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ABSTRACT
Leishmaniasis is an endemic disease in 98 countries and 5 continents and
approximately 1.3 million new cases occur annually. This work describes the main
therapies used to treat the diverse clinical manifestations of leishmaniasis.
Considering that the currently available anti-Leishmania drugs present several
problems such as severe side effects and the possibility of parasitic resistance to the
drug, among others, there is a constant search for new therapies for this disease. In
addition to the drugs commonly used for the treatment of leishmaniasis, therapeutic
alternatives such as metallic complexes were highlighted.
Key words: Treatment of Leishmaniasis; therapeutic alternatives; metallic
complexes.
RESUMO
A leishmaniose é endêmica em 98 países e 5 continentes e aproximadamente 1,3
milhões de novos casos ocorrem anualmente. Neste trabalho estão descritas as
principais terapias utilizadas para o tratamento das diversas manifestações clínicas
da leishmaniose. Considerando que as drogas anti-Leishmania atualmente
disponíveis apresentam vários problemas como graves efeitos colaterais e
possibilidade de resistência parasitária ao medicamento, dentre outros, existe uma
constante busca pelo desenvolvimento de novas terapias para essa doença. Além
das moléculas comumente utilizadas no tratamento da leishmaniose, alternativas
terapêuticas promissoras como os complexos metálicos foram destacadas.
Palavras-chave: Tratamento de Leishmaniose; alternativas terapêuticas;
complexos metálicos.
INTRODUCTION

Leishmaniasis comprises a group of parasitic diseases caused by protozoa
belonging to the order Kinetoplastida, family Trypanosomatidae and Leishmania
genus(1). Its transmission occurs through the bite of females pheblotomine sand flies
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infected with parasites (Figure 1), being possible the transmission of more than 21
species of Leishmania to man(2). The various clinical manifestations of the disease
depend on the Leishmania species involved in the infection, the immune status and
the age of the affected patient. Thus, children and the elderly are more likely to
present complications(3 - 4). The disease can be classified as: Visceral Leishmaniasis
(VL), a more severe clinical form of the disease that affects multiple organs,
especially the liver and spleen, and when untreated it can be fatal(5); and Tegumentar
Leishmaniasis (TL; cutaneous, CL or mucocutaneous, MCL), which affects the skin
and/or mucous membranes generating ulcers in different areas of the body and may
result in permanent and disfiguring scars, with total or partial mutilation of the
nasopharyngeal mucosa(2, 4,6-7).

Figure 1 – Life cycle of Leishmania parasites. Source: Public Health Image Library
(https://www.cdc.gov/parasites/leishmaniasis/biology.html)
According to the World Health Organization (WHO), 98 countries, 3
territories and 5 continents are endemic for leishmaniasis and approximately 1.3
million new cases occur annually. VL affects mainly regions such as Bangladesh,
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Brazil, Ethiopia, India, Nepal, South Sudan and Sudan and it is related to the
infection of approximately 300 thousand people annually, which can cause 20 to 50
thousand deaths. The TL related to the development of cutaneous form is more
common in regions like Afghanistan, Algeria, Brazil, Colombia, Islamic Republic
of Iran, Pakistan, Peru, Saudi Arabia, Syrian Arab Republic and Tunisia. The TL
related to the development of the mucocutaneous form affects mostly Brazil, Peru
and Plurinational State of Bolivia. Both TL (cutaneous and mucocutaneous) are
associated with the infection of approximately 1 million people per year (3, 6, 8).
Parasites of the Leishmania genus have been distributed in an expansive way
in the last decades and, thus, the number of cases of the disease has increased
exponentially. However, actual epidemiology is still unknown due to
underreporting and lack of adequate epidemiological surveillance systems

(8)

.

Furthermore, cases notification of this disease is mandatory in only 34% of endemic
countries. In this way, most of data are based on estimates (8) and it is assumed that
the actual values of leishmaniasis cases are higher than the data previously
reported(9,10).
The few drugs currently available for leishmaniasis treatment present
several problems associated with side effects, cost, safety, increasing emergence of
parasitic drug resistance, which limit their use (2). To further aggravate this situation,
unlike other diseases associated to deaths, which have the focus of attention and
funding for research in developing countries, neglected tropical diseases, including
leishmaniasis, comprise a category of infectious diseases with little investment to
the search for new drugs and as well as for actions aimed at the control of the
disease(4,11-13). In this sense, the present work describes the main drugs associated
with TL and VL treatments in Brazil, as well as the use of some promising
molecules for the treatment of the disease, since they have an important antiLeishmania activity.
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METHODOLOGY

The methodology used was a literature review, searching for specific
information about the current drugs and new therapeutic approaches for
leishmaniasis treatment.

DEVELOPMENT

The choice of appropriate therapy for each clinical manifestation of
leishmaniasis is based on some important criteria:

(1)

host factors such as genetics,

immune response and clinical presentation of the disease;

(2)

treatment resources,

such as quality of the drug, dosage, and duration and completion of the therapy; and
(3)

characteristics of the parasite, such as intrinsic sensitivity of the species and lack

of resistance to the medication(2). The following drugs are recommended by WHO
as pharmacological treatment: pentavalent antimony, amphotericin B, pentamidine,
miltefosine and paramomycin (Table 1).
PENTAVALENT ANTIMONY
Pentavalent antimonials have been extensively used in leishmaniasis
therapy and have been indicated as first choice drug since 1945 in several places in
the world(14). The first report on the use of antimonials in Leishmania was
performed by Brazilian physician Gaspar Vianna, who showed the use of (SbIII) for
the treatment of mucocutaneous leishmaniasis

(15)

. The anti-Leishmania activity

was later confirmed also for visceral leishmaniasis in Italy and Africa

(16 – 17)

.

However, due to the high toxicity produced by this drug, years later the pentavalent
form of antimony (SbV) was discovered and is used to date for the treatment of most
leishmaniasis(18).
Pentavalent antimonials are marketed as N-methylglucamine antimoniate
(NMG) (trade name Glucantime®) in Latin America and Africa and as sodium
stibogluconate (SGS) (trade name Pentostam®) in Europe and the United States
19)

5,

. Both present similar results for the treatment of clinical forms of American
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tegumentary leishmaniasis (ATL), and this equivalent efficacy can be explained
due to they belong to the same pharmacological class and have similar mechanism
of action and pharmacokinetics(19). In addition, they exhibit a low oral absorption,
therefore their administration is by parenteral route (intramuscularly or
intravenously)(18, 20). Although antimonials have been used for more than 70 years
to treat leishmaniasis, there are still important gaps concerning the precise mode
these drugs action. Probably, it is related to multifactorial actions involving effect
on molecular processes of the parasite and influence on the parasiticidal activity of
macrophages(5). Three hypothetical models are proposed regarding the action
mechanism of these drugs:
(1) The SbV behaves as a prodrug and undergoes biological reduction to a more
active/toxic form, SbIII, which has leishmanicidal activity. However, the site and
mechanism of reduction remain controversial since thiol compounds from both the
mammalian host (glutathione) and the parasite (trypanothione) could be involved
in the reduction of SbV to SbIII. Regardless of the reduction mechanism involved,
trivalent antimony would promote the inhibition of trypanothione reductase, an
enzyme that regenerates the reduced trypanothione, an important biomolecule for
the metabolism of hydrogen peroxide in trypanosomatids. Furthermore, SbIII could
bind to proteins involved in DNA structure, replication and repair (21 - 22).
(2) The SbV has intrinsic anti-Leishmania activity. The drug would cause ATP
depletion probably via inhibition of parasite glycolysis and β-oxidation. It has also
been reported that SbV could form complexes with ribonucleosides, interfering in
the purine metabolism(2, 22).
(3) Antimony acts in the macrophages activation, inducing the production of
reactive oxygen species, nitric oxide and cytokines, which would culminate with
the death of intracellular parasites(22).
The main adverse effect of pentavalent antimonials is their action on the
cardiovascular system causing cardiac arrhythmias, ventricular systole, tachycardia
and fibrillation and changes in the electrocardiogram(14; 23). Other adverse effects
include arthralgia, myalgia, anorexia, nausea, vomiting, gastric fullness, abdominal
84
Acta Biologica Brasiliensia, v.2, n.1 (2019) ISSN online 2596-0016

pain, pancreatitis, itch, fever, weakness, headache, dizziness, palpitation, insomnia,
nervousness, edema, liver enzyme disorders and acute renal failure (23). Moreover,
antimonials are contraindicated in pregnant women, since the drug crosses the
transplacental barrier and may lead to severe mental retardation syndromes. There
are also restrictions on the use of the drug in patients over 50 years of age, who
have cardiopathy, nephropathy, liver disease and Chagas ones(2). Other limitations
to the antimonials efficacy include an increase in drug parasite resistance (24) and its
preferably parenteral route of administration, which makes the treatment expensive
and difficult, especially in rural areas(24).
In Brazil, the pentavalent antimony use as a first choice drug is
recommended for both TL and VL. The recommended dose of pentavalent
antimony ranges from 10 to 20 mg/kg/day over a period of 20 to 30 days, and the
treatment time may be extended to some clinical forms of leishmaniasis

(25 - 26)

. In

case of contraindication or unsatisfactory response to treatment, second-line drugs,
described in the following, may be used.
AMPHOTERICIN B AND LIPOSOMAL AMPHOTERICIN B
Amphotericin B is a polyene antibiotic initially isolated from the
microorganism Streptomyces nodosus in the 1950s with potent antifungal action.
The first report of therapeutic success in the use of Amphotericin B in patients with
leishmaniasis occurred in Brazil in 1963 with three individuals who presented the
visceral form of the disease(27).
It is a potent leishmanicide drug that presents selective toxicity by
interfering with the esters (preferably ergosterol) of parasites cytoplasmic
membrane forming pores that increase the permeability of the parasite membrane
and promote an influx of ions. The change in ionic balance leads to the death of
promastigotes and amastigotes

(19, 24)

. The Amphotericin B deoxycholate (AmBD)

was first licensed in 1959 for use in fatal fungal infections.
Because of intravenous application and the high toxicity and extensive
adverse effects caused by amphotericin B, new presentations of this drug has been
developed including liposomal amphotericin B (AmBisome®; Gilead Sciences),
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Amphotericin B lipid complex (ABLCcet®, Enzon Pharmaceuticals) and
amphotericin B colloidal dispersion (ABCD; Amphotec ™, Intermune Corp.) have
been produced (28). The liposomal amphotericin B is a pharmaceutical formulation
in

which

amphotericin

B

is

incorporated

into

liposomes

containing

phosphatidylcholine, cholesterol and disterolfosphatidylglycerol. In Brazil, the
drug is registered in the National Agency of Sanitary Surveillance (ANVISA) for
use in the treatment of visceral leishmaniasis, and it is considered an off-label drug
for tegumentary leishmaniasis. The off-label use of any medicine can be performed
at the risk of the prescribing physician. Literature data indicate the use of liposomal
amphotericin B for TL treatment in cases in which all other therapeutic options have
been contraindicated or used without success(29).
Amphotericin B is commonly used for treatment of VL(23) and to treat
leishmaniasis where antimony resistance is widespread. Its use has also been
successful for the treatment of cutaneous leishmaniasis in the "New World" caused
by Leishmania (Viannia) braziliensis, a species that is known to have high levels of
antimony resistance. A study carried out in Bolivia with L. (V.) braziliensis showed
that liposomal amphotericin B was more efficient (cure rate 85%), better tolerated,
and more cost-effective than antimonials(30). In Brazil, another study with infections
mainly caused by L. (V.) braziliensis showed a cure rate of 81% and few side
effects(31). There is high variety of total treatment dosages and it shows that there is
no consensus on the optimal dosage or schedule of application. Typically, liposomal
amphotericin B is used in the dose of 2.5 – 5.0 mg/kg/day and the treatment
periodicity depends on the clinical manifestation and the therapy (combination of
drugs or use alone)(5, 7). This formulation reduces the treatment total time by half
when compared to the non-liposomal form(5).
Serious adverse effects are related to the intravenous administration of
amphotericin B, such as: fever, headache, nausea, vomiting, anorexia, tremors,
chills, cyanosis, hypotension, hypopotassemia, hypomagnesemia, impaired renal
function, behavioral disorders

(5, 14, 24, 28)

. Then, the drug is contraindicated for

cardiac patients, hepatopathies and especially nephropathies. Furthermore, it
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requires intravenous administration(28). Liposomal amphotericin B also has
limitations, such as high cost and renal toxicity(5, 32).
PENTAMIDINE
Pentamidine, an aromatic diamine, was originally used for the treatment of
African trypanosomiasis

(33 – 34)

. Its first use for the treatment of VL was reported

in 1949 in India and in 1950 in Spain

(35 - 36)

and since then it has been used as a

second-choice drug for the treatment of CL in endemic areas of the American, Asian
and African continents. Pentamidines are marketed for human use as Isethionate
(di-B-hydroxyethane sulfonate) and Mesylate (di-B-hydroxymethylsulfonate)
formulations (37) with the following trade names 'Pentacrinat' and 'Pentam'(5).
It is known that pentamidines interfere with glucose metabolism. The drug
can induce cytolysis of β-pancreatic cells and, consequently, insulin-dependent
diabetes

(2)

. In Brazil, the pentamidine has been used as a second-choice drug for

the treatment of TL/VL

(38)

. The drug has also been used as first choice for

cutaneous leishmaniasis caused by Leishmania (Viannia) guyanensis in French
Guiana and Suriname(39).
The most frequent adverse reactions are pain, induration and sterile
abscesses at the site of application, as well as nausea, vomiting, dizziness, myalgia,
headache, hypotension, syncope, hypoglycemia and hyperglycaemia (5, 23). There is
contraindication to use in case of gestation, diabetes, renal and hepatic
insufficiency, heart disease and for children weighing less than 48 kg (2).
Few studies using pentamidine as a therapy for ATL were conducted in the
Americas. Classically, the recommended dose is 4.0 mg/kg/day, by deep
intramuscular route, every two days and it is not recommended to exceed the total
dose of 2.0 g(29). For the treatment of CL caused by L. (V.) guyanensis and
Leishmania (Viannia) panamensis in South America, the 4.0 mg/kg dose has been
used for 3 – 5 days, intravenously

(40)

. In Brazil, the L. (V.) braziliensis infection

treated at a dose of 4.0 mg/kg/day on alternate days for one week resulted in healing
of 71% of patients(37).
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MILTEFOSINE
Originally investigated as an antineoplastic agent, the miltefosine had the
leishmanicidal action tested in 1996 when its in vitro activity against Leishmania
(Leishmania) donovani amastigote forms and later against Trypanosoma cruzi was
verified(32,41). Miltefosine (hexadecylphosphocholine) is derived from alkyllysophospholipids and it is available under the trade names Impavido® and
Miltex®(5).
The mode the drug works in Leishmania is still not well understood.
However, it is believed the mechanism of action is similar to that of tumor cells,
involving apoptosis and disruption of the lipid-dependent cell signaling pathway(42).
Miltefosine has been shown to have good results, mainly for oral TL
treatment, since it has a low toxicity when compared to antimonials (43). The drug is
also used as a second-choice for the treatment of VL in some countries(32). As the
drug is very well tolerated, the main adverse effects include nausea and vomiting.
Limitations for the use of miltefosine include its relatively high cost, need for
monitoring of gastrointestinal side effects and occasionally liver and
nephrotoxicity. In addition, it is a teratogenic agent and therefore contraindicated
for pregnant women(2,5,23).
Miltefosine has been used for the treatment of "New World" cutaneous
leishmaniasis caused by several species and different levels of efficacy were
observed(44). In the "New World" CL caused by Leishmania (Leishmania)
mexicana, L. (V.) guyanensis and L. (V.) panamensis, the drug is effective at 2.5
mg/kg/day dose for 28 days, but is not effective for the treatment of L. (V.)
braziliensis infections(5 , 23). Bolivian CML responded to treatment with miltefosine
for 4 – 6 weeks, with a cure rate of up to 75%(45).
PARAMOMYCIN
It is a broad spectrum aminoglycoside antibiotic isolated from the Streptomyces
krestomuceticus bacterium, which blocks proteins synthesis due to the binding to
ribosomal RNA(32). It has been used in topical and parenteral formulations for the
treatment of CL, but its systemic use is rare(23). Data on the use of paramomycin are
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fundamentally limited to its topical use because the lack of knowledge about its
efficacy when administered parenterally(44).
Local adverse effects associated with the use of paramomycin in topical
formulation include itch, rash, and burning (20). Adverse effects due to systemic use
include ototoxicity, vestibular instability, and nephrotoxicity(5,19).
Table 1 – Drugs used to treat leishmaniasis.
Drug

Structure

Current
situation

Adverse
effects

First-choice
drug for VL
and TL

Cardiotoxicity;
nephrotoxicity
and
hepatotoxicity

Second-choice
drug for VL
and TL

Hypopasemia;
anorexia; renal
insufficiency;
anemia;
leucopenia and
cardiac changes

Ambisome®

Restricted use
for cases
where other
therapies have
not shown
therapeutic
success

Renal toxicity

Fauldpenta®
Pentacarinat®

Second-choice
drug for VL
and TL.

Milteforan®
Miltex®

Second-choice
drug for VL
and TL.

Humatin®

Second-choice
drug for TL.

Trade names

Antimony
(47)

Amphotericin
B
(48)

Liposomal
Amphotericin
B

Glucantime® (*
Nmethylglucamine
antimoniate)
Pentostan®
(*Sodium
stibogluconate)
Anforicin B®,
Anfolip B®,
Abelcet®,
Funtex B®,
Unianf®,
Amphocil®

(47)

Pentamidine
(49)

Miltefosine
(47)

Paramomycin

Hypoglycemia;
hyperglycemia;
nausea and
vomiting and
hypotension
Nausea and
vomiting and
casionally
nephrotoxicity
and
hepatotoxicity
Pruritus; rash;
ototoxicity and
nephrotoxicity

(47)

Paramomycin is available in several topical formulations, which have
shown variable results for CL. Topical treatment for CL in the "New World"
consists of 15% paramomycin ointment with 12% methyl benzethonium chloride
applied once daily for 20 days(19,24). Methyl benzethonium acts as a skin penetration
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facilitating agent(19). The topical formulation is easy to administrate and its side
effects include itch, burning and vesicles formation(24). The combination of
paramomycin with gentamicin has also been used(19). The systemic use at 20
mg/kg/day dose for 20 days showed an excellent cure rate (greater than 90% ) in
Brazil(46).
OTHER THERAPEUTIC APPROACHES – POTENTIAL OF METAL
COMPLEXES: RUTHENIUM COMPLEXES
Bioinorganic chemistry reached its milestone in the 1960s through studies
by Rosenberg and colleagues, which described the antitumor properties exhibited
by cis-platinum, a Pt (III) complex(50). The success of cisplatin triggered an intense
search for metalloproteinases that had biological activity. Thus, several studies have
shown the use of metallic complexes in different pathologies such as cancer (51-52),
cardiovascular problems (53) and parasitic diseases(54 - 56).
There are similarities between protozoa of the Trypanosomatidae family and
tumor cells, since both present highly proliferative cells, thus requiring a great
demand of nutrients. Considering that many antitumor drugs are based on
preclusion of obtaining nutrients or generating enough energy for this high
metabolic demand, chemotherapeutic agents are expected to present action against
protozoan trypanosomatids, such as Leishmania(57).
The first reports involving the application of metallic complexes in parasitic
diseases caused by trypanosomatids were performed by Williamson and Farrell,
who verified the in vitro activity of cis-platin complexes against Trypanosoma
rhodesiense(58-59). Several attempts to develop metallodrugs with antiparasitic
action are underway and take into account some strategies(60-61), such as: (I)
inclusion of a metallic center in the antiparasitic drug structure to promote an
increase in pharmacological properties due to a synergistic action between drug and
metal, through multiple mechanisms of action; (II) coordination of the metal with
DNA intercalators to promote inhibition of parasite multiplication; and (III)
coordination of the metal with binders or inhibitors that specifically act on parasitic
enzymes allowing the targeting of the metal to the parasite in a selective way.
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The Ruthenium (Ru) is a transition metal and, like platinum, presents
different stages of oxidation: Ru (II), Ru (III) and Ru (IV). Some ruthenium
complexes are already in clinical screening for cancer therapy(62-63). The pioneering
work of Sanchez-Delgado, more than 20 years ago, represented the starting point
for the use of ruthenium complexes as metallodrugs for the parasitic infections
treatment(54).
The intent of the study was to elucidate the synergism between drug and
metal and the multiplicity of pharmacological targets. In this sense, ruthenium
complexes coordinated with clotrimazole (CTZ) – [RuCl2(CTZ)2] and subsequently
with ketoconazole (KTZ) drugs were developed(54, 64). CTZ and KTZ are antifungal
drugs that act by inhibiting the sterol biosynthesis pathway and also exhibit
moderate activity against trypanosomatids. [RuCl2(CTZ)2] showed a 10-fold more
potent in vitro activity against T. cruzi when compared to the free CTZ action(54).
Furthermore, in relation to the targets multiplicity hypothesis, it was
determined that binding of [RuCl2(CTZ)2] to DNA would promote the release of
CTZ, which would present its classical action in the biosynthesis pathway of
sterols(54,65–66). Ruthenium complexes coordinated with CTZ also showed
synergism in Leishmania. In vitro studies showed that 8 CTZ-associated complexes
exhibited toxicity against Leishmania (Leishmania) major promastigote forms and
that this action was remarkably superior to free CTZ activity. Another study showed
the coordination of ruthenium complexes with lapachol, which has antitumor and
antimicrobicide action, resulted in complexes with anti-Leishmania (promastigote
and intracellular amastigote) activity more potent than free lapachol(56). Activity
against trypanosomatids data, obtained with the ruthenium complexes associated to
drugs, confirm the synergistic action between the metal and the drug and highlight
the therapeutic potential of these metallic complexes.
A remarkable anti-Leishmania activity has recently been described by Costa
and colleagues (2017) for the use of new ruthenium (II) complexes against
Leishmania (Leishmania) amazonensis, L. (V.) braziliensis and Leishmania
(Leishmania) infantum species. Such complexes, referred to as complex 1 – cis91
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[RuII(ŋ2O2CC10H13) (dppm)2] PF6, complex 2 – cis-[RuII(ŋ2-O2CC7H7S) (dppm)2]
PF6 and complex 3 – cis-[RuII(ŋ2-O2CC7H7O2)(dppm)2] PF6, exhibited potent
cytotoxic activity against promastigotes of the three species analyzed, presenting
IC50 values ranging from 0.52 – 12.49 μM.
Additionally, the effect of ruthenium complexes on the parasite-host
interaction was verified by the infectivity test performed on RAW 264.7
macrophages, using two different concentrations: (1) cytotoxic concentration for
50% of promastigotes (IC50) and (2) non-toxic concentration to 90% of
macrophages. Complexes 1 – 3 at both concentrations tested were able to
significantly reduce the infectivity index (37 – 87%) for all species of Leishmania
analyzed. Interestingly, there was no statistically significant difference between the
concentrations tested, except for complex 1 against the L. (L.) infantum species(67).
The antiproliferative activity of novel ruthenium complexes associated with
purine analogues, 5,6,7-trimethyl-1,2,4-triazolo [1,5-a] pyrimidine (tmtp): cis, fac[RuCl2 ( dmso)3 (tmtp)] (complex 1), mer-[RuCl3(dmso)(H2O)(tmtp)]•2H2O
(complex 2) and fac,cis- [RuCl3 (H2O) (tmtp)2] (complex 3) was recently reported
against Leishmania spp (L. (V.) braziliensis, L. (L.) donovani and L. (L.) infantum)
promastigote and Trypanosoma cruzi epimastigote forms. Complexes 1 – 3
exhibited IC50 values ranging from 9.2 – 202.5 μM for different Leishmania
promastigote forms analyzed and 32.4 – 51.5 μM for the epimastigote form of T.
cruzi(68).
The in vitro and in vivo leishmanicidal activity of nitrosyl complex
(cis[Ru(bpy)2(SO3)(NO)](PF6) was recently evaluated against L. (V.) braziliensis.
In vitro, low concentrations of the complex were able to significantly decrease the
cellular infection after 24h of treatment, leading to a total reduction of infectivity
with the use of 50 µM of the complex. In the in vivo infection model, the daily
treatment with 300 μg/ kg/day of the complex was able to reduce the size of the
lesion in a significant way (51%), eliminating almost all (99.9%) the parasites found
in the lymph nodes(69).
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The mechanism of death involved in the action of a drug has been
increasingly explored, since its knowledge enables a better understanding of the
cellular response involved, configuring an important tool for the prospection of new
therapeutic agents. Recently, Costa and colleagues (2019) demonstrated the
mechanism of death involved in the action of the complex of ruthenium called
hmxbato (cis-[RuII(2-O2CC7H7O2)(dppm)2]PF6) against L. (L.) amazonensis
promastigotes. The complex was able to induce death by apoptosis, which was
demonstrated by the following changes: (1) depolarization of the mitochondrial
membrane, (2) increase in reactive oxygen species production, (3) DNA
fragmentation, (4) formation of to pre-apoptotic peak, (5) alterations in parasite
morphology and (6) formation of autophagic vacuoles(70).
Taken together, these results show that ruthenium complexes may be
considered excellent candidates for the new pharmacological targets prospection
against Leishmania parasites. Although promising, there are few studies
demonstrating the probable mechanism of parasite death. Then, new studies will be
needed aiming at elucidation of the promising potential of ruthenium complexes for
the treatment of leishmaniasis.
FINAL CONSIDERATIONS
The present work describes the main therapies used to treat the various
clinical manifestations of leishmaniasis. Given that the anti-Leishmania drugs
available are often associated with problems as serious side effects and the
possibility of parasitic drug resistance, there is an intense search for the
development of new therapies for this disease. Some therapeutic alternatives and
new molecules with anti-Leishmania activity were also highlighted.
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