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The inhibition of intracellular Leishmania amazonensis growth by 2*,6*-dihydroxy-4*-methoxychalcone
(DMC) isolated from Piper aduncum was further enhanced after encapsulation of DMC in polymeric nano-
particles. Encapsulated DMC also showed increased antileishmanial activity in infected BALB/c mice, as
evidenced by significantly smaller lesions and fewer parasites in the lesions.

Leishmania spp. are obligate protozoan parasites of the mac-
rophage, where they survive and multiply in the phagolyso-
some. Depending on the parasite species, different forms of
leishmaniasis may develop in the mammalian host, ranging
from chronic skin ulcers to fatal visceral disease. The number
of infected people is steadily rising in several parts of the
world, in part due to the lack of effective drugs which pose no
serious toxic side effects (7). The search for new antileishma-
nial agents is generally hampered by the intracellular location
of the parasites. Despite the difficulty of access for soluble
substances, the phagolysosomes easily accommodate particu-
late material by vesicle fusion (2, 22). This feature is being used
as a strategy to increase the bioavailability of drugs and reduce
their toxicity (8, 14). Amphotericin B has been successfully
encapsulated in liposomes, with increased effectiveness and
reduced toxicity for visceral (3, 5, 18, 19) and cutaneous (17,
23) leishmaniasis patients. Drug incorporation in nanoparticles
of biocompatible polymers has an advantage over other sys-
tems due to ease of preparation, a longer shelf life, and greater
stability in biological fluids (10). Nanoparticles prepared with
biodegradable poly(lactide) have been proposed as a passive
system of drug delivery to macrophages that would increase
the therapeutic index of leishmanicidal drugs (14). The advan-
tage of this polymer is related to its degradation to lactic acid,
which is eliminated in the urine and exhaled as CO2 (1). The
antileishmanial activity of chalcones has been previously re-
ported for Leishmania donovani (4). In the search for novel
chemotherapeutic agents for the treatment of cutaneous leish-
maniasis, we have recently described the effectiveness and se-
lectivity of the 29,69-dihydroxy-49-methoxychalcone (DMC) ex-
tracted from the herb Piper aduncum against the promastigote
and amastigote forms of Leishmania amazonensis in vitro (20).
In the present work, we report on the improvement of the
antileishmanial effect of DMC by encapsulation in poly(D,L-
lactide) (PLA) nanoparticles in vitro and in vivo.

DMC was purified from P. aduncum (Piperaceae) inflores-
cences following fractionation of the dichloromethane extract
as described by Moreira and colleagues (12) and entrapped in

PLA nanoparticles as described previously (15). Briefly, PLA
(100 mg) and DMC (10 mg) were dissolved in 10 ml of acetone
and mixed with 20 ml of Pluronic F68 aqueous solution (1%)
under agitation for 10 min. The organic solvent was eliminated
by evaporation. Unloaded nanoparticles were made in the
same way by omitting DMC. The average diameters were
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FIG. 1. Inhibition of intracellular parasite growth in vitro by DMC after
encapsulation in PLA. L. amazonensis-infected macrophages were cultured for
48 h in the presence of 1 mg of free DMC/ml, 5 mg of empty PLA nanoparticles/
ml, or the same concentrations of DMC-PLA. Control, medium alone. The
percentages of infected macrophages are given inside the bars. The P value of
DMC-PLA in relation to DMC is given. Results are means 6 standard deviations
(SD) (n 5 3).
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130 6 35 and 168 6 65 nm for unloaded and DMC-loaded
nanoparticles, respectively. The encapsulation rate was 92%.
The formulation is stable when stored at 4°C, maintaining its
physical and chemical properties for at least 1 month.

To assess the effect of PLA-encapsulated DMC (DMC-
PLA) on intracellular amastigotes, mouse peritoneal macro-
phages were infected with promastigotes of L. amazonensis in
eight-chamber Lab-Tek slides (Nunc) at a 1:4 cell ratio for 4 h
(20), washed, and cultivated for a further 48 h in the presence
of DMC (1 mg/ml), DMC-PLA (5 mg of PLA plus 1 mg of
DMC/ml), or empty PLA (5 mg/ml) in Dulbecco’s modified
Eagle’s medium plus 5% fetal calf serum. The monolayers
were washed and Giemsa stained for parasite counting under
light microscopy. Alternatively, infected cultures were culti-
vated for 6 h in the presence of empty PLA (5 mg/ml) and
processed for electron microscopy as described previously (20).

To assess the effect of DMC targeting with PLA nanopar-
ticles in vivo, female BALB/c mice weighing 20 g were infected
with 4 3 106 L. amazonensis promastigotes in the rear footpad.
Each mouse was treated intraperitoneally with either empty
PLA (1 mg), DMC-PLA (1 mg of PLA plus 200 mg of DMC),
Glucantime (meglumine antimoniate, 200 mg of Sb; Rhodia),
or phosphate-buffered saline (PBS) alone on days 42 and 48 of
infection as well as with a 10-fold-smaller subcutaneous dose of
the respective material on days 27 and 54. Free DMC was
omitted here because treatment with doses as high as 1 mg of
DMC did not alter the course of leishmanial lesions in com-
parison to that for PBS controls (21). Lesion sizes were mea-

sured with a dial caliper every 3 to 4 days. At the end of the
experiment (day 74), the animals were killed under ether in-
halation, and their infected feet were excised, skinned,
weighed, and minced in Schneider’s insect medium (Sigma)
plus 5% fetal calf serum. The cell suspensions were serially
diluted in 100-ml samples and maintained at 26°C for 48 h. The
relative parasite loads in the infected feet were estimated by
counting the number of promastigotes derived from 10 mg of
tissue. Statistical analysis of the data was performed by using
the Student t test.

The results in Fig. 1 show that whereas a suboptimal con-
centration of free DMC (1 mg/ml) induced a 23% reduction in
the number of intracellular leishmanias, DMC-PLA produced
a 53% reduction. PLA alone did not significantly affect para-
site growth inside the macrophages. We consistently observed
the fusion of PLA nanosphere-containing vacuoles with the
parasitophorous vacuoles of infected macrophages, as exem-
plified in the electron micrograph shown in Fig. 2. This indi-
cates that the nanoparticles actually reach the parasite site
before their degradation and suggests that DMC may be dis-
charged close to the parasites, improving its bioavailability.
Previous studies in vivo had demonstrated that local subcuta-
neous treatment with doses of free DMC as high as 1 mg did
not alter the course of leishmanial lesions in comparison to
treatment with PBS alone (21). However, when DMC-PLA
nanoparticles were used at a dose 5 times smaller, the animals
showed significantly smaller lesions (P , 0.05), about 60% the

FIG. 2. Electron micrograph showing the fusion of PLA nanoparticles with
the parasitophorous vacuole. Infected macrophages were cultivated for 6 h in the
presence of PLA nanoparticles and then processed for electron microscopy. PLA
nanosphere-containing vacuoles (v) and one parasitophorous vacuole (PV) con-
taining two amastigotes (A) are shown. Arrows indicate the fusion of PLA-
containing vacuoles with the parasitophorous vacuole membrane. Arrowheads
point to individual nanospheres. Bar, 0.5 mm.

FIG. 3. In vivo effectiveness of DMC-PLA treatment. BALB/c mice were
infected with L. amazonensis and after 42 days of infection received a total dose
of 440 mg of DMC-PLA or Glucantime. Controls received PBS or equivalent
doses of empty PLA. Results are means 6 SD (n 5 5).
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size of lesions in control animals treated with PBS or empty
PLA nanoparticles alone (Fig. 3). The DMC-PLA effect was
comparable to that of equivalent doses of Glucantine, which is
considered the first-choice drug for the treatment of leishman-
iasis (13). Thirty days after the initiation of treatment, the
parasite load in the lesions was quantitated, demonstrating
that the number of parasites in the DMC-PLA group was 90%
lower than that in PBS controls, similar to the effect observed
with Glucantime (Fig. 4). A partial reduction in the number of
parasites was observed in vivo with empty PLA. The parasite
load is considered a more accurate indication of the degree of
infection than the lesion size, although the latter may be more
appropriate for follow-up if the animals remain alive. We have
detected live parasites in clinically cured lesions before (6) and
have suggested that this discrepancy may be due to a possible
anti-inflammatory effect of the drug. Whether empty PLA
nanoparticles have intrinsic anti-inflammatory activity is not
yet known, but it is possible that cell types other than macro-
phages may be activated by the PLA in vivo and may indirectly
induce parasite death in the lesions. Some nanoparticle carri-
ers may have direct activity against the parasites (isoalkyl cy-
anoacrylate nanoparticles, for instance, have shown intrinsic
activity against trypanosomes [11] and L. donovani [9]), but
this may not be the case with PLA, which showed no direct
effect on L. amazonensis (Fig. 1) or L. donovani (14).

The diameter of particles, between 130 and 170 nm, is com-
patible with intravenous administration. In fact, DMC-PLA
was well tolerated by mice that received intravenous injections.
We observed that uninfected BALB/c mice (n 5 10) treated
with three consecutive daily doses of 5 mg of DMC-PLA

showed no change in weight gain or mortality rate after 30 days
of follow-up, compared with an untreated group (16).

This study therefore points to the in vivo effectiveness of a
novel antileishmanial chalcone and the feasibility and efficacy
of its targeting to the specific site by means of PLA nanopar-
ticles. This preparation may well serve as the basis for the
development of a substitute for the toxic antileishmanial drugs
currently in use.

We thank Márcia Attias for helpful advice on the electron micros-
copy study.
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FIG. 4. Parasite load in DMC-PLA-treated mice. BALB/c mice (five per
group) were infected and treated as described in the legend to Fig. 3. Thirty days
after the initiation of treatment (day 74 of infection), the numbers of parasites in
the footpads were estimated. Means 6 SD of triplicate samples are shown.
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