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A B S T R A C T

Dextran-coated poly (n-butyl cyanoacrylate) nanoparticles (PBCA-NPs) were prepared and were evalu-
ated for enhanced delivery of a promising anti-Leishmania drug candidate, hydroxymethylnitrofurazone
(NFOH), to phagocytic cells. Currently available chemotherapy for leishmaniasis, such as pentavalent an-
timonials, presents low safety and efficacy. Furthermore, widespread drug resistance in leishmaniasis is
rapidly emerging. To overcome these drawbacks, the use of nanosized delivery systems can reduce sys-
temic drug toxicity and increase the drug concentration in infected macrophages, therefore improving
treatment of leishmaniasis. PBCA-NPs containing NFOH (PBCA–NFOH-NPs) were prepared by an anionic
emulsion polymerisation method. The z-average and polydispersity index (PDI) were determined by photon
correlation spectroscopy, the zeta potential by microelectrophoresis and the entrapment efficiency by
HPLC. Cytotoxicity was determined using macrophages from BALB/c mice. Efficacy tests were per-
formed using Leishmania amazonensis promastigotes and amastigotes. The z-average of PBCA–NFOH-
NPs was 151.5 ± 61.97 nm, with a PDI of 0.104 ± 0.01, a zeta potential of −10.1 ± 6.49 mV and an entrapment
efficiency of 64.47 ± 0.43%. Efficacy in amastigotes revealed IC50 values of 0.33 μM and 31.2 μM for the
nanostructured and free NFOH, respectively (95-fold increase). The cytotoxicity study indicated low tox-
icity of the PBCA–NFOH-NPs to macrophages. The selectivity index was 370.6, which is 49-fold higher
than free NFOH (7.6). Such findings indicated that improved efficacy could be due to NP internalisation
following site-specific drug delivery and reactivation of immune protective reactions by the NP compo-
nents. Thus, PBCA–NFOH-NPs have the potential to significantly improve the treatment of leishmaniasis,
with reduced systemic side effects.

© 2017 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

The leishmaniases are diseases caused by protozoan parasites of
the genus Leishmania, affecting approximately 12 million people
worldwide. Several factors impair the successful treatment of leish-
maniasis, the most notable being toxicity and parasite resistance [1].
Therefore, the search for new drugs and new delivery systems to over-
come these issues are urgently needed.

Hydroxymethylnitrofurazone (NFOH) is a promising drug candi-
date that showed significant activity against Trypanosoma cruzi [2].
Its efficacy was evaluated and confirmed in a murine model of Chagas

disease [2]. Inhibition of trypanothione reductase by NFOH is the main
mechanism of action. The reduced form of this enzyme is key for the
redox defence system of trypanosomatids (including Leishmania)
against oxidative stress in infected cells [3].

The ability of Leishmania parasites to survive and multiply within
phagocytic cells from the skin, liver, spleen and bone marrow is a
major factor and target for developing new active compounds and
drug delivery systems against leishmaniases. The use of drug car-
riers, such as nanoparticles (NPs), can improve the therapeutic
efficacy by releasing leishmanicidal compounds at the site of drug
action [4], given the fact that NPs are preferentially taken up by mac-
rophages following systemic or local administration. Consequently,
this mechanism would be useful to increase treatment efficacy for
leishmaniasis [5].

Among promising polymers used for NP preparation, poly n-butyl
cyanoacrylate (PBCA) has gained increasing interest in drug delivery
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for pharmaceutical and medical applications owing to its biode-
gradability, low toxicity, ability to modify drug biodistribution, and
ease of synthesis and purification [6].

One of the most common surfactants for PBCA-NP preparation
is polymeric dextran. In addition to its interfacial properties, it has
been described as a moiety to mannan and SIGN lectin receptors
[7,8]. These receptors on macrophages recognise polysaccharides such
as dextran, mannan and lipopolysaccharide from Gram-negative bac-
teria, allowing pathogen recognition, uptake and induction of
immune responses. Taking advantage of this process, dextran-
coated NPs have an excellent potential to increase intracellular drug
concentrations and to reactivate immune responses that are dis-
abled by Leishmania during mammalian infection [9].

In this work, we present the preparation and physicochemical
characterisation of PBCA-NPs containing NFOH (PBCA–NFOH-
NPs), proposed as a means of active targeted drug delivery to
macrophages, and its improved in vitro leishmanicidal activity against
Leishmania amazonensis, with highly biocompatible characteristics.

2. Materials and methods

2.1. Materials

The n-butyl cyanoacrylate monomer was purchased from Braun
(Melsungen, Germany). Dextran 70000, M199 culture medium and
MTT reagent [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide] were all from Sigma-Aldrich (St Louis, MO). RPMI
1640 culture medium was purchased from Merck Millipore (Darm-
stadt, Germany). NFOH was synthesised by LAPEN–University of
São Paulo (São Paulo, Brazil). All other reagents were of analytical
grade.

2.2. Preparation of n-butyl cyanoacrylate nanoparticles loaded with
hydroxymethylnitrofurazone (PBCA–NFOH-NPs)

PBCA-NPs were prepared by an anionic emulsion polymerisation
method as described previously [10]. Briefly, dextran (1% m/v) was
dissolved in 0.1 N HCl and the NFOH was dispersed. The monomer
was then slowly added to the aqueous phase at 600 rpm using a mag-
netic stirrer. After 4 h of polymerisation, the system was neutralised
to pH 7.0 using 0.1 N NaOH to terminate the polymerisation process.

2.3. Particle size distribution and zeta potential analysis

The z-average and polydispersity index (PDI) were determined
by photon correlation spectroscopy and the zeta potential was de-
termined by microelectrophoresis using a Malvern Zetasizer Nano
ZS90TM (Malvern Instruments Ltd., Malvern, UK). Measurements
(n = 3) were performed on NPs at 0.1% (v/v) diluted in purified water
adjusted to 50 μS/cm using 0.9% NaCl solution.

2.4. Transmission electron microscopy (TEM)

TEM images of the NPs were taken using a JEOL 1010 100 kV mi-
croscope (JEOL Ltd., Tokyo, Japan) with the samples mounted on a
copper–carbon grid and allowed to dry at room temperature.

2.5. Determination of hydroxymethylnitrofurazone (NFOH)
entrapment efficiency

Regarding of the entrapped NFOH, 2 mL of freshly prepared
dispersion was centrifuged for 30 min at 20 000 × g at 25 °C. The
supernatant containing the free drug was withdrawn and was

analysed by high-performance liquid chromatography (HPLC).
Drug loading was determined by the difference of the total amount
of the NFOH minus the amount found in the supernatant. HPLC
quantification was performed as previously described by Monteiro
et al. [11].

2.6. Efficacy assay against Leishmania amazonensis promastigotes

Promastigotes (1 × 106) in early log phase were incubated in the
presence of free NFOH, NP-bound NFOH and blank NPs (4–12 μM)
for 72 h at 24 °C with 5% CO2 in M199 medium. Then, 20 μL of MTT
solution (5 mg/mL) was added to each well and was incubated for
4 h. Sodium lauryl sulfate (20% w/v) was added to dissolve the
formazan crystals and to obtain a homogeneous solution suitable
for measurement of the absorbance at 595 nm using an enzyme-
linked immunosorbent assay (ELISA) microplate reader (Model 550
Microplate Reader; Bio-Rad, Hercules, CA). Viability was defined as
the ratio (expressed as a percentage) of absorbance of treated cells
to untreated cells. Experiments were performed in replicates of five
and were repeated twice independently.

2.7. Cytotoxicity

In vitro tests were approved by the Animal Care and Use Com-
mittee of the Institute of Tropical Medicine of the University of São
Paulo (São Paulo, Brazil). For evaluation of cytotoxic effects, murine
peritoneal macrophages were extracted from mice via peritoneal
lavage and were incubated in the presence of free NFOH, NP-
bound NFOH and blank NPs (5–80 μM) with RMPI 1640 medium
at 37 °C with 5% CO2 for 24 h. MTT solution (5 mg/mL) was added
to each well and was incubated for 4 h and then sodium lauryl sulfate
(20% w/v) was added. Absorbance was determined at 595 nm. Ex-
periments were performed in replicates of five and were repeated
twice independently.

2.8. Efficacy assay against Leishmania amazonensis amastigotes

The amastigote assay was performed using peritoneal mac-
rophages. The exudate was diluted with RMPI and was stained
with trypan blue. Thereafter, macrophages (2 × 105) were seeded
in 24-well plates and were incubated at 37 °C with 5% CO2 for
24 h. Adhered macrophages were infected with promastigotes at
a ratio of 5:1 and were incubated for 4 h at 34 °C and 5% CO2.
Extracellular parasites were then removed by washing with RPMI.
Infected macrophages were further incubated in the presence of
free NFOH, NP-bound NFOH and blank NPs (3–15 μM) for 24 h at
37 °C in 5% CO2. Finally, macrophages were washed with RPMI
medium, were fixed in methanol, were stained using Giemsa and
the amastigotes were counted (200 macrophages per replicate)
using an optical microscope (Nikon, Tokyo, Japan). The selectivity
was calculated as described by Benedict et al. [12]. Experiments
were performed in replicates of five and were repeated twice
independently.

2.9. Determination of IC50 and CC50 values

The concentration required to eliminate one-half of the para-
sites (IC50) and the 50% cytotoxic concentration (CC50) were expressed
as the mean ± standard deviation of parasite/cell viability. The IC50

was calculated by linear regression and the CC50 by non-linear re-
gression analysis using GraphPad Prism v.5.01 (GraphPad Software
Inc., La Jolla, CA).
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2.10. Statistical analysis

The significance of differences among values was determined by
analysis of variance (ANOVA) using Minitab 16 statistical software
(Minitab Inc., State College, PA). A P-value of <0.05 was considered
statistically significant.

3. Results

3.1. Hydroxymethylnitrofurazone-loaded poly (n-butyl
cyanoacrylate) nanoparticles (PBCA–NFOH-NPs): physicochemical
characterisation

The process yielded PBCA–NFOH-NPs of 151.5 ± 61.97 nm, with
a PDI of 0.104 ± 0.01 (monomodal distribution) and a zeta poten-
tial of −10.1 ± 6.49 mV. The entrapment efficiency was 64.47 ± 0.43%.
TEM showed well-rounded NPs (Fig. 1).

3.2. Efficacy assay against Leishmania amazonensis promastigotes

The NFOH-loaded NPs were significantly (P ≤ 0.05) more effec-
tive against promastigotes of L. amazonensis, with an IC50 value for
NFOH–PBCA-NPs of 2.18 μM compared with values of 19.04 μM for
free NFOH and 13.32 μM for unloaded NPs.

3.3. Cytotoxicity assay

Cytotoxicity indicated that all treatments had low toxicity on
uninfected macrophages. The CC50 was 122.3 μM for NFOH–PBCA-
NPs, 142.9 μM for unloaded NPs and 237.0 μM for free NFOH.

3.4. Efficacy assay against Leishmania amazonensis amastigotes

The leishmanicidal activity of the NFOH-loaded NPs was sig-
nificantly (P < 0.05) increased (IC50 = 0.33 μM). The IC50 was 31.2 μM
for the free drug and 25.1 μM for blank NPs (Fig. 2). The selectivity
indexes were 370.6 for NFOH–PBCA-NPs and 7.6 for the free drug.

4. Discussion

The improved activity of drug-loaded NPs presented here high-
lights the relevance of this class of delivery system for leishmaniases.

Fig. 1. Morphology of the poly (n-butyl cyanoacrylate) nanoparticles containing
hydroxymethylnitrofurazone (PBCA–NFOH-NPs) by transmission electron micros-
copy showing the round shape and size of ca. 150 nm, confirming the values from
photon correlation spectroscopy. Magnification of 100k×. A high-resolution version
of this slide for use with the Virtual Microscope is available as eSlide: VM03614.

Fig. 2. In vitro leishmanicidal activity against Leishmania amazonensis amastigotes. After 24 h, parasite viability was significantly lower following treatment with PBCA–
NFOH-NPs versus unloaded PBCA-NPs and free NFOH (P = 0.0014). The box ends are the 25th and 75th percentiles and the line in the middle of the box is the median. The
whiskers represent the minimum and maximum values. NFOH, hydroxymethylnitrofurazone; PBCA-NPs, unloaded poly (n-butyl cyanoacrylate) nanoparticles; PBCA–NFOH-
NPs, poly (n-butyl cyanoacrylate) nanoparticles containing hydroxymethylnitrofurazone. A high-resolution version of this slide for use with the Virtual Microscope is available
as eSlide: VM03615.
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The PBCA–NFOH-NPs z-average (151.5 ± 61.97 nm) was similar to those
obtained by Weyermann et al. and Sommerfeld et al. [13,14], who
reported a z-average equal to 130–140 nm and 164–326 nm, respec-
tively. The size of the NP determines its targeting abilities such as
cell uptake. The particles used in this study were within the optimal
size range for particles to be taken up by phagocytosis [15,16].

Smaller particles (<100 nm) are preferably internalised by endo-
cytosis, which occurs in virtually all cells and is essential for nutrient
uptake and intracellular communication. Thus, PBCA–NFOH-NPs
are promising drug delivery systems to target macrophages. Taking
into account that dextran, a polysaccharide widely used to prepare
PBCA-NPs, sterically stabilises NPs, the zeta potential value of −10.1 mV
can be considered as suitable to stabilise the NPs in suspension. Sta-
bility was confirmed (data not shown) for ≥3 months in 20 mL
borosilicate vials at 8 ± 2 °C.

Regarding the activity tests for the promastigote form of the par-
asite, the mean IC50 (2.18 μM) of PBCA–NFOH-NPs was 8.7-fold lower
than of free NFOH (19.04 μM) and 6.1-fold lower than the un-
loaded NPs (13.32 μM). The cytotoxicity (CC50) of free NFOH
(237.0 μM) and PBCA–NFOH-NPs (122.3 μM) allowed the activity
assay using the amastigote form of the parasite. This assay re-
vealed that the antileishmanial activity was due to the PBCA–NFOH-
NPs. The cytotoxicity assay showed that non-infected macrophage
functions were not impaired.

The remarkable increase in the activity of the PBCA–NFOH-NPs
revealed the potential application of this formulation for targeted
delivery to macrophages. Optical microscopy (Fig. 3C,D) showed dis-
seminated vacuoles in the cytoplasm when the cells were treated
using NPs. This suggested their successful internalisation into mac-
rophages. As a consequence, the IC50 of the NFOH-loaded NPs
(0.33 μM) was 95-fold lower than that of free NFOH (31.2 μM). Al-
though the CC50 of NPs was higher for free NFOH, the PBCA–NFOH-
NP selectivity index (370.6) was 49-fold higher than the free drug
(7.6), which showed potential use for improving leishmaniases treat-
ment safety.

These findings indicated remarkable performance of PBCA-
NPs, which could be due to the sustained release and protection of

the drug from degradation. In addition, reactivation and induction
of immune responses could play a major role, as explained by the
work of Sarfraz et al. [17]. They showed that PBCA-NPs could cause
an immunoreaction in macrophages, which can have a positive ther-
apeutic effect against cancer cells. Similarly, the current results
show that PBCA-NPs have a superior antileishmanial effect. Whether
this is due to immunological changes in the macrophages owing
to NP treatment as reported in the above study has to be further
investigated.

The NPs described in this work, when incorporated into a
topical formulation or injected into a wound, can be internalised
by macrophages, which are recruited to the site during cutaneous
leishmaniasis infection [18]. Likewise, NPs can be injected intra-
venously. Considering the fact that phagocytic cells are responsible
for clearing and degrading any foreign matter from the blood-
stream [19], these NPs can be rapidly internalised by cells from
the liver and spleen, which are the most affected organs in viscer-
al leishmaniasis [20]. In the above routes of administration, the
NPs can increase the drug concentration at the site of action
and avoid redistribution to the systemic circulation. Therefore,
the in vitro efficacy found in the present work might be corre-
lated with in vivo efficacy in a whole organism owing to these
mechanisms.

5. Conclusion

In this work, NPs loaded with an antileishmanial drug candi-
date (NFOH) were successfully prepared with dextran as an actively
targeted drug delivery system to macrophages. The PBCA–NFOH-
NPs showed potential increased efficacy and selectivity compared
with free NFOH. These results can be explained by intracellular
drug accumulation following NP internalisation by macrophages,
assisted by their recognition by mannan and SIGN lectin recep-
tors. Moreover, PBCA-NPs may stimulate immune responses in
macrophages, since unloaded NPs also presented substantial anti-
Leishmania activity. As a result of these findings, the presented
nanostructured system may be a promising and rational alternative

Fig. 3. Optical microscopy of leishmanicidal activity against Leishmania amazonensis: (A) infected macrophages (control) and (B–D) macrophages treated with free NFOH
(15 μM) (B), unloaded PBCA-NPs (C) and PBCA–NFOH-NP (15 μM) (D). Only nanoparticles with NFOH (D) eliminated the parasites. The arrows point to the amastigote form
of the parasite within the cell: Magnification 100×. NFOH, hydroxymethylnitrofurazone; PBCA-NPs, unloaded poly (n-butyl cyanoacrylate) nanoparticles; PBCA–NFOH-NPs,
poly (n-butyl cyanoacrylate) nanoparticles containing hydroxymethylnitrofurazone.
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for the treatment of leishmaniases and should be investigated further
in in vivo and immunological studies.
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