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c Departamento de Ciências Farmacêuticas, Universidade Federal de Pernambuco, Recife, Pernambuco, Brazil
h i g h l i g h t s
* Corresponding author.
E-mail address: aline.caroline.bm@gmail.com (A.C

http://dx.doi.org/10.1016/j.exppara.2017.04.003
0014-4894/© 2017 Elsevier Inc. All rights reserved.
g r a p h i c a l a b s t r a c t
� Aryl thiosemicarbazone derivatives
have low toxicity to host cells.

� Aryl thiosemicarbazone demon-
strated direct activity on
L. amazonensis in vitro.

� Macrophage Modulation by cytokines
TNF, IL-10, IL-12 and nitric oxide was
detected.
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Leishmaniasis is an infection caused by different species of Leishmania genus. Currently, there is no
vaccine available for Leishmania infections in humans and conventional treatments are limited due to
side effects. Therefore, the development of new antileishmanial drugs is an urgent need. In present study,
we evaluated the cytotoxicity in host cells, leishmanicidal activity and immunomodulatory potential of
seven aryl thiosemicarbazones. Host cell cytotoxicity was determined in peritoneal macrophages of
BALB/c mouse, antiparasitic activity was determined against promastigotes and amastigotes of WHOM/
00LTB 0016 strain of L. amazonensis. Nitric oxide (NO) production, interleukin (IL)-12, IL-10 and TNF-
alpha secretion were measured in the supernatant of uninfected and infected macrophage cultures. It
was observed that aryl thiosemicarbazones presented in vitro antiparasitic activity against both extra-
cellular and intracellular forms of L. amazonensis. However, unlike Amphotericin B, these compounds
displayed low cytotoxicity towards host cells. In addition to observed antiparasitic activity, compounds
exhibited modulatory properties in the secretion of cytokines and nitrite content from uninfected
stimulated and L. amazonensis-infected macrophages. In conclusion, we demonstrated the in vitro
antiparasitic activity against L. amazonensis for aryl thiosemicarbazones, which is possible achieved by
Th1 cytokine profile modulation. These findings are potential useful for drug development against
cutaneous leishmaniasis.

© 2017 Elsevier Inc. All rights reserved.
. da Silva).
1. Introduction

Leishmaniasis is a chronic disease caused by kinetoplastid pro-
tozoa belonging to Leishmania genus, which are transmitted from
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Fig. 1. Structures of aryl thiosemicarbazones studied here.

A.C. da Silva et al. / Experimental Parasitology 177 (2017) 57e6558
animals to humans by sandflies. The disease has diverse clinical
manifestations depending on both infecting species of Leishmania
and host immune response (Gurung and Kanneganti, 2015). Ac-
cording to World Health Organization (WHO), leishmaniasis is
among the six most important tropical diseases. It is estimated that
there are about 1.3 million new cases every year and that 310
million people under infection risk (WHO, 2015).

Among measures taken to disease control, the main ones are:
vector and reservoir animals control, early diagnosis and treatment
for human cases. On the past seventy years, pentavalent antimo-
nials (SbV) have been the first-line drug in treatment for all types of
leishmaniasis. Sodium stibogluconate (Pentostam®) and meglu-
mine antimoniate (Glucantime®) are principally used. In view of
their higher toxicity, AmB and Pentamidine are second-line drugs,
which are recommended in cases of contraindication, intolerance
or resistance to antimonials (de Vries et al., 2015).

Limitations of current treatment includes: hospital care, due to
side effects, that make treatment expensive and drug non-
responsive patients occurrence owing to either drug-resistant
parasite strains or immunosuppression in HIV co-infection cases
(Boer et al., 2011; Croft et al., 2006; Leprohon et al., 2015). There-
fore, research to find alternatives more effective, with fewer side
effects and low cost associated are extremely necessary and rec-
ommended by WHO (WHO, 2015, 2010).

A number of compounds obtained through synthesis have
emerged in the last decades as antiparasitic agents, among them
thiosemicarbazones are some of the most promising in terms of
efficacy and action spectrum. Thiosemicarbazones stand out for
their broad pharmacological profile, whose properties have been
widely studied due to possible of handling their radicals, coordi-
nating their mechanism of action. Among promising biological
activities of these compounds can be highlighted: anticonvulsant,
antimicrobial, antiviral, antiparasitic and antitumor activities
(Beraldo, 2004; Heng et al., 2015; Lessa et al., 2011a, 2011b;
Santiago et al., 2014).

Activity of compounds derived from thiosemicarbazone struc-
ture on Trypanosoma cruzi is associated with cruzain inhibition, a
cysteine protease found abundantly in trypanosomatid, which was
named after it was initially identified in T. cruzi (Zaldini et al., 2010).
On Leishmania sp., cysteine proteases occurring in large amounts in
megasome, organelle particularly abundant in amastigote form.
These enzymes, likewise cruzain, play important roles in Leish-
mania as virulence, maintaining parasite viability and morphology,
host mononuclear phagocyte invasion and modulating its immune
response, thus constituting attractive chemotherapeutic target in
leishmaniasis treatment (Mottram et al., 2004; Schad et al., 2016;
Schroder et al., 2013).

The lack of compounds that act with more selectivity on leish-
maniasis parasite, without causing much damage to man, re-
inforces the need of novel therapeutic agents. This study evaluated
the leishmanicidal activity of seven synthetic products derived
from thiosemicarbazone structure. It was determined toxicity of
these compounds on macrophages and activity on promastigotes
and amastigotes of L. amazonensis, in addition to assessing their
potential immunomodulatory effect on macrophages. Therefore,
the aims of this study was the investigation of in vitro activity
against L. amazonensis and immunomodulatory effects for a class of
aryl thiosemicarbazones.

2. Materials and methods

2.1. Synthesis of compounds

Aryl thiosemicarbazone compounds (Fig. 1) were synthesized at
Laboratory of Planning and Medicinal Chemistry in Federal
University of Pernambuco (UFPE), Brazil as previously described
(Magalhaes Moreira et al., 2014). All reagents used for synthesis
were purchased from commercial sources (Sigma-Aldrich, Acros
Organics, Vetec, or Fluka). Progress of the reactions was followed by
thin-layer chromatography (silica gel 60 F254 in aluminum foil). IR
was determined in KBr pellets. For NMR, it was used a Bruker AMX-
300 MHz (300 MHz for 1H and 75.5 MHz for 13C) instrument.
DMSO-d6 was purchased from CIL. Mass spectrometry experiments
were performed on a Q-TOF spectrometer LC-IT-TOF (Shimadzu).
After chemical characterization, compounds were solubilized in
DMSO (Sigma) and dissolved in culture medium (RPMI (Cultilab,
Brazil) or Schneider's(Sigma, USA)) before use in experiments.

2.2. Animals, peritoneal macrophages and parasites

Male BALB/c mice, at 6e8weeks of age and between 20 and 25 g
were provide by animal facilities of the Oswaldo Cruz Foundation
(Rio de Janeiro, Brazil) and maintained at animal facilities of Aggeu
Magalh~aes Research Center of Oswaldo Cruz Foundation in Recife,
Brazil. Animals were maintained under standard conditions on a
constant 12 h light/dark cycle with controlled temperature
(22 ± 2 �C). Food and water were given ad libitum. The procedures
performed on animals in this study have approval by the Ethics
Committee for Animal Use (CEUA/FIOCRUZ 26/2011).

For peritoneal macrophages obtaining, animals were euthanized
and peritoneal cavity was washed with complete RPMI 1640 me-
dium (100m g/ml streptomycin (Cultilab, Brazil), 100 U/ml penicillin
(Cultilab, Brazil) and 10% de fetal calf serum (FCS; Cultilab, Brazil)).
Cells were counted and concentration was adjusted for each
experiment.

L. amazonensis promastigotes (WHOM/00 LTB 0016) were
grown at 26 �C in Schneider's medium with 10% FCS. Intracellular
amastigotes forms were obtained inoculating infective promasti-
gotes in murine macrophages cultures at 8:1 parasites:macrophage
ratio.

2.3. Macrophages cytotoxicity

Peritoneal macrophages were used to assess cell cytotoxicity by
MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide, Sigma, USA) assay (Leite et al., 2013). Cells (1 � 105 cells/
well) were plated in 96 well plates and incubated for 24 h (37 �C, 5%
CO2). Then, compounds were added, in six concentrations (1, 5, 10,
25, 50 and 100 mg/mL) and incubated for 48 h. Untreated (DMSO)
and AmB were employed as controls. After incubation with com-
pounds, MTT at 5 mg/mL in PBS, was added. Three hours after, cell
culture medium was aspirated and 100 mL of DMSO was added,
solubilizing formazan crystals. Optical density was measured at
540 nm (Thermo Scientific Multiskan®, USA). Cytotoxic Concen-
tration for 50% inhibition of viability (CC50) was also calculated by
regression analysis using GraphPad Prism software. Assays were



Table 1
Activity of thiosemicarbazones on murine macrophages and Leishmania
amazonensis.

Compound CC50 (mM) IC50PRO (mM) IC50AMA (mM) SIPRO SIAMA

TS01 163.1 ± 37.6 6.0 ± 0.02 33.0 ± 12.8 27.13 3.64
TS02 >333.2 12.5 ± 1.4 37.8 ± 11.2 ND ND
TS03 155.5 ± 10.8 3.5 ± 0.33 34.3 ± 1.23 44.96 3.95
TS04 154.4 ± 10.0 87.5 ± 2.14 25.1 ± 5.08 1.76 4.67
TS05 111.8 ± 12.1 4.9 ± 0.15 40.3 ± 0.42 22.94 2.96
TS06 >274.7 4.8 ± 0.21 18.3 ± 4.04 ND ND
TS07 >284 3.6 ± 0.9 34.8 ± 0.03 ND ND
AmB 8.1 ± 2.3 1.1 ± 0.15 0.23 ± 0.02 7.5 34.09

Note: CC50: Cytotoxic Concentration for 50% of macrophages (mM). IC50PRO:
Inhibitory Concentration for 50% of L. amazonensis promastigotes (mM). IC50AMA:
Inhibitory Concentration for 50% of L. amazonensis amastigotes (mM). SIPRO: Selec-
tivity Index¼ CC50 Macrophages/IC50 Promastigotes. SIAMA: Selectivity Index¼ CC50

Macrophages/IC50 Amastigotes.
ND: Not determined. No toxicity in any concentration tested.
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done in triplicate. Selectivity Index (SI) was determined as the ratio
of CC50 values (macrophages) and Inhibitory Concentration for 50%
parasites (IC50), for each compound.

2.4. Promastigotes and amastigotes assays

Promastigotes were used for an initial screening for leishmani-
cidal activity (de Mello et al., 2014). Cells were diluted
(1 � 106 cells/mL) in Schneider's mediumwith 10% fetal calf serum.
Briefly, cells were incubated in a 96 well plate with compounds in
ten different concentrations (0.19e100 mg/mL) for 96 h at 26 �C.
AmB (Sigma, USA) was used as a reference drug and DMSO as
negative control. Cells without treatment were used as negative
controls. Cell growth was assessed and IC50/96 h was determined
by regression analysis. Assays were conducted in triplicate.

For intracellular amastigotes culture, macrophages were har-
vested and plated (3 � 105 cell/mL) in a 24-well plate with a 13 mm
glass cover slip and allowed to adhere for 48 h, at 37 �C in 5% CO2
(de Mello et al., 2014). Adhered macrophages were then infected
with promastigotes in the stationary growth phase using a ratio
8:1 at 37 �C for 4 h. Afterward, non-interiorized parasites were
removed by washing and infected culture were incubated for 24 h
in complete RPMI 1640 medium (negative control) and treated
with three different compounds concentrations (6.25e25 mg/ml).
The cover slips were collected and stained using Pan�otico staining
kit (Laborclin, PR, Brazil). Percentage of infected macrophages was
determined by counting 100 cells and its intracellular amastigotes,
in triplicate. Leishmanial activity was assessed by decrease of
infected macrophages and intracellular amastigotes in cultures
treated (T) and non treated (NT), described by formula: %
amastigotes ¼ T x NT/100. From the reduction of infected macro-
phages and intracellular amastigotes, IC50 was determined by
regression analysis.

2.5. Apoptosis and necrosis assessment

Annexin-FITC/Propidium Iodide labeling was used to charac-
terize cell deathmodalities induced by incubationwith compounds
(Soflaei et al., 2012). Promastigotes (4 � 107 cells/mL) were treated
with compounds in its respective IC50 values. AmB (IC50) and
Saponin (0.5%) were used as controls. After incubation, parasites
werewashedwith PBS and ressupended in binding buffer (Annexin
V Binding Buffer- BD Pharmingen™, USA). For labeling, 10 mL of
propidium iodide (50 mg/mL) and 5 mL of Annexin-FITC (BD Phar-
mingen™, USA) were added for 15 min at room temperature in
dark. Flow cytometry was conducted in FACSCalibur (Becton &
Dickinson, USA) using Cell Quest software. For each compound we
acquire 20,000 events. Assays were conducted in duplicates.

2.6. Collection of culture supernatants for cytokine quantification
and nitric oxide production

Murine peritoneal macrophages obtained as previously
mentioned were plated in 24-well plate (4 � 105 cell/mL) at 37 �C,
5% CO2. Compounds (25, 12.5 e 6.25 mg/mL) or AmB (2, 1, 0.5, 0.25 e
0.125 mg/mL) were added and incubated for 24 and 48 h. Peritoneal
macrophages infected with parasites were submitted at the same
conditions (only 24 h of incubation) and compounds concentra-
tions. After that time, supernatants were harvested for evaluation
of nitric oxide (NO) and cytokine production. Assays were con-
ducted in triplicate.

Griess reagent was used for indirect nitric oxide measurement
production by macrophage. Culture supernatants described above
were plated in 96 well plates. After that, Griess reagent was added
and incubated for 10 min at room temperature. Absorbance was
measured at 540 nm using THERMO SCIENTIFIC Multiskan FC
spectrophotometer. Nitrite concentrations (mM) were determined
using a standard curve. Assays were conducted in triplicate.

Macrophage culture supernatants were also used for measure-
ment of cytokine production. OptEIA Kit (BDBiosciences, USA) was
used for dosage of TNF, IL-10 and IL-12 production, according to the
manufacturer's suggested protocols.

2.7. Statistical analysis

Linear regression and significance analysis were done using
GraphPad Prism 5.0 software. For significance analysis was used
ANOVA and Dunnett's test, taking into account p < 0.05.

3. Results

3.1. Effects of thiosemicarbazones on peritoneal macrophages

Compounds activity on peritoneal macrophages was evaluated
byMTTassay. All compounds tested showed a higher cytotoxicity to
parasites when compared to murine macrophages, presenting
lower IC50 values than CC50 values. Some compounds showed no
toxicity to macrophages in any concentration tested (Table 1). CC50
values ranged between 111.8 and 163.1 mM for TS05 and TS01,
respectively.

3.2. In vitro activities against L. amazonensis promastigotes and
amastigotes

Our results in vitro with L. amazonensis promastigotes demon-
strate that all compounds were able to inhibit cellular growth, with
IC50 values ranging between 3.5 and 87.5 mM (Table 1). TS03was the
most activity compound tested on promastigote.

Evaluated compounds showed lower IC50 values in promasti-
gotes than in intracellular amastigotes, thus demonstrating greater
effectiveness against the first. Intracellular amastigotes IC50 values
ranged from 18.3 to 40.3 mM. Amastigotes SI ranged from 2.96 to
4.67. TS06 was the most activity against amastigotes
(IC50 ¼ 18.3 mM) and TS04 was the most selective compound.

Reference drug used in this work, AmB, presented strong
effectiveness against the L. amazonensis strain used in trials, with
low IC50 values for both parasite forms and high Selectivity Index.

3.3. In vitro cytokines induction

3.3.1. Tumor necrosis factor (TNF)
TNF production on macrophages was significantly increased
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under the influence of TS01 (6.25 mg/mL), TS03 (6.25 mg/mL), TS04
(12.5 mg/mL), TS05 (12.5 mg/mL) after 24 h of treatment (Fig. 2a). No
production of TNF was detected after 48 h treatment in any situa-
tion, as expected.

Macrophage infection with L. amazonensis, applied to obtain
intracellular amastigotes, caused a significant increase of TNF pro-
duction in comparison to uninfected control. In presence of com-
pounds, there was a greater increase in production of TNF only with
TS01, at lowest concentration tested, and significant decrease of
this cytokine in cultures treatedwith TS05, TS06 and TS07 in lower/
or intermediate concentration when compared to infected and
untreated control (Fig. 2b).

3.3.2. Interleukin-12 (IL-12)
Significant IL-12 production in supernatants of macrophages

was detected after 24 h incubation with TS01 (6.25 mg/ml), TS02
(25 mg/ml) and TS06 (25 and 12.5 mg/ml). On the other hand, after
48 h, significant production of this cytokine was detected in cul-
tures stimulated with compounds TS01 (12.5 and 6.25 mg/ml), TS04
(6.25 mg/ml), TS06 (25 mg/ml) and TS07 (6.25 mg/ml) (Fig. 3a and b).

L. amazonensis infected macrophages presented a slight increase
in IL-12 production, not statistically significant, after 24 h. When
this culture was treated, only compounds TS03 (6.25 mg/ml), TS05
Fig. 2. Effect of thiosemicarbazones on TNF production in mouse macrophages (a) and L. a
TS01, TS03, TS04 and TS05. P < 0.0001. (B) Increase was significant for TS01. Decrease was
(6.25 mg/ml) and TS07 (6.25 mg/ml) stimulated IL-12 production
significantly compared to control (Fig. 3c).

3.3.3. Interleukin-10 (IL-10)
During a period of 24 h, there was a significant increase in IL-10

production in presence of compounds TS01 (12.5 and 6.25 mg/ml)
and TS07 (12.5 and 6.25 mg/ml). On the other hand, there was a
significant reduction in this cytokine production toTS01 (25 mg/ml),
TS03 (25 and 12.5 mg/ml), TS04 (25 and 6.25 mg/ml), TS05 (12.5 mg/
ml) and TS06 (12.5 mg/ml) (Fig. 4a).

After 48 h, only TS01 (12.5 and 6.25 mg/ml) and TS02 (25 mg/ml)
significantly increased IL-10 production, whereas TS03 (6.25 mg/ml)
and TS06 (25 mg/ml) reduced their production (Fig. 4b).

L. amazonensis infected macrophages showed a slight reduction
in IL-10 production but not significantly. By the same way, different
concentrations of compounds no presented significant difference in
production of this cytokine (Fig. 4c).

3.4. In vitro nitric oxide production

Nitric Oxide production was evaluated in vitro in peritoneal
macrophages stimulated or not with compounds after two incu-
bation times: 24 h and 48 h. In both time was identified production
mazonensis infected macrophages (b) after 24 h. Note: (A) Increase was significant for
significant for TS05, TS06 and TS07. P ¼ 0.0001.



Fig. 3. Effect of thiosemicarbazones on IL-12 production inmousemacrophages after 24h (a) and 48 h (b) and L. amazonensis infectedmacrophages after 24h (c). Note: (A) Increasewas
significant for TS01, TS02 and TS06. P < 0.0001. (B) Increase was significant for TS01, TS04, TS06 and TS07. P < 0.0001. (C) Increase was significant for TS03 and TS05. P < 0.0001.

A.C. da Silva et al. / Experimental Parasitology 177 (2017) 57e65 61



Fig. 4. Effect of thiosemicarbazones on IL-10 production in mouse macrophages after 24 h (a) and 48 h (b) and L. amazonensis infected macrophages after 24 h (c). Note: (A) Increase
was significant for TS01 and TS07. P < 0.0001. (B) Increase was significant for TS01 and TS02. Decrease was significant for TS03 and TS06. P ¼ 0.0002. (C) No statistically significant
difference. P ¼ 0.2306.
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Table 2
NO- production in murine macrophages.

Treatment NO2
� (mM)

24 h 48 h

Untreated Control 8.8 ± 0.23 9.26 ± 0.01
TS01 (mg/mL)
25 10.7 ± 0.02 * 7.7 ± 0.05 *
12.5 10.2 ± 0.07 * 8.6 ± 0.03 *
6.25 10.6 ± 0.35 * 8.6 ± 0.02
TS02 (mg/mL)
25 10.1 ± 0.07 * 8.6 ± 0.05 *
12.5 9.8 ± 0.13 * 8.5 ± 0.05 *
6.25 9.6 ± 0.23 * 8.5 ± 0.13 *
TS03 (mg/mL)
25 9.3 ± 0.2 8.2 ± 0.66 *
12.5 8.6 ± 0.05 8.6 ± 0.25 *
6.25 8.9 ± 0.7 8.9 ± 0.1
TS04 (mg/mL)
25 9.5 ± 0.13 8.9 ± 0.00
12.5 9.1 ± 0.13 8.9 ± 0.05
6.25 9.1 ± 0.8 9.1 ± 0.16
TS05 (mg/mL)
25 11.9 ± 0.3 * 12.3 ± 2.3
12.5 10.5 ± 0.76 * 11.8 ± 0.2
6.25 10.9 ± 0.03 * 10.6 ± 0.00
TS06 (mg/mL)
25 11.4 ± 0.17 * 11.7 ± 0.3
12.5 10.5 ± 0.23 * 10.5 ± 0.16
6.25 9.8 ± 0.16 9.6 ± 0.55
TS07 (mg/mL)
25 9.6 ± 0.3 9.0 ± 2.07
12.5 10.2 ± 0.21 * 9.0 ± 0.5
6.25 10.3 ± 0.02 * 9.7 ± 0.1

Note: (*) represents statistically significant values. Was used ANOVA and Dunnett's
test.
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of this mediator, and the most significant results were observed
after incubation for 24 h. In 48 h, only TS02 produced significant
amounts of NO in all concentrations tested, compared to untreated
control (Table 2).

3.5. Cell death analysis

Parasites incubated with TS02 (IC50 value) for 24 h have signif-
icantly labelling compatible with necrosis and apoptosis. Similar
labelling was observed with AmB treatment (Fig. 5), however TS02
Fig. 5. Mechanisms of cell death induced by compound TS02. Note: TS02 and
caused twice more labelling compatible with necrosis than AmB.
On the other hand, TS01, TS03, TS04, TS05, TS06 and TS07 did not
cause any significant changes in parasites, under experimental
conditions applied (Data not shown).
4. Discussion

Cutaneous leishmaniasis is usually a debilitating disease, have
no vaccine available, and chemotherapy, based on pentavalent an-
timonials, causes serious side effects with resistance to treatment
related (WHO, 2015). Within this scenario, the search for new
chemotherapeutic agents remains necessary. Medicinal chemistry
has greatly contributed to generate structural changes in molecules
to obtain new derivatives and has been a successful approach for
new drugs design, based on known molecular targets in parasite
(Monzote, 2009).

Thiosemicarbazones stand out for their broad pharmacological
profile, whose properties have been widely studied due to possi-
bility of handling their radicals, coordinating their mechanism of
action. Among promising biological activities of these compounds
can be highlight: anticonvulsant, antimicrobial, antiviral, antipar-
asitic and antitumor activities (Beraldo, 2004; Heng et al., 2015;
Lessa et al., 2011a, 2011b; Santiago et al., 2014). Novel thio-
semicarbazone synthesis was stimulated by its known inhibition
activity on Trypanosoma cruzi and Leishmania sp. cysteine protease
(Britta et al., 2012; Schroder et al., 2013).

In this work, we analyzed cytotoxicity compounds on mouse
macrophages, since one of the main criteria in development of new
compounds with leishmanicidal activity is low toxicity to
mammalian cells and activity against parasite in low amounts
(Li~nares et al., 2006). Compounds demonstrated low toxicity on
macrophages, and CC50 values were always lower than IC50 to
promastigotas and amastigotes. The low toxicity of compounds
towards macrophages had a direct effect on selectivity index values
(SI), which were always more selective for parasites than to host
cells.

Given that promastigote is parasite form present in insect vec-
tor, compounds activity in this form served as a starting point to
determine leishmanicidal activity. IC50 values obtained for amas-
tigotes were higher than promastigotes. However, it must be taken
into consideration that action on amastigote form is complicated by
the need for permeation across macrophage and parasitophorous
AmB were statistically significant. Was used ANOVA and Dunnett's test.
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vacuoles membranes before reaching parasite (Muylder et al.,
2011).

Variations on leishmanicidal activity observed suggest that
there is a structure-activity relationship for synthetic compounds
tested, due to the variation in substituents added on scaffold
molecule. On promastigotes, we observed that presence of ether
(TS03) and dichloro (TS07) reduced IC50 values, while compounds
with substitution by fluorine (TS04) and phenyl (TS02), have
proved less effective against parasites.

To study the structure-antiparasitic activity relationships, we
examined mono-substituents attached at 4-position of phenyl ring
(CH3, OCH3, F, Cl, Br) in addition to a di-substituent (3,4-diCl).
These substituents presented different electronic contribution to
the phenyl group, allowing us to investigate the nature of each
substituent for antiparasitic activity. In fact, the most selective
compounds for promastigotes and amastigotes were TS03 and
TS04, respectively. In common, both compounds carry out small
substituents and H-bond acceptors. The presence of a halogen in
TS04 possibly collaborated with this increased activity, as the use of
halogen substituents contributes to halogen bond formation in
pharmacological target, contributing to stability of drug-receptor
binding (Zaldini et al., 2010). By comparing unsubstituted com-
pound TS01 and methyl compound TS02, it is observed that
increasing lipophilicity decreases antiparasitic activity. Other
compounds such as TS05, TS06 and TS07 also have halogens in their
structure and had low IC50 values in comparison to unsubstituted
thiosemicarbazone TS01.

Macrophages have importance on process of susceptibility or
resistance to leishmaniasis, once parasites multiply inside them. A
primary resistance mechanism to Leishmania infection is nitric
oxide production by infected macrophages. Important cytokines, as
IFN-g and TNF, are produced on Th1 response and guide the in-
duction of inducible nitric oxide synthase (iNOS), leading to NO
production from L-arginine (Holzmuller et al., 2002; Kückelhaus
et al., 2013; Lima-Junior et al., 2013).

Stimulatedmacrophages showed increased on NO production in
the presence of all compounds (except TS04) at any moment, after
stimulation for 24 or 48 h. NO importance on parasite and course of
leishmaniasis is known: parasite resistance to NO are correlated
with larger lesions and absence of induction of TNF production, an
important cytokine of Th1 profile, associated to leishmaniasis
infection resistance (Giudice et al., 2007; Souza et al., 2010).

As cytokine production is closely related to patient's response to
disease and treatment, in this work we analyze the influence of
compounds on production of some cytokines important for leish-
maniasis course, and which can be produced by macrophages: TNF,
IL-12 and IL-10. In addition, thiosemicarbazones are known to
regulate production of pro-inflammatory cytokines (as TNF and IL-
12) and anti-inflammatory cytokines (as IL-10) (Freitas et al., 2012).
Compounds TS01, TS02, TS03, TS04, TS05 and TS06 were able to
induce the production of pro-inflammatory cytokines. On the other
hand, the production of IL-10 (anti-inflammatory cytokine) varied
after thiosemicarbazones stimulation.

Although IL-10 stimulation is detrimental for facilitating para-
site replication in host cells, pro-inflammatory cytokines such as
IFN-g, TNF and IL-12 may be toxic when produced in high amounts.
IL-10 will block the Th1 cells activation, which can prevent the
overproduction of these cytokines, avoiding tissue damage
(Ribeiro-de-Jesus et al., 1998). Despite the importance of the Th1 on
the cure of infection, it is worth emphasizing that the same cyto-
kines involved in infection control may be related to the patho-
genesis of disease. A balance is required with Th2-type cytokine
producing cells: a Th1 x Th2 dichotomy (Reis et al., 2006).

Cell death mechanisms were evaluated on promastigotas and
TS02, similar to AmB, was able to induct apoptosis and necrosis on
parasites. Apoptosis, a process that can eliminate cells without
causing an immune response is important in leishmaniasis patho-
genesis context, is a process that can facilitate parasite survival
inside macrophage (El-Hani et al., 2012) and it has been reported
occurrence during the use of several reference drugs as antimonial,
Miltefosine and AmB. On the other hand, necrotic process results in
inflammation, consequence of action and activation of phagocytic
cells, there recruitment of inflammatory cells associated with Th1
cytokines production which would result in disease remission.
However with necrosis and increased pro-inflammatory cytokines
in these lesions, there would also be the accumulation of neutro-
phils, which are related to increased levels of amastigotes and
greater amount of drug to be healing of the lesions (Passero et al.,
2010).

In conclusion, results demonstrated activity of thio-
semicarbazone against L. amazonensis promastigotes and amasti-
gotes, with low toxicity to peritoneal macrophages in vitro.
Compounds tested also showed immunomodulation activity that
may be relevant in leishmaniasis treatment and progression. Cell
death induction was a significant found since it plays a central role
in disease progression. Results obtained in this study confirmed
important antiparasitic activity of thiosemicarbazones.
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