
Contents lists available at ScienceDirect

Colloids and Surfaces B: Biointerfaces

journal homepage: www.elsevier.com/locate/colsurfb

Diethyldithiocarbamate loaded in beeswax-copaiba oil nanoparticles
obtained by solventless double emulsion technique promote promastigote
death in vitro

Karin Luize Mazura, Paulo Emílio Feusera, Alexsandra Valérioa, Arthur Poester Cordeiroa,
Camila Indiani de Oliveirab, João Paulo Assolinic, Wander Rogério Pavanellic, Claudia Sayera,
Pedro H. H. Araújoa,⁎

a Department of Chemical Engineering and Food Engineering, Federal University of Santa Catarina, Brazil
b Instituto Gonçalo Moniz, Fundação Oswaldo Cruz (FIOCRUZ), Salvador, Brazil
c Laboratory of Experimental Protozoology, Department of Pathological Sciences, Center of Biological Sciences, State University of Londrina, PR, Brazil

A R T I C L E I N F O

Keywords:
Solid lipid nanoparticles
Diethyldithiocarbamate
Hydrophilic drugs
Beeswax
L. amazonensis

A B S T R A C T

Leishmaniasis is considered a neglected tropical disease that represents a Public Health problem due to its high
incidence. In the search of new alternatives for Leishmaniasis treatment diethyldithiocarbamate (DETC) has
shown an excellent leishmanicidal activity and the incorporation into drug carrier systems, such as solid lipid
nanoparticles (SLNs), is very promising. In the present work DETC loaded in beeswax nanoparticles containing
copaiba oil were obtained by the double emulsion/melt technique. The nanoparticles were characterized and
leishmanicidal activity against L. amazonensis promastigotes forms and cytotoxicity in murine macrophages were
evaluated. SLNs presented size below 200 nm, spherical morphology, negative charge surface, high encapsula-
tion efficiency, above 80%, and excellent stability. Moreover, Fourier transform infrared spectroscopy (FTIR)
and differential scanning calorimetry (DSC) analyses were performed to evaluate the chemical structure and
possible interactions between DETC and SLNs. SLNs provided a protection for DETC, decreasing its cytotoxic
effects in macrophages, which led to an improvement in the selectivity against the parasites, which almost
doubled from free DETC (11.4) to DETC incorporated in SLNs (18.2). These results demonstrated that SLNs had a
direct effect on L. amazonensis promastigotes without affect the viability of macrophage cell, can be a promising
alternative therapy for the cutaneous treatment of L. amazonensis

1. Introduction

American Cutaneous Leishmaniasis (ACL) is caused by protozoa of
the genus Leishmania and is recognized by the World Health
Organization (WHO) as a neglected tropical disease. This disease pre-
sents manifestations ranging from the formation of the single ulcer to
disseminated forms and can affect the mucous [1,2]. It consists of a
Public Health problem, due to its high incidence, wide distribution and
great complexity, with the possibility of the appearance of destructive,
disfiguring and even incapacitating lesions for infected individuals
[3,4]. Despite advances in parasite studies, as well as knowledge of the
disease, therapies have now been based on the use of pentavalent an-
timonials such as sodium stibogluconate (Pentostam®) and antimoniate
N-methyl-glucamine (Glucantime®), besides the use of amphotericin B
or pentamidines, however they present difficulties of administration,

high cost and important side effects [5–7].
In search of new alternatives for Leishmaniasis treatment the

Diethyldithiocarbamate (DETC) has shown an excellent leishmanicidal
activity, being promising as new antileishmanicidal drug [8–10]. DETC
a hydrophilic compound, is a member of the dithiocarbamate family
and a potent metal-chelating agent with a dithiocarboxy functional
group conjugated to an aliphatic secondary amino group [11,12]. Ac-
cording to Celes et al. (2016), the use of DETC-based bacterial cellulose
bio-curatives, a copper chelating agent that targets SOD1, significantly
reduces Leishmania brasiliensis infection in vitro and in vivo, due to the
increased superoxide levels [8].

The development of new drug-delivery systems to treat leishma-
niasis, such as solid lipid nanoparticles (SLNs), represent an excellent
alternative for leishmaniasis treatment [7,13]. SLNs have been reported
as an efficient drug delivery system due to various advantages such as

https://doi.org/10.1016/j.colsurfb.2018.12.048
Received 20 September 2018; Received in revised form 28 November 2018; Accepted 18 December 2018

⁎ Corresponding author at: Department of Chemical Engineering and Food Engineering, Federal University of Santa Catarina, 88010 970, Florianopolis, SC, Brazil.
E-mail address: pedro.h.araujo@ufsc.br (P.H.H. Araújo).

Colloids and Surfaces B: Biointerfaces 176 (2019) 507–512

Available online 18 December 2018
0927-7765/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09277765
https://www.elsevier.com/locate/colsurfb
https://doi.org/10.1016/j.colsurfb.2018.12.048
https://doi.org/10.1016/j.colsurfb.2018.12.048
mailto:pedro.h.araujo@ufsc.br
https://doi.org/10.1016/j.colsurfb.2018.12.048
http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfb.2018.12.048&domain=pdf


feasibility of carrying lipophilic, as well as hydrophilic drugs, bio-
compatibility, adapted to different administration routes, drug protec-
tion, increase of permeability through cell membranes and bioavail-
ability of encapsulated drug, decrease of the side effects, low cost and
ease of scale-up and manufacturing [14–22].

SLNs present a lipid matrix, being suitable system for the en-
capsulation of hydrophobic drugs. For the encapsulation hydrophilic
drugs, SLNs with hydrophilic cores can be prepared by the double
emulsion technique. Double emulsion is an excellent alternative for the
encapsulation of hydrophilic and hydrophobic compounds/drugs in a
same system [21,23]. In addition, when this technique is combined
with the melt dispersion technique, the use of an organic solvent, which
can present toxicological problems, is avoided [24]. Peres et al. (2016)
incorporated both hydrophilic (Sulphorhodamine 101) and hydro-
phobic (Coumarin-6) molecule in SLNs (stearic acid) by double emul-
sion/melt dispersion technique. In this study, the authors showed a
high encapsulation efficiency, above 60% and 95% for hydrophilic and
hydrophobic compounds, respectively.

Herein SLNs were obtained from beeswax. Beeswax has a broad
range of applications in the food, cosmetology and pharmaceutical
fields [25,26]. Due to its antimicrobial and humectant properties the
beeswax can be a potential lipid for the development of SLNs for cu-
taneous application. [24,25,27,28]. The liquid selected to compose the
hydrophobic part of SLNs was copaiba oil, widely used in cosmetics due
to its emollient properties [29]. Therefore, the aim of this work was to
prepare and characterize novel SLNs from beeswax containing DETC
and evaluate their in vitro cytotoxicity in murine macrophages, as well
as the leishmanicidal activity against L. amazonensis promastigotes.

2. Materials and methods

2.1. Materials

White beeswax (GM CERAS), Crodamol GTCC and copaiba oil
(Alpha Química) were used as lipid matrix. As surfactants, soy lecithin
(Alfa Aesar) and polyoxyethylene-20-sorbitan monooleate (Tween 80,
Vetec). The drug sodium diethyldithiocarbamate trihydrate (DETC) was
purchased from Vetec. Distilled water was used throughout the ex-
periments.

2.2. Preparation of beeswax nanoparticles containing DETC (DETC-
Beeswax)

Beeswax SLNs containing DETC were prepared by double emulsion/
melt technique as proposed by [30]. In the first step, a water in oil
emulsion was prepared by the emulsification of 0.3ml of aqueous
phase, containing 30mgmL−1 of DETC, in a lipid phase, Crodamol
(400mg) and beeswax (450mg), melted at 60 °C in the presence of the
surfactant lecithin (45mg). The sonication was carried out at 45%
amplitude for 15 s (Fischer Scientific, Ultrasonic Dismembrator Model
500). The sonication was used a 1/2″ (13mm) probe with replaceable
tip. In sequence, this first emulsion was added to 9mL of the aqueous
solution with the second surfactant Tween 80 (90mg) and kept under
magnetic stirring (300 rpm) for 10min at 60 °C. The second emulsion
was sonicated at 60% amplitude for 60 s, forming a double emulsion
(water/oil/water). To promote the rapid lipid solidification, the double
emulsion was added to 35mL of water at 2 °C under magnetic stirring
(400 rpm) for 5min. The pH of nanoparticles was maintained close to 7.

2.3. Preparation of beeswax nanoparticles containing DETC and copaiba oil
(DTECBeeswax-OC)

Beeswax SLNs containing DETC and copaiba oil were prepared in a
similar way as the DETC-Beeswax SLNs, with the only difference that
100mg of Crodamol were replaced by 100mg of copaiba oil.

2.4. Characterization

The morphology of the beeswax nanoparticles containing DETC and
copaiba oil was evaluated using transmission electron microscopy
(model JEM 2100 F, 80Kv). The samples were prepared by dropping the
diluted dispersion (0.5% solids content) onto the copper grid (300
mesh) with a Formvar/carbon film and dried at room temperature
overnight. In sequence, the copper grid was coated with carbon. The
intensity average particle diameter and polydispersity index were de-
termined by dynamic light scattering (Nanosizer, Malvern Instruments,
U.K). The surface charge of the nanoparticles was investigated by zeta
potential measurements (Zetasizer, Malvern Instruments, U.K.). For
nanosizer and zetasizer analyses the nanoparticles were washed and
resuspended in phosphate-buffered saline (PBS) solution (pH 7.2). All
samples were analyzed five times at 25 °C. Results are shown as
mean ± standard deviation (mean ± SD). The stability of DETC-OC
loaded in beeswax nanoparticles was evaluated for 120 days (2 °C) and
the physicochemical characteristics (average particle size, poly-
dispersity index and zeta potential) were evaluated. The colloidal sta-
bility of nanoparticles was also evaluated under thermal stress. In this
study, 5.0 g of total sample (aqueous emulsion containing DETC-
Beeswax-OC nanoparticles at pH 7) submitted to higher temperatures
without stirring or shaking. The temperature was increased from 40°C
to 80°C by steps of 5 °C every 30min. Physico-chemical characteristics
were evaluated before and after thermal stress. Macroscopic analyses
were performed in DETC loaded in beeswax nanoparticles, to observe
any sign of macroscopic instability (creaming, sedimentation, floccu-
lation or coalescence) before and after thermal stress and for a long
period of time (120 days). All samples were analyzed in triplicate
(n= 3). For the encapsulation efficiency (EE%), beeswax nanoparticles
were centrifuged using Amicon® Ultra centrifugal filter (Millipore,
100 kDa) at 13.400 rpm for 30min. After centrifugation, the super-
natant and the retained in the Amicon® were quantified by UV–vis
spectrophotometry (U-1900, Hitachi). The DETC concentration was
measured at 281 nm (region in the ultraviolet spectrum) using a cali-
bration curve with different concentrations of DETC (0.5–18 μgmL−1)
dissolved in distilled water (pH 7). The coefficient of determination (R2)
exceeded 0.999, with excellent linearity. The EE% was calculated from
Eq 1:

=
−

×
C CEE (%) C 1001 2

1 (1)

where C1 is the mass of DETC loaded to the nanoparticles and C2 is the
free DETC mass. The centrifuged volume was of 500 μL with 2.16% of
solid content. The centrifugal force was of= 12.100 x g (rcf). The
measures were taken in triplicate (n=3) at room temperature and the
results are shown as mean results followed by standard deviation
(mean ± SD).

Fourier transform infrared spectroscopy (FTIR, IRPrestige-21,
Shimadzu) analyses were performed with lyophilized samples and
prepared in KBr pellets. FTIR spectra were recorded over
4000–400 cm−1 using a resolution of 4 cm−1 and 32 scans. The dif-
ferential scanning calorimetry (DSC - 4000 Perkin Elmer) analyses were
performed under inert atmosphere (N2, 20mL.min−1), over a tem-
perature range from -10 to 120 °C, and heated at a linear heating rate of

Table 1
Particle size (Dp), polydispersity index (PdI), zeta potential of SLNs and en-
capsulation efficiency (EE) of DETC.

Dp(nm) PdI Zeta potential (mV) EE
(%)

Beeswax NPs 192 ± 2 0.169 −43 ± 3 –
Beeswax-OC NPs 187 ± 6 0.141 −42 ± 4 –
DETC-Beeswax NPs 191 ± 4 0.193 −45 ± 2 86 ± 5
DETC-Beeswax-OC NPs 186 ± 4 0.171 −42 ± 2 87 ± 6
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10 °C/min.

2.5. In vitro studies

2.5.1. L. amazonensis maintenance Amazonensis maintenance
Promastigote forms of L. (L.) amazonensis (MHOM/BR/1989/

166MJO) were maintained in culture medium 199 (M199) (GIBCO,
Invitrogen, New York, USA) supplemented with 10% fetal bovine serum
(GIBCO - Invitrogen, New York, USA), 1M HEPES buffer, 1% human
urine, 1% L-glutamine, streptomycin, penicillin (GIBCO, Invitrogen)
and 10% sodium bicarbonate. The culture was maintained in an in-
cubator at 25 °C in a 25 cm2 culture flask for five days (stationary
growth phase). All promastigote forms were used in the stationary
growth phase.

2.5.2. Experimental animals and ethics committee
BALB/c mice weighing 25–30 g aged 6–12 weeks were obtained

from Carlos Chagas Institute /Fiocruz-PR, Curitiba, Brazil. The mice
were maintained under sterile conditions and used according to the

protocol approved by the Ethics Committee for the Use of Animals of
the State University of Londrina (nº 24299.2017.66).

2.5.3. Peritoneal macrophage viability analysis
The cytotoxic effect of free DETC and DETC-Beeswax-OC nano-

particles on peritoneal macrophages was evaluated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as
described by Tomiotto-Pellissier et al. [31]. Briefly, macrophages
(5×104 cells/mL) were recovered from the peritoneal cavity of BALB/
c mice with cold PBS supplemented with 3% of FBS and then cultured in
96-well plates with 200 μL of RPMI 1640 medium (10% FBS) for 2 h
(37 °C, 5% CO2). After this time, the wells were washed with PBS to
remove the non-adherent cells. Adherent cells were incubated with 0.1,
1 and 10 μM of free DETC and DETC-Beeswax-OC nanoparticles and
cultured for 24 h under the same conditions. All assays were performed
at equivalent free DETC concentrations. Thereafter the supernatants
were discarded and each well washed 3 times with PBS to remove
potential interferents from the treatments; and MTT (5mg/mL) was
added for 3 h. After this time, the supernatant was removed and 100 μL
of DMSO (dimethyldisulfoxide) was added to solubilize the formazan
crystals. The plates were read using a spectrophotometer (Thermo
Scientific, Multiskan GO) at 550 nm.

2.5.4. In vitro leishmanicidal activity of free DETC and DETC loaded in
beeswax-copaiba oil nanoparticles against L. amazonensis promastigote
forms Amazonensis promastigote forms

The antipromastigote activity was performed according to
Gonçalves et al. [32]. Promastigote forms of L. amazonensis (106 cells/
mL) were treated with different concentrations of free DETC and DETC-
Beeswax-OC nanoparticles (0.1, 1 and 10 μM). The parasites were
counted in a Neubauer chamber after 24 h of treatment. Untreated

Fig. 1. TEM images of Beeswax-copaiba oil nanoparticles (A–B) and DETC loaded in Beeswax-copaiba oil nanoparticles (C–D).

Table 2
Stability of beeswax SLNs containing DETC with and without copaiba oil under
thermal stress.

Dp
(nm)

PDI Zeta potential (mV) pH

After thermal stress (40 °C)
DETC-Beeswax NPs 191 ± 5 0.189 −45 ± 4 7.1
DETC-Beeswax-OC NPs 185 ± 3 0.170 −41 ± 2 7.0

After thermal stress (80 °C)
DETC-Beeswax NPs 192 ± 4 0.191 −44 ± 2 7.1
DETC-Beeswax-OC NPs 188 ± 5 0.172 −42 ± 3 7.2

K.L. Mazur et al. Colloids and Surfaces B: Biointerfaces 176 (2019) 507–512

509



promastigotes and those treated with Beeswax-OC nanoparticles were
used as controls.

2.5.5. Statistical analysis
The data were from three independent experiments and were ex-

pressed as mean ± standard deviation (SD). Significant differences
between treatments were determined by ANOVA, followed by the
Tukey test for multiple comparisons. p≤ 0.05 was considered statisti-
cally significant. Cytotoxic (CC50) and leishmanicidal (IC50) activities
are the concentrations of compounds able to reduce 50% of murine
peritoneal macrophages viability and inhibit 50% of parasites growth,
respectively and were calculated by non-linear curve fitting. From CC50

and IC50 was obtained the selectivity index (SI), as shown by equation
2.

=SI CC
IC50

50 (2)

Statistical analyzes were performed using the software GraphPad
Prism 5.03 (San Diego, USA).

3. Results and discussion

DETC was encapsulated in beeswax nanoparticles with and without
copaiba oil obtained by the double emulsion technique using pharma-
ceutically acceptable (non-toxic) lipids and surfactants. When the focus

is the biomedical application the study of the physico-chemical prop-
erties (size, morphology and zeta potential) of nanoparticles is ex-
tremely important, since these can have biological implications, as in
the cellular uptake, biological processes and biocompatibility [33–36].

Therefore, the particle size, polydispersity index, zeta potential and
EE were determined, as shown in Table 1. Beeswax nanoparticles pre-
sented submicrometric sizes (close to 200 nm) with narrow distribution,
negative zeta potential and high DETC encapsulation efficiency. The
incorporation of DETC and copaiba oil had no major effect on the
physico-chemical properties of beeswax nanoparticles. The total solid
was of 2.16%.

The morphology of DETC-beeswax-OC nanoparticles was evaluated
by TEM. In Fig. 1, it can be verified that nanoparticles present a
semispherical morphology and submicrometric size, in agreement with
average particle sizes determined by dynamic light scattering analyses
(Table 1). In addition, a slight crystallization can be seen in nano-
particles. The appearance of crystals on the surface of the nanoparticles
can be related to the crystalline characteristic of lipid. The crystals can
also appear when the heated lipid is cooled rapidly, as well as, the
presence of the surfactant can force the crystallization of the lipid [37].

The colloidal stability of Beeswax SLNs containing DETC was eval-
uated under thermal stress condition and confirmed based on particle
size, polydispersity index, zeta potential and pH results. As can be seen
in Table 2, the stability of lipid nanoparticles was confirmed by absence
of modification of their physico-chemical properties before and after
thermal stress [38,39]. In addition, it is important to emphasize that it

Fig. 2. FTIR spectra of copaiba oil, beeswax, DETC, physical mixture (DETC and
beeswax) (A) and SLNS with and without DETC and copaiba oil (B).

Fig. 3. DSC thermograms of free DETC, pure beeswax, copaiba oil (A) and lipid
nanoparticles (B).
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was not observed any sign of macroscopic instability in the beeswax
SLNs containing DETC dispersion.

The FTIR spectral analysis was performed to verify the possible
physico-chemical interaction between the drug (DETC) and SLNs. As
can be seen from Fig. 2A, free DETC presents characteristic peaks at
837, 909, 985 cm-1 (CeS), 1070, 2104 (C]S) and 1423 cm−1 N-CS2)
[11,40,41]. Copaiba oil presents a characteristic peak at 1740 cm-1 (C]
O) and a broad medium band between 3100 and 2700 cm-1, attributed
to carboxylic acids [42,43]. In the FTIR spectra of beeswax, it was
observed peaks at 2922, 2848 cm-1 (stretching vibrations of CeH
groups), 1736 cm−1 (stretching vibrations of the carbonyls of esters),
1467 cm-1 (hydrocarbon vibrations) and peaks located at 1300 to
728 cm-1 related to the ester group [44,45]. When DETC was en-
capsulated in SLNs, the characteristic peaks of beeswax and copaiba oil
were much more pronounced due to their higher concentration
(Fig. 2B).

To characterize further the incorporation of DETC and copaiba oil in
the SLNs, samples were analyzed by DSC. DSC thermograms of DETC
and pure beeswax showed melting peaks at, respectively, 83 °C and
58 °C (Fig. 3A). The melting peak of copaiba oil was not identified in the
evaluated temperature range as it is liquid at temperatures above 0 °C.
As can be seen in Fig. 3B, the SLNs presented a melting peak at 45 °C.

This reduction can be related with Crodamol and copaiba oil being
molecularly dispersed in the SLNs matrix [46–48]. The melting peak of
DTEC was not observed at 83 °C. It could imply in a good dispersion of
the drug in SLNs matrix. However, due to its low concentration the
absence of the melting peak should be regarded with precaution.

In order to evaluate if free DETC and DETC-Beeswax-OC nano-
particles exert cytotoxic effect in peritoneal macrophages, a MTT assay
was conducted as shown in Fig. 4A. The results showed that treatments
with 1 and 10 μM free DETC presented reduction in the viability of
murine peritoneal macrophages; in contrast the treatment with DETC-
Beeswax-OC nanoparticles did not affect the cell viability. These results
demonstrate that the incorporation of DETC in beeswax nanoparticles
protects healthy cells, decreasing the toxic effect of DETC.

As expected, the treatment with free DETC showed antipromastigote
effect in all tested concentrations (0.1–10 μM), evidenced more with 1
and 10 μM when compared to DETCBeeswax-OC nanoparticles
(Fig. 4B). However, the treatment with DETC-OC-beeswax nano-
particles was also able to eliminate promastigote forms, but without
altering the viability of macrophage cells. These results indicate that
SLNs provided a protection for the drug, decreasing its cytotoxic effects
on macrophages, which led to an improvement in the SI (11.4–18.2) of
DETC when incorporated in SLNs against the parasites [49]. Ad-
ditionally, we observed that the IC50 was estimated in 0.23 and 0.55 μM
for free DETC and DETC-OC-beeswax nanoparticles, respectively. The
CC50 was estimated in 2.7 and> 10 μM for free DETC and DETC-
Beeswax-OC nanoparticles, respectively. Moreover, it is noteworthy
that the Beeswax-OC nanoparticles did not present any cytotoxic on the
macrophage cells and parasites.

4. Conclusion

Diethyldithiocarbamate (DETC) is a promising drug for cancer
treatment that presented excellent leishmanicidal activity, but also
presented cytotoxic effect on peritoneal macrophages. Thus, DETC was
successfully encapsulated in beeswax nanoparticles by the double
emulsion/melt technique forming SLNS. These SLNs presented a size
below 200 nm, high encapsulation efficiency and excellent colloidal
stability. Furthermore, DETC encapsulated in beeswax nanoparticles
also showed a good leishmanicidal activity against L. amazonesis pro-
mastigotes. Unlike free DETC, SLNs did not present any cytotoxic effect
on peritoneal macrophages, thus presenting a selectivity index almost
two times higher than free DETC. Based on these promising results its
leishmanicidal activity should be evaluated in animal models.
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