].

The carotenoids found in the oil may have had an influence on antioxidant activity by the
B-carotene/linoleic acid method, with 47.33 + 1% inhibition of oxidation after exposure of 120
min at a concentration of 200 pg mL!, whereas Trolox (standard) showed inhibition of
61.64 + 1% at a concentration of 200 ug mL™" after the same exposure time. The method
allowed to estimate the relative capacity of the antioxidant compounds contained in the APOP
to inhibit the linoleic peroxide radicals from oxidizing the B-carotene contained in the system
(B-carotene/linoleic acid emulsion) [31].

The oil is also composed of beneficial fatty acids, consisting of 20.61% of saturated fatty
acids and 78.53% of unsaturated fatty acids; among these acids, 57.65% are monounsaturated
and 20.88% polyunsaturated, predominantly oleic, linoleic and palmitic acids [4]. The unsatu-
rated fatty acids, predominant in the oil of the fruit, when consumed of appropriate dose exert
important function in the human organism, like the maintenance of the immune system in
inflammatory processes [32,33] and reduction of body fat [34,35].

Complementary analysis by high-performance liquid chromatography identified the pres-
ence of nine amino acids (Table 1), which include five essential amino acids (isoleucine, methi-
onine, threonine, tryptophan and valine). Serine was the amino acid found in highest
concentration, followed in decreasing order of concentration by alanine, proline, threonine,
tryptophan, valine, isoleucine, arginine and methionine. In the attempt to extract the caroten-
oids contained in the APOP, it was observed that the extraction method allowed the transition
of the amino acids contained in the pulp to the oil, even in small concentrations.

Table 1. Analysis of carotenoids and amino acids in A. phalerata oil employing HPLC.

Retention time (min) | Linear range (ug mL") | Intercept | Slope | Determination coefficient (R*) | Compound concentration (ug g + SD)

(a) (b)

Carotenoids

o-carotene 16.26 100-1000 3879.78 | 2980.99 0.994 11.02 £ 0.3
C-carotene 16.86 — — — — 1.94 £ 0.1

B-carotene 18.15 100-1000 4237.56 | 9589.78 0.996 62.33+0.7
Amino acids

Serine 8.87 8-100 77158.69 2.70 0.997 1.18 £ 0.04
Threonine 10.98 8-100 10511.66 291 0.999 0.60 £ 0.01
Arginine 13.49 8-100 49917.22 2.61 0.998 0.25+0.01
Alanine 14.26 8-100 42139.23 2.47 0.970 0.74 £ 0.02
Proline 16.66 8-100 12380.67 2.41 0.958 0.62 £ 0.01
Valine 24.99 8-100 29532.31 1.92 0.985 0.44 £0.01
Methionine 25.87 8-100 6363.44 2.40 0.999 0.15+0.01
Isoleucine 28.29 8-100 47234.52 2.01 0.983 0.28 £ 0.01
Tryptophan 28.88 8-100 10714.55 2.80 0.997 0.46 = 0.01

{-carotene was determined employing curve of B-carotene. Values expressed in mean + standard deviation (SD). Formule: y = a + bx, where y = ratio of peak areas,

x = concentration (ug g'), a = intercept and b = slope.

https://doi.org/10.1371/journal.pone.0195678.t001
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Researchers have shown the presence of amino acids in Brazilian Cerrado fruits almonds
and highlighted their nutritional importance in food [36,37]. Amino acids have an important
functional role, as they perform the production of proteins, digestive enzymes and mainte-
nance of muscles. They are responsible for the production of hormones and neurotransmitters
[38-40)].

In vitro anti-inflammatory evaluation. Cell experiments have proven to be an important
tool in elucidating the mechanism of action of natural substances and also serve as a prelude to
in vivo testing. The MTT assay evaluates cell viability through the respiration of cells. APOP at
1 mg mL" did not influence cell viability, but doses of 5 mg mL ™" and 10 mg mL ™" were cyto-
toxic, reducing viability to approximately 50% (Fig 1).

A previous study with APOP in the same experimental model [3] did not present cytotoxic-
ity in doses higher than that used in this study; However, the cells used were T84 (colon carci-
noma). Thus, the difference between the results obtained can be attributed to the particularity
of the cells in each study. Primary cells (macrophages from this study) present limited division
capability and reach their senescence state more rapidly than immortalized cells, which are
those obtained from collections of cell cultures and have their cell death capability deactivated
[41-43].

Although being important in the control of infectious diseases, due to its cytotoxicity, NO,
when produced in an exacerbated way, presents clinical correlation with septic shock, autoim-
mune diseases, arteriosclerosis, tumorigenesis, genotoxicity and inflammation [44-46]. In this
study, macrophages incubated with APOP (1 mg mL™") did not show increase in NO release
(Fig 2). Macrophages, when stimulated with LPS, produce NO, but this did not occur in the
treatment of macrophages with APOP+LPS. Therefore, it is suggested that APOP, when acting
in the production of NO, can act as an important cytoprotective/chemoprotective agent, mod-
ulator of tumorigenesis and acute inflammatory processes.

The result of the macrophage spreading assay showed that APOP (1 mg mL™") induced
macrophage spreading. However, treatment with APOP did not affect LPS-induced spreading
(Fig 3), while LPS induced macrophages to spreading as expected. The ability of the cells to
spread can be considered a cellular activation index [20], predisposing the cells to the phagocy-
tosis process [47,48].

100+
9 &<
< 804
= N
g 60+ _*_ *
S
= 404 *
(&)
E 20
= \
0 1 k 1 1
Control (-) Control (-) LPS A. phalerata oil A. phalerata oil A. phalerata oil
Macrophages N (1 pgmL™) (1 mgmL™") (5 mgmL™) (10 mg mL™)
(2x10° cells) DMSO
(200 pL)

Fig 1. Effect of the A. phalerata oil in cell viability in macrophages cells by MTT assay. Values expressed in mean + standard error of the mean. n = 3. * P <0.05
(ANOVA / Tukey) compared with the negative control (-). LPS-Lipopolysaccharide. DMSO-Dimethylsulfoxide.

https://doi.org/10.1371/journal.pone.0195678.9001
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Fig 2. Effect of the A. phalerata oil in nitric oxide (NO) production. Values expressed in mean * standard error of the mean.
n=33." P <0.05 (ANOVA / Tukey) compared with the negative control (-). LPS-Lipopolysaccharide.
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The production of COX1 and COX2 enzymes occurs during inflammatory processes in the
organism, where COX1 is found in several tissue cells and modulates physiological processes
and COX2 is stimulated by invading organisms and proinflammatory cytokines [49], with the
prostaglandins as final product. With the inhibition of the COX1 and COX2 enzymes, the pro-
duction of prostaglandins is consequently inhibited, thus reducing the characteristic signs of
inflammatory processes.

Results for enzymatic inhibition of COX1 and COX2 (Fig 4) showed the inhibitory ability
of APOP in both isoforms, which was 35% COXI1 and 70% COX2, and did not differ
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a
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Fig 3. Effect of the A. phalerata oil in spreading of macrophages. Values expressed in mean * standard error of the mean. n = 3. * P <0.05
(ANOVA / Tukey) compared with the negative control (-). LPS-Lipopolysaccharide.

https://doi.org/10.1371/journal.pone.0195678.g003
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statistically from the reference drug (diclofenac sodium). Therefore, the efficacy of inhibition
of APOP (10 ug mL™), used in folk medicine can be attributed to the suppression of the
inflammatory response due to the ability to inhibit the activity of COX enzymes.

The high content of carotenoids presents in the APOP encouraged us to investigate the
potential effect on the inhibition of COX; and production of nitric oxide, however, there are
no data in the literature about its inhibition. The results found in the experiment of inhibition
of COX1, COX2 and in the production of NO by macrophages corroborate with data pub-
lished in the literature, where it is assumed that carotenoids act in the production of prosta-
glandins (inhibiting COX) and nitric oxide production, by inactivation of the NF-kB pathways
[10,11].

In vivo anti-inflammatory evaluation

The use of carrageenan is applied in several experimental models of inflammation and help in
the development of anti-inflammatory drugs. The model of paw edema induced by carra-
geenan is a classic model of vascular inflammatory response related to the formation of edema
[50]. The inflammatory response of carrageenan consists of three phases. The primary phase is
mediated by histamine and serotonin, followed by the secondary phase mediated by endoge-
nous non-peptidic bradykinin and the final phase mediated mainly by the production of pros-
taglandin E2 and induction of COX2 [51-53]. The results of the present study demonstrate
that intraplantar injection increases the edema in the paw of the animals at times 0.5, 1, 2 and
4 h after the injection of carrageenan, corroborating with the results shown in the literature.

Oral administration of the 700 mg kg™' APOP dose significantly reduced edema after 0.5, 1
and 2 h of carrageenan injection. Treatment with APOP (700 mg kg-1) resulted in a 68 + 7%
reduction of edema after 0.5 h of treatment (Fig 5A) and inhibition of edema remained signifi-
cant after 1 h (Fig 5B) and after 2 h (Fig 5C). It is suggested that APOP performs activity at all
stages of Carrageenan-induced edema formation, and therefore has action under the chemical
mediator’s histamine, serotonin, bradykinin, prostaglandin E2 and COX, and non-specific
effect.
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https://doi.org/10.1371/journal.pone.0195678.9005

The experimental model of Carrageenan-induced pleurisy has the ability to represent the
main events of acute inflammation in a manner similar to that in humans; Thus, this model
can be considered very efficient in investigating anti-inflammatory effects on potential sub-
stances [54]. Oral administration of APOP at a dose of 700 mg kg™ significantly inhibited the
inflammatory process (Fig 6), evidenced by the reduction in leukocyte migration to the pleural
cavity. There was inhibition of 86 + 4% of APOP in 4 h after administration of the phlogistic
agent. The method evaluated only the leukocyte migration, without differentiation, but it can
be assumed that the majority of the quantified cells are polymorphonucleated, with predomi-
nance of neutrophils. Neutrophils are the first cells to migrate to the inflammatory region and
are present in greater amounts in acute inflammatory processes [55].

Thus, it is demonstrated that the compounds present in APOP have an action against the
leukocyte migration, besides anti-edematogenic action, evidenced in the paw edema model.
Our results corroborate with those presented by Batista et al. [56], which observed a decrease
in the inflammatory process of tissue edema in the healing of cutaneous wound in rats after
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application of the oil of the pulp of Caryocar coriaceum Wittm, and Lescano et al. [57] that
found anti-edematogenic activity and action against the leukocyte migration of the oil of the
pulp of Acrocomia aculeata (Jacq.) Lodd. in experimental models of paw edema and pleurisy
in Wistar rats, both attributing the action to the presence of carotenoids and unsaturated fatty
acids.

Antiproliferative and cytoprotective evaluation

The role of carotenoids on inflammation processes is directly associated with the inhibition of
the generation of reactive oxygen and nitrogen species [58,59], that is, protection against cellu-
lar damage caused by oxidative stress [9]. Thus, it can be assumed that natural products, with
high carotenoid content, have protective action in non-tumor cells exposed to chemotherapy.
The results showed that APOP did not exhibit inhibitory action on cell proliferation in kidney
carcinoma (786-0) and prostate carcinoma (PC-03) lineages, without demonstrating toxicity
(Table 2).

Table 2. Effect of the A. phalerata oil in antiproliferative activity.

Compounds ICso ug mL™"

786-0° PC-03° NIH/3T3¢
A. phalerata oil > 250 > 250 > 250
B-carotene > 250 > 250 > 250
Doxorubicin® <25 <25 <25

The results are expressed as ug mL™' concentration of sample necessary to inhibit 50% of the proliferation cells.
*Kidney carcinoma

PProstate carcinoma

“Murine fibroblast and

dpositive control.

https://doi.org/10.1371/journal.pone.0195678.t1002
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This protective effect was observed during pre-treatment with APOP of non-tumor cells (NIH /
3T3—murine fibroblast) in different concentrations (250 to 2000 pg mL™), following treatment
with classic chemotherapeutic doxorubicin at concentrations of 0.025 to 25 ug mL™ (Fig 7).

The effect of prior exposure to APOP suggests a significant protective effect on doxorubi-
cin-treated murine fibroblast cells when compared to cell viability of non-oil exposed cells (Fig
7). The increasing combinations (C1, C2, C3, and C4) of doxorubicin and APOP were evalu-
ated in association, and an oil-dependent protective effect on increasing concentrations of the
chemotherapeutic agent (Fig 7, combinations C1-C3) was observed. However, in combination
C4 the protective effect of the oil was proportionally lower, where we detected a low cell
growth rate of 15 and 66% for cells treated alone with doxorubicin (A1, A2, A3 and A4) and
APOP (B4), respectively, suggesting an oil toxicity at very high concentrations as observed in
combination C4 and B4 (APOP 2000 pg mL™).

Conclusions

The fruit pulp oil of Attalea phalerata Mart. ex Spreng. in in vitro models of inflammation has
action on the production of oxide nitric, inhibition of the COX1, COX2 enzymes and induces
macrophage to spreading. In the in vivo models of inflammation, the oil performed anti-
inflammatory activity, reducing paw edema during the action of carrageenan and positively
influenced leukocyte migration by the pleurisy model induced by carrageenan. In the evalua-
tion of the antiproliferative and cytoprotective activity in vitro, the oil did not influence the cel-
lular growth and presented cytoprotective capacity at the evaluated low doses, inhibiting the
cytotoxic action of doxorubicin in the studied cells.

The fruit of A. phalerata is a promising species as nutraceutical food and herbal medicine. The
results demonstrate relevant beneficial pharmacological activity and still support popular use.

Acknowledgments

We thank the development agencies Fundagdo de Apoio ao Desenvolvimento do Ensino,
Ciéncia e Tecnologia do Estado de Mato Grosso do Sul (FUNDECT), the Conselho Nacional

PLOS ONE | https://doi.org/10.1371/journal.pone.0195678  April 10,2018 12/16


https://doi.org/10.1371/journal.pone.0195678.g007
https://doi.org/10.1371/journal.pone.0195678

@° PLOS | ONE

Pharmacological potential of the Attalea phalerata Mart. ex Spreng. pulp oil

de Desenvolvimento Cientifico e Tecnoldgico (CNPq), the Coordenagio de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) and Dr. Gilberto De Nucci for providing scientific
assistance.

Author Contributions

Conceptualization: Fernando Freitas de Lima, Monica Cristina Toffoli Kadri, Candida Apare-
cida Leite Kassuya, Maria do Carmo Vieira, Eliana Janet Sanjinez-Argandofia.

Data curation: Fernando Freitas de Lima, Candida Aparecida Leite Kassuya, Eliana Janet San-
jinez-Argandoiia.

Formal analysis: Fernando Freitas de Lima, Caroline Honaiser Lescano, Claudia Andrea Lima
Cardoso, Monica Cristina Toffoli Kadri, Candida Aparecida Leite Kassuya, Eliana Janet
Sanjinez-Argandona.

Funding acquisition: Maria do Carmo Vieira, Eliana Janet Sanjinez-Argandoiia.

Investigation: Fernando Freitas de Lima, Caroline Honaiser Lescano, Claudia Andrea Lima
Cardoso, Janclei Pereira Coutinho, Monica Cristina Toffoli Kadri, Simone Schneider
Weber, Maria do Carmo Vieira, Eliana Janet Sanjinez-Argandona.

Methodology: Fernando Freitas de Lima, Caroline Honaiser Lescano, Jucicléia da Silva Arrigo,
Claudia Andrea Lima Cardoso, Janclei Pereira Coutinho, Iluska Senna Bonfa Moslaves,
Thalita Vieira do Nascimento Ximenes, Monica Cristina Toffoli Kadri, Simone Schneider
Weber, Renata Trentin Perdomo, Candida Aparecida Leite Kassuya, Maria do Carmo
Vieira.

Project administration: Maria do Carmo Vieira.

Resources: Maria do Carmo Vieira.

Supervision: Fernando Freitas de Lima, Maria do Carmo Vieira.
Validation: Fernando Freitas de Lima.

Visualization: Fernando Freitas de Lima, Maria do Carmo Vieira.

Writing - original draft: Fernando Freitas de Lima, Caroline Honaiser Lescano, Claudia
Andrea Lima Cardoso, Monica Cristina Toffoli Kadri, Simone Schneider Weber, Renata
Trentin Perdomo, Candida Aparecida Leite Kassuya, Maria do Carmo Vieira, Eliana Janet
Sanjinez-Argandona.

Writing - review & editing: Fernando Freitas de Lima, Caroline Honaiser Lescano, Monica
Cristina Toffoli Kadri, Candida Aparecida Leite Kassuya, Maria do Carmo Vieira, Eliana
Janet Sanjinez-Argandoia.

References

1. Negrelle RRB. Attalea phalerata mart. Ex spreng.: Aspectos botanicos, ecoldgicos, etnobotanicos e
agronémicos. Cienc Florest. 2015; 25: 1061-1066. https://doi.org/10.5902/1980509820669

Balslev H, Moraes M. Sinopsis de las palmeras de Bolivia. Rep Bot Inst Univ Aarhus. 1989; 1-107.

3. Freitas de Lima F, Lima Tolouei Menegati SE, Karenina Traesel G, Souza de Araujo FH, Honaiser Les-
casno C, Moraes Peixoto S, et al. Study on the cytotoxic, genotoxic and clastogenic potential of Attalea
phalerata Mart. Ex Spreng. Oil pulp in vitro and in vivo experimental models. PLoS One. 2016;11.
https://doi.org/10.1371/journal.pone.0165258 PMID: 27764219

4. DelimaFF, Traesel GK, Menegati SELT, dos Santos AC, Souza RIC, de Oliveira VS, et al. Acute and
subacute oral toxicity assessment of the oil extracted from Attalea phalerata Mart ex Spreng. pulp fruit
in rats. Food Res Int. 2017; 91: 11-17. https://doi.org/10.1016/j.foodres.2016.11.019 PMID: 28290314

PLOS ONE | https://doi.org/10.1371/journal.pone.0195678  April 10,2018 13/16


https://doi.org/10.5902/1980509820669
https://doi.org/10.1371/journal.pone.0165258
http://www.ncbi.nlm.nih.gov/pubmed/27764219
https://doi.org/10.1016/j.foodres.2016.11.019
http://www.ncbi.nlm.nih.gov/pubmed/28290314
https://doi.org/10.1371/journal.pone.0195678

@° PLOS | ONE

Pharmacological potential of the Attalea phalerata Mart. ex Spreng. pulp oil

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Ménica MM, Borchsenius F, Blicher-Mathiesen U. Notes on the biology and uses of the Motacu palm
(Attalea phalerata, Arecaceae) from Bolivia. Econ Bot. 1996; 50: 423—428.

Hiane PA, Bogo D, Ramos MIL, Ramos Filho MM. Carotendides pro-vitaminicos A e composicdo em
acidos graxos do fruto e da farinha do bacuri (Scheelea phalerata Mart.). Food Sci Technol. 2003; 23:
206-209. https://doi.org/10.1590/S0101-20612003000200018

Choo J, Ishak H, Simpson B, Mueller U, Juenger T. Characterization of 14 microsatellite loci in a tropical
palm, Attalea phalerata (Arecaceae). Am J Bot. 2010;97. https://doi.org/10.3732/ajb.1000281 PMID:
21616808

Rodriguez-Amaya DB. Carotenoids and food preparation: the retention of provitamin A carotenoids in
prepared, processed and stored foods. 1997; 1-93.

Rodriguez-Amaya DB. Quantitative analysis, in vitro assessment of bioavailability and antioxidant activ-
ity of food carotenoids-A review. J Food Compost Anal. 2010; 23(7):726—740. https://doi.org/10.1016/j.
jfca.2010.03.008

Lin HW, Chang TJ, Yang DJ, Chen YC, Wang M, Chang YY. Regulation of virus-induced inflammatory
response by B-carotene in RAW264.7 cells. Food Chem. 2012; 134: 2169-2175. https://doi.org/10.
1016/j.foodchem.2012.04.024 PMID: 23442671

Soontornchaiboon W, Joo SS, Kim SM. Anti-inflammatory Effects of Violaxanthin Isolated from Micro-
alga Chlorella ellipsoidea in RAW 264.7 Macrophages. Biol Pharm Bull. 2012; 35: 1137—1144. https://
doi.org/10.1248/bpb.b12-00187 PMID: 22791163

De Melo Silva CR, Naves MMV. Suplementagao de vitaminas na prevengao de cancer. Rev Nutr. 2001;
14: 135-143. https://doi.org/10.1590/S1415-52732001000200007

Ribeiro JC. Avaliagdo do potencial mutagénico e antimutagénico da polpa de acai (Euterpe oleracea
Mart) e do dleo de buriti (Mauritia flexuosa) in vivo [Internet]. Universidade de Sao Paulo. 2010. https://
doi.org/10.11606/T.60.2011.tde-29032012-083303

During A, Harrison EH. Intestinal absorption and metabolism of carotenoids: Insights from cell culture.
Arch Biochem Biophys. 2004; 134(4): 77-88. https://doi.org/10.1016/j.abb.2004.03.024

Stahl W, Sies H. Carotenoids and flavonoids contribute to nutritional protection against skin damage
from sunlight. Mol Biotechnol. 2007; 37(1):26—-30. https://doi.org/10.1007/s12033-007-0051-z PMID:
17914160

Marco GJ. A rapid method for evaluation of antioxidants. J Am Oil Chem Soc. 1968; 45: 594—-598.
https://doi.org/10.1007/BF 02668958

dos Santos M, Mamede R, Rufino M, de Brito E, Alves R. Amazonian Native Palm Fruits as Sources of
Antioxidant Bioactive Compounds. Antioxidants. 2015; 4: 591-602. https://doi.org/10.3390/
antiox4030591 PMID: 26783846

Mosmann T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and
cytotoxicity assays. J Immunol Methods. 1983; 65: 55-63. https://doi.org/10.1016/0022-1759(83)
90303-4 PMID: 6606682

Ding AH, Nathan CF, Stuehr DJ. Release of reactive nitrogen intermediates and reactive oxygen inter-
mediates from mouse peritoneal macrophages. Comparison of activating cytokines and evidence for
independent production. J Immunol. 1988; 141: 2407-2412. Available: http://www.jimmunol.org/cgi/
reprint/141/7/2407 .pdf PMID: 3139757

Rabinovitch M, DeStefano MJ. Macrophage spreading in vitro. |. Inducers of spreading. Exp Cell Res.
1973; 77: 323-334. https://doi.org/10.1016/0014-4827(73)90584-3 PMID: 4570355

Formagio ASN, Kassuya CAL, Neto FF, Volobuff CRF, Iriguchi EKK, do C Vieira M, et al. The flavonoid
content and antiproliferative, hypoglycaemic, anti-inflammatory and free radical scavenging activities of
Annona dioica St. Hill. BMC Complement Altern Med. 2013; 13: 14. https://doi.org/10.1186/1472-6882-
13-14 PMID: 23311341

Winter CA, Risley EA, Nuss GW. Carrageenin-Induced Edema in Hind Paw of the Rat as an Assay for
Antiinflammatory Drugs. Exp Biol Med. 1962; 111: 544-547. https://doi.org/10.3181/00379727-111-
27849

Kassuya CAL, Cremoneze A, Barros LFL, Simas AS, da Rocha Lapa F, Mello-Silva R, et al. Antipyretic
and anti-inflammatory properties of the ethanolic extract, dichloromethane fraction and costunolide
from Magnolia ovata (Magnoliaceae). J Ethnopharmacol. 2009; 124(3): 369-376. https://doi.org/10.
1016/}.jep.2009.06.003 PMID: 19524658

Freshney RI. Culture of Specific Cell Types. Cult Anim Cells. 2005; 375-420. https://doi.org/10.1002/
0471747599.cac023

Skehan P, Storeng R, Scudiero D, Monks A, Mcmahon J, Vistica D, et al. New colorimetric cytotoxicity
assay for anticancer-drug screening. J Natl Cancer Inst. 1990; 82: 1107—1112. https://doi.org/10.1093/
jnci/82.13.1107 PMID: 2359136

PLOS ONE | https://doi.org/10.1371/journal.pone.0195678  April 10,2018 14/16


https://doi.org/10.1590/S0101-20612003000200018
https://doi.org/10.3732/ajb.1000281
http://www.ncbi.nlm.nih.gov/pubmed/21616808
https://doi.org/10.1016/j.jfca.2010.03.008
https://doi.org/10.1016/j.jfca.2010.03.008
https://doi.org/10.1016/j.foodchem.2012.04.024
https://doi.org/10.1016/j.foodchem.2012.04.024
http://www.ncbi.nlm.nih.gov/pubmed/23442671
https://doi.org/10.1248/bpb.b12-00187
https://doi.org/10.1248/bpb.b12-00187
http://www.ncbi.nlm.nih.gov/pubmed/22791163
https://doi.org/10.1590/S1415-52732001000200007
https://doi.org/10.11606/T.60.2011.tde-29032012-083303
https://doi.org/10.11606/T.60.2011.tde-29032012-083303
https://doi.org/10.1016/j.abb.2004.03.024
https://doi.org/10.1007/s12033-007-0051-z
http://www.ncbi.nlm.nih.gov/pubmed/17914160
https://doi.org/10.1007/BF02668958
https://doi.org/10.3390/antiox4030591
https://doi.org/10.3390/antiox4030591
http://www.ncbi.nlm.nih.gov/pubmed/26783846
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.1016/0022-1759(83)90303-4
http://www.ncbi.nlm.nih.gov/pubmed/6606682
http://www.jimmunol.org/cgi/reprint/141/7/2407.pdf
http://www.jimmunol.org/cgi/reprint/141/7/2407.pdf
http://www.ncbi.nlm.nih.gov/pubmed/3139757
https://doi.org/10.1016/0014-4827(73)90584-3
http://www.ncbi.nlm.nih.gov/pubmed/4570355
https://doi.org/10.1186/1472-6882-13-14
https://doi.org/10.1186/1472-6882-13-14
http://www.ncbi.nlm.nih.gov/pubmed/23311341
https://doi.org/10.3181/00379727-111-27849
https://doi.org/10.3181/00379727-111-27849
https://doi.org/10.1016/j.jep.2009.06.003
https://doi.org/10.1016/j.jep.2009.06.003
http://www.ncbi.nlm.nih.gov/pubmed/19524658
https://doi.org/10.1002/0471747599.cac023
https://doi.org/10.1002/0471747599.cac023
https://doi.org/10.1093/jnci/82.13.1107
https://doi.org/10.1093/jnci/82.13.1107
http://www.ncbi.nlm.nih.gov/pubmed/2359136
https://doi.org/10.1371/journal.pone.0195678

@° PLOS | ONE

Pharmacological potential of the Attalea phalerata Mart. ex Spreng. pulp oil

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

Carey AN, Miller MG, Fisher DR, Bielinski DF, Gilman CK, Poulose SM, et al. Dietary supplementation
with the polyphenol-rich agai pulps (Euterpe oleracea Mart. and Euterpe precatoria Mart.) improves
cognition in aged rats and attenuates inflammatory signaling in BV-2 microglial cells. Nutr Neurosci.
2017; 20: 238-245. https://doi.org/10.1080/1028415X.2015.1115213 PMID: 26618555

de Oliveira MLM, Nunes-Pinheiro DCS, Tomé AR, Mota EF, Lima-Verde |A, de Melo Pinheiro FG, et al.
In vivo topical anti-inflammatory and wound healing activities of the fixed oil of Caryocar coriaceum
Wittm. seeds. J Ethnopharmacol. 2010; 129: 214-219. https://doi.org/10.1016/}.jep.2010.03.014 PMID:
20332017

Silva NA, Rodrigues E, Mercadante AZ, De Rosso VV. Phenolic compounds and carotenoids from four
fruits native from the Brazilian Atlantic forest. J Agric Food Chem. 2014; 62: 5072—-5084. https://doi.org/
10.1021/jf501211p PMID: 24780053

Padhi EMT, Liu R, Hernandez M, Tsao R, Ramdath DD. Total polyphenol content, carotenoid, tocoph-
erol and fatty acid composition of commonly consumed Canadian pulses and their contribution to anti-
oxidant activity. Journal of Functional Foods. 2016. https://doi.org/10.1016/}.jff.2016.11.006

Sarada SK., Dipti P, Anju B, Pauline T, Kain AK, Sairam M, et al. Antioxidant effect of beta-carotene on
hypoxia induced oxidative stress in male albino rats. J Ethnopharmacol. 2002; 79: 149-153. https://doi.
org/10.1016/S0378-8741(01)00360-9 PMID: 11801375

Othman A, Ismail A, Hassan FA, Yusof BNM, Khatib A. Comparative evaluation of nutritional composi-
tions, antioxidant capacities, and phenolic compounds of red and green sessile joyweed (Alternanthera
sessilis). J Funct Foods. 2016; 21: 263-271. https://doi.org/10.1016/}.jff.2015.12.014

Pereira DM, Correia-da-Silva G, Valentao P, Teixeira N, Andrade PB. Anti-inflammatory effect of unsat-
urated fatty acids and ergosta-7,22-dien-3-ol from Marthasterias glacialis: Prevention of CHOP-medi-
ated ER-stress and NF-kB activation. PLoS One. 2014;9. https://doi.org/10.1371/journal.pone.0088341
PMID: 24551093

Skulas-Ray AC. Omega-3 fatty acids and inflammation: A perspective on the challenges of evaluating
efficacy in clinical research. Prostaglandins and Other Lipid Mediators. 2015. pp. 104—111. https://doi.
org/10.1016/j.prostaglandins.2015.02.001 PMID: 25698680

Cintra DE, Ropelle ER, Moraes JC, Pauli JR, Morari J, de Souza CT, et al. Unsaturated fatty acids
revert diet-induced hypothalamic inflammation in obesity. PLoS One. 2012;7. https://doi.org/10.1371/
journal.pone.0030571 PMID: 22279596

Itariu BK, Zeyda M, Hochbrugger EE, Neuhofer A, Prager G, Schindler K, et al. Long-chain n-3 PUFAs
reduce adipose tissue and systemic inflammation in severely obese nondiabetic patients: a randomized
controlled trial. [Internet]. The American journal of clinical nutrition. 2012. pp. 1137—49. https://doi.org/
10.3945/ajcn.112.037432 PMID: 23034965

de Oliveira Sousa AG, Fernandes DC, Alves AM, De Freitas JB, Naves MMV. Nutritional quality and
protein value of exotic almonds and nut from the Brazilian Savanna compared to peanut. Food Res Int.
2011; 44: 2319-2325. https://doi.org/10.1016/j.foodres.2011.02.013

e Silva L, Barbosa MC, Hiane PA, Braga Neto JA, Macedo MLR. Proteins of Bacuri almonds: nutritional
value and in vivo digestibility. Food Sci Technol. 2014; 34: 55-61. https://doi.org/10.1590/S0101-
20612014000100008

Calbet JAL, MacLean DA. Plasma glucagon and insulin responses depend on the rate of appearance of
amino acids after ingestion of different protein solutions in humans. J Nutr. American Society for Nutri-
tion; 2002; 132: 2174-82. Available: http://www.ncbi.nlm.nih.gov/pubmed/12163658

Haraguchi FK, De Abreu WC, De Paula H. Proteinas do soro do leite: Composigao, propriedades nutri-
cionais, aplicagdes no esporte e beneficios para a saide humana. Rev Nutr. 2006; 19(4): 479-488.
https://doi.org/10.1590/S1415-52732006000400007

Ivy JL, Goforth HW, Damon BM, McCauley TR, Parsons EC, Price TB. Early postexercise muscle gly-
cogen recovery is enhanced with a carbohydrate-protein supplement. J Appl Physiol. 2002; 93: 1337—
44. https://doi.org/10.1152/japplphysiol.00394.2002 PMID: 12235033

Galler KM, Schweikl H, Thonemann B, D’Souza RN, Schmalz G. Human pulp-derived cells immortal-
ized with Simian Virus 40 T-antigen. Eur J Oral Sci. 2006; 114: 138—146. https://doi.org/10.1111/j.1600-
0722.2006.00327.x PMID: 16630306

Kudo Y, Hiraoka M, Kitagawa S, Miyauchi M, Kakuo S, Zhao M, et al. Establishment of human cementi-
fying fibroma cell lines by transfection with temperature-sensitive simian virus-40 T-antigen gene and
hTERT gene. Bone. 2002; 30: 712-717. https://doi.org/10.1016/S8756-3282(02)00689-0 PMID:
11996909

Shay JW, Wright WE, Werbin H. Defining the molecular mechanisms of human cell immortalization.
Biochim Biophys Acta. 1991; 1072: 1-7. https://doi.org/10.1016/0304-419X(91)90003-4 PMID:
1850299

PLOS ONE | https://doi.org/10.1371/journal.pone.0195678  April 10,2018 15/16


https://doi.org/10.1080/1028415X.2015.1115213
http://www.ncbi.nlm.nih.gov/pubmed/26618555
https://doi.org/10.1016/j.jep.2010.03.014
http://www.ncbi.nlm.nih.gov/pubmed/20332017
https://doi.org/10.1021/jf501211p
https://doi.org/10.1021/jf501211p
http://www.ncbi.nlm.nih.gov/pubmed/24780053
https://doi.org/10.1016/j.jff.2016.11.006
https://doi.org/10.1016/S0378-8741(01)00360-9
https://doi.org/10.1016/S0378-8741(01)00360-9
http://www.ncbi.nlm.nih.gov/pubmed/11801375
https://doi.org/10.1016/j.jff.2015.12.014
https://doi.org/10.1371/journal.pone.0088341
http://www.ncbi.nlm.nih.gov/pubmed/24551093
https://doi.org/10.1016/j.prostaglandins.2015.02.001
https://doi.org/10.1016/j.prostaglandins.2015.02.001
http://www.ncbi.nlm.nih.gov/pubmed/25698680
https://doi.org/10.1371/journal.pone.0030571
https://doi.org/10.1371/journal.pone.0030571
http://www.ncbi.nlm.nih.gov/pubmed/22279596
https://doi.org/10.3945/ajcn.112.037432
https://doi.org/10.3945/ajcn.112.037432
http://www.ncbi.nlm.nih.gov/pubmed/23034965
https://doi.org/10.1016/j.foodres.2011.02.013
https://doi.org/10.1590/S0101-20612014000100008
https://doi.org/10.1590/S0101-20612014000100008
http://www.ncbi.nlm.nih.gov/pubmed/12163658
https://doi.org/10.1590/S1415-52732006000400007
https://doi.org/10.1152/japplphysiol.00394.2002
http://www.ncbi.nlm.nih.gov/pubmed/12235033
https://doi.org/10.1111/j.1600-0722.2006.00327.x
https://doi.org/10.1111/j.1600-0722.2006.00327.x
http://www.ncbi.nlm.nih.gov/pubmed/16630306
https://doi.org/10.1016/S8756-3282(02)00689-0
http://www.ncbi.nlm.nih.gov/pubmed/11996909
https://doi.org/10.1016/0304-419X(91)90003-4
http://www.ncbi.nlm.nih.gov/pubmed/1850299
https://doi.org/10.1371/journal.pone.0195678

@° PLOS | ONE

Pharmacological potential of the Attalea phalerata Mart. ex Spreng. pulp oil

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Bogdan C. Nitric oxide and the immune response. Nat Immunol. 2001; 2: 907—16. https://doi.org/10.
1038/ni1001-907 PMID: 11577346

Schmidt HH, Walter U. NO at work. Cell. 1994; 78. 919-925. https://doi.org/10.1016/0092-8674(94)
90267-4 PMID: 7923361

Wink DA, Vodovotz Y, Laval J, Laval F, Dewhirst MW, Mitchell JB. The multifaceted roles of nitric oxide
in cancer. Carcinogenesis. 1998; 19(5): 711-721. https://doi.org/10.1093/carcin/19.5.711 PMID:
9635855

Russo M, Starobinas N, Ribeiro dos Santos R, Minoprio P, Eisen H, Hontebeyrie-Joskowicz M. Suscep-
tible mice present higher macrophage activation than resistant mice during infections with myotropic
strains of Trypanosoma cruzi. Parasite Immunol. 1989; 11: 385-395. https://doi.org/10.1111/].1365-
3024.1989.tb00675.x PMID: 2528710

Xia Z, Triffitt JT. A review on macrophage responses to biomaterials. Biomed Mater. 2006; 1: R1-R9.
https://doi.org/10.1088/1748-6041/1/1/R01 PMID: 18458376

Klein A, Eliakim R. Non steroidal anti-inflammatory drugs and inflammatory bowel disease. Pharmaceu-
ticals. 2010; 3(4): 1084—1092. https://doi.org/10.3390/ph3041084 PMID: 27713289

Silva FRF, Dore CMPG, Marques CT, Nascimento MS, Benevides NMB, Rocha HAO, et al. Anticoagu-
lant activity, paw edema and pleurisy induced carrageenan: Action of major types of commercial carra-
geenans. Carbohydr Polym. 2010; 79: 26-33. https://doi.org/10.1016/j.carbpol.2009.07.010

Di Rosa M, Giroud JP, Willoughby DA. Studies of the mediators of the acute inflammatory response
induced in rats in different sites by carrageenan and turpentine. J Pathol. 1971; 104: 15-29. https://doi.
org/10.1002/path.1711040103 PMID: 4398139

Guay J, Bateman K, Gordon R, Mancini J, Riendeau D. Carrageenan-induced paw edema in rat elicits
a predominant prostaglandin E2 (PGE2) response in the central nervous system associated with the
induction of microsomal PGE2 synthase-1. J Biol Chem. 2004; 279: 24866—24872. https://doi.org/10.
1074/jbc.M403106200 PMID: 15044444

Morris CJ. Carrageenan-induced paw edema in the rat and mouse. Methods Mol Biol. 2003; 225: 115-
121. https://doi.org/10.1385/1-59259-374-7:115 PMID: 12769480

Jantz MA, Antony VB. Pathophysiology of the pleura. Respiration. 2008; 75(2):121-1383. https://doi.org/
10.1159/000113629 PMID: 18332619

Cassatella MA. The production of cytokines by polymorphonuclear neutrophils. Immunol Today. 1995;
16: 21-26. https://doi.org/10.1016/0167-5699(95)80066-2 PMID: 7880385

Batista JS, Silva AE, Rodrigues CMF, Costa KMFM, Oliveira AF, Paiva ES, et al. Avaliagédo da atividade
cicatrizante do 6leo de pequi (Caryocar Coriaceum Wittm) em feridas cutaneas produzidas experimen-
talmente em ratos. Arq Inst Biol (Sao Paulo). 2010; 77(3): 441-447.

Lescano CH, Iwamoto RD, Sanjinez-Argandona EJ, Kassuya CAL. Diuretic and Anti-Inflammatory
Activities of the Microencapsulated Acrocomia aculeata (Arecaceae) Oil on Wistar Rats. J Med Food.
2015; 18(6): 656—62. https://doi.org/10.1089/jmf.2014.0077 PMID: 25369069

Hadad N, Levy R. The synergistic anti-inflammatory effects of lycopene, lutein, B-carotene, and carno-
sic acid combinations via redox-based inhibition of NF-kB signaling. Free Radic Biol Med. 2012; 53:
1381-1391. https://doi.org/10.1016/j.freeradbiomed.2012.07.078 PMID: 22889596

Yoshihisa Y, Shimizu T. Astaxanthin, a xanthophyll carotenoid, inhibits ultraviolet-induced apoptosis in
keratinocytes. Exp Dermatol. 2014; 23(3): 178—183. https://doi.org/10.1111/exd.12347 PMID:
24521161

PLOS ONE | https://doi.org/10.1371/journal.pone.0195678  April 10,2018 16/16


https://doi.org/10.1038/ni1001-907
https://doi.org/10.1038/ni1001-907
http://www.ncbi.nlm.nih.gov/pubmed/11577346
https://doi.org/10.1016/0092-8674(94)90267-4
https://doi.org/10.1016/0092-8674(94)90267-4
http://www.ncbi.nlm.nih.gov/pubmed/7923361
https://doi.org/10.1093/carcin/19.5.711
http://www.ncbi.nlm.nih.gov/pubmed/9635855
https://doi.org/10.1111/j.1365-3024.1989.tb00675.x
https://doi.org/10.1111/j.1365-3024.1989.tb00675.x
http://www.ncbi.nlm.nih.gov/pubmed/2528710
https://doi.org/10.1088/1748-6041/1/1/R01
http://www.ncbi.nlm.nih.gov/pubmed/18458376
https://doi.org/10.3390/ph3041084
http://www.ncbi.nlm.nih.gov/pubmed/27713289
https://doi.org/10.1016/j.carbpol.2009.07.010
https://doi.org/10.1002/path.1711040103
https://doi.org/10.1002/path.1711040103
http://www.ncbi.nlm.nih.gov/pubmed/4398139
https://doi.org/10.1074/jbc.M403106200
https://doi.org/10.1074/jbc.M403106200
http://www.ncbi.nlm.nih.gov/pubmed/15044444
https://doi.org/10.1385/1-59259-374-7:115
http://www.ncbi.nlm.nih.gov/pubmed/12769480
https://doi.org/10.1159/000113629
https://doi.org/10.1159/000113629
http://www.ncbi.nlm.nih.gov/pubmed/18332619
https://doi.org/10.1016/0167-5699(95)80066-2
http://www.ncbi.nlm.nih.gov/pubmed/7880385
https://doi.org/10.1089/jmf.2014.0077
http://www.ncbi.nlm.nih.gov/pubmed/25369069
https://doi.org/10.1016/j.freeradbiomed.2012.07.078
http://www.ncbi.nlm.nih.gov/pubmed/22889596
https://doi.org/10.1111/exd.12347
http://www.ncbi.nlm.nih.gov/pubmed/24521161
https://doi.org/10.1371/journal.pone.0195678

