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ABSTRACT 
Cutaneous leishmaniasis is caused by Leishmania parasites. There are a limited number of drugs to treat the cutaneous 
leishmaniasis, and most of them cause severe adverse effects. Therefore, new therapeutic strategies to treat cutaneous 
leishmaniasis should be developed. In this study, a standardized Brazilian green propolis (BGP) hydroalcoholic extract 
(Cytopropolis®, Nectar Pharma Brazil) was evaluated as a therapeutic adjuvant, aiming at the treatment of cutaneous 
leishmaniasis. The antileishmanial effects of different concentrations of BGP hydroalcoholic extract (500, 250, 125, 
62.5, 31.25, 15.6, 7.8, and 3.9 µg ml−1) were determined in vitro against amastigotes and promastigotes and in a murine 
model of leishmaniasis. High concentrations of BGP hydroalcoholic extract (500, 250, 125, and 62.5 µg ml−1) reduced 
the viability of promastigotes. All concentrations acted against amastigotes. BGP hydroalcoholic extract (500 and 250 
µg ml−1) decreased the number of promastigotes in macrophages. In addition, after 2 weeks of oral treatment, BGP 
hydroalcoholic extract (250 mg/kg/day) decreased the parasites and induced the macrophage infiltration in the lesion 
caused by the Leishmania amazonensis on the paw of mice. BGP hydroalcoholic extract may represent a therapeutic 
adjuvant to treat cutaneous leishmaniasis. 

INTRODUCTION 
Leishmaniasis is caused by Leishmania parasites. They 

are transmitted through the female phlebotomine sand fly (de 
Freitas et al., 2016; World Health Organization (WHO), 2016). 
Leishmaniasis presents four manifestations: visceral, cutaneous, 
mucocutaneous, and diffused (Kevric et al., 2015; Pearson and 
Sousa, 1996). About 95% of the cases of cutaneous leishmaniasis 
occur in Asia, Mediterranean basin, and Latin America. It has 
been described that 0.7–1.3 million new infections occur annually 
all over the world (McGwire and Satoskar, 2014; World Health 

Organization (WHO), 2016). In Brazil, at least seven species 
of Leishmania parasites that cause cutaneous leishmaniasis are 
known, among them, Leishmania amazonensis presents relevance 
(Hepburn, 2003; Vale and Furtado, 2005). 

Pentavalent antimonial drugs (Sb5+) are administered to 
treat leishmaniasis. However, if there is no satisfactory response to 
this treatment, amphotericin B and pentamidine are administered 
as the second-choice therapeutic regimen (Gonzalez, 2013; World 
Health Organization (WHO), 2016). These drugs require parenteral 
administration for prolonged periods. Therefore, there are few 
available drugs for leishmaniasis treatment. In addition, these 
drugs have high toxicity and they may induce side effects, which 
compromise the effectiveness of the treatment (Freitas-Junior et al., 
2012; Rajasekaran and Chen, 2015). Another problem frequently 
observed in antileishmanial therapy is the rate of relapses, in 
which parasites may again become detectable. In this case, they 
may become unresponsive to the first-choice drugs due to the 
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parasite resistance (Carvalho and Ferreira, 2001). Considering this 
scenery, to develop therapeutic alternatives to treat leishmaniasis is 
mandatory, especially those derived from natural products. 

Propolis is produced by honeybees (Apis mellifera) 
from flowers and plant’s exudates, along with salivary secretions, 
pollen, and wax. According to Miranda et al. (2019), Baccharis 
dracunculifolia DC is the source of green propolis from Brazil. 
In Brazil and Japan, the Brazilian green propolis (BGP) has been 
extensively used not only as a therapeutic adjuvant to prevent 
diseases but also as an ingredient in food and beverages (Rebouças-
Silva et al., 2017). The BGP shows different phytochemical 
substances, including phenolic substances (p-coumaric acid, 
artepillin C, and baccharin, among others), which act against several 
pathogenic organisms (Correa et al., 2019; Devequi-Nunes et al., 
2018; Scatolini et al., 2018). The biological effects of green propolis 
from Brazil were also evidenced against Leishmania braziliensis 
and Leishmania infantum (Ayres et al., 2011; Ferreira et al., 2014; 
Pontin et al., 2008), suggesting its effective antileishmanial activity.

Considering the antileishmanial potential of BGP and 
the necessity of discovering new therapeutic alternatives to treat 
the cutaneous leishmaniasis, in this study, a standardized BGP 
hydroalcoholic extract (Cytopropolis®, produced by Pharma 
Nectar, Minas Gerais state, Brazil) was investigated as a therapeutic 
adjuvant to assist in the treatment of the cutaneous leishmaniasis 
through its action against in vitro L. amazonensis amastigotes and 
promastigotes and in a murine model of leishmaniasis.

MATERIALS AND METHODS

Brazilian green propolis hydroalcoholic extract
BGP was produced in Caeté (Minas Gerais, Brazil), 

a city rich in native B. dracunculifolia (Asteraceae). BGP 
hydroalcoholic extract (Cytopropolis®) was produced and 
standardized by Pharma Nectar®, Belo Horizonte (Minas Gerais 
state, Brazil). BGP hydroalcoholic extract was solubilized in water 
in different concentrations: 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250, 
and 500 µg ml−1. 

High performance liquid chromatographic (HPLC) analysis
Two grams of BGP was extracted with 25 ml of 80% 

ethanol under ultrasound for 5 minutes, water bath at 70°C for 
30 minutes, and finally, ultrasound for 5 minutes. The solution 
was centrifuged at 10,000 g for 30 minutes, and the supernatant 
was collected. 8 ml of 80% ethanol was added to 2 ml of the 
supernatant, filtered by using 0.45 µm membrane, and analyzed 
by HPLC method to identify and quantify the phytochemical 
compounds of BGP hydroalcoholic extract. HPLC/DAD analysis 
(Merck Hitachi) was carried out by using a reversed phase column 
(YMC-Pack ODS-A 4.6 × 250 mm, 5 µm), at 40°C, 1 ml minute−1 
flow mobile phase, and a gradient elution [water (solvent A) and 
methanol (solvent B): starting from 30% of B (0–15 minutes) and 
increasing to 90% of B (15–75 minutes), held at 90% of B (75–95 
minutes), and then decreasing to 30% of B (95–105 minutes)].

In vitro antileishmanial activity

Leishmania amazonensis
Leishmania (Leishmania) amazonensis (L. amazonensis) 

strains (IFLA/BR/1967/PH-8) were proliferated at 25°C in Grace’s 

Insect Medium (Sigma-Aldrich, St. Louis, MO). This medium 
was supplemented with 10% fetal bovine serum (FBS-Cultilab, 
Campinas, São Paulo, Brazil), previously inactivated at 56°C for 30 
minutes, containing 1 mM L-glutamine (Gibco BRL, Grand Island, 
NY) and 100 units/ml of potassium penicillin G (USB Corporation, 
Cleveland, OH) and pH 6.5 (Grace’s 10% FBS medium).

Determination of L. amazonensis promastigote viability
Leishmania amazonensis promastigotes (5 × 105 

parasites per well) were cultured in 96-well plates in Grace’s 10% 
fetal bovine serum (FBS) medium added to different and increasing 
concentrations of BGP hydroalcoholic extracts (3.9–500 μg ml−1). 
They were incubated for 24, 48, and 72 hours at 25°C. The parasites 
were rinsed with Grace’s 10% FBS medium and incubated with 
150 μl of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide (MTT) [1 mg ml−1 in phosphate-buffered saline (PBS), 
pH 7.4] (Sigma Chemical, Saint Louis, CO). After 3 hours, the 
parasites were lysed with 100 µl of isopropanol, and absorbance 
values were measured at 570 nm versus 630 nm using a microplate 
reader (BioRad, San Diego, CA). Absorbance on the control (L. 
amazonensis promastigotes receiving no treatment) was set as 
100%, while the mean absorbance ± standard deviation in contact 
with BGP hydroalcoholic extracts was calculated in relation to the 
control (Silva et al., 2015).

Determination of L. amazonensis amastigote viability
The axenic amastigote forms were obtained according 

to the method of Teixeira et al. (2002). Leishmania amazonensis 
promastigotes were proliferated for 7 days, until they reached the 
stationary growth phase. They were rinsed once in PBS pH 7.4 at 
2,000 g, for 10 minutes. Then, the parasites were grown in Grace’s 
medium supplemented with 5% FBS previously inactivated at 
56°C for 30 minutes, 1 mM of L-glutamine, and 100 units ml−1 of 
potassium penicillin G (pH 5.4) and incubated at 32ºC for 7 days 
until complete transformation into amastigote-like forms.

Leishmania amazonensis amastigotes (5 × 105 
parasites per well) were cultured in 96-well plates in Grace’s 
10% FBS medium and were added to different and increasing 
concentrations of BGP hydroalcoholic extracts (3.9–500 μg ml−1). 
They were incubated for 24, 48, and 72 hours at 32°C. Leishmania 
amazonensis amastigote viability was established as described 
in the “Determination of L. amazonensis promastigote viability” 
section (Silva et al., 2015).

Determination of macrophage viability
Peritoneal macrophages were obtained from female 

C57BL/6 mice. The animals received an injection of 3% sodium 
thioglycolate, and 4 days after the administration, the peritoneal 
cavity was washed with 10 ml of the Roswell Park Memorial 
Institute 1640 medium (RPMI-1640 medium) (Gibco BRL, Grand 
Island, NY). Finally, the peritoneal macrophages were counted 
and adjusted to 5 × 105 cells per milliliter. 

This procedure was approved by the Research Ethics 
Committee of the Federal University of Ouro Preto under the protocol 
numbers 2015/58. Peritoneal macrophages (5 × 105 macrophages per 
well) were cultured in the 96-well sterile microplates in RPMI-1640 
medium containing different concentrations of BGP hydroalcoholic 
extracts (3.9–500 μg ml−1). They were incubated for 24, 48, and 72 
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hours at 25°C. Macrophage viability was established as indicated 
previously (Enrichment of L. amazonensis metacyclic promastigote 
forms section) (Silva et al., 2015).

Determination of antileishmanial activity of BGP hydroalcoholic 
extract against intracellular L. amazonensis amastigotes

Peritoneal macrophages (6 × 105 cells per well) were 
cultured in 24-well plates, containing round glass coverslips, 
in RPMI-1640 medium. Macrophages were infected with L. 
amazonensis promastigotes in stationary phase in the proportion of 
10: 1 and incubated for 24 hours at 37oC. Then, macrophages were 
washed with PBS (pH 7.4) to eliminate the free L. amazonensis 
amastigotes. Macrophages were added to different and increasing 
concentrations of BGP hydroalcoholic extracts (3.9–500 μg ml−1). 
After 24, 48, and 72 hours, the RPMI-1640 was removed; the glass 
coverslips were fixed with methanol for 10 minutes and stained by 
Giemsa. The number of L. amazonensis amastigotes was counted 
in 200 macrophages in triplicate. 

In vivo antileishmanial activity

Animals
Female C57BL/6 mice at 6–8 weeks of age, weighing 

25–30 g, were obtained from the Center of Animal Facility in the 
Federal University of Ouro Preto (UFOP). Animals received food 
and water ad libitum at room temperature in storage conditions 
with 12 hours of light/dark cycles. The Ethics Committee in 
Animal Experimentation at UFOP approved the protocol (number 
19/2011).

Enrichment of L. amazonensis metacyclic promastigote forms
Leishmania amazonensis promastigotes (1 × 105 

parasites/ml) were cultured in 96-well plates in Grace’s 10% FBS 
medium. After 5 days in culture, the parasites were centrifuged 
at 1,540 g at 4ºC for 10 minutes. Then, they were rinsed with 
PBS (pH 7.4) for 3 times and resuspended in Dulbecco’s 
Minimum Essential Medium (Sigma-Aldrich, St. Louis, MO). 
This suspension received 2 ml of 10% Ficoll (Sigma-Aldrich, 
St. Louis, MO), and it was centrifuged at 1.070 g at 25°C for 15 
minutes. The supernatant, rich in metacyclic promastigotes, was 
collected (Marques-da-Silva et al., 2008; Späth and Beverley, 
2001). Leishmania amazonensis promastigotes were washed twice 
by using PBS (pH 7.4), and they were counted by the Neubauer 
chamber. 

Infection and treatment of mice
C57BL/6 mice (n = 12 per group) were contaminated with 

1 × 105 of L. amazonensis metacyclic promastigotes suspended in 
sterile PBS pH 7.4 through injection on the footpad (40 μl/paw). 
After 2 weeks of the infection establishment, the animals were 
divided into two groups: (1) infected mice receiving 100 µl of 
250 mg/kg/day of BGP hydroalcoholic extract by gavage; and (2) 
infected mice receiving 100 µl of PBS pH 7.4 per day by gavage. 
Then, three parameters were analyzed after 2 weeks of treatment: 
(1) the development of lesions, which were measured daily by 
using a caliper (Afonso and Scott, 1993); (2) the parasite load 
on the infected paw, which was assessed by the limiting dilution 
method adapted by Marques-Da-Silva et al. (2005);and (3) the 

histopathology of infected paw. Animals were euthanized; paws 
were fixed with methanol/dimethyl sulfoxide solution (80:20) 
and then processed for paraffin inclusion. Blocks were cut into 
4-μm thickness and stained with Hematoxylin and Eosin (H&E). 
Histological sections were scanned by a JVC-TK 1270/JGB cam.

Statistical analysis
Data were analyzed by the GraphPad Prism v.5 program 

(GraphPad Software, San Diego, CA). Results were shown as the 
mean ± standard deviation. All values were firstly submitted to the 
Kolmogorov–Smirnov, D’Agostino and Person, and Shapiro–Wilk 
for normality tests. Normal distribution values were investigated 
by one-way ANOVA followed by Tukey’s post-test. Nonnormal 
distribution values were investigated by Kruskal–Wallis test 
followed by Dunn’s post-test. Significant p-values were less than 
0.5.

RESULTS AND DISCUSSION
Effects of a standardized BGP hydroalcoholic extract 

(Cytopropolis®, Nectar Pharma Brazil) were evaluated as a 
therapeutic adjuvant to treat the cutaneous leishmaniasis caused 
by L. amazonensis. There is increasing interest in natural products 
that facilitate the healing process in pathological conditions 
without causing systemic adverse effects and present low cost. 
BGP hydroalcoholic extract, a natural beehive product, seems 
to fulfill these therapeutic and socioeconomic requirements (De 
Castro, 2001; Sforcin, 2007). 

In Brazil, the B. dracunculifolia DC is an important 
source of BGP. The chemical constitution of BGP is equivalent 
to the composition of B. dracunculifolia DC exudates. The BGP 
hydroalcoholic extract comprises, among other phytochemical 
compounds, pinobankain-3-acetate (0.534%), coumaric acid 
(0.580%), baccharin (1.787%), and artepillin C (6.350%), as the 
major compound, as indicated in Table 1.

The chromatogram representative of the phytochemical 
compounds of BGP hydroalcoholic extract is shown in Figure 1.

The BGP hydroalcoholic extract is rich in biologically 
active compounds, including the prenylated phenylpropanoids, 
represented by baccharin, artepillin C, and coumaric acid 
(Devequi-Nunes et al., 2018). However, the flavonoids present in 
the BGP hydroalcoholic extract, such as quercetin, kaempferol, 
pinocembrin, and galangin, even in minor concentrations 
than those from prenylated compounds, may also display an 
antileishmanial effect probably due to the following reasons: (1) 
the macrophage activation, leading to Leishmania killing due 
to the expression of reactive oxygen and nitrogen metabolites 
(Ferreira et al., 2014; Potin et al., 2008); (2) the inhibition of 
angiogenesis in infected and injured tissue, contributing to the 
anti-inflammatory response (Miranda et al., 2019); and (3) the 
expression of proinflammatory cytokines, such as tumor necrosis 
factor by macrophages, promoting the inflammatory resolution 
(Miranda et al., 2019).

The L. amazonensis promastigote viability in direct 
contact with different concentrations of BGP hydroalcoholic 
extract is shown in Figure 2. At 500, 250, 125, and 62.5 µg 
ml−1 concentrations, BGP hydroalcoholic extracts decreased 
the viability of promastigotes as compared to the control (p < 
0.05). These BGP hydroalcoholic extracts (500, 250, 125, and 
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Table 1. Phytochemical compounds of BGP hydroalcoholic extract: identification, wavelength of detection (nm), retention time (minutes), 
and quantitation (mg/g and %).

Phytochemical compound Wavelength of detection (nm) Retention time (minute) Assay (mg/g) Assay (%)

Coumaric acid 310 13,847 5.800 0.580

Rutin (quercetin-3-O-rutinoside) 254 22,860 0.543 0.054

Pinobanksin 289 34,287 0.704 0.070

Quercetin 254 40,527 1.805 0.181

Kaempferol 267 50,067 1.330 0.133

Apigenin 267 51,480 0.104 0.010

Pinocembrin 289 54,747 1.670 0.167

Pinobankain-3-acetate 310 57,413 5.342 0.534

Chrysin 267 60,533 1.014 0.101

Galangin 267 62,113 0.577 0.058

Tectochrysin 267 73,780 0.453 0.045

Artepillin C 310 79,533 63.504 6.350

Baccharin 289 87,080 17.873 1.787

Figure 1. Phytochemical compounds of BGP hydroalcoholic extract. (1) Coumaric acid; (2) rutin (quercetin-3-O-rutinoside); (3) pinobanksin; 
(4) quercetin; (5) kaempferol; (6) apigenin; (7) pinocembrin; (8) pinobankain-3-acetate; (9) chrysin; (10) galangin; (11) tectochrysin; (12) 
artepillin C; (13) baccharin. Chromatographic conditions are as follows: reverse phase column (YMC-Pack ODS-A 4.6 × 250 mm, 5 µm), at 
40oC, 1 ml minute−1 flow mobile phase, and a gradient elution [water (solvent A), methanol (solvent B): starting from 30% of B (0–15 minutes), 
augmenting to 90% of B (15–75 minutes), held at 90% of B (75–95 minutes), and finalizing to 30% of B (95–105 minutes)].

Figure 2. Leishmania amazonensis promastigote viability (%) after (A) 24, (B) 48, and (C) 72 hours of direct contact with different and increasing concentrations of BGP 
hydroalcoholic extracts (3.9, 7.8, 15.6, 31.25, 62.5, 125, 250, and 500 µg ml−1). Data were represented as mean ± standard deviation three independent experiments).
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62.5 µg ml−1) induced the progressive reduction of the parasite 
viability, leading to approximately 75% of lysis after 24 hours of 
exposition. On the contrary, the 3.9, 7.8, 15.6, and 31.25 µg ml−1 
concentrations of BGP hydroalcoholic extracts did not exhibit an 
antileishmanial effect against L. amazonensis promastigotes even 
after 72 hours of exposition. Therefore, these BGP hydroalcoholic 
extract concentrations (3.9, 7.8, 15.6, and 31.25 µg ml−1) did not 
induce the significant reduction of promastigote forms when 
compared with the control (p > 0.05). By contrast, in some cases, 
the other concentrations led to increased parasite metabolism. 
Based on the parasite growth curves of parasites exposed to the 
different concentrations of BGP hydroalcoholic extract, none of 
these concentrations induced greater parasite proliferation when 
compared to control. Thus, the higher metabolism presented is not 
justified by a higher number of parasites in culture. Apparently, 
the propolis, in the mentioned concentrations, led to a greater 
metabolizing capacity of the parasite. Mosmann (1983) supported 
this hypothesis. According to his study, the amount of formazan 
generated per cell depended on the cell’s energy metabolism level. 
This author demonstrated, in an experiment with lymphocytes, 
that activated cells produced 10 times more formazan per cell 
when compared to normal cells.

Potin et al. (2008) also investigated the BGP hydroalco-
holic extract activity against L. amazonensis promastigotes. At 500 
µg ml−1, it promoted 79.3% of parasite lysis after 24 hours of treat-
ment. This BGP hydroalcoholic extract was produced in Oliveira 
city, Minas Gerais, in Brazil, a city rich in B. dracunculifolia; and 
it had artepillin C, as a major compound, as well as coumaric acid, 
drupanin, and caffeic acid, as chemical constituents. Although the 
natural sources obtaining the BGP hydroalcoholic extracts in this 
study and in Potin et al.’s study (2008) were identical, their geo-
graphic origins were different, inducing the differences between 
their chemical profiles. However, they showed similar antipromas-
tigote activity, which may be associated with the action exerted 
by their chemical compounds, especially artepillin C, which was 
capable of inducing morphological modification into promastigote 
forms of Leishmania (Silva et al., 2013). By contrast, the BGP 
hydroalcoholic extract produced in Cajuru city, São Paulo state in 
Brazil, a region rich in B. dracunculifolia, showed a phytochem-
ical profile comprising isolated ursolic acid, uvaol, and hautriwa-
ic acid lactone, among other substances. These compounds were 
active against L. donovani promastigotes (da Silva Filho et al., 

2009). Therefore, the antileishmanial activity of propolis might be 
associated with the effects of several substances, belonging to dif-
ferent phytochemical classes, and their complex synergism when 
in direct contact with the parasite. 

The L. amazonensis amastigote viability in direct 
contact with different concentrations of BGP hydroalcoholic 
extract is shown in Figure 3. After 24 hours of exposition, 500, 
250, 125, 62.5, 31.25, and 15.6 µg ml−1 concentrations of BGP 
hydroalcoholic extracts decreased the viability of amastigote forms 
(p < 0.05). In addition, after 48 and 72 hours, all concentrations 
of BGP hydroalcoholic extracts, including the lowest evaluated 
concentrations (7.8 and 3.9 µg ml−1), were capable of exerting 
antileishmanial effect against the L. amazonensis amastigotes (p 
< 0.05).

The amastigote-like forms were more susceptible to the 
BGP hydroalcoholic extract when compared to L. amazonensis 
promastigotes since even the lowest concentration of this extract 
exerted significant activity against the parasites. According to 
Ayres et al. (2011), prenylated and benzophenones are the main 
compounds associated with the inhibition of amastigotes. This 
information corroborated with our findings, since the BGP 
hydroalcoholic extract presented the artepillin C, a prenylated 
substance, as the most abundant substance among the chemical 
compounds of this propolis. In addition, the higher susceptibility of 
amastigote-like forms to these substances can be explained by the 
fact that amastigotes and promastigotes differ in several biochemical 
properties, including proteinase, ribonuclease, adenine deaminase, 
peroxidase, and dehydrogenase activities. Moreover, they also 
differ due to the nitric oxide activity, nucleic acid synthesis, and 
glucose catabolism (Sereno and Lemesre, 1997).

Macrophages are the most important host cells for 
formation of Leishmania infection and permanence of parasites. 
Following promastigote internalization, multiplication and 
promastigote-to-amastigote differentiation occur, causing 
cellular injury (Podinovskaia and Descoteaux, 2015). However, 
as the macrophages are plastic cells prepared to homeostatic 
functions and to present the antigens, even in their infected 
state, they are activated (Liu and Uzonna, 2012). The activation 
by IFN-γ induces the inflammation, leading to reactive oxygen 
species (ROS) production and antigen presentation. In addition, 
macrophages induce the formation of dihydronicotinamide-
adenine dinucleotide phosphate oxidase and Nlrp3 inflammasome 

Figure 3. Leishmania amazonensis amastigote viability (%) after (A) 24, (B) 48, and (C) 72 hours of direct contact with different and increasing concentrations 
of BGP hydroalcoholic extracts (3.9, 7.8, 15.6, 31.25, 62.5, 125, 250, and 500 µg ml−1). Data were represented as mean ± standard deviation (three independent 
experiments).
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complexes, producing ROS and reactive nitrogen intermediates. 
Finally, macrophages modulate the production of arachidonic acid 
and other proinflammatory mediators. As a result, the Leishmania 
growth can be impaired and/or inhibited (Podinovskaia and 
Descoteaux, 2015).

Considering the importance of macrophages to establish 
the host–parasite interaction and the multiple approaches used by 
infected and activated macrophages to eliminate the parasites, 
the murine peritoneal macrophages were selected to evaluate 
the cytotoxicity of BGP hydroalcoholic extract. The viability of 
macrophages exposed to 500, 250, 125, 62.5, 31.25, 15.6, 7.8, and 
3.9 µg ml−1 concentrations of BGP hydroalcoholic extract is shown 
in Figure 4. All the concentrations of BGP hydroalcoholic extract 
did not induce significant reduction of the macrophage viability 
when compared with the control at 24, 48, and 72 hours of 
experimentation (p < 0.05), suggesting the absence of cytotoxicity 
against this cell population.

In addition, antileishmanial activity of BGP 
hydroalcoholic extract against intracellular L. amazonensis 
amastigotes is shown in Figure 5. Among all the concentrations 
evaluated, only 500 and 250 µg ml−1 provided the reduction of 
the rate of infected macrophages (p < 0.05) at all experimentation 
periods. When treated with 500 and 250 µg ml−1, the percentage of 
infected cells was approximately 23% and 15%, respectively, after 
72 hours of exposition. As a consequence, these concentrations 
also provided the decrease in the quantity of intracellular 
amastigotes. When treated with 500 and 250 µg ml−1, the number 
of parasites was approximately 3 and 2, respectively, after 72 hours 
of direct exposition, evidencing the concentration-dependent 
antileishmanial activity of the BGP hydroalcoholic extract. 
Therefore, the BGP hydroalcoholic extract selectively eliminated 
the intracellular amastigotes without inducing impairment to host 
cells. The mechanism of Leishmania amastigote death may be 
related to the ROS production and diffusion in the macrophage, 
creating an antimicrobial environment that induces parasite killing 
(Olekhnovitch et al., 2014). Another possibility to explain the death 
of amastigotes is that constituents of BGP hydroalcoholic extract 
intensify the expression of cytokines evolved in the elimination of 
intracellular parasite. According to Marcucci (2000) and Trusheva 
et al. (2006), prenylated and benzophenones compounds from 
propolis play an important role through macrophage activation. 

A murine model of leishmaniasis was applied to 
determine the efficacy of BGP hydroalcoholic extract to eliminate 

the L. amazonensis. After 2 weeks of infection, the animals 
were divided into two groups: (1) control group, receiving no 
treatment; (2) treated group, receiving 250 mg/kg/day of BGP 
hydroalcoholic extract for 2 weeks. The lesions of animals of 
both groups measured approximately 0.3 mm in diameter; and 
the average lesion diameters showed no statistical difference (p 
> 0.05). By contrast, the parasites on mice’ paws of both groups 
showed statistical difference (p < 0.05), since the L. amazonensis 
metacyclic promastigote number in the animals receiving BGP 
hydroalcoholic extract was lower than that in the control animals 
(Fig. 6). In addition, the histopathological analysis revealed that the 
paw of treated animals exhibited an intense inflammatory infiltrate, 
diffusely distributed, and mainly composed of macrophages. The 
paw of control animals showed a mild inflammatory infiltrate. In 
both groups, the epidermis and dermis were completely preserved 
(Fig. 7). These findings indicated that the BGP hydroalcoholic 
extract induced the recruitment of macrophages to the site of 
lesion caused by L. amazonensis; and it also modulated the host-
nonspecific immunity by macrophage activation, leading to the 
elimination of intracellular parasites (Orsini et al., 2016). The 
elimination of parasites by BGP hydroalcoholic extract may be 
explained by the following reasons: (1) stimulation of apoptosis-
like process in parasites (Vannier-Santos and De Castro, 2009); 
(2) stimulation of the expression of ROS, especially superoxide 
dismutase, which play an important role in the macrophage 
activation and in reduction of intracellular promastigotes 
(Novais et al., 2009; Rebouças-Silva et al., 2017). Rebouças-
Silva et al. (2017) also demonstrated that ethanolic and glycolic 
propolis extracts reduced the number of promastigotes in murine 
macrophages by regulating the oxidative stress response; (3) 
stimulation of the expression of IL-4 and IL-7 and downregulation 
of IL-10 expression. IL-4 is responsible for controlling the 
exacerbated inflammation, and it inhibits IL-10 production, a 
cytokine associated with the leishmaniasis progression (Dos 
Santos Thomazelli et al., 2017; Salhi et al., 2008; Yao et al., 2005). 

In conclusion, this study provids biological evidence 
that the standardized BGP hydroalcoholic extract (Cytopropolis®, 
Nectar Pharma, Brazil) displayed in vitro antileishmanial activity, 
since it was capable of reducing the viability of promastigotes 
at high concentrations (500, 250, 125, and 62.5 µg ml−1) and 
amastigotes at all concentrations. In addition, at 250 and 500 µg 
ml−1, BGP hydroalcoholic extract was capable of inhibiting the 
proliferation of amastigotes in infected macrophages without 

Figure 4. Macrophage viability (%) after (A) 24, (B) 48, and (C) 72 hours of direct exposition to different concentrations of BGP hydroalcoholic extracts (3.9, 7.8, 15.6, 
31.25, 62.5, 125, 250, and 500 µg ml−1). Data were represented as mean ± standard deviation (two independent experiments).
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Figure 5. [(A), (C), and (E)] Percentage of macrophages infected by L. amazonensis amastigotes after 24, 48, and 72 hours, respectively, of 
treatment with different concentrations (3.6, 7.8, 15.6, 31.25, 62.5, 125, 250, and 500 µg ml−1) of BGP hydroalcoholic extracts; [(B), (D) and (F)] 
number of L. amazonensis amastigotes in the macrophages after 24, 48, and 72 hours, respectively, of treatment with different concentrations 
(3.6, 7.8, 15.6, 31.25, 62.5, 125, 250, and 500 µg ml−1) of BGP hydroalcoholic extracts. Data were represented as mean ± standard deviation 
(two independent experiments). *p-value < 0.05.
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reducing viability of the host cells. In experimental leishmaniasis, 
the BGP hydroalcoholic extract induced the recruitment of 
macrophages in the lesion caused by the L. amazonensis and 
probably modulated the activation of these cells, which killed the 
intracellular parasites by oxidative and immunological processes. 
Finally, BGP hydroalcoholic extract may represent a potential 
therapeutic adjuvant to be orally administered to assist in the 
treatment of cutaneous leishmaniasis. 
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