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Introduction
The use of computational tools in the early stages of devel-

opment and evaluation of drug candidates has increased enor-
mously in the recent decades, especially with the increase in 
performance and accuracy by docking algorithms [1]. In addi-
tion, this decade was marked with the 2013 Nobel Prize in chem-
istry awarded to three computational scientists in which their 
contributions to the area were enormously. Theoretical stud-
ies are now an obligatory routine in experimental laboratories 
and pharmaceutical companies due to the fact that it increases 
efficiency and reduces production costs by filtering most part 
of wetlab experiments. Specially, the molecular modeling and 
docking techniques have been employed to better understand 
the binding mode of action of many chemical compounds against 
active site of disease-related biomolecular targets [1-6].

Neglected tropical diseases are a special case of infirmities 
that, although they are present in 11% of world incidency, they 
represent a small fraction of the medicines developed worldwide.  
In the last 8 years, more than 250 new pharmaceutical 
compounds hitted the marked, yet only 3% are related to 
neglected diseases [7]. There are more than 20 neglected tropical 
diseases recognized by World Health Organization (WHO), and 
Chagas disease is among them one important subject to drug 
discovery research. Chagas disease is endemic mainly in Latin  

 
America, and other continents as well, infecting more than 8 
milion people worldwide accordingly to WHO. 

Chagas is caused by the flagellate protozoan Trypanosoma 
cruzi that is currently treated with benznidazole, the only drug 
used for chemotherapeutic treatment of infected patients, which 
is not effective in the chronic phase of the illness and causes 
many undesirable side effects [8]. One strategy for the treatment 
of Chagas disease is the design of compounds that selectively 
inhibit enzymes essential for survival of the parasite within the 
host cell. In the case of T. cruzy, cysteine protease cruzain and old 
yellow (TcOYE) enzymes are very attractive drug targets [9,10], 
(Figure 1).

Cruzain enzyme is by far the most studied protease of T. cruzy 
due to its role as a virulence factor, replication and survival of the 
parasite [11].  In this context, an alternative for pharmacological 
treatment of Chagas disease is to design compounds that inhibit 
the biological function of the parasite enzymes. Gold (III) 
complexes with thiosemicabazone have been receiving special 
attention due to their anti-cancer and antiparasitic effects such 
as against T. cruzi [12-15]. Our research group identified, in a 
recent paper, the compound 4-CL of formula [AuIII(Hdamp)(L1)]
Cl (Hdamp = dimethylammoniummethylphenyl), which showed 
low cytotoxicity in spleen cells and high selectivity index [16]. 
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Figure 1: A)Top-10 best docked solutions of the cruzain/4-Cl complex. B) Electrostatic surface representation of the best docked solution 
of cruzain/4-Cl complex. C) Hydrophobic residues from the cruzain binding pocket interacting with 4-Cl compound. Solutions were docked 
into the primary pocket, the enzyme active binding site [8,18] Compound conformations are shown in lines, the enzyme is shown in cartoon 
and charged residues have the color ranging from positive (blue) to negative (red). Adapted from [16].

Compound 4-Cl was subjected to in vitro and in vivo 
experimental trials in a more recently work where it was 
shown that 4-Cl is effective in directly killing T. cruzi parasites 
in both trypomastigote and amastigote forms [17]. 4-Cl reduces 
parasitaemia and tissue parasitism at a very low dose in addition 
to protecting the liver and heart from tissue damage, resulting 

in survival of 100% of the 4-Cl-treated mice during the acute 
phase [17]. 4-Cl was avaluated by the in silico molecular docking 
simulations with the predicted binding mode with cruzain 
shown in (Figure 1). The ligand interacts with thirteen cruzain 
hydrophobic residues in the binding pocket and with residue 
Cys25 via a hydrogen bond (Figure 2). 

Figure 2: A) Best docked solutions of the compound AuCl(L1) in the binary complex TcOYE/FMN. B) Electrostatic surface representation 
of the best docked solution of TcOYE/FMN/AuCl(L1) complex. C) Hydrophobic residues from the TcOYE/FMN binding pocket interacting 
with AuCl(L1) compound. Solutions were docked into the primary pocket, the enzyme active binding site [8]. Compound conformations 
are shown in lines, the enzyme is shown in cartoon and charged residues have the color ranging from positive (blue) to negative (red). 
Hydrogen bonds of AuCl(L1) with FMN and Thr28 are shown by dashed lines. Adapted from [14].

Another enzyme that has been used for Chagas disease as a 
drug target is TcOYE. Metal-derived compounds complexed with 
thiosemicarbazone were designed to act against T. cruzy and 
both, in silico study and in vitro trypanocidal activity showed 
that, within the studied metal compound series, gold(III) 
complex presented the greatest potential, being the most 
selective compound with a similar selectivity index to that of 
the standard drug benznidazole [14]. Figure 2 shows compound 
AuCl(L1) binded to the binary complex TcOYE/FMN, in a close 
distance that an electron/proton transfer might occur. In this 
study [14], semiempirical calculations were executed in order 
to characterize the variation in the interaction enthalpy in two 
different gold oxidative states of the compound (AuIII and AuI). 
Semiempirical results suggested that the ligand complex formed 

by AuI in reduced oxidation state is more stable (lower enthalpy 
variation) them the ligand complexed with AuIII, which would 
explain a hydride transfer observed in the enzymatic activity 
assays performed in the same study [14].

Conclusion
In silico protocols are applied in the pipeline of drug discovery 

in order to select best-ranked compounds that might interact 
specially via hydrophobic and hydrogen bond interactions. 
This theoretical step has been proved to be important in the 
development of gold(III)-thiosemicarbazone compounds with 
biological activity against the T. cruzi parasite. Future studies in 
structure-based development of novel anti-chagasic drugs based 
in gold(III)–thiosemicarbazone complexes and biochemical/
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metabolic pathways are necessary to better uncover the 
mechanism of action of this drug candidate in the parasite, yet 
we already developed promising candidates. Another important 
characteristic of gold(III)–thiosemicarbazone complexes is 
that they not only act against Chagas disease and cancer, yet 
an on-going work suggests that slightely modified compounds 
may also act against others neglected tropical diseases such as 
Leishmaniasis.
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