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Abstract Propolis is a honeybee product with a very
complex chemical composition and various pharmacologi-
cal properties. This study was aimed to investigate
antileishmanial activities of “Bursa” and “Hatay” propolis
samples against Leishmania infantum and Leishmania
tropica strains. Propolis samples were analysed with the
gas chromatography-mass spectrometry technique. Promas-
tigotes were incubated in Roswell Park Memorial Institute
culture medium in the absence and presence of several
concentrations (50, 100, 250, 500, 750, and 1,000 μg/mL)
of each propolis sample. The viability and cell morphology
of promastigotes in each concentration were examined after
24, 48, 72, and 96 h of incubation. The growth of
leishmania parasites was significantly suppressed in the
presence of 500, 750, and 1,000 μg/mL of Hatay propolis.
Bursa propolis was found to be efficient in inhibiting the
growth of leishmania promastigotes in culture media at
these concentrations, 250, 500, 750, and 1,000 μg/mL.
Thus, the in vitro results showed that the Hatay and Bursa
propolis samples decreased significantly the proliferation of
L. infantum and L. tropica parasites (p<0.001); however,

Bursa propolis was found to be more effective than Hatay
propolis against leishmania promastigotes. These two
natural products may be useful agents in the prevention of
leishmanial infections.

Introduction

Leishmaniasis is considered by the World Health Organi-
zation as one of the major diseases caused by a protozoan
(Murray et al. 2005).

Leishmaniasis is a group of infectious diseases caused
by protozoan parasites that belong to the genus Leishmania
and is transmitted by the bite of certain species of sand fly
(subfamily Phlebotominae). Leishmaniasis, a significant
cause of morbidity and mortality in several countries is
still an increasing health problem in many parts of the
world affecting people in 88 countries with about 350
million people living in areas of disease endemicity.
Approximately 2 million new cases are reported each year
(CDC 2009; WHO 2009).

Leishmaniasis is a widespread parasitic disease with a
wide spectrum of clinical forms ranging from self-curing
cutaneous leishmaniasis to fatal visceral leishmaniasis. The
causative agents of disease or protozoans of the genus
leishmania are transmitted by phlebotomine sand flies.
Leishmania infantum (L. infantum) is the primary cause of
visceral leishmaniasis in Turkey (Ok et al. 2002).

Leishmania tropica (L. tropica) causes cutaneous leish-
maniasis that has been a serious health problem in various
parts of our country. Cutaneous leishmaniasis, endemic to
several regions of Turkey, is attributed almost exclusively
to L. tropica (Ok et al. 2002).

Leishmaniasis is a public health problem in Turkey as
well as in many countries. The disease occurs in various
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presentations, from the self-limiting and even self-
healing cutaneous forms to a fatal systemic disease (Ok
et al. 2002).

The treatment of leishmaniasis is a serious problem. This
is primarily due to the unavailability of antileishmanial
vaccines in the near future and because its chemotherapy
still relies on the potentially toxic pentavalent antimonials
that were developed many decades ago. The emergence of
drug-resistant parasites presents an additional and major
problem, and the appearance of resistance is limiting the
drugs’ effectiveness (Croft and Coombs 2003).

Amphotericin B or pentamidine can be used as alter-
natives for resistant parasites (Croft and Coombs 2003);
however, they are associated with toxic side effects and
induction of parasite resistance. In addition, they require
long-term treatment (Berman 2003). Given these reasons,
the development of a new, cheap, safe, and easy-to-
administer drug for the treatment of leishmanial diseases
is absolutely necessary.

In the past few decades, there has been increasing
concern in alternative therapies and the use of natural
products, especially those derived from plants (Aksoy et al.
2007; Duran et al. 2008; Onlen et al. 2007a, b). Natural
products play a highly significant role in new agents
searching for the treatment of various diseases (Duran et
al. 2006; Oksuz et al. 2005; Allahverdiyev et al. 2004).

Propolis has been used for a long time as a folk medicine
to treat a lot of diseases (Ghisalberti 1979). It is a resinous
substance collected by bees from the leaf buds or barks of
trees and mixed with secreted beeswax and is a multifunc-
tional material used by bees in the building, maintenance,
and protection of their hives. Propolis is a useful substance
in medicine. In the literature, propolis has various pharma-
cological activities such as antiparasitic (Duran et al. 2008),
antibacterial (Onlen et al. 2007a, b; Duran et al. 2006;
Oksuz et al. 2005; Onlen et al. 2007a, b), antifungal
(Siqueira et al. 2009), antiviral (Shimizu et al. 2008), anti-
inflammatory (McLennan et al. 2008), immunostimulatory
(Cuesta et al. 2005), and anti-carcinogenetic activities
(Diaz-Carballo et al. 2008).

The antileishmanial effect of propolis against leishmania
parasites has been shown in a few studies (Duran et al.
2008; Pontin et al. 2008; Ayres et al. 2007; Machado et al.
2007). Our previous study has shown that “Adana” propolis
samples have significant antileishmanial activity against L.
tropica strains (Duran et al. 2008).

The chemical composition of propolis is quite com-
plicated. Its compounds and biological activities depend
on many different factors. The chemical composition of
propolis may differ depending on the geographical
region, and its biological properties may vary according
to different plant sources (Kumazawa et al. 2004;
Bankova et al. 2002).

In the present study, an evaluation was made on the
potential antileishmanial activity of two propolis samples
collected from different regions (“Hatay” and “Bursa”) of
Turkey against L. infantum and L. tropica strains. More-
over, it was aimed to investigate the relationship between
the chemical composition of propolis and antileishmanial
activity.

Material and method

Sample collection

Propolis samples were collected from the southeastern
Mediterranean region of Anatolia (Hatay province) and
south Marmara region (Bursa province) during 2007. Hand-
collected propolis samples were kept in a dry and dark
place and stored at 4°C until its processing.

Each of the propolis samples was sliced into small
pieces after cooling at −40°C and then grated. The
samples were dissolved in 96% ethanol (1:10, w/v) at 25°
C for 14 days in clean dark brown glass bottles. Airtight
bottles were shaken for 3 min at every 6 h for a period of
15 days. After the extraction period, the supernatant was
filtered twice with Whatman no. 4 and no. 1 filter papers.
Ethyl alcohol extract was then evaporated to dryness
under a vacuum. Five micrograms of residue was mixed
with 75 μL of dry pyridine and 50 μL bis(trimethylsilyl)
trifluoroacetamide, heated, and the supernatant was ana-
lyzed by gas chromatography-mass spectrometry (GC-
MS) (Sorkun et al. 2001).

Parasites

The L. infantum (MON-1) strain was obtained from Refik
Saydam Central Institute of Hygiene, Ankara. The L.
tropica (HOM/TR/94MG) strain was supplied from Mus-
tafa Kemal University, Medical Faculty, the culture collec-
tion of parasitology. Leishmania parasites were cultured in
a Novy, MacNeal, and Nicolle medium and subcultured in
Roswell Park Memorial Institute (RPMI)-640 (Gibco-BRL)
medium supplemented with 10% fetal calf serum (FCS)
(Sigma, MI, USA), 100 IU/mL penicillin, and 100 μg/mL
streptomycin (Gibco-BRL) at 26°C. The promastigotes of
Leishmania strains were harvested by centrifugation at
3,000 rpm for 15 min at 4°C.

Effect of DMSO on the promastigotes

In order to test the effects of dimethyl sulfoxide (DMSO)
against promastigotes, 1×105 parasites were inoculated
into each well of 12-well plates containing RPMI-1640
culture medium, and parasite cells were allowed to grow
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for an additional 48 h in the presence of decreasing
amounts of DMSO (8%, 4%, 2%, 1%, 0.5%). The non-
toxic concentration was determined up to 2%. A concen-
tration of 0.5% and 1% DMSO did not influence the
growth of the parasites as determined microscopically.
Therefore, it is considered non-toxic to Leishmania
promastigotes (Fig. 1a). Furthermore, the morphology of
the parasite cells exposed to DMSO (up to 1%) was not
altered. Also, the high concentration (2%) of DMSO
slightly suppressed the growth of L. tropica and L.
infantum. In addition, the morphological changes were
detected on the parasite cells exposed to DMSO (2%). In
order to dissolve propolis, it was selected a concentration
of DMSO lower than 2%. Therefore, propolis samples
were dissolved in 1% DMSO.

Cytotoxicity test

Preparation of the cell culture

To evaluate the cytotoxicity of propolis for human cells, the
human larynx epidermoid carcinoma (HEp-2) cell line was
used. The cells were cultured in RPMI-1640 medium with
10% (w/v) FCS. Incubation of the cells was made at 37°C
in air with 5% carbon dioxide.

Propolis samples were dissolved in DMSO (Sigma, MI,
USA). Stock solutions of propolis samples were prepared in
DMSO at the concentration of 1%. The concentrations of
tested samples were 50, 100, 250, 500, 750, and 1,000 μg/
mL. Intact live promastigotes in the stationary growth phase
were added to the microwell plate.

Fig. 1 The effects of DMSO and Glucantime on the viability of L.
tropica (a) and L. infantum (b) promastigotes compared with the
control cells. L. tropica promastigotes were treated with DMSO and
Glucantime. Negative control (containing only RPMI-1640 medium,
not containing drug and DMSO): significantly increasing was
observed in the number of L. tropica and L. infantum promastigotes
after 24 h incubation. DMSO control (containing RPMI-1640 plus
DMSO 1%): a significantly increasing number of L. tropica and L.
infantum promastigotes was observed after 24 h of incubation.

Positive control [containing RPMI-1640 plus Glucantime (150 μg/
ml)]: a significantly decreasing number of L. tropica and L. infantum
promastigotes was observed after 24 h of incubation. An important
statistical decline was detected between the positive control group and
the other groups (negative control and DMSO group) (p<0.001). Each
data point represents values from three independent experiments (n=
3). Represents significant results (p<0.05) using the Kruskal–Wallis
and Mann–Whitney U tests when the treated group was compared
with the control
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Table 1 The percentage composition of identified compounds in Bursa and Hatay propolis samples

Substances Bursa propolis composition (%) Hatay propolis composition (%)

Alcohols

3-Methyl-3-buten-1-ol – 0.02

Aromatic alcohols

Phenylethyl alcohol 0.31 1.21

(E)-11-Hexadecen-1-ol 0.87 –

2-Propen-1-ol – 0.41

2-Naphthalene-methanol 0.11–0.35 0.75–2.22

13-Tetradecy-11-yn-1-ol 1.72 –

Olean-12-en-3-ol 0.53 –

Benzenemethanol – 0.84

Aromatic acids

5-Phenyl-4-pentenoic acid – 0.33

Benzoic acid – 4.73

Benzenepropanoic acid – 0.29

3-Phenyl-2-propenoic acid 3.23 0.91

Decanoic acid – 0.04

9-Octadecenoic acid – 2.89

Octadecanoic acid – 0.47

Aromatic acid esters

Benzene acetic acid, 4-hydroxy-3-methoxymethyl ester 0.17 –

Octadecanoic acid-methyl ester 0.32 –

1,2-Benzenedicarboxylic acid, bis(8-methyl nonyl) ester 7.01 –

1,2-Benzenedicarboxylic acid, bis(8-methyl propyl) ester – 0.27

1,2-Benzenedicarboxylic acid, butyl 8-methylonyl ester – 0.40

Benzyl cinnamate 1.23

1,2-Benzenedicarboxylic acid, diisodecyl ester – 0.85

Aldehydes

Benzaldehyde – 0.07

Straight-chain acids

Tetradecanoic acid 0.14 –

Heptadecanoic acid – 0.41

n-Hexadecanoic acid 0.45 –

Straight-chain acids esters

Tetradecanoic acid, ethyl ester 0.12 –

Hexadecanoic acid, ethyl ester 1.12 0.43

Heptadecanoic acid, 15-methyl-ethyl ester – 0.54

Flavanols

4H-1-Benzopyran-4-one, 5-hydroxy-7-methoxy-2-phenyl 3 4.31

4H-1-Benzopyran-4-one, 2,3-dihydro-5, 7-dihydroxy-2-phenyl 5.43 10.65

4H-1-Benzopyran-4-one, 3,5,7-trihydroxy-2-phenyl 1.61 3.77

Chrysin 2.38 7.04

5,7-Dihydroxy-6-methoxy-3(4′-methoxyphenyl) – 0.42

5-Hydroxy-6,7-dimethoxy-3(4′-methoxyphenyl) – 0.17

Hydrocarbons

Cyclotetradecane 0.72 –

Heptadecane 1.14 –

1-Heptadecane – 0.47

1-Nonadecene 0.24 0.92

9-Tricosene 0.26 –
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In order to test the effect of the propolis samples on
HEp-2 cells, 1×105 cells were seeded into each well of 24-
well plates (flat-bottomed), cultured for 6 h at 28°C, and the
cells were allowed to grow for an additional 48 h. The
propolis samples were diluted, whereupon decreasing
amounts (3,200; 1,600; 800; 400; 200; 100; 75; 50; and
25 μg/mL) were placed per well. All experiments were
performed in triplicate, and the results were expressed as
log number cells per milliliter on the percentage of growth
inhibition.

The cytotoxicity of the propolis samples was determined
using a conventional hemocytometer and the trypan blue
exclusion. The highest noncytocidal (on HEp-2 cells)
concentration of the tested samples was determined to be
1,600 μg/mL (1.6 mg/mL). Therefore, propolis concen-
trations lower than 1.6 mg/mL were selected.

Antileishmanial activity

The promastigotes of L. tropica and L. infantum (105

parasites/mL) were incubated at 26°C for 96 h in RPMI-
1640 culture medium supplemented with 10% FCS in the
absence and presence of several concentrations (50, 100,
250, 500, 750, and 1,000 μg/mL) of each propolis samples
in order to evaluate the viability of parasites. Cell growth
was determined daily (24, 48, 72, and 96 h) by inverted
microscopy.

Parasite viability was evaluated before and after the
incubations by trypan blue exclusion with a hemocytome-

ter. The viability of promastigotes was evaluated by
mobility and lack of staining after trypan blue exclusion.
Cell viability was determined as described previously by
David et al. in 1997 (David et al. 1997).

The 50% inhibitory concentration (IC50) values were
determined by logarithmic regression analysis of the data
as described previously (David et al. 1997). Evaluation of
cell morphology was carried out with fresh as well as
Giemsa-stained preparations. The propolis samples were
diluted in DMSO at 1% and then in RPMI. In all tests, 1%
DMSO (the same concentration presented in the highest
dose of the compounds) and medium alone were used as
controls.

In the experiments, Glucantime (150 mg/mL) (Aventis,
France) and 1% DMSO (without propolis) were used as
positive and negative controls, respectively. The positive
and negative controls were run using the same dilutions
used for the propolis samples. All experiments were
performed in triplicate.

Statistical analysis

The mean and standard deviation of at least three
experiments were calculated. The Kruskal–Wallis and
Mann–Whitney U tests were used to compare each group.
P values less than 0.05 or equal were considered
statistically significant. All statistical analyses in the
present study were performed using SPSS for Windows,
version 11.5.

Table 1 (continued)

Substances Bursa propolis composition (%) Hatay propolis composition (%)

Delta-cadinene – 0.18

Bicyclo(4.4.0) dec-1-ene – 0.45

6(Z) 9(E)-Heptadecane – 1.33

Aromatic Esters

2-Propen-1-one – 5.43

Fatty acid ester

Ethyl oleate 2.45

Cinnamic acid esters

Cinnamyl cinnamate 22.29

3-Hydroxy-4-methoxycinnamic acid 2.26

Ketones

2(5H)-Furanone, 5,5-diphenyl 1.01 –

2-Phenyl-2-tipyl-acenapthenone – 0.08

1-(2-Vinyl phenyl)ethanone 0.07

Totarolone 0.51 –

Hinokione 0.96 –

2-Heptadecanoate – 0.33
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Results

Chemical analysis

The percentage composition of identified compounds in
Bursa and Hatay propolis samples are given in Table 1. The
variability of the constituents of propolis in the two samples
showed that they were collected from different plants
depending on the geographic location.

Effect of DMSO

In the DMSO group, the cell cultures were incubated with
DMSO alone (without any supplement). Effects of DMSO
on the viability of promastigotes were compared to control
cells. The DMSO control showed no toxic effect at 1% (v/v)
for the promastigotes. Selected concentration of DMSO
(containing 1% DMSO) did not inhibit the growing of
parasites cells. At the end of 96 h, there were no statistically
significant difference in the cell number between the
control and the DMSO-containing groups (p>0.05). Also,
no cytopathological changes were observed compared with
the control group (Fig. 1a, b).

Morphologic change of parasites

In order to assess the morphological changes on promas-
tigotes due to propolis, damaged parasites were examined
using an inverted microscope and compared with intact
leishmania parasites (Fig. 2a). We found that some
components in the parasite cytoplasm appeared to be
follicle-like structures. In addition, it was determined there
were some cytopathological changes on the cells, such as
granulation, loss of flagellum, and rounding of the parasites
(Fig. 2b).

Typical promastigote morphology was observed at low
propolis concentrations (for Bursa propolis, 50 and 100 μg/
mL; for Hatay propolis, 50, 100, and 250 μg/mL), atypical
parasite cells were not shown in these propolis-treated
cultures (Fig. 2b).

Growth inhibitory effects in vitro

It was determined that propolis samples exhibited the
antileishmanial effect in vitro in a dose- and time-
dependent manner. The cell viability and morphological
alterations of promastigotes were evaluated in the presence
of different concentrations of Bursa propolis samples
against both L. infantum (HOM/TR/00/OG-VL) and L.
tropica (HOM/TR/94MG) strains. No morphological
changes (cytopathological effects) of the parasites were
seen in the presence of up to 100 μg/mL of propolis
(include 100 μg/mL). There were no nuclear or cytoplasmic

changes on parasite cells. Furthermore, an increase in the
number of parasites was determined in the samples taken
from culture at 24, 48, 72, and 96 h of incubation (p>0.05).
The low concentrations of the Bursa propolis samples such
as 50 and 100 μg/mL did not cause any cytopathological
changes on the parasite cells while the high concentrations
of the same propolis samples such as 250, 500, 750, and
1,000 μg/mL triggered cytopathological effects on the
parasite cells. Bursa propolis with lower concentration than
250 μg/mL did not affect the viability of promastigotes.
The present results indicated that Bursa propolis with a
minimum concentration value of 250 μg/mL significantly

Fig. 2 Leishmania promastigotes with normal morphology (a),
cytopathological changes due to propolis on leishmania promastigotes
(b) (objective 1,000×). a Leishmania promastigotes display a typical
morphology with short, narrow cell body, and an elongated flagellum.
b Leishmania promastigotes after propolis treatment. The morpholog-
ical changes on promastigotes (damaged parasites) due to propolis are
seen. Some cytopathological changes on leishmania promastigotes
such as granulation, loss of flagellum, and rounding of the parasites.
Red arrows show cytopathological changes on cells such as
granulation, loss of flagellum, and rounding of the parasites. Each
experiment was performed in triplicate (n=3) and generated similar
morphological features
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reduced cell viability compared to the control group (p<
0.001) (Fig. 3a, b).

Unlike the Bursa propolis, in studies on Hatay propolis
with concentrations of 50, 100, and 250 μg/mL, leishmania
promastigotes showed the typical morphology after 24, 48,
72, and 96 h of incubation. Cytopathological changes on
the parasite cells were detected at 500 μg/mL and at higher
values than this concentration. The growth of leishmania
parasites was significantly suppressed in the presence of
500, 750, and 1,000 μg/mL of Hatay propolis. Hatay
propolis with a minimum concentration value of 500 μg/

mL significantly reduced cell viabilities of leishmania cells
compared to the control group (p<0.001). It was deter-
mined that concentrations lower than 500 μg/mL such as
50, 100, and 250 μg/mL did not suppress the parasite
growth (Fig. 4a, b).

Glucantime was used as a positive control. In the
drug-control group, parasites cultured with 150 μg/mL
of Glucantime arrested parasite growth during 24 h
(Fig. 1a, b).

When the negative control (without propolis) is com-
pared with the positive control (with Glucantime, 150 μg/

Fig. 3 Antileishmanial activity of Bursa propolis against L. infantum
(a) and L. tropica (b) promastigotes compared with the control groups.
L. infantum and L. tropica promastigotes were treated with Bursa
propolis at various concentrations of propolis (50, 100, 250, 500, 750,
and 1,000 μg/ml). Negative control (containing only RPMI-1640
medium, not containing Bursa propolis): a significantly increasing
number of leishmania promastigotes was observed depending on
incubation time. DMSO control (containing DMSO 1% plus Bursa
propolis): a significantly increasing number of leishmania promasti-
gotes was observed depending on incubation time. Treated groups

(containing 50 and 100 μg/ml of Bursa propolis): a significantly
increasing number of L. infantum and L. tropica promastigotes was
observed depending on incubation time. Treated groups (containing
250, 500, 750, and 1,000 μg/ml of Bursa propolis): a significantly
decreasing number of L. infantum and L. tropica promastigotes was
observed depending on incubation time. Each data point represents
values from three independent experiments (n=3). Represents signif-
icant results (p<0.05) using the Kruskal–Wallis and Mann–Whitney U
tests when the treated group was compared with the control
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mL), an important statistical decline in the drug group at the
end of the 24 h incubation was found (p<0.001). This
decline in the cell counts was more prominent following the
48-h incubation. In addition, all of the parasites strains died
after incubation period of 96 h.

IC50 values

The effects of Bursa and Hatay propolis on the viability of
L. infantum and L. tropica were tested. The IC50s for L.

infantum promastigotes were 125 μg/mL for Bursa propolis
and 325 μg/mL for Hatay propolis, and the IC50s for L.
tropica promastigotes were 175 μg/mL for Bursa propolis
and 350 μg/mL for Hatay propolis (Fig. 5). Figure 5 shows
the viabilities of leishmania promastigotes in the absence
and presence of the propolis samples during time. Bursa
propolis samples at 250 μg/mL were able to kill 100% of
the L. infantum and L. tropica promastigotes in 96 h;
however, Hatay propolis samples were unaffected at
250 μg/mL.

Fig. 4 Antileishmanial activity of Hatay propolis against L. infantum
(a) and L. tropica (b) promastigotes compared with the control groups.
L. infantum and L. tropica promastigotes were treated with Hatay
propolis at various concentrations (50, 100, 250, 500, 750, and
1,000 μg/ml). Negative control (containing only RPMI-1640 medium,
not containing Hatay propolis): a significantly increasing number of L.
infantum and L. tropica promastigotes was observed depending on
incubation time. DMSO control (containing DMSO 1% plus Hatay
propolis): a significantly increasing number of L. infantum and L.
tropica promastigotes was observed depending on incubation time.

Treated groups (containing 50, 100, and 250 μg/ml of Hatay propolis):
a significantly increasing number of L. infantum and L. tropica
promastigotes was observed depending on incubation time. Treated
groups (containing 500, 750, and 1,000 μg/ml Hatay propolis): a
significantly decreasing number of L. infantum promastigotes was
observed depending on incubation time. Each data point represents
values from three independent experiments (n=3). Represents signif-
icant results (p<0.05) using the Kruskal–Wallis and Mann–Whitney U
tests when the treated group was compared with the control
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Discussion

Pentavalent antimonial compounds have been the first-line
therapeutic option for the antileishmanial therapy since
years. Because of their potential toxicity and acquired drug
resistance, the use of these drugs is limited (Croft and
Coombs 2003). Microbial resistance due to the irrational
use of pharmaceutical drugs has been an increasing
problem for years. Natural products have played a major
role in drug discovery because the spreading of antimicro-
bial resistance and some limitations of new drugs have led
to the consideration of natural therapy for the treatment of
various diseases. Among natural compounds, propolis has
been considered to be the most promising compound,
which has various pharmacological properties (Newton et
al. 2002).

In the literature, antileishmanial effects of propolis which
were gathered from the different geographic zones have
been shown (Salatino et al. 2005; Teixeira et al. 2008).
Although a limited number of studies have been made in
this field, these kinds of studies support the possibility that
propolis has potential antileishmanial activity against the
leishmania species (Duran et al. 2008; Pontin et al. 2008;
Ayres et al. 2007; Machado et al. 2007). Propolis may be
promising as a potential antiprotozoal agent against the
leishmania species; however, it has not been explored
widely yet. It is known that the chemical composition and
antimicrobial activity of propolis can change from region to
region depending on the diversity of plants (Salatino et al.
2005; Teixeira et al. 2008). Due to its geographical
position, Turkey has a rich natural plant habitat with

approximately 10,000 species, many of which being native
to the country and not found anywhere else in the world
(http://www.allaboutturkey.com). According to our previ-
ous study, Adana propolis has been found to be quite active
against L. tropica (Duran et al. 2008). Therefore, the in
vitro antileishmanial activities of two propolis samples
which were collected from two different regions of Turkey
were investigated against the L. infantum and L. tropica
promastigotes.

None of these samples at the selected concentrations
were toxic to mammalian cells. Both of the tested propolis
samples had significant antileishmanial activity on cultured
promastigotes of leishmania strains. These studies were
consistent with the results of previous studies (Duran et al.
2008; Pontin et al. 2008; Ayres et al. 2007; Machado et al.
2007).

One of the aims of this study was to compare differences
among the antileishmanial activities of the propolis samples
obtained fromBursa and Hatay geographic areas. In our study,
Bursa propolis for leishmania strains was found more
effective than Hatay propolis. We think that it might be due
to a diverse geographic location and plant diversity. Propolis is
collected by bees from numerous different plant species,
depending on the geographic area and the local flora.
Therefore, significant variations may occur in the chemical
composition, and the impact spectrum of propolis depends
directly on the local flora. It was reported that the quality and
quantity of the constituents in propolis and its biological
activity may vary widely according to the geographic location
and to the different plant sources (Uzel et al. 2005). Our
findings confirm the results of Uzel et al.’s study.

The propolis samples tested in this study showed a
strong activity against two different species of leishmania.
Propolis samples succeeded in inhibiting the growth of
leishmania strains in varying concentrations. There were
significant statistical differences in terms of cell count
between the propolis-treated groups and the control groups
(p<0.01). Comparing propolis samples tested, Bursa
propolis samples possessed higher antileishmanial activity
against both L. infantum and L. tropica than the Hatay
propolis samples. Although remarkable results were found
in the present study with respect to antileishmanial activity,
both Bursa and Hatay propolis samples were less active
than Glucantime.

As reported in the literature, a wide variety of biolog-
ically active compounds of propolis can play an important
role for this antileishmanial activity. Some compounds of
propolis have been reported to possess antileishmanial
activity (Duran et al. 2008; Pontin et al. 2008; Ayres et al.
2007; Machado et al. 2007). It was shown that propolis
samples were quite effective against L. tropica and L.
infantum. The chemical compositions of propolis samples
were analysed by high-resolution GC-MS. The present

Fig. 5 IC50 values for Bursa and Hatay propolis against L. infantum
and L. tropica promastigotes. Leishmania promastigotes were treated
with Hatay and Bursa propolis at various concentrations. The IC50

value for L. infantum promastigotes were 125 μg/ml for Bursa
propolis and 325 μg/ml for Hatay propolis. The IC50 value for L.
tropica promastigotes were 175 μg/ml for Bursa propolis and 350 μg/
ml for Hatay propolis
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study emphasized that ethanolic extracts of the two types of
Turkish propolis reduced the proliferation of L. infantum
and L. tropica promastigotes in vitro. Bursa propolis
samples contain a high concentration of cinnamyl cinna-
mate and ethyl oleate and aromatic acid esters such as
benzyl cinnamate, benzenedicarboxylic acid. Hatay propo-
lis samples contain high concentration of aromatic esters
and flavanols such as chrysin and benzopyran (Table 1). We
would rather think that the compounds such as aromatic
acids, aromatic acid esters, flavanols, and cinnamic acid
esters may be responsible for the antileishmanial effects.

It was reported that the antimicrobial activity of propolis
was associated with the presence of flavonoids and
derivatives of caffeic acid (Salomao et al. 2008; Benkovic
et al. 2009; Marcucci et al. 2000; Prytzyk et al. 2003). The
composition percentages of the two propolis samples were
found to be similar. Both Bursa and Hatay propolis have
aromatic acids, aromatic acid esters, flavanols, and cin-
namic acid esters.

Bursa propolis samples had more effect than the Hatay
propolis samples against L. infantum and L. tropica
promastigotes. The ratio of the aromatic acids, aromatic
acid esters, fatty acid ester, and cinnamic acid esters were
found to be remarkable higher than those of the Hatay
propolis samples. The observed significant antileishmanial
activity of propolis could be attributed to its some
compounds such as cinnamic acid esters, aromatic acids,
and aromatic acid esters.

The potential antiprotozoal activity of propolis for the
treatment of some parasitic diseases, e.g., malaria, had
already been suggested in previous studies (Ayres et al.
2007; Freitas et al. 2006).

While low propolis concentrations (up to 100 μg/mL)
did not affect the growth of leishmania strains, higher
propolis concentrations inhibited the growth of both L.
tropica and L. infantum and caused the degenerative
changes on leishmania parasites; however, no toxic effects
on the HEp-2 cells were noticed. Dimethyl sulfoxide alone
with the used concentration in experiments did not affect
the growth of the parasites; thus, the inhibition of cell
growth was due only to the propolis effects. The study
indicated that the ethanolic extracts (250, 500,750, and
1,000 μg/mL) of two different propolis samples caused
growth inhibition of L. infantum and L. tropica promasti-
gotes at the IC50<350 μg/mL (Fig. 5). Experiments showed
that Bursa propolis was effective against the leishmania
species in vitro with IC50 values of 125 μg/mL for L.
infantum and 175 μg/mL for L. tropica, whereas IC50

values for Hatay propolis were 325 μg/mL for L. infantum
and 350 μg/mL for L. tropica.

In conclusion, we have clearly demonstrated the efficacy
of the propolis samples against L. infantum and L. tropica
in vitro. The propolis samples used in this study, especially

Bursa propolis, presents promising activity. Natural prod-
ucts have been the major sources for drug discovery and the
development of novel antileishmanial agents. In the present
study, the results confirmed that propolis is a potential
source of new and selective drugs for the treatment of
leishmaniasis. Further studies are needed in order to
understand its antiprotozoal mechanism.
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