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Leishmaniasis is a neglected infectious disease caused by different species of the Leishmania 
parasite and is one of the major public health problems in developing countries. Despite the progress 
in fundamental knowledge about the Leishmania parasite, current therapy against leishmaniasis is 
still unsatisfactory due to limited efficacy, prolonged treatment, high cost and undesirable adverse 
effects. Thus, the research for new prototypes compounds of antileishmaniasis drugs remains 
a matter of current importance. The objective of this study was to evaluate the leishmanicidal 
activity of cytochalasin B, a natural compound isolated by our group in a previous study, against 
L. amazonensis, using experimental tests and computational simulation methodologies. The results 
of the biological evaluation showed that cytochalasin B has antileishmanial activity against the 
promastigote form of Leishmania amazonensis. These results are corroborated by the docking and 
molecular dynamics that showed that the activity occurs due to the inactivation of the trypanothione 
reductase enzyme (TryR).
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Introduction

The search for new drugs for neglected human diseases 
has accelerated in the last decade. Neglected diseases 
are a set of infectious diseases differentiated by the high 
level of morbidity, however, with a low level of mortality. 
They seriously affect the quality of life and cause negative 
socio-economic impacts for the population of the poorest 
countries.1,2

Leishmaniasis is one of the major public health problems 
in developing countries. This disease is among the endemics 
considered a priority in the world, being cited in 98 countries 
and territories, affecting around 2 million people per year, 
with 350 million people being exposed to infection.3

In addition to the toxicity of antileishmaniasis drugs, 
another serious problem that makes the treatment of the 
disease difficult is the development of resistance by the 
parasite.4 Studies have shown isolated parasites resistant 
to antimonials.5,6 A modern approach in the search for 
new drugs is through the use of theoretical medicinal 
chemistry combined with the classical experimental 

methods. Molecular modeling has as main objective to 
reproduce the real (experimental) behavior of molecules 
and molecular systems.7 Based on computational studies, 
the most promising compounds can be synthesized and 
tested, which greatly increases the chances of discovering 
a biologically active molecule that can be used as a drug. 
The technologies in silico, when compared to the in vitro 
and in vivo methods, are less expensive, faster, have a 
higher yield, have a greater reproducibility, and have the 
potential to reduce the use of animals,8 in addition to its 
important applications in the rational planning of potential 
bioactive compounds, particularly compounds with anti-
leishmanial activity.9

In this study, the leishmanicidal activity of 
cytochalasin  B (1) (Figure 1) was studied against a 

Figure 1. Structure of cytochalasin B (1).
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strain of L. amazonensis, as well as the application of the 
molecular docking technique and computational simulation 
through classic molecular dynamics (MD). In both assays, 
cytochalasin B (1) showed good activity.

Experimental

Isolation of cytochalasin B

The cytochalasin B used in this work was isolated 
from extracts of the fungal biomass of Aspergillus EJC04 
obtained from the collection of Bauhinia guianensis 
isolates from the Laboratório de Bioensaios e Química 
de Microorganismos (LaBQuiM, Universidade Federal 
do Pará, Brazil). The cultivation of the microorganism, 
as well as the extraction of the extracts, isolation and 
identification of cytochalasin B (1) has been described in 
a previous work.10

Species of Leishmania and cultivation

In this study, promastigotes of Leishmania  (L.) 
amazonensis, isolated from a patient from the municipality 
of Ulianópolis in the state of Pará, provided by Instituto 
Evandro Chagas (ICE, Ananindeua, Pará) under the 
record No. MHOM/BR/2009/M26361, were used. 
Promastigote forms of the species L. (L.) amazonensis 
were grown in Roswell Park Memorial Institute growth 
medium (RPMI 1640) and kept through weekly passages 
as described. 0.5 mL of promastigote suspension was 
transferred to cell culture bottles, each containing 5 mL of 
complete RPMI medium. Next, the inverted microscope 
culture was observed to verify the viability of the forms 
in RPMI medium. Cultivation of the parasite in complete 
RPMI medium was done at 26 ± 1 °C.

Antipromastigote activity test

Promastigotes forms of L. (L.) amazonensis obtained 
during the logarithmic growth phase were pooled by 
centrifugation in complete RPMI medium at 3,500 rpm 
for 10 min. The precipitate was re-suspended in complete 
RPMI medium; the promastigotes were quantified in 
a Neubauer chamber and adjusted to a concentration 
corresponding to 5 × 106 parasites mL-1. The susceptibility 
test was performed in 96-well plates. The cytochalasin 
B was tested in triplicate in a concentration gradient 
(200 to 3.125 μg mL-1). The negative control contained 
only parasites and the incubation medium, and the 
positive control was made with amphotericin B (25 to 
0.3906 μg mL‑1). After 24 h of incubation at 26 °C, 10 μL of 

tetrazolium salt (5 mg mL-1) were added, and the parasites 
were quantified in enzyme-linked immunosorbent-assay 
plate reader. The half maximal inhibitory concentration 
(IC50) was determined by linear regression (Graph Pad 
Prism).11 The results were classified as: IC50 ≤ 100 μg mL-1 
was considered active, IC50 between 101 and 200 μg mL-1 
was considered moderate active, and IC50 ≥ 200 μg mL-1 
was considered to be inactive.12,13

Determination of the selectivity index (SI)

The selectivity index (SI) was determined by the 
following equation:14

	 (1)

where CC50 is the 50% cytotoxicity concentration.
For the interpretation of the results of the selectivity 

index, it was considered that an SI greater than 1 indicates 
that the compound under study presents a greater toxicity 
to the parasite than to the macrophage. An SI less than 1 
indicates that the compound has a higher toxicity to the 
macrophage than to the parasite. The higher the numerical 
value of SI, the more selective the compound under study, 
that is, less toxic to the macrophage and active for the 
parasite.14

Computational methodology

Molecular docking
Molecular docking is one of the main methods of 

structure-based drug design (SBDD) molecular modeling, 
providing significant contributions in the discovery 
and optimization phases of leading compounds.15 
Computational programs are used to perform calculations 
showing the best conformations of both ligands and 
receptors. This process consists of several steps, among 
them the choice of the receptor, binding site, evaluation 
of the intermolecular interactions and positioning of the 
ligand in the site.

The docking process was performed with the 
crystallographic protein of trypanothione reductase 
(TryR) from Leishmania infantum protein database (PDB) 
by means of the 2JK6 code, complexed with NADPH 
(nicotinamide adenine dinucleotide phosphate). In this 
step, the program AutoDock 4.2,16 using the Lamarckian 
genetic algorithm (LGA), was employed.17

The system was placed in a water box; its center was 
established in the structure of the NADPH, the box was 
adjusted with a dimension of 26 × 24 × 28 points with a 
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spacing of 0.375, whose center of mass of the body was set 
at X = 31.471, Y = 56.339 and Z = –6.589. The binder was 
treated with flexible simulations (all angles of freedom of 
the molecule were explored), generating 200 conformations 
for the compound with 270,000 generations in each run 
and the maximum number of energy evaluations was set 
at 25,000.18

Molecular dynamics
In this study, the molecular dynamics simulation 

(MD) method was applied, which is an ideal method 
to analyze the conformational flexibility of protein 
molecules.19 The interactions between cytochalasin B and 
the crystallographic protein of trypanothione reductase 
(TryR) were analyzed.

Results and Discussion

Isolation and identification of cytochalasin B

The cytochalasin B (1) (Figure 1) was isolated and 
identified as described by us in a previous study.10

Antipromastigote leishmanicidal activity

Several classes of natural products have demonstrated 
activity against protozoa of Leishmania, such as alkaloids, 
terpenoids, lactones, lignans, flavonoids, coumarins, 
among others.20,21 Brissow et al.22 reports the activity of 
cytochalasin H against promastigotes of L. amazonensis. 
Based on this information, the leishmanicidal assays with 
cytochalasin B (1) were performed. The cytochalasin B was 
assayed against the promastigote form of L. amazonensis 
and inhibited the growth with IC50 at 19.58 μg mL-1, also 
showed a CC50 of 74.36% for Vero cells and SI of 3.7977, 
which shows that cytochalasin B is a potential drug-viable 
candidate against L. amazonensis promastigotes since it is 
toxic to the parasite and showed no appreciable toxicity 
to Vero cells.

Computational study of the leishmanicidal activity of 
cytochalasin B

Molecular docking
At the end of the docking simulations, free bond 

energy (FBE) = –6.66 kcal mol-1 and inhibition 
constant (IC) = 13.10 µM were obtained. The visualization 
of conformations, constructed by calculating molecular 
docking, was performed with the program Chimera 1.6.23 
From these conformations, the one with the best score (FBE 
and IC) was chosen.

Molecular dynamics
The parameter files, topologies and coordinates 

necessary for the simulation of molecular dynamics were 
prepared, by which the stability through the root mean 
square deviation (RMSD) graph was observed in the system 
for a period of 100 ns, according to Figure 2.

Figure 2 shows that the crystallographic protein 
of trypanothione reductase, submitted to a molecular 
dynamics simulation, reached stability around 20 ns, not 
observing significant fluctuations during the rest of the 
simulation time.

In the RMSD plot of the ligand, a conformational 
change in the ligand molecule is observed in approximately 
30 ns, which does not remain stable, returning to its initial 
state. At approximately 60 ns, a new conformational change 
occurs, this time the ligand achieves a definitive stability. 
It is observed in the ligand structure that a conformational 
change occurred in the torsion angle between the atoms 
marked in Figures 3a and 3b.

This conformation contributes significantly to 
the stabilization of the system since it provides an 
interaction with the catalytic residue Thr51, where a 
hydrogen bonding of the OH group of Thr51 occurs with 

Figure 3. (a, b) Conformational change of the ligand.

Figure 2. Molecular dynamics performed of the protein system with the 
ligand for 100 ns.
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the carbonyl carbon (O2) of the ligand (Figure 4). This 
interaction is established based on 60 ns of simulation 
and is important for the inhibition process, since it 
contributes to the binding of the ligand to the binding 
site. The interaction of the amino group of Thr51 with 
the oxygen O5 of the ligand is conserved throughout 
molecular dynamics, demonstrating that this residue is 
extremely important, as it performs two hydrogen bonds 
with the enzymatic receptor.

The estimate of bond free energies was calculated using 
the MMPBSA.py script. These energies were decomposed 
into contributions of individual residues, thus applying the 
so-called residue decomposition. In Figure 5, the Thr51 
residue is shown to be the major contributor of cytochalasin 
B by binding to the active site along with Thr335 and 
Gly326 residues. This catalytic triad is largely responsible 
for the inhibitory process.

In a leishmanicidal study the trypanothione path has 
a great importance. This pathway is responsible for the 
oxidative control of parasite cells, which are sensitive to 
the increase of free radicals. Therefore, the control of these 
elements is important for the integrity and viability of the 
cells of these organisms, being TryR the enzyme with the 
highest activity in the control of oxidative stress, being an 
excellent target.24

TryR is a flavoprotein disulfide reductase dependent 
on NAPDH, and is found only in parasites of the 
Trypanosomatidae family. It is present in both L. infantum 
and L. amazonensis, thus enabling the use of the 2JK6 code 
protein in the study in question. This enzyme has the function 
of antioxidant; being the main form of control of reactive 
oxygen species (ROS) in these parasites, this protein replaces 
the glutathione reductase (GR) found in humans.25,26 The 
TryR is responsible for the reduction of the trypanothione 
disulfide (T[S]2) into its dithiol (T[SH]2), which in turn 
will reduce the oxidized tryparedoxin (TXN-1679ox) into 
reduced tryparedoxin (TXPNred), and finally, it will reduce the 
oxidized tryparedoxin peroxidase (TXPNxox) into reduced 
peroxidase tryparedoxin (TXPNx-red), which is capable of 
neutralizing ROS. The absence or deficiency of TryR causes 
the concentration of ROS within cells to increase, killing or 
impeding the growth of this protozoa.27

Thus, docking and MD studies are in agreement with 
the experimental results observed for the antipromastigote 
activity of cytochalasin B. They demonstrated that the 
inhibition of the parasite occurs due to the complexation 
of the substance with the crystal protein trypanothione 
reductase.Figure 5. Residue interactions between the ligand and the receptor.

Figure 4. Interaction of Thr51 with the ligand during the 100 ns of simulation.
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Conclusions

The compound cytochalasin B (1) showed a good 
leishmanicidal activity against promastigotes of L. 
amazonensis. By the computational study, in order to 
investigate the potential interactions of TryR with the 
inhibitor cytochalasin B, molecular docking and MD were 
performed. Through the investigation of the interactions 
of bonds of hydrogen and its distances, it was possible to 
conclude that the interaction of the amino group of Thr51 
with the oxygen O5 of the ligand is conserved throughout 
molecular dynamics, demonstrating that this residue is 
extremely important, as it performs two hydrogen bonds with 
the enzymatic receptor. In terms of energy decomposition 
by the residue, there is a catalytic triad that manifests itself 
with the highest interaction energy: Thr51, Thr335 and 
Gly326. These residues combined guarantee the residence 
of the ligand at the receptor site, a fact observed throughout 
the time of molecular dynamics simulation. Thus, this study 
suggests that the activity observed of cytochalasin B against 
the promastigotes forms of L. amazonensis is possibly due 
to the inactivation of the enzyme trypanothione reductase.
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