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Abstract Leishmaniasis is a disease caused by flagellate
protozoan Leishmania spp. and represents an emergent
illness with high morbidity and mortality in the tropics and
subtropics. Since the discovery of the first drugs for
Leishmaniasis treatment (i.e., pentavalent antimonials), until
the current days, the search for substances with antileish-
manial activity, without toxic effects, and able to overcome the
emergence of drug resistant strains still remains as the current
goal. This article reports the development of new chemo-
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therapies through the rational design of new drugs, the use of
products derived from microorganisms and plants, and treat-
ments related to immunity as new alternatives for the
chemotherapy of leishmaniasis.

Introduction

Among all the emergent diseases, the ones caused by
protozoans have great importance. Leishmaniasis is a
disease caused by a parasite member of the Leishmania
genus and presents high morbidity and mortality levels.
This disease affects around 12 million people worldwide
and is present in 88 countries, mainly in tropical and
subtropical areas. The annual incidence of approximately
two million new cases and around 350 million people that
are living in endemic areas reveals the importance of this
neglected disease (Grimaldi et al. 1983; Deane and
Grimaldi 1985; Green et al. 1990; Barral et al. 1991,
Mcgregor 1998; Weniger et al. 2001; Gontijo and Carvalho
2003; WHO 1990, 1991, 2001) (Fig. 1).

Leishmania is a protozoan and a compulsory intracel-
lular parasite in the mammalian host (Bogdan et al. 1990;
Green et al. 1990; Chang 1990; Alexander and Russel
1992; Corte-Real et al. 1995; Hespanhol et al. 2005;
Bogdan et al. 1996; Ritting and Bogdan 2000; Sereno
et al. 2005). This parasite is involved in pathologies that
range from the cutaneous to the visceral forms, depending
on the species of Leishmania and the host immune response
(Barral et al. 1991; Grimaldi et al. 1991; Liew and
O’Donnel 1993).

The tegumentary form or American tegumentary leish-
maniasis (ATL; Fig. 1) has increased in the last 20 years in
almost all Brazilian states, and epidemic outbreaks have
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according to the World Health Organization

occurred at Southeast, Middle West, Northeast, and more
recently, Amazon regions, due to the predatory process of
colonization (Delorenzi et al. 2001; Gontijo and Melo 2004).
Historically, ATL has been a rural disease affecting farmers,
military group, and other people from rural areas. However,
this epidemic profile has changed, and the transmission of
this disease has been related to the interface of rural and
urban areas among people of all sex and ages (Weniger et al.
2001; Gontijo and Carvalho 2003; Pal et al. 2004; Oliveira et
al. 2004).

Leishmaniasis may be caused by different Leishmania
species such as Leishmania (viannia) braziliensis, Leish-
mania (viannia) guyanensis, Leishmania (viannia) naiffi,
Leishmania (viannia) shawi, Leishmania (viannia) lainsoni,
Leishmania (leishimania) amazonensis, Leishmania (1.)
mexicana, Leishmania (v.) panamensis, and Leishmania
pifanoi. The species involved depends on the geographical
distribution, and the disease may appear as simple or
diffuse ulcerations on skin, mainly in the face, causing
mutilation and disfiguration of the patient. The disease may
regress spontaneously or evolve, thus requiring treatment
(Grimaldi et al. 1991).

The visceral leishmaniasis (VL) or Calazar is more
severe than cutaneous leishmaniasis (CL) and may be
caused by Leishmania (leishmania) donovani and Leish-
mania infantum (similar to Leishmania chagasi in Brazil).
These agents affect around 500 thousand people per year;
mainly in India, Sudan, and Latin American countries
(Weniger et al. 2001; Gontijo and Melo 2004). The agent
affects mainly liver and spleen, determining hepatomegaly,
splenomegaly, and consequent lost of their function, among
other severe alterations, which may be fatal if an efficient
treatment is not established (Carvalho et al. 2000; Croft
et al. 2006). The situation becomes critical in immune-
depressed patients where Leishmania appears as an impor-
tant opportunist agent (Coura et al. 1987; Soong et al. 1995;
Carvalho et al. 2000; Silva et al. 2002; Desjeux and Alvar
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Fig. 1 Distribution in Old World and New World of cutaneous (/eff) and visceral (right) leishmaniasis. The affected areas are marked in red

2003). In that case, it leads to uncommon clinical forms and
resistance against the current treatments (i.e., tegumentary
form; Dey et al. 2000). The immunesuppression may be
due to viral infections (i.e., HIV), which increased the
number of VL reported cases in countries where the disease
was rare such as France, Italy, Spain, and Portugal (Desjeux
and Alvar 2003; Molina et al. 2003). Epidemiological
evidences indicate that within this group the transmission is
high among drug addicts due to contaminated syringes.
Another possibly affected group involves the increasing
number of organ transplants throughout the world whose
recipients need the continuous use of immunosuppressive
drugs. The risks to such individuals are multiple. Clinical
leishmaniasis may result from the activation of occult
infections in patients undergoing organ transplants with
contaminated organs or with high susceptibility to natural
transmissions (Berman 1988; Murray et al. 2003; Beren-
gener et al. 1998). In addition to exacerbating occult
infections, immunesuppression may alter the clinical
symptoms more commonly associated with some Leish-
mania species such as L. (viannia) braziliensis, which may
cause visceral infections (Soong et al. 1995) or disseminated
skin lesions (Coura et al. 1987) in HIV patients. Trans-
mission levels may also increase when the vector feeds
from immune-depressed individuals with high parasitemias
(Morales et al. 2003).

The transmission of leishmaniasis occurs through
hematophagus vectors from the Phlebotomus genus in the
old world and Lutzomyia in the new world (Weniger et al.
2001) (Fig. 2). Leishmania multiplies in the vector
digestive tract, and the parasites are transmitted to the
mammalian host during vector blood feeding. Inside the
vectors, the Leishmania parasites are in the promastigote
forms, which are long, flagellate, and extracellular (Fig. 3).
The amastigote forms are spherical, intracellular, without
flagellum, and found in the vertebrate hosts (Chang 1990;
Green et al. 1990; Ritting and Bogdan 2000). In that case,
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Fig. 2 Life cycle of Leishmania sp. causing leishmaniasis. (World Health Organization)

the multiplication of the parasites occurs inside the macro-
phages, which are their main targets (Figs. 2 and 3). After
macrophages lyses, Leishmania new phagocytosis episodes
spread in the organism (Fig. 2). However, the establishment
of the disease depends on the success of the parasite to
differentiate to the amastigote form (Bogdan et al. 1990,
1996; Chang 1990; Corte-Real et al. 1995; Kayser et al.
2001; Sereno et al. 2005).

Classic treatments

Currently, the drugs used in leishmaniasis treatment present
several problems, including high toxicity and many adverse
effects, leading to patients withdrawing from treatment and
emergence of resistant strains. In addition to these prob-
lems, the high cost of the compounds makes the treatment
far from suitable and, regrettably, it has been increasing
gradually throughout the years (Yardley et al. 2002; Singh

i _'.

and Sivakumar 2004). The primary treatment against
leishmaniasis includes pentavalent antimonial, mostly in
sodium stibogluconate and N-methylglucamine antimoniate
forms, used since the 1940 decade (Berman 1988; Olliaro
and Bryceson 1993; Raht et al. 2003) (Table 1). In some
cases, other drugs, such as pentamidine, amphotericin B,
and paromomycin are used as a second option in resistant
cases, despite their great toxicity to the host (Ramos et al.
1990; Kuhlencord et al. 1992; Escobar et al. 2001; Bray et
al. 2003; Rosa et al. 2003). Recently, pentamidine resis-
tance was also described by the literature (Bray et al. 2003)
as well as difficulties on treating immune-depressed
patients (i.e., HIV), in whom conventional drugs are less
efficient and higher drug doses and a long treatment period
are commonly necessary (Escobar et al. 2001).

Several researches have been carried out to develop
new protocols and chemotherapies for leishmaniasis
treatment. Their purpose is to reduce the problems related

Fig. 3 Leishmania amazonensis promastigote (x1,000; leff) and amastigote (right) forms. Amastigotes are infecting a macrophage (x1,000)
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Table 1 Drugs most commonly used for leishmaniasis treatment

#Structure may considerably vary (Roberts et al. 1998)

to medicines already in use and increase their efficiency
(Ma et al. 2004). Figure 4 illustrates different drugs for
leishmaniasis treatment including: (a) antimonial that is
not approved by Food and Drugs Administration (FDA-
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. Molecular
Name Chemical
_ _ 2D - structure formula Mass
Commercial Chemical (g/mol)
COOH COOH . 3Na
+ 9H,0
Sodium
Pentostam® C12H38Na30268b2 910.9
stibogluconate
OH
) Amphotericin
Fungizone 5 C47H73NO47 924.084
) Paromomycin
Humatin NH, o7 ~o Co3H47N5048S 615.629
sulfate Ho:(l:l/o © on
HO” N TH N :\/ “NH,
_\OH
o Pentamidine
Pentamidine o HoN NH, C1gH24N40, 340.42
isethionate
NH NH
(IZH 2NHCH3 (I:H 20H
e
N
) Meglumine HCO OCH
Glucantime o I I C14H2904gN2Sb 507.01
antimoniate HCOH HCOH
I
HCOH HCOH
I I
CH,OH CH > NHCH3

EUA), (b) Pentostam allowed by Center for Disease
Control and Prevention (CDC-Atlanta) and used mainly
in English language countries, and (c) Glucantime that is
used in Brazil and other countries of Latin America.
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Fig. 4 Treatment used in cuta-

neous (CL) and visceral leish-
maniasis (VL). Green arrows
indicate drugs used in both CL
and VL treatment, blue only for

Glucantime

Pentostam®

= dlliuiT

VL and red for CL

chloride or urea

According to WHO, Glucantime therapeutic efficiency
varies depending on the country, and treatment protocols
are determined depending on the geographical area
(Carvalho et al. 2000).

Different clinical responses to the VL, CL, and ATL
treatment using pentavalent antimonials are an issue for
leishmaniasis patient healing process. It includes the
accumulation of drug in tissues such as spleen and liver,
and even myalgia, pancreatitis, cardiac arrhythmia, and
hepatitis, which may lead to reduction of or withdrawal
from the treatment (Croft et al. 2006) and even to acquired
resistance to these compounds (Escobar et al. 2001).

New alternatives: associating drugs to liposomes

The association of some drugs used in leishmaniasis
treatment within liposomes is one of the alternatives used
to reduce the undesirable effects. This procedure not only
reduced the drugs’ toxicity but also increased their
efficiency and the concentration in the tissues (Desjeux
and Alvar 2003; Gontijo and Carvalho 2003). The
hypothetical mechanism of action of the liposomes involves
the parasite membrane and the inhibition of oxygen
consumption (Rosa et al. 2003). According to Dey et al.
(2000), liposomes consisting of estearilamine (SA) and
phosphatidylcholine (PC) affect other species of the
protozoan. They show that SA—PC is effective against L.
donovani promastigotes and amastigote forms when tested
in both infected macrophage cultures and Balb/c mice.
They also showed a therapeutical effect to recent and late
leishmaniasis infections with a considerable reduction of
parasites in the liver and spleen of infected mice and of
hepatomegaly and splenomegaly with no toxic effects to
host cells (Dey et al. 2000).

Amphotericin B is a compound used for the treatment of
calazar patients that are clinically resistant to pentamidine.
This molecule preferentially binds to ergosterol at the
Leishmania plasmatic membrane but also recognizes the

isethiol

nate

human cell cholesterol in a lower extent. Aiming to
decrease the adverse effect resulting from this inappropriate
recognition, there are some commercial formulations that
associate amphotericin B to lipids (Ambisome, Abelcet, and
Amphotec). Unfortunately, the production is very expen-
sive, which makes their use difficult in poor countries
(Golenser et al. 1999). There are studies based on the
development of low-cost methods of producing these drugs
as described by Larabi et al. (2003). They tested a
formulation with a similar lipid composition to Abelcet,
but with different conformation and molecular weight that
may influence the drug release and action in the organism.
They observed that the new formulation was 27% more
efficient and less toxic than Abelcet in vivo and in vitro.
Despite its less efficiency compared to Ambisome, this
formulation is of low cost and less expensive for use in
leishmaniasis treatment. These results show that the
inclusion of drugs such as amphotericin B or even
pentamidine in these vesicles may be an alternative
treatment due to the synergistic action of these substances.
These liposomes may also be used in combination with the
antimonium, sodium gluconate, by increasing its efficiency
as Pal et al. (2004) described it. By testing the combination
of PC-SA + sodium antimony gluconate (SAG), in a single
dose, against L. donovani-infected macrophages in vitro,
they verified its better efficiency compared to SAG
monotherapy. They also noticed that this combination
reduced the parasites in mice liver (98%) and spleen
(97%), compared to the monotherapy (76% and 65%,
respectively) with no toxic effects. Three months after the
treatment, all parasites were completely eliminated as
observed by histopathological analyses.

According to Golenser et al. (1999), the conjugation
with a polymeric loader is also another alternative to reduce
toxicity and improve drug effect. This approach increases
drug solubility in water, the time of circulation in the
organism, and its accumulation in damaged tissues. These
authors noticed that the association of amphotericin B with
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arabinolactam, a polysaccharide soluble in water, was
more efficient in the treatment of recent and late infections
by L. infantum and L. major compared to the drugs with
lipid conjugation. The advantages of this association
described by these authors include its physical and
chemical stability when lyophilized or soluble, the easy
sterilization by filtration, the drug release profile in the
circulation and, consequently, good elimination by the
organism, in addition to the possibility of intravenous and
subcutaneous administration.

New drugs from microorganisms and plants

Some researchers have been looking for new alternatives
for leishmaniasis treatment in nature, an important source
of drugs for the treatment of several diseases (Kayser et al.
2001; Silva et al. 2002). Searching for better effects and
less toxicity in substances derived from microorganisms or
plants (Kayser et al. 2001) based on the use by people from
endemic areas, these authors studied the extracts of these
organic materials for treating lesions (Weniger et al. 2001).
Weniger et al. (2001) tested plant extracts of native species
from the Pacific Colombian coast that are popularly used
for leishmaniasis treatment by local people. Among the
extracts tested, four of five species traditionally used
against leishmaniasis were active (80%) in vitro at
100 pg/mL against promastigote forms of Leishmania,
whereas three of the five extracts showed good activity
against amastigotes of L. (v.) panamensis.

Kayser et al. (2001) tested the action of afidicoline
against promastigotes and amastigotes of L. donovani. This
metabolite isolated from the fungus Nigrospora sphaerica
is described as an inhibitor of DNA polymerase thus
affecting the cellular division. These authors observed that,
from the 18 derivatives based on this metabolite, only three
acted against resistant parasites compared to other drugs
(i.e., amphotericin B and miltefosine) with moderate
toxicity against the macrophages, although with the toxicity
profile these compounds may be an alternative for
treatment.

Other substances such as the pigments hypocrellins A
and B, isolated from the fungus Hipocrella bambusae and
used in the Chinese Traditional Medicine for treating other
diseases, were tested by Ma et al. (2004) against L.
donovani. In the in vitro tests, hypocrellin A was more
active against the parasite than amphotericin B and
pentamidine, whereas hypocrellin B showed moderate
activity, pointing them as feasible treatment alternatives
for leishmaniasis.

Plant derivatives are among the most active agents against
different infections (Delorenzi et al. 2001). Nerolidol is
present in essential oils of some plants and apparently
inhibits the earlier steps of ergosterol and dolicol synthesis,
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which are important for parasite membrane constitution
(Arruda et al. 2005). Arruda et al. (2005) tested nerolidol
against L. amazonensis, L. chagasi, and L. braziliensis
promastigotes and amastigotes forms and observed that it
reduced ergosterol and dolicol synthesis of the parasites.
The molecule was also efficient when intraperitoneally
injected in infected mice. In contrast, topic applications did
not lead to satisfactory effects and, after the end of the
treatment, there were lesion recurrences, suggesting the
need of a longer treatment. Other drugs present a similar
nerolidol mechanism but against the last steps of ergosterol
synthesis. These drugs are inefficient to some Leishmania
species, as they use host sterols (Arruda et al. 2005).

Another study against leishmaniasis using plant-derived
products is about Tanacetum parthenium from the Asteraceae
family, which is commonly used in medicine for treating
different diseases (Tiuman et al. 2005). Tiuman et al. (2005)
tested the plant extract in vitro against L. amazonensis
promastigotes and amastigotes forms. They observed that the
pure extract and the fractions diluted in solvents reduced the
parasite internalization in macrophages up to 84%. In
addition, they showed no toxic effects to host cells compared
to other drugs used in leishmaniasis treatment. Among the
solvents used in this study, a dichloromethane fraction was
more efficient than the whole plant extract.

Rosa et al. (2003) investigated the biological profile of the
essential oil extracted from Croton cajucara, a plant used
in folk Brazilian medicine for treating gastrointestinal dis-
orders and inflammation processes, against L. amazonensis
promastigotes and amastigotes forms. Interestingly, the C.
cajucara oil is rich in linalol, a terpenic alcohol that is also
present in other plants. The authors observed that even in
small doses the extract and the isolated Linalol were able
to kill 100% of the parasites without cell toxicity. The
macrophages’ pretreatment with the oil decreased the para-
sites’ infection to these cells, while it increased the nitric
oxide production, which has an important role in the defense
against the parasites.

Peschiera australis is found in Brazil and other South
American countries, and its extract was tested in vitro
against L. amazonensis promastigotes and amastigote forms
by Delorenzi et al. (2001). These authors observed the
inhibition of promastigote growth (100%) by this plant
extract. The dilution of the P australis extract with
solvents generated three different fractions, and the
chloroform one was the most efficient against amastigotes
in culture and in macrophages, either in single or multiple
doses, reducing up to 99% of the infection. The anti-
leishmanial profile of the extract is attributed to the indolic
alkaloid, which was shown to be effective against
amastigotes and mainly promastigotes, pointing this mol-
ecule and its derivatives as promising agents in leishman-
iasis treatment.
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Rational drug design

The Medicinal Chemistry is a recent applied science directed
to the development of new drugs that evolved significantly
due to recent technological advances, mainly in molecular,
structural biology and computational chemistry areas
(Linares et al. 2006). Currently, the rational development
of medicines is a reality that offers new perspectives for
discovering new drugs and/or improving those that already
exist (Lima and Barreiro 2005).

Some of the approaches used in this area consist of
generating structural modifications in an initial molecule
(called leading compound), which may be of natural or
synthetic origin, for obtaining a new derivative series.
Then, the compounds are tested in pharmacological assays
performed in vitro and in vivo for detecting new com-
pounds with the expected biological activity over the
chosen therapeutical target. In this process, knowledge
about the physic-chemical and structural properties of the
leading compound and its relation to the pharmacological
target (i.e., enzyme or receptor) as well as to preserve the
initial pharmacophoric characteristics of this lead com-
pound is essential (Linares et al. 2006).

Once determined (the pharmacological target and the
leading compound), different strategies of molecular mod-
ifications may be applied. Among them are (a) the molecular
simplification that allows the synthesis of compounds
structurally less complex from the original active prototypes
(Lifiares et al. 2006) and (b) bioisosterism, which is the
substitution of parts, radical, or even atoms of a molecule to
obtain derivatives that may present better pharmaco-
therapeutical activity (Lima and Barreiro 2005).

Several parasite biosynthetic pathways have been investi-
gated as target for drug design. Recently, Lifiares et al. (2006)
used ergosterol biosynthesis as an example for showing the
usefulness of drug design. There are many enzymes
involved in this biosynthetic pathway such as squalene
synthase, farnesylpyrophosphate synthase, and other
enzymes that are able to deplete parasite endogenous sterols.
The enzymes involved in trypanothione biosynthesis,
glutathionyl spermidine synthetase, and trypanothione syn-
thetase do not have an equivalent in mammals and,
therefore, low toxicity for compounds that are able to
produce highly selective inhibition can be predicted.

The design of specific inhibitors of such metabolic
activities as possible means of controlling the parasites
without damaging the hosts and the recent advances in the
biochemistry of pathogenic parasites including the dis-
covery of novel organelles may act together in improving
leishmaniasis treatment. In fact, during the past 21 years,
the leishmaniasis treatment success was based on reformu-
lation of old drugs, researches of rational drug design, and
the better understanding of the immunology of the disease.

In the 1980 decade, pyrazolopiridines (i.e., alopurinol and
derivatives), which affect nucleic acid biosynthesis, and
Cl4-a demethylase and sterol synthesis inhibitors (i.e.,
antifungal azoles—ketoconazol, itraconazol) were one of
the most promising molecules, but their low efficiency and
their pharmacokinetic properties compromised their poten-
tiality (Tempone et al. 2005), indicating the need for further
research in this area since then.

Croft et al. (2006) reported the biological tests required in
the process of discovering new drugs against leishmaniasis
that include (a) in vitro assays against the extracellular stage
of the protozoan (promastigote) and against different species
of Leishmania using as host cells the murine peritoneal
macrophages or human monocytes turned into macrophages
as well as in axenic cultures of amastigotes and (b) in vivo
tests that allow the determination of drug absorption (route
of administration) and distribution (sites of infection,
metabolism, excretion, and toxicity levels) profiles. All
together, these studies and reports of these authors may help
to orient the scientific research currently in progress in
rational drug design and in other areas.

New synthetic drugs

Hexadecylphosphocoline (HPC or miltefosine) is a widely
studied drug for leishmaniasis treatment but originally
developed for cancer treatment. Apparently, it stimulates
the hematopoietic and immune system, with T cells and
macrophage activation and with the increase of the
interferon-y production, thus helping against Leishmania
infection (Escobar et al. 2001). Nevertheless, there are
disadvantages such as teratogenic effects and emergence of
resistance.

Interestingly, there are studies that report this drug
effects directly to the parasite (Escobar et al. 2001).
Escobar et al. (2001) verified no direct correlation of HPC
antileishmania activity to B and T cells in contrast to the
immune dependence of stibogluconate. HPC presented
similar antileishmania effects in both immune-deficient
and normal infected mice, different from stibogluconate.
The same effect was also observed in vitro using macro-
phages. Kuhlencord et al. (1992) verified in their studies
that the HPC orally administrated presented good distri-
bution in the organism and was more efficient in reducing
parasites in spleen, liver, and bone marrow than other
drugs (i.e., stibogluconate). Although there are some
adverse effects, these results pointed HPC as an alternative
in the treatment of HIV patients. The feasibility of oral
administration, as it presented good distribution and
efficacy in the organism by this route, makes its use
easier by the patients.

Mai et al. (2004) tested the action of some compounds
derived from hydroxamate against L. donovani in vitro.
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Their antileishmanial profile may be related to the
inhibition of the enzyme histone deacetylase, similar to
pentamidine, suberoilanilidine hydroxamic acid (SAHA),
and trichostatin A (TSA). Interestingly, all compounds were
active against the parasite, and two were as efficient as
pentamidine with lower cytotoxic profile but not as good as
SAHA and TSA.

Sereno et al. (2005) described nicotinamide (NAM)
affecting Leishmania through not only the inhibition of a
deacetylase but also the synthesis of a protein called SIR2
important to parasite survival in the amastigote form (Silva
et al. 2002). They observed that NAM inhibited the
amastigotes but not promastigote growth in cultures of L.
infantum and L. amazonensis. It was observed that NAM
inhibited the proliferation of amastigotes in infected macro-
phages with no host cytotoxicity. In addition, this drug may
be orally used and associated with other antileishmanial
drugs that reinforced it as a potential choice for leish-
maniasis treatment.

Kar et al. (1993) studied the effects of trans-acotinic acid
(TAA), an aconitase inhibitor, against L. donovani due to its
action in the fatty acid oxidation. This metabolism has great
importance at the energy supply to the parasite develop-
ment. They observed that the TAA inhibited the in vitro
growth of promastigotes and amastigotes in macrophages
and in vivo (i.e., infected hamsters) without toxicity to host
cells. TAA acted synergistically when associated with other
drugs, thus reducing drug active doses.

Recently, some drugs that are already used in other
pathology treatment are being tested against leishmaniasis
such as risedronate and pamidronate. The molecules are from
the biphosphonate class and are commonly used in the
treatment of bone diseases. They were tested in L. donovani-
and L. mexicana-infected mice and reduced over 99% of
the parasite infection in the animal livers with no toxic
effects. According to Tempone et al. (2005), the quinolones
and their derivatives were active against protozoans, also
including Leishmania. They tested four compounds derived
from quinolones and using pentamidine as control and
observed that all compounds showed greater efficiency and
less toxicity against L. chagasi promastigotes. Differently,
only one compound was effective against amastigotes in
infected macrophages without toxic effects, killing 100% of
the parasites.

Treatment and the immune system

One alternative in leishmaniasis treatment is the association
of drugs with some cytokines that stimulate the immune
system. As the host immune system and its components
play a crucial role in this infection healing process (Murray
et al. 2003), the purpose of this protocol is to enhance the
immune response by the activation of macrophages and the
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increase of the nitric oxide production, among other
mechanisms, to eliminate the infection (Shapiro et al.
1991; Tiuman et al. 2005). Murray et al. (2003) tested this
protocol in L. donovani-infected mice by the association of
amphotericin B with one cytokine and observed that,
despite this drug’s direct action against parasites and its
independence from host immunity, the combination was
more efficient than the monotherapy and led to the
reduction of the amphotericin B dose. The use of
amphotericin B with IL12, anti-CD40, or anti-IL10 in-
creased parasite death in 63%, 62%, and 56%, respectively.

The development of vaccines against leishmaniasis is
directly related to host immunity and to the development of
immunity after the patient healing from VL or CL
(Mukhopadhyay et al. 2000). Based on attenuated, dead,
or ruptured parasites, isolation and purification of antigens,
and parasites encapsulated in liposomes, this process has
been widely investigated (Soong et al. 1995; Mukhopadhyay
et al. 2000). Soong et al. (1995) isolated antigens P4 and P8
from L. pifanoi amastigotes and used them to immunize
infected mice. They verified that the use of P8 with
adjuvant (C. parvum) fully protected the animals against
the infection by L. pifanoi and cross-protected it against
L. amazonensis, whereas P4 only protected against L.
pifanoi. Mukhopadhyay et al. (2000) used a UR6 atypical
promastigote, administered alive, centrifuged, killed, and
treated with formol, to immunize mice against L. donovani.
These promastigotes reduced, respectively, 91%, 99%,
88%, and 93% of parasites present in the spleen and the
liver of the inoculated animals. The authors still observed
differences depending on the route of administration and
concluded that the subcutaneous route was the most
efficient without needing the protector effect of the
adjuvants.

Conclusion

All the studies described so far and those still in process
aim to obtain new drugs to be used in leishmaniasis
treatment with low or no toxic effects compared to that of
current treatment, but keeping its efficiency or overcoming
their benefic effects. Importantly, the costs of the treatment
should be minimized to allow its dissemination and use
mainly in poorer countries, where there is a high incidence
of this disease.

The current investigations that may allow the develop-
ment of new medicines are also based on testing (a) drugs
commonly used in other pathologies, (b) substances isolated
from microorganisms and plants, and (c) substances used in
popular medicine. The scientific advances, mainly related to
the knowledge of host immune response mechanisms against
the parasites, from their antigenic characteristic to their
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metabolism, may allow a better understanding of the
mechanisms of action of antileishmanial drugs and their
interaction with hosts and parasites. Despite all of this
knowledge, this review pointed out that leishmaniasis
treatment still remains as a challenge that needs urgent
solution and further researches to achieve more specific and
efficient medicines.
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