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Abstract: Dithiocarbamates represent a class of compounds that were evaluated in different biomedical
applications because of their chemical versatility. For this reason, several pharmacological activities
have already been attributed to these compounds, such as antiparasitic, antiviral, antifungal activities,
among others. Therefore, compounds that are based on dithiocarbamates have been evaluated
in different in vivo and in vitro models as potential new antimicrobials. Thus, the purpose of
this review is to present the possibilities of using dithiocarbamate compounds as potential new
antitrypanosomatids-drugs, which could be used for the pharmacological control of Chagas disease,
leishmaniasis, and African trypanosomiasis.
Keywords: dithiocarbamates; DETC; antiparasitic activity; Trypanosomatids; Chagas disease; leishmaniasis;
African trypanosomiasis

1. Introduction
The year in which the dithiocarbamic acids were discovered is unknown, but the first report
of its use was in the year 1850 by Debus [1]. Dithiocarbamic acids are a class of chemical
compounds that are used in a variety of pharmacological applications, such as antiparasitic, antifungal,
antiviral, and antitumor activities. Structurally, dithiocarbamates (R2CNS-2) consist of a broad
class of 1,1-dithioligand monoacids, in which they can be easily synthesized from a wide variety of
compounds [2–7].
The dithiocarbamate synthesis has a large variety, depending on the final product. The traditional
method is based on the reaction of a primary or secondary amine with carbon disulfide in the presence
of metal or alkaline salt, due to low stability of these acids (Figure 1). In this process, the type of amine
interferes with the substituents formation differing in mono or diacyl dithiocarbamic, and the type of
structure can vary between cyclic or linear [8–11].
The structures that are produced may have two polarization states. The resonance stage is
decentralized alternating between the two sulfurs in the SCS extremity. This decentralization provokes
an approximation between both sulfurs with carbon reducing their facility to bind to another molecule
due to system present a biggest stability. The other is the balanced stage, in which the polarization of
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The evaluation of compounds based on dithiocarbamates as potential new antimicrobials has
The evaluation of compounds based on dithiocarbamates as potential new antimicrobials has
been developed since the last century. In this scenario, several new molecules have been tested based
been developed since the last century. In this scenario, several new molecules have been tested
on the principle of the basic structure and the derivation of these compounds, in order to show the
based on the principle of the basic structure and the derivation of these compounds, in order to show
different dithiocarbamate derivatives as antiprotozoal, anthelmintic, and antiviral agents. Therefore,
the different dithiocarbamate derivatives as antiprotozoal, anthelmintic, and antiviral agents.
compounds that are based on dithiocarbamates have been evaluated in different in vivo and in vitro
Therefore, compounds that are based on dithiocarbamates have been evaluated in different in vivo
models as potential new antimicrobials. Thus, the purpose of this review is to present the main uses
and in vitro models as potential new antimicrobials. Thus, the purpose of this review is to present
of dithiocarbamate compounds as potential antitrypanosomatids-drugs, mainly for the therapeutic
the main uses of dithiocarbamate compounds as potential antitrypanosomatids-drugs, mainly for
control of protozoa that are responsible for important human infectious diseases, such as Chagas
the therapeutic control of protozoa that are responsible for important human infectious diseases,
disease, leishmaniasis, and African trypanosomiasis.
such as Chagas disease, leishmaniasis, and African trypanosomiasis.
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2. Main Chemical Groups Used in the Production of Dithiocarbamate Derivatives
Various synthetic compounds that are based on dithiocarbamates are produced because of their
ability to form complexes with metals, as well as the ability to add different substituents to the final
molecule structure. This attribute confers the classification of the dithiocarbamates based on the different
chemical substituents attached to the molecule [15]. In this context, the main groups of chemical complexes
based on dithiocarbamates are: (i) group 13 (III-A), which is generally formed by the use of halides with a
parent of group 1 (I-A) or ammonium dithiocarbamate salt; (ii) group 14 (IV-A), which is the group of
carbon compounds, esters of dithiocarbamic acid, which are also classified as organic compounds, which
present applications that are directed towards the pharmaceutical field, agrochemicals, intermediates
of organic synthesis, for drug and pro-drug formation, among others; (iii) group 15 (5-A), which is a
well-studied group and demonstrates a wide variety of structures that can be employed in pharmacology,
these compounds tend to act as an asymmetric chelator, in which a short binding between the metal and
the sulfur atom; and, (iv) group 16 (VI-A) are complexes that interact with sulphates, resulting in organic
compounds, such as thiurams, which can act as accelerators in vulcanization processes in the manufacture
of compounds [16]. However, the main characteristic of group 16 is the change in the coordinates of
metallic atoms. The interaction between metal and dithiocarbamate structure alters its spatial geometry
and plane coordination relative to other molecular interaction models [17,18].
Several chemical compounds that belong to each of the chemical groups mentioned above might
vary according to different characteristics, which may vary among chemical substituent in size, chain
type (organic or inorganic), spatial geometry, types of binders, and functions, molecular targets. These
compounds may act directly or indirectly on a variety of protozoa due to this chemical diversity [18,19]
and are, therefore, evaluated as potential antiparasitic, as discussed below.
3. Pharmacological Evaluation of Dithiocarbamate as Potential Antitrypanosomatids-Drugs
3.1. Evaluation of Dithiocarbamate as Potential Anti-Trypanosoma Cruzi Drugs
Trypanosoma cruzi is a flagellate protozoan of the Trypanosomatidae family, which are responsible
for Chagas disease, a neglected tropical disease that affects eight million people worldwide and causes
more than 10,000 deaths annually. It is an endemic disease in several Latin American countries and is
currently dispersed throughout the world due to migratory flows of populations [20,21].
The natural mechanism of transmission of Chagas disease occurs through vector transmission
during blood repayment of previously infected triatomine insects. Other forms of transmission occur
during blood transfusion, vertical transmission, organ transplants, and infected blood contacts [22,23].
Currently, the pharmacological treatment of Chagas disease consists of two main antiparasitic drugs,
benznidazole and nifurtimox, drugs that are recognized by the World Health Organization for the
treatment of infected individuals. These drugs have limitations on their use, mainly due to their high
toxicity, and low or no pharmacological efficacy during the chronic treatment of Chagas disease [24].
Several studies have demonstrated the ability of these compounds to inhibit the enzyme superoxide
dismutase, an important enzyme in the oxidative system of many protozoa, due to the ability of
dithiocarbamates to access intracellular compartments [25]. In this context, several compounds that
are based on dithiocarbamates were synthesized (Figure 2). These compounds showed antiparasitic
activity against T. cruzi when compared to the traditional benznidazole drug. The antiparasitic
activity of dithiocarbamates is probably due to their ability to chelate metals, such as zinc, iron,
and copper [26]. This biological activity in chelating metals allows for acting in other enzymes of
the oxidation metabolism of protozoa, in addition to the enzyme superoxide dismutase, such as
the carbonic anhydrase enzyme, which corresponds to another group of metalloproteinases with
important function in parasite biology. These enzymes mainly participate in the redox metabolism of
the parasite. Dithiocarbamate compounds may act on the metal centre of these enzymes by a chelation
mechanism. Consequently, the parasite loses the ability to repair oxidative damage during parasitism
in the host [27,28].
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Figure 3. Thiadiazine-based synthetic compounds bound to dithiocarbamates with activity against
Figure 3. Thiadiazine-based synthetic compounds bound to dithiocarbamates with activity against
Trypanosoma cruzi. The different substituents, represented by R1 and R2, may be attached to circular
Trypanosoma cruzi. The different substituents, represented by R1 and R2, may be attached to
structures formed by thiadiazine and dithiocarbamate. The biological activity of these molecules
circular structures formed by thiadiazine and dithiocarbamate. The biological activity of these
appears to be related to their ability to inhibit the cysteine protease enzyme and increase oxidative
molecules appears to be related to their ability to inhibit the cysteine protease enzyme and increase
damage in T. cruzi [31].
oxidative damage in T. cruzi [31].
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represented in Figure 4, did not present cellular cytotoxicity in in vitro tests [48].

Molecules 2019, 24, 2806
Molecules 2019, 24, x FOR PEER REVIEW

6 of 14
6 of 14

Figure 4. Chemical compounds synthesized from tryptophan with dithiocarbamates used as antiparasitic
Figureagainst
4. Chemical
from Intryptophan
dithiocarbamates
used as
drugs
Leishmaniacompounds
donovani andsynthesized
Trypanosoma cruzi.
this figure iswith
possible
that different substituents
antiparasitic
drugs
against
Leishmania
donovani
and
Trypanosoma
cruzi.
In
this
figure
is
possible
(R: H or OMe) interact with the structure formed for tryptophan-dithiocarbamate. These structures
are
that efficient
different
substituents
(R: H damage
or OMe)
interact with
thedeath
structure
formed for
more
in inducing
mitochondrial
and consequently
parasite
[47].
tryptophan-dithiocarbamate. These structures are more efficient in inducing mitochondrial damage
Another
approach
to death
the antiparasitic
activity of the compounds that are based on
and consequently
parasite
[47].

diethyldithiocarbamate was demonstrated using the sodium diethyldithiocarbamate compound
Another approach
antiparasitic
of the and
compounds
that responsible
are based for
on
(DETC—Figure
5) againsttothethe
different
forms ofactivity
L. amazonensis
L. braziliensis,
diethyldithiocarbamate
was
demonstrated
using
the
sodium
diethyldithiocarbamate
compound
visceral
leishmaniasis
and
cutaneous
leishmaniasis,
respectively.
Molecules 2019, 24, x FOR PEER REVIEW
7 of 14
(DETC—Figure 5) against the different forms of L. amazonensis and L. braziliensis, responsible for
visceral leishmaniasis and cutaneous leishmaniasis, respectively.
Using several in vitro and in vivo models, the antiparasitic activity of DETC at low
concentrations (1 mM and 2 mM) was demonstrated for the in vitro system in macrophages cells and
for the in vivo system in murine models, respectively. DETC showed anti-Leishmania activity in
both experimental models against the amastigote forms of L. amazonensis [49]. In this context,
DETC was used to treat cutaneous lesion caused by L. braziliensis, where it was possible to observe
a significant reduction in the overall parasitic load, as well as a decrease in the harmful cellular
process that is triggered during infection [50]. In addition, DETC showed inhibitory activity for
superoxide dismutase (SOD), which is an important enzyme that is involved in the redox
metabolism of many protozoa of medical importance. This inhibitory activity is probably due to the
interaction of the SCSNa end of the DETC molecule with the metal centre of the SOD enzyme,
chelating the ferric centre, which is important for the catalytic activity [51].

Figure 5.
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Regarding the compounds shown in Figure 6, the bond between the dithiocarbamate chain and the
metal is weak and easily dissociated. When this binding is broken, these free metals will interfere in
oxidative processes and, therefore, stimulate the production of radical oxygen species (ROS) and
intensify the response on parasite elimination [53–55].
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3.3. Evaluation of Dithiocarbamate as Potential Anti-Trypanosoma Brucei Drugs
The protozoan Trypanosoma brucei is the etiological agent of African trypanosomiasis, also known
as sleeping sickness. This protozoan is naturally transmitted through the bite of tsetse fly of the
genus Glossina sp. Human African Trypanosomiasis (HAT) mainly affects 36 countries in sub-Saharan
Africa, accounting for human infection with 100% mortality if not pharmacologically treated. The
HAT is transmitted by two main subspecies of T. brucei: T. b. gambiense and T. b. rhodesiense, which are
responsible for chronic and acute infections, respectively. Over 70 million people are in risk areas and
situations in the context of HAT [56]. HAT therapy is extremely limited, because it has high toxicity
and limited pharmacological efficacy. The main drugs that are used are melarsoprol, nifurtimox,
eflornithine, and suramin [57].
In the context of African trypanosomiasis, thiadiazine-based compounds, such as the
tetrahydro-2H-1,3,5-thiadiazine-2-thione (THTT) derivatives, appear to be compounds with potential
for use against T. brucei. This class of compounds stands out due to its inhibitory activity on the
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