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Geopropolis is produced by some stingless bee species such as Melipona fasciculata and consists of a
mixture of plant resins, salivary secretions of the bee, wax, and soil. This study evaluated the antileish-
manial activity in vitro, cytotoxicity and chemical composition of geopropolis produced by M. fasciculata
in the savannah region of Maranhdo, Brazil. The geopropolis extract was obtained through maceration
using in 70% ethanol. The hydroalcoholic extract of geopropolis after liquid-liquid partition yielded the

i‘”,’ (‘;Vords" hexane, chloroformic, ethyl acetate and hydroalcoholic fractions. Antileishmanial activity was evaluated
Mpelli;gnini against promastigote and intracellular amastigote of Leishmania amazonensis. Cytotoxic was realized in

BALB/c mice peritoneal macrophages. Chemical analysis was performed by gas chromatography-mass
spectrometry and high performance liquid chromatography coupled to an ultraviolet-visible detector.
The geopropolis inhibited the L. amazonensis promastigotes growth and was effective in reducing the
infection of murine macrophages since the number of internalized amastigotes were smaller in cells
treated with the geopropolis extract in relation to the untreated group. The ethyl acetate fraction was
the most active and showed the highest index of selectivity as antileishmanial product. The geopropolis
from M. fasciculata had an antileishmanial effect, mainly after the obtention of the ethyl acetate fraction
that improved the activity without increasing the cytotoxicity against murine macrophages. Analysis for
gas chromatography-mass spectrometer identified as main compounds the gallic and ellagic phenolic
acids, either in the extract or in the active fraction. The results obtained by high performance liquid chro-
matography it was possible to confirm the presence and quantify the concentration gallic and ellagic
acid either in the extract or in the active fraction. These results suggest that the antileishmanial activity
of geopropolis is related to the presence of derivatives of these phenolic acids, mainly gallic and ellagic
acids.
© 2019 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Leishmaniasis is an infectious disease that occurs in countries
with tropical and temperate climates and it is transmitted to
humans by the bite of sand flies infected with protozoa of the genus
Leishmania. This disease affects approximately 2 million people in
the world every year (WHO, 2018).

The severity of disease varies ranging from cutaneous or
mucosal to visceral or diffuse cutaneous infection. Leishmania
amazonensis, a species transmitted mainly in the Amazon region,
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which is associated with localized cutaneous lesions. In Brazil
occur both visceral leishmaniasis (VL) and tegumentary leish-
maniasis (TL), endemic disease in Northern and Northeastern
Brazil, mainly in the states of Bahia, Ceara, Maranhdo, and Piaui
(Marzochi et al., 2009).

Currently, the drugs used to treat leishmaniasis include pentava-
lent antimonial, amphotericin B, and pentamidine, present variable
efficacy against different Leishmania species, elevated toxicity and
can induce resistance of the parasite (Croft and Coombs, 2003;
Silva-Lépez, 2010). Therefore, there is an urgent need for new drugs
that can be used both for the prophylaxis and for the treatment
of leishmaniasis. In this respect, bee products are promising can-
didates since they are important sources of bioactive compounds
(Bankova and Popova, 2007; Lavinas et al., 2019).
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In the State of Maranhao, northeast Brazil, Melipona fasciculata
Smith, popularly known as “tiiba” or “tiltba-do-maranhio”, is the
most widely cultivated stingless bee species because of its high
productivity of honey and geopropolis. This species is therefore one
of the main sources of income for many families in the state (Dutra
et al., 2008) and the geopropolis produced is popularly used for
the treatment of inflammation, weakness, hemorrhoids, gastritis,
cough, and also as a healing agent (Kerr, 1987; Aradjo et al., 2016b).

Geopropolis is produced from plant resins that are mixed with
pollen, wax, salivary secretions, and soil. In the beehive, this prod-
uct is used to fill small cracks, to seal entry holes, and as an
antimicrobial agent (Aradjo et al., 2016b; Sanches et al., 2017).

The chemical composition of geopropolis produced by differ-
ent species of Melipona has shown phenolic acids, flavonoids,
coumarins, hydrolysable tannins, prenylated benzophenone, ter-
penes, steroids, saponins, fatty acids and sugars (Dutra et al., 2008,
2014; Da Silva et al., 2013; Souza et al., 2013, 2014; Aragjo et al.,
2015; Batista et al., 2016; Cunha et al., 2016).

The following activities have been attributed to this product:
antimicrobial (Muli et al., 2008; Liberio et al., 2011; Aradjo et al.,
2016b; Santos et al., 2017), antioxidant (Da Silva et al., 2013; Souza
et al,, 2013; Dutra et al., 2014; Batista et al., 2016; Ferreira et al.,
2017), anti-inflammatory (Liberioetal.,2011; Franchinetal.,2013),
antiproliferative, cytotoxic (Cunha et al., 2013, 2016; Campos et al.,
2014), anti-nociceptive (Souza et al., 2014), immunomodulatory
(Liberioetal., 2011; Aradjoetal.,2015), antitumor (Cinegaglia et al.,
2013; Bartolomeu et al., 2016) and gastroprotective (Ribeiro-Junior
etal., 2015).

There are studies investigating the antileishmanial activity
of propolis produced by Apis mellifera bees (Ayres et al., 2007;
Machado et al., 2007; Duran et al., 2008, 2011; Pontin et al., 2008).
However, there are no reports describing the antileishmanial activ-
ity of the M. fasciculata geopropolis.

Therefore, the present study investigated the antileishmanial
activity, cytotoxicity and chemical composition of geopropolis
produced by M. fasciculata Smith in order to contribute the bio-
prospection of new products with activity against Leishmania
infection.

Material and methods
Geopropolis sample

The geopropolis sample was collected from beehive in
meliponary in the municipality of Fernando Falcdo, Maranhdo,
Brazil (2°37'30”S 44°52'30"W), a savannah region from Maran-
hdo State, northeast Brazil in November of 2008. Geopropolis was
removed from the hives with a spatula, stored in sterile container,
and transported to the laboratory for preparation of the extract and
chemical and biological analysis.

Extraction and fractionation of geopropolis extract

The geopropolis sample (500 g) was separately macerated with
1:2 (w/v) in 70% ethanol for 48h and filtered to separate the
inorganic part (soil). The hydroalcoholic extract of geopropolis
(HEG) was fractionated by liquid-liquid partition using solvents of
increasing polarity, obtaining hexane (HF), chloroform (CF), ethyl
acetate (EAF) and hydroalcoholic (HAF) fractions, as described by
Dutra et al. (2014).

Parasites

Leishmania amazonensis (MHOM/BR/1987/BA-125) promastig-
otes were maintained in axenic cultures containing Schneider’s

medium (Sigma, St. Louis, MO, USA) supplemented with 10% inacti-
vated fetal bovine serum (Gibco, Carlsbad, CA, USA) and gentamicin
(50 pg/ml; Sigma), incubated at 24 °C. The growth of the cultures
was monitored daily and parasites were counted in a Neubauer
chamber. Only L. amazonensis promastigote forms in the stationary
phase were used in the assays.

Obtention of murine peritoneal macrophages

The cells were obtained by washing the peritoneal cavity from
Balb/c mice with cold sterile phosphate-buffered saline (PBS) 5
days after intraperitoneal injection of 1ml of 3% sterile thiogly-
colate. The cell suspensions were placed in 96-well flat-bottom
microplates and after 3 h of adherence, the nonadherent cells were
removed by washing with PBS at 37 °C. The adherent cells in 100 .1
of complete medium were used in most of the experiments. The
cells were centrifuged (160 x g, 10 min, 4°C) and resuspended in
complete medium RPMI and 10% fetal bovine serum (FBS) (Ribeiro-
Dias et al., 1999). All experiments involving the use of experimental
animals were performed in accordance to the ethical standards of
Federal University of Maranhdo and were approved by the ethics
committee (Protocol: 23115-012975/2008-43).

Evaluation of extract, fractions and phenolic acids against
Leishmania amazonensis promastigotes

The antileishmanial activity of the extract, fractions and phe-
nolic acids gallic and ellagic (Sigma Aldrich, St Louis, MO, USA)
were evaluated against promastigotes of L. amazonensis in cul-
ture using microplates. The HEG, fractions and phenolic acids
were resuspended in PBS and diluted in complete RPMI 1640
medium to final concentrations of 500, 250, 125, 62.5, 31.25,
and 15.62 pg/ml. Aliquots of 10 ul of the suspension containing
5 x 108/ml promastigote forms of L. amazonensis were added to
the wells. Amphotericin B (Sigma Aldrich, St Louis, MO, USA), the
reference drug for the treatment of leishmaniasis, was used as pos-
itive control in concentrations varying from 0.07 to 10 .g/ml, and
compared to the negative control (culture medium). After 24 h of
incubation, the total number of live promastigotes was determined
by flagella motility in a Neubauer chamber, under a bright-field
light microscopy. The concentration that inhibited culture growth
by 50% (ICs5¢) was determined by nonlinear regression (Bezerra
et al., 2006).

Evaluation of extract and fraction in macrophages infected with
Leishmania amazonensis amastigotes

Peritoneal macrophages from Balb/c mice were harvested and
plated at 2 x 106 cell/ml in a 24-well plate containing a cover-
slip of 13 mm diameter, allowed to adhere for 2h at 37°C in 5%
CO,. After this period the wells were washed three times with
unsupplemented RPMI 1640 to remove non-adherent cells. Then
the macrophages were infected with promastigotes at ratio of
promastigote/macrophage (10:1), and the cells were incubated at
37°C in 5% CO,. After 4h incubation, free promastigotes were
removed and counted (Silva et al., 2018). The infected macrophages
were treated during 24 h with HEG (47 pg/ml) and EAF (29 pg/ml)
according the inhibitory concentration detected at the in vitro anti-
promastigote assay. After incubation, the cells were fixed with
methanol, Giemsa stained and examined by light microscopy. The
number of amastigotes/100 macrophage cells and the percentage
of infected cells were determined. The infection index was calcu-
lated by multiplying the percentage of infected macrophages by the
mean number of amastigotes per infected cells (Lima Junior et al.,
2014; Silva et al., 2018).
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Cytotoxicity assay

Peritoneal macrophages were plated at 2 x 10° cells/well on
coverslips in 96-well plate for 24 h in the presence or absence of the
HEG and fractions in different concentrations (15.62, 31.25, 62.5,
125,250 and 500 pg/ml). At the end of the period were added 10 .l
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Sigma Aldrich, St Louis, MO, USA) 5mg/ml and the cells
were incubated for 3h at 37°C in 5% CO,. The supernatant was
removed and the plates were incubated overnight at room temper-
ature with 100 pl of 10% solution of sodium dodecyl sulfate-HCl
to dissolution of formazan crystals. Absorbance was determined
in a spectrophotometer (MR 5000, Dynatech Laboratories Inc.,
Gainesville, VA, USA) at 540 nm. The 50% cytotoxic concentration
(CCs0) was determined by regression analysis. The selectivity index
(SI) was determined as the ratio of CCsy for the macrophages to
ICs5q for the promastigote. Each assay was carried out in triplicate
in three independent experiments (Ribeiro-Dias et al., 1999).

Sample preparation for gas chromatography-mass spectrometry
(GC-MS) analysis

The HEG and fractions of geopropolis (10mg) were solu-
bilized in pyridine (300 ul) and bis-(trimethylsilyl) trifluoroac-
etamide (BSTFA, Sigma Aldrich, St Louis, MO, USA) including 1%
trimethylchlorosilane (TMCS) (BSTFA/TMCS), 100 w1, and heated at
80 °C for 20 min according to Batista et al. (2016).

Analysis of the extract and fractions by GC/MS

Analysis of the HEG and fractions were performed on gas chro-
matograph (GC) (Agilent 6890) coupled to a mass spectrometer
(MS) (Agilent 5973N MSD), equipped with a HP-5MS fused silica
(30m x 0.25 mm i.d., film thickness 0.25 wm) and operating in the
electron impact ionization mode (70eV), was used for analyses.
The temperatures of the injector and detector were maintained at
230°Cand 250°C, respectively. Helium was used as the carrier gas
at a flow rate of 1 ml/min, and the injection volume was 1 wl in split
ratio 10:1. Analysis consisted of 5 min of isothermal heating (70 °C),
a temperature gradient of 5°C/min at 310°C, and a last minute of
heating at 310°C. The interface was maintained at 200°C and the
detector was operated in the scanning mode (m/z 50-650) and a
scan interval of 2 scans~!. The identification of geopropolis com-
pounds was based on the percentage of similarity plus comparison
of mass spectra (MS) using software NIST AMIDS version 2.0 data
library, with the percentage of total ion chromatograms (TIC %).

Analysis of the extract and fractions by HPLG/UV

The identification and quantification of gallic (GA) and ellagic
acids (EA) in the HEG and EAF fraction were performed by high per-
formance liquid chromatography coupled to an ultraviolet-visible
detector (HPLC-UV). The analysis was proceeded in chromatograph
Varian HPLC system equipped with a ProStar Autosampler 410, 2
ProStar 215 pumps, ProStar 325 UV-Vis detector (Varian, Palo Alto,
USA) controlled with Galaxie software (Varian v1.9.3.2), using a
Phenomenex RP-Gemini C18 column (250 mm x 4.6 mm, 5 pm) at
room temperature. The mobile phase was comprised of 0.1% (v/v)
formic acid acidified ultrapure water (as solvent A) and acetoni-
trile (as solvent B). The gradient program was as follows: 90-10% B
(5min), 80-20% B (10 min), 70-30% B (25 min), 65-35% B (30 min).
The detection of compounds of interest was performed at a wave-
length (1) of 254 nm, and the volume injected was 20 w1, with the
mobile phase flow of 1.0 ml/min.

The concentration of GA and EA in the samples were obtained
from the regression-equation resulted by the linear regression of

Table 1

Antileishmanicidal activity of the extract and fractions of geopropolis, gallic acid,
and ellagic acid against promastigote forms, cytotoxicity and selectivity index for
Leishmania amazonensis.

Sample L. amazonensis Macrophage
IC50 (Mg/ml)“ CC50 (p.g/ml)“ S]pmb

HEG 47.00+2.702 292.70+35.49 6.22
HF No activity Nd Nd
CF 432142322 78.34+32.64° 1.81
EAF 29.90+2.93P 244.90+22.60 © 8.19
HAF 49.48+1.40° 381.70+9.294 7.71
Gallic acid 14.48 +£1.87 Nd Nd
Ellagic acid 151.7+19.50 Nd Nd
Amphotericin B 1.0+£0.46 ¢ Nd Nd

2 Values represent the mean of triplicate measurements + standard deviation.
Different letters in the same column indicate a significant difference (Tukey test,
p<0.05). HEG, hydroalcoholic extract of geopropolis; HF, hexane fraction; CF, chlo-
roform fraction; EAF, ethyl acetate fraction; HAF, hydroalcoholic fraction; Nd, not
determined.

b Sl (selectivity index)=CCsp macrophages/ICso promastigote forms.

ICso = concentration producing 50% inhibition of L. amazonensis promastigotes.
CCso = concentration producing 50% inhibition of peritoneal macrophages.

a calibration curve, correlating the chromatographic peak area
referred to the gallic acid and ellagic acid purchased from Sigma-
Aldrich (St. Louis, MO, USA) and their concentration in the sample
(1 mg/ml). Calibration curve (five points) was used to quantify
each standard with the range of 5-100 p.g/ml for gallic acid, and
2.5-40 pg/ml for ellagic acid.

Statistical analysis

All assays were repeated three times and the results expressed
are expressed as the mean + standard deviation and were analyzed.
All data were compared by analysis of variance (one-way ANOVA)
followed by the Tukey test. Differences were considered significant
when p<0.05. All data were analyzed with the GraphPad Prism
7.0 software (San Diego, CA, USA). All analyses were performed in
triplicate.

Results

The HEG, CF, EAF, and HAF showed anti-leishmania activity since
they were able to reduce the number of live promastigotes. HEG
reduced the number of viable promastigotes of L. amazonensis in
a dose-dependent manner with ICsg of 47 pwg/ml, and at the con-
centration of 250 pg/ml was able to inhibit 100% of promastigote
forms (Table 1). After fractionation, the EAF fraction was the most
active (ICs9 29.89 pg/ml), inhibiting 100% of the promastigotes
from 62.5 pg/ml. The other fractions also show inhibitory effect for
L. amazonensis promastigotes at the tested concentrations (CF: IC5q
43.21 wg/ml and HAF: ICsg 49.48 pg/ml). FH showed no antileish-
manial activity (Table 1).

The antileishmanial activity against promastigotes and cyto-
toxicity to HEG and the active fractions (CF, EAF, and HAF) was
compared using the selectivity index. The HEG demonstrated CCsq
of 292.7 wg/ml and EAF CCsg of 244.9 wg/ml, while HAF and CF
381.7 pg/ml and 78.34 p.g/ml respectively. The selectivity index for
promastigotes has shown that the most active fraction (EAF) also
has lower cytotoxic activity for macrophages (Table 1).

The extract (HEG) and the active fraction (EAF) induced a
significant reduction in the number of amastigotes within the
macrophages compared to the control group, in the experimen-
tal infection in vitro with peritoneal macrophages infected with L.
amazonensis.

Treatment of infection of macrophages with HEG and
EAF reduced number of amastigotes inside macrophages. This
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Amastigotes / 100 macrophages

Conltrol 47 ug/ml

29 ug/ml
HEG EAF

Infection index

Con'trol 47 ng/ml 29 pg/ml

HEG EAF

Fig. 1. Invitro effect of geopropolis extract (HEG) and fraction (EAF) on Leishmania amazonensis intracellular amastigotes. The number of amastigotes in infected macrophages
(A), and infection index (B). The negative control is L. amazonensis intracellular amastigotes not treated. The results represent mean + standard deviation of individual samples

tested in triplicate (*): p<0.05 in comparison to the negative control.

antileishmanial effect was associated with a reduction on the infec-
tion index. The percentage reduction in infection was 37% in the
macrophages treated with HEG, whereas those treated with EAF
reduced by 33% (Fig. 1).

The analysis of HEG and fractions by GC/MS, identified twenty
three compounds by comparison of retention times, mass spectra
using NIST Library and literature data. The compounds identified
belong to the class of fatty acids, organic acids, phenolic acids, triter-
penes, steroids, sugars and alcohols. Fatty acids were identified in
the samples, with the exception of the EAF fraction, with a higher
concentration of palmitic and stearic acids. In the hexane fraction
the triterpenes 3-amyrin, lupenone and steroids campesterol, stig-
masterol and (3-sitosterol were identified, while in the chloroform
fraction oleanolic acid and [3-sitosterol. Phenolic acids, sugars and
alcohols were identified mainly in HEG and EAF fraction (Table 2).

According the results obtained by HPLC/UV it was possible to
confirm the presence of gallic and ellagic acid (Fig. 2). The calibra-
tion curves obtained to quantify the concentration of gallic acid
and ellagic acid presented correlation coefficient >0.998, confirm-
ing the linearity of the method. The detected concentration of gallic
acid was 2.66 pg/mg and 9.85 g/mg for HEG and EAF, respectively,
while the ellagic acid concentration was 20.32 pg/mg for HEG and
27.73 p.g/mg for the EAF fraction.

The fractionation of the extract by liquid-liquid partition
increased the concentration of ellagic and gallic acids in EAF, mainly
gallic acid since the concentration was about 3.7 times higher than
HEG.

The geopropolis samples with antileishmanial activity showed
the presence and higher concentrations of phenolic acids, mainly
EAF fraction with gallic acid (40.5%) and ellagic acid (31.6%)
(Table 2). The mass spectra obtained by the GC-MS analysis after
silylation with BSTFA from the extract and fractions of the geo-
propolis showed the ions m/z 458,443,281, 73 for gallic acid (4TMS)
and ions m/z 590, 575, 487, 281, 73 for ellagic acid (4TMS).

Considering the high concentration of gallic and ellagic acids
in the most active fraction (EAF), analytical standards of these
compounds were evaluated for antileishmanial activity against L.
amazonensis promastigotes. The phenolic acids exhibited antileish-
manial activity, however, gallic acid was more effective in inhibit
against promastigotes forms (IC5y 14.48 ug/ml) than ellagic acid
(ICs0 151.7 g/ml) (Table 2).

Discussion
The extract and fractions of the geopropolis presented an anti-

Leishmania activity, with the EAF fraction being more effective than
the extract (HEG) in reduce the promastigotes numbers, and also to

reduce the number of amastigotes in infected macrophages, despite
the low cytotoxicity for uninfected murine macrophages.

The selectivity index (SI) found for geopropolis extract and
its fractions indicate higher toxicity to promastigote forms and a
moderate toxicity to uninfected macrophages (SI <10) (Bringmann
et al., 2013). These results are important in the search for effec-
tive natural products for the treatment of leishmaniasis (Alves
et al., 2017). According to Veiga et al. (2017) extracts with ICsq
<100 wg/ml for promastigote forms are considered promising for
the bioprospection of products with anti-Leishmania activity, espe-
cially when they show low toxicity (CCsg >200 g/ml) to no infected
cells values, as showed here to the EHG and EAF.

After the liquid chromatography tandem-mass spectrometry
(LC-MS/MS) it was possible to identify eleven compounds present
in HEG and EAF, including gallic and ellagic phenolic acids, as well
as the hydrolysable tannins as: corilagin, HHDP-glucose, peduncu-
lagin, trigalloyl glucose, tellimagrandin I, valoneic acid dilactone,
casuarictin, tellimagrandin II e trisgalloyl-HHDP-glucose) (Dutra
etal., 2014).

The presence of gallic acid in M. fasciculata geopropolis is
expected since this compound has been identified as one of the
main compounds in geopropolis from other species of the genus
Melipona as: M. quadrifasciata, M. scutellaris, and M. marginata
(Velikova et al., 2000; Dutra et al., 2014; Batista et al., 2016). Few
studies have identified ellagic acid in propolis and geopropolis sam-
ples(Dutraetal., 2014; Aradjo et al., 2016a; Batista et al.,2016). The
qualitative and quantitative variations in phenolic compounds seen
between different bee products are mainly influenced by the plant
species visited by the bees, type of bee species, geographic region,
and climatic factors (Gémez-Caravaca et al., 2006).

It is possible that the anti-Leishmania activity is related to the
presence of the gallic and ellagic acids, identified in the extract
and EAF, as confirmed by the mass spectra (Zoechling et al.,
2009; Degani et al., 2014) since these two phenolic acids exhib-
ited antileishmanial activity against promastigotes (Tasdemir et al.,
2006; Shuaibu et al., 2008), but it is important to emphasizes that
according our results the gallic acid was more effective.

Previous results also showed a lower anti-Leishmania effect
against the promastigotes of L. major for the gallic acid in compar-
ison to the ellagic acid (ICs¢ 16.4 and 9.8 pg/ml, respectively). The
both phenolic acids were also effective against amastigotes, since
they were able to reduce the infection and infectivity on Balb/c
macrophages infected by L. major (ICs¢ values 5.0 and 0.9 pg/ml,
respectively), with selectivity index higher than 20 (Alves et al.,
2017).

In addition, several authors (Kolodziej et al., 2001; Kolodziej
and Kinderlen, 2005) showed low toxicity to the gallic acid despite
the anti-Leishmania activity to L. donovani promastigotes data that



R.P. Dutra et al. / Revista Brasileira de Farmacognosia 29 (2019) 287-293 291
Table 2
Chemical composition identified in the extract and fractions of the geopropolis after silylation by GC-MS.
Compound class Identified compound? HEG HF CF EAF HAF
TIC (%)°

Fatty acids Palmitic acid 0.52 7.27 0.96 - 0.51
Oleic acid - 1.72 - - -
Stearic acid 1.53 2.12 5.29 - 2.47
Arachidic acid - 0.33 - - -
Behenic acid - 0.44 - - -
Lignoceric acid - 0.25 - - -

Organic acid Quinic acid 1.68 - - - 1.01

Phenolic acids Gallic acid 22.30 - 4.80 40.5 5.76
Ellagic acid 14.70 - 1.53 31.6 21.60
Protocatechuic acid 0.10 - 0.14 - -

Triterpenes B-Amirin - 0.42 - - -
Lupenona - 0.43 - - -
Oleanolic acid - 0.13 2.35 - -

Steroids Campesterol - 0.07 - - -
Stigmasterol - 0.55 - - -
B-Sitosterol - 1.47 0.39 - -

Sugars Frutose 0.32 - - - -
Glucose 21.0 - - 3.15 18.60
Mannose 12.8 - - - 10.33
Xylose 0.61 - - - 0.28

Alcohols Glycerol 0.22 - - - 0.35
Xylitol 0.92 - - - 1.22
Inositol 0.10 - - - 0.10

2 Name of the compounds without the trimethylsilyl (TMS) constituent.

b Expressed in percentage of total ion chromatograms (TIC %).
HEG, hydroalcoholic extract of geopropolis; HF, hexane fraction; CF, chloroform fraction; EAF, ethyl acetate fraction; HAF, hydroalcoholic fraction.
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Fig. 2. HPLC chromatograms of hydroalcoholic extract of geopropolis (HEG), ethyl acetate fraction (EAF), standards of gallic acid (GA) and ellagic acid (EA) in 254 nm.
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corroborate with those ones found in the present study with the
extract of geopropolis and the gallic acid.

Conclusions

The antileishmanial activity of the hydroalcoholic extract of
geopropolis from M. fasciculata and its ethyl acetate fraction is
probably related to the presence of gallic acid, and ellagic acid,
with high effect on the promastigotes and amastigotes form and
with a moderate toxicity to murine macrophages what may open a
new perspective in the research of new drugs with antileishmanial
effect.

Authors’ contributions

RPD, JLB and MCPS contributed to biological studies. RPD and
MCAB contributed by collecting geopropolis samples, and perform-
ing chromatographic analysis. FJBP contributed to the cytotoxicity
test. FREN contributed to critical reading of the manuscript. MNSR
and RNMG designed the study, supervised the laboratory work and
contributed to critical reading of the manuscript. All the authors
have read the final manuscript and approved the submission.

Conflicts of interest
The authors declare no conflicts of interest.
Acknowledgments

The authors thank the funding agency CAPES, and FAPEMA for
the doctoral fellowship and for the grant to develop the present
study. We are also indebted to the beekeepers for providing the
geopropolis samples, and to Dr. Aldina Barral, Centro de Pesquisas
Gongalo Moniz, FIOCRUZ, Bahia, Brazil, for kindly providing the
Leishmania amazonensis.

References

Alves, M.M.M,, Brito, L.M., Souza, A.C., Queiroz, B.C.S.H., de Carvalho, T.P., Batista, J.F.,
Oliveira, J.S.S.M., de Mendonga, L.L, Lira, S.R.S., Chaves, M.H., Gongalves, ].CR.,
Carneiro, S.M.P., Arcanjo, D.D.R., Carvalho, F.A.A., 2017. Gallic and ellagic acids:
two natural immunomodulator compounds solve infection of macrophages by
Leishmania major. Naunyn Schmiedebergs Arch. Pharmacol. 390, 893-903.

Aratjo, K.S.S., Janior, J.F.S., Sato, M.O., Finco, F.D.B.A.,, Soares, .M., Barbosa, R.S.,
Alvim, T.C., Ascéncio, S.D., Mariano, S.M.B., 2016a. Physicochemical properties
and antioxidant capacity of propolis of stingless bees (Meliponinae) and Apis
from two regions of Tocantins, Brazil. Acta Amaz. 46, 61-68.

Aradjo, MJ.A.M,, Bifalo, M.C., Conti, BJ., Fernandes Jr., A., Trusheva, B., Bankova, V.,
Sforcin, J.M., 2015. The chemical composition and pharmacological activities of
geopropolis produced by Melipona fasciculata Smith in Northeast Brazil. J. Mol.
Pathophysiol. 4, 12-20.

Aradjo, MJ.A.M., Bosco, S.M.G., Sforcin, J.M., 2016b. Pythium insidiosum: inhibitory
effects of propolis and geopropolis on hyphal growth. Braz. ]. Microbiol. 47,
863-869.

Ayres, D.C., Marcucci, M.C,, Giorgio, S., 2007. Effects of Brazilian propolis on Leish-
mania amazonensis. Mem. Inst. Oswaldo Cruz 102, 215-220.

Bankova, V., Popova, M., 2007. Propolis of stingless bees: a promising source of
biologically active compounds. Pharmacogn. Rev. 1, 88-92.

Bartolomeu, A.R., Frién-Herrera, Y., da Silva, L.M., Romagnoli, G.G., de Oliveira, D.E.,
Sforcin, J.M., 2016. Combinatorial effects of geopropolis produced by Melipona
fasciculata Smith with anticancer drugs against human laryngeal epidermoid
carcinoma (HEp-2) cells. Biomed. Pharmacother. 81, 48-55.

Batista, M.C.A., Abreu, B.V.B., Dutra, R.P., Cunha, M.S., Amaral, F.M.M,, Torres, L.M.B.,
Ribeiro, M.N.S., 2016. Chemical composition and antioxidant activity of geo-
propolis produced by Melipona fasciculata (Meliponinae) in flooded fields and
cerrado areas of Maranhdo State, northeastern Brazil. Acta Amaz. 46, 315-322.

Bezerra, ].L., Costa, G.C., Lopes, T.C., Carvalho, 1.C.D.S., Patricio, F.J., Sousa, S.M., Ama-
ral, FM.M,, Rebelo, ].M.M., Guerra, R.N.M., Ribeiro, M.N.S., Nascimento, F.R.F.,
2006. Avaliacdo da atividade leishmanicida in vitro de plantas medicinais. Rev.
Bras. Farmacogn. 16, 631-637.

Bringmann, G., Thomale, K., Bischof, S., Schneider, C., Schultheis, M., Schwarz, T.,
Moll, H., Schurigt, U., 2013. A novel Leishmania major amastigote assay in 96-
well format for rapid drug screening and its use for discovery and evaluation of

anew class of leishmanicidal quinolinium salts. Antimicrob. Agents Chemother.
57,3003-3011.

Campos, J.F., Santos, U.P., Macorini, L.F.B.,, Melo, AM.M.F., Balestieri, B.PJ.,
Paredes-Gamero, E.J., Cardoso, C.A.L., Souza, K.P., Santos, E.L., 2014. Antimi-
crobial, antioxidant and cytotoxic activities of propolis from Melipona orbignyi
(Hymenoptera, Apidae). Food Chem. Toxicol. 65, 374-380.

Cinegaglia, N.C., Bersano, P.R.O., Aradjo, M.J.A.M., Bufalo, M.C,, Sforcin, ].M.,
2013. Anticancer effects of geopropolis produced by stingless bees on
canine osteosarcoma cells in vitro. Evid. Based Complement. Altern. Med.,
http://dx.doi.org/10.1155/2013/737386.

Croft, S.L., Coombs, G.H., 2003. Leishmaniasis - current chemotherapy and recent
advances in the search for novel drugs. Trends Parasitol. 19, 502-508.

Cunha, M.G,, Rosalen, P.L., Franchin, M., DE Alencar, S.M., Ikegaki, M., Ransom, T.,
Beutler, J.A., 2016. Antiproliferative constituents of geopropolis from the bee
Melipona scutellaris. Planta Med. 82, 190-194.

Cunha, M.G., Franchin, M., Galvdo, L.C.C,, Ruiz, A.L.T.G., Carvalho, J.E., Ikegaki, M.,
Alencar, S.M,, Koo, H., Rosalen, P.L., 2013. Antimicrobial and antiproliferative
activities of stingless bee Melipona scutellaris geopropolis. BMC Complement.
Altern. Med., http://dx.doi.org/10.1186/1472-6882-13-23.

DaSilva,S.S., Thomé, G.S., Cataneo, A.H.D., Miranda, M.M,, Felipe, ., Andrade, C.G.T.].,
Watanabe, M.A.E., Piana, G.M., Sforcin, J.M., Pavanelli, W.R., Conchon-Costa, L.,
2013. Brazilian propolis antileishmanial and immunomodulatory effects. Evid.
Based Complement. Altern. Med., http://dx.doi.org/10.1155/2013/673058.

Degani, L., Riedo, C., Gulmini, M., Chiantore, O., 2014. From plant extracts to his-
torical textiles: characterization of dyestuffs by GC-MS. Chromatographia 77,
1683-1696.

Duran, G., Duran, N, Culha, G., Ozcan, B., Oztas, H., Ozer, B., 2008. In vitro antileish-
manial activity of Adana propolis samples on Leishmania tropica: a preliminary
study. Parasitol. Res. 102, 1217-1225.

Duran, N., Muztafa, M., Culha, G., Duran, G., Ozer, B., 2011. GC-MS analysis and
antileishmanial activities of two Turkish propolis types. Parasitol. Res. 108,
95-105.

Dutra, R.P., Abreu, B.V.B., Cunha, M.S., Batista, M.C.A., Torres, L.M.B., Nascimento,
F.R.F, Ribeiro, M.N.S., Guerra, R.N.M., 2014. Phenolic acids, hydrolyzable tan-
nins, and antioxidant activity of geopropolis from the stingless bee Melipona
fasciculata Smith. J. Agric. Food Chem. 62, 2549-2557.

Dutra, R.P., Nogueira, A.M.C., Marques, R.R.O., Costa, M.C.P., Ribeiro, M.N.S., 2008.
Avaliacdo farmacognéstica de geoprépolis de Melipona fasciculata Smith da Baix-
ada Maranhense, Brasil. Rev. Bras. Farmacogn. 18, 557-562.

Ferreira, .M., Fernandes-Silva, C.C., Salatino, A., Message, D., Negri, G., 2017.
Antioxidant activity of a geopropolis from northeast Brazil: chemical charac-
terization and likely botanical origin. Evid. Based Complement. Altern. Med.,
http://dx.doi.org/10.1155/2017/4024721.

Franchin, M., Cunha, M.G., Denny, C., Napimoga, M.H., Cunha, T.M., Koo, H., Alen-
car, S.M., Ikegaki, M., Rosalen, P.L., 2013. Bioactive fraction of geopropolis from
Melipona scutellaris decreases neutrophils migration in the inflammatory pro-
cess: involvement of nitric oxide pathway. Evid. Based Complement. Altern.
Med., http://dx.doi.org/10.1155/2013/907041.

Go6mez-Caravaca, A.M., Gomez-Romero, M., Arrdez-Romadn, D., Segura-Carretero, A.,
Ferndndez-Gutiérrez, A., 2006. Advances in the analysis of phenolic compounds
in products derived from bees. ]. Pharm. Biomed. Anal. 41, 1220-1234.

Kerr, W.E., 1987. Abelhas indigenas brasileiras (meliponineos) na poliniza¢cdo
e na produ¢do de mel, pélen, geoprépolis e cera. Informe Agropecu. 13,
15-27.

Kolodziej, H., Kayser, O., Kiderlen, A.F., Ito, H., Hatano, T., Yoshida, T., Foo, LY., 2001.
Antileishmanial activity of hydrolyzable tannins and their modulatory effects
on nitric oxide and tumour necrosis factor-a release in macrophages in vitro.
Planta Med. 67, 825-832.

Kolodziej, H., Kinderlen, A.F., 2005. Antileishmanial activity and immune modula-
tory effects of tannins and related compounds on Leishmania parasitized RAW
264.7 cells. Phytochemistry 66, 2056-2071.

Lavinas, F.C., Macedo, E.H.B.C,, S, G.B.L, Amaral, A.CF., Silva, J.R.A., Azevedo,
M.M.B,, Vieira, B.A., Domingos, T.F.S., Vermelho, A.B., Carneiro, C.S., Rodrigues,
LA, 2019. Brazilian stingless bee propolis and geopropolis: promis-
ing sources of biologically active compounds. Rev. Bras. Farmacogn.,
http://dx.doi.org/10.1016/j.bjp.2018.11.007.

Liberio, A.S., Pereira, A.LA. Dutra, RP., Aramys, S.R., Aradjo, M.JAM. Mat-
tar, N.S., Silva, LA, Ribeiro, M.N.S., Nascimento, F.R.F, Guerra, RIN.M,,
Monteiro-Neto, V., 2011. Antimicrobial activity against oral pathogens and
immunomodulatory effects and toxicity of geopropolis produced by the
stingless bee Melipona fasciculata Smith. BMC Complement. Altern. Med.,
http://dx.doi.org/10.1186/1472-6882-11-108.

Lima Junior, J.A.C,, Costa, G.C., Reis, A.S., Bezerra, ].L., Patricio, F.J.B., Silva, L.A.,, Amaral,
F.M.M., Nascimento, F.R.F., 2014. Inibi¢do da infec¢do in vitro de macréfagos por
Leishmania amazonensis por extrato e fracdes de Chenopodium ambrosioides L.
Rev. Cienc. Sadde 16, 46-53.

Machado, G.M.,, Leon, L.L,, De Castro, S.L., 2007. Activity of Brazilian and Bulgarian
propolis against different species of Leishmania. Mem. Inst. Oswaldo Cruz 102,
73-77.

Marzochi, M.C,, Fagundes, A., Andrade, M.V, Souza, M.B., Madeira, M.F.,
Mouta-Confort, E., 2009. Visceral leishmaniasis in Rio de Janeiro, Brazil: eco-
epidemiological aspects and control. Rev. Soc. Bras. Med. Trop. 42, 570-580.

Muli, E.M., Maingi, .M., Macharia, J., 2008. Antimicrobial properties of propolis
and honey from the Kenyan stingless bee, Dactylurina schimidti. Apiacta 43,
49-61.


http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0055
dx.doi.org/10.1155/2013/737386
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0070
dx.doi.org/10.1186/1472-6882-13-23
dx.doi.org/10.1155/2013/673058
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0105
dx.doi.org/10.1155/2017/4024721
dx.doi.org/10.1155/2013/907041
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0135
dx.doi.org/10.1016/j.bjp.2018.11.007
dx.doi.org/10.1186/1472-6882-11-108
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0160
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0165

R.P. Dutra et al. / Revista Brasileira de Farmacognosia 29 (2019) 287-293 293

Pontin, K., Da Silva Filho, A.A., Santos, F.F,, Silva, M.L.,, Cunha, W.R., Nanayakkara,
N.P., Bastos, ].K., De Albuquerque, S., 2008. In vitro and in vivo antileishmanial
activities of a Brazilian green propolis extract. Parasitol. Res. 103, 487-492.

Ribeiro-Dias, F., Russo, M., Barbuto, J.A.M., Nascimento, F.R.F., Timenetsky, J., Jancar,
S., 1999. Mycoplasma arginini enhances cytotoxicity of thioglycollate-elicited
murine macrophages toward YAC-1 tumor cells through production of NO. J.
Leukoc. Biol. 65, 808-814.

Ribeiro-Junior, J.A., Franchin, M., Cavallini, M.E., Denny, C., De Alencar, S.M., Ikegaki,
M., Rosalen, P.L., 2015. Gastroprotective effect of geopropolis from Melipona
scutellaris is dependent on production of nitric oxide and prostaglandin. Evid.
Based Complement. Altern. Med., http://dx.doi.org/10.1155/2015/459846.

Sanches, M.A,, Pereira, A.M.S,, Serrdo, ].E., 2017. Pharmacological actions of extracts
of propolis of stingless bees (Meliponini). J. Apic. Res. 56, 50-57.

Santos, H.F.D., Campos, J.F., Santos, C.M.D., Balestieri, ].B.P., Silva, D.B., Carollo, C.A.,
de Picoli Souza, K., Estevinho, L.M., dos Santos, E.L., 2017. Chemical profile
and antioxidant, anti-inflammatory, antimutagenic and antimicrobial activi-
ties of geopropolis from the stingless bee Melipona orbignyi. Int. J. Mol. Sci.,
http://dx.doi.org/10.3390/ijms18050953.

Silva, M.C.P., Brito, ].M., Ferreira, A.S., Vale, A.A., Santos, A.P.A,, Silva, LA., Pereira, P.V.,
Nascimento, F.R.F., Guerra, R.N.M., 2018. Antileishmanial and immunomodula-
tory effect of Babassu-loaded PLGA micro and nanoparticles: an useful drug
target to Leishmania amazonensis infection. Evid. Based Complement. Altern.
Med., http://dx.doi.org/10.1155/2018/3161045.

Shuaibu, M.N.K,, Pandey, P.A., Wuyep, T., Yanagi, K., Hirayama, A., Ichinose, A.,
Tanaka, T., Kouno, I., 2008. Castalagin from Anogeissus leiocarpus mediates the
killing of Leishmania in vitro. Parasitol. Res. 108, 1333-1338.

Silva-Lépez, R.E.,2010. Proteases de Leishmania: novos alvos para o desenvolvimento
racional de farmacos. Quim. Nova 33, 1541-1548.

Souza, S.A., Camara, C.A,, Silva, E.M.S,, Silva, T.M.S., 2013. Composition and antioxi-
dant activity of geopropolis collected by Melipona subnitida (jandaira) bees. Evid.
Based Complement. Altern. Med., http://dx.doi.org/10.1155/2013/801383.

Souza, S.A., Dias, T.L.M.F,, Silva, T.M.G., Falcdo, R.A., Moreira, M.S.A,, Silva, EM.S.,
Camara, C.A, Silva, T.M.S., 2014. Chemical composition, antinociceptive and
free radical-scavenging activities of geopropolis from Melipona subnitida Ducke
(Hymenoptera: Apidae: Meliponini). Sociobiology 61, 560-565.

Tasdemir, D., Kaiser, M., Brun, R., Yardley, V., Schmidt, T.J., Tosun, F., Riedil,
P., 2006. Antitrypanosomal and antileishmanial activities of flavonoids and
their analogues: in vitro, in vivo, structure-activity relationship, and quantita-
tive structure-activity relationship studies. Antimicrob. Agents Chemother. 50,
1352-1364.

Veiga, A., Albuquerque, K., Elinete, Correa, M., Brigido, H., Silva, E., Silva, J., Campos,
M., Silveira, F., Santos, L., Dolabela, M., 2017. Leishmania amazonensis and Leish-
mania chagasi: in vitro leishmanicide activity of Virola surinamensis (Rol.) Warb.
Exp. Parasitol. 175, 68-73.

Velikova, M., Bankova, V., Marcucci, M.C., Tsvetkova, 1., Kujumgiev, A., 2000. Chem-
ical composition and biological activity of propolis from Brazilian Meliponinae.
Z. Naturforsch. C 55, 785-789.

WHO, 2018. Leishmaniasis. World Health
http://www.who.int/leishmaniasis/en/ (accessed 01.07.18).

Zoechling, A., Reiter, E., Eder, R., Wendelin, S., Leiber, F., Jungbauer, A., 2009. The
flavonoid kaempferol is responsible for majority of estrogenic activity in red
wine. Am. J. Enol. Vitic. 60, 223-232.

Organization,


http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0180
dx.doi.org/10.1155/2015/459846
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0190
dx.doi.org/10.3390/ijms18050953
dx.doi.org/10.1155/2018/3161045
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0210
dx.doi.org/10.1155/2013/801383
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0220
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0225
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0235
http://www.who.int/leishmaniasis/en/
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30544-1/sbref0245

	Antileishmanial activity and chemical composition from Brazilian geopropolis produced by stingless bee Melipona fasciculata
	Introduction
	Material and methods
	Geopropolis sample
	Extraction and fractionation of geopropolis extract
	Parasites
	Obtention of murine peritoneal macrophages
	Evaluation of extract, fractions and phenolic acids against Leishmania amazonensis promastigotes
	Evaluation of extract and fraction in macrophages infected with Leishmania amazonensis amastigotes
	Cytotoxicity assay
	Sample preparation for gas chromatography–mass spectrometry (GC–MS) analysis
	Analysis of the extract and fractions by GC/MS
	Analysis of the extract and fractions by HPLC/UV
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	Conflicts of interest
	Acknowledgments
	References


