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Neglected Tropical Diseases (NTD) are a group of endemic diseases that cause up to one million deaths annually. 

Leishmaniasis and Chagas Disease are classified as NTD whose current treatments are of limited access. There 

is an urgent need to develop new agents to combat or alleviate the symptoms of these pathologies. The present 

work highlights the activities of several natural products and their derivatives which have been tested against the 

causative parasites of both diseases. The activities of natural products illustrate their potential to assist in the 

combat against NTD. Research in this area could provide an opportunity to advance medical research and to 

provide treatments to low- and middle-income countries. 

 

Graphical abstract 

                  

1. Introduction 

1.1 Leishmaniasis and Trypanosomiasis - Neglected Tropical 
Diseases 

Neglected tropical diseases (NTD), also known as 
neglected diseases (ND), affect more than one billion people 
worldwide, predominantly in developing nations [1]. 
Consequences include impaired child growth and 
development, reduced intellectual capacity and labour 

productivities. NTD are not only a consequence of but 
promotes and propagates poverty [2-4]. 

The NTD comprise chronic infections caused by parasites, 
viruses, bacteria and protozoa, corresponding to at least 13 
types of disease which are prevalent in approximately 149 
countries [5]. The most affected populations live in vulnerable 
situations due to inadequate sanitary conditions and direct 
contact with vectors [6]. In Brazil, the population most 
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affected by NTD is rural workers and those who carry out 
extractive activities, as they have more contact with 
reservoirs, vectors and etiological agents [7]. 

Among these diseases, parasitic infections caused by 
protozoa have been the subject of numerous studies, as they 
affect millions of people and there still do not exist specific 
treatments or cures. The causative agents of leishmaniasis 
and trypanosomiasis are flagellated organisms of the genera 
Leishmania and Trypanosoma respectively, both containing 
many sub-genera and species [8,9]. 

1.2 Leishmaniasis 

Leishmaniasis is transmitted mainly by hematophagous 
mosquitoes of the genera Phlebotomus and Lutzomya and can 
exist in three different forms: cutaneous, mucocutaneous and 
visceral, the latter being the most fatal form [10,11]. The main 
symptoms are the appearance of skin lesions, nasal wounds, 
and in cases of the visceral form, haemorrhages complicated 
by viral and bacterial co-infections [12]. Visceral leishmaniasis 
is considered a zoonosis, as it is transmissible to both 
humans and animals. Risk factors range from lack of 
sanitation to deforestation, with economically challenged 
regions being most affected [6,13]. 

In 2021, more than 700 cases of leishmaniasis were 
recorded in Brazil, 79 of which were fatal with the northern 
region of the country being most affected [14]. 

Currently, the only treatments in Brazil for visceral and 
cutaneous leishmaniasis are based on amphotericin B and 
miltefosine, respectively. However, the effectiveness of these 
treatments for leishmaniasis is limited by their inherent 
efficacy as well as the increasing frequency of drug 
resistance. Immunosuppression is an additional collateral 
effect of these treatments which contributes to outbreaks and 
further transmission of the disease. [15-17]. For some species 

such as L. major and L. tropica, which are responsible for the 
cutaneous form, the treatment with fluconazole or 
itraconazole may be effective [18]. 

For canine leishmaniasis, caused by L. infantum, research 
has been carried out on a safe vaccine and the Leish-tec® 
vaccine is currently available, however, it is only an auxiliary 
method because it generates very low immunity. Thus, its use 
in endemic regions is limited [6,19-21]. 

1.3 Trypanosomiasis: Chagas disease 

Among several protozoa belonging to the genus 
Trypanosoma, Trypanosoma cruzi is the causative agent of 
American trypanosomiasis, also known as Chagas disease 
(ChD), which is considered a chronic disease typical of Latin 
America. This parasite is capable of infecting not only humans 
but other mammalian species [22]. 

T. cruzi presents a heteroxenic life cycle, having both a 
vertebrate host and an invertebrate host, such as insects [23]. 
There are three well-defined phases of the life cycle of T. spp. 
The first is the trypomastigote form in which there is no 
potential for parasite replication.  This extracellular infecting 
form is where the parasite infects the host vertebrate and is 
released into the bloodstream [24]. The amastigote form is 
characterized by intracellular infection and has the potential 
for replication in the vertebrate host. These organisms are 
rounded and have inconspicuous flagella [25]. The third 
epimastigote form is found in the digestive tract of vectors but 
is not infective to humans [26]. 

Currently, the drugs available for the treatment of ChD are 
benznidazole (BZN - 1) and nifurtimox (NFX - 2) (Fig. 1) during 
the acute and early chronic phases. However, these agents are 
distant from the criteria of what is considered an ideal drug, 
such as safety, efficacy in few doses, selectivity, low or no 
toxicity, and accessibility to low-income patients [27]. 

 

 

Fig. 1. Transmitting insect, protozoan and available drugs in Leishmaniasis (Adapted from [28, 29]). 

 

As in the case of leishmaniasis, Chagas disease is 
transmitted by hematophagous insects. In Brazil, the main 
form of transmission occurs through the faeces of the 
“kissing bug” (vinchuca or barbeiro), which are deposited on 
the skin of the individual.  There are other forms of contagion, 
such as transmission by ticks and fleas as possible vectors of 
L. infantum. Transmission by venereal, transplant or blood 
transfusion has also been reported [30-32]. 

Despite the predominance in South America, vector and 
host migration and blood transfusion rates have increased the 
spread of the disease to developing countries, where there 

were no previous reports of the disease [33,34].  Therefore, 
there is an urgent need to develop safe and effective new 
drugs for the treatment of chronic Chagas disease. 

Thus, it is evident the need for novel therapies to combat 
the disadvantages associated with available treatments 
including adverse side effects, high costs, drug resistance and 
limited efficacy [35]. The ideal form of prevention would be the 
discovery of a safe and effective vaccine. However, thus far, 
the only disease mitigation feasible is through monitoring of 
symptoms for early identification of symptoms of the disease 
and by combating transmission vectors. 
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Unfortunately, the pharmaceutical industry has shown 
little interest in developing new drugs for neglected diseases, 
due to low prospects of financial returns. As such, most 
research on NDTs has been conducted within an academic 
setting.  To further complicate matters, many of the most 
affected countries have major socio-economic problems. 

Hence, natural products emerge as a promising alternative 
in the form of traditional medicinal plant preparations but also 
as lead compounds for drug prototypes. This strategy makes 
it possible to take advantage of the biodiversity present in 
these emerging countries to provide novel and practical 
treatments. 

In the search for novel, promising molecules, research 
groups are investigating and trying to identify the active sites 
of biomolecules for future in vitro and in vivo assays. 
Buschiazzo and colleagues have isolated T. cruzi trans-
sialidase (TcTS), a non-homologous enzyme, which does not 
show significant sequence similarity at the primary level, in 
neither humans nor hosts. This is expressed mainly by 
trypomastigotes and is being considered a promising 
pharmacological target of ChD [36]. This enzyme catalyzes 
the transfer of sialic acid from the glycoconjugate surface of 
the host to the surface of the mucin-like glycoprotein of T. 
cruzi while assisting to evade the host's immune system [37]. 

As such, researchers are testing substances of natural 
origin and derivatives thereof against parasites. For example, 
Azeredo and co-workers [38], evaluated the bioactivity of an 
oxazolone derived from alanine (3), illustrated in Fig. 2, 
against the epi- and amastigote forms of T. cruzi. The 
structure of this compound contains a Michael acceptor 
subunit, which is known for its reactivity with soft 
nucleophiles, such as cysteine [39].   

 

 
Fig. 2. Chemical structures of oxazolone derived from alanine. 

 

In 2020, the World Day for Neglected Tropical Diseases 
was established by the World Health Assembly, to be 
celebrated on January 30, to increase awareness of these 
diseases and plan strategies for the well-being of the affected 
populations. The WHO reinforces the need for countries to 
take steps to prevent these diseases and to promote the 
development of better, safer, more accessible and easier-to-
use methods and medicines [6,40]. 

Natural products have long been used to develop new drug 
prototypes. They have long been employed as a promising 
strategy for the discovery of new drug candidates. Perhaps 
equally important, natural product-based treatments have 
been employed to meet the needs of endemic regions with 
little or no access to allopathic medicine. 

1.4 Natural Products  

Natural Products (NPs), by definition, are produced by 
plants and other diverse living organisms. Their production is 
believed to be involved in the evolution of defense 
mechanisms for millions of years. One example is the 
production of secondary metabolites. Among these 
metabolites are alkaloids, phenols, terpenoids, flavonoids, 

saponins, steroids, tannins, glycosides and others, which have 
application in human, veterinary and agricultural medicine 
[41]. Throughout human history, many plants and other natural 
organisms have been used as therapeutics and, even today, 
natural substances are widely used, mainly by developing 
countries, as a form of primary medicinal treatment. Although 
they have been replaced or supplemented by the use of 
standardized “modern” medicines, the use of these crude drug 
preparations continues to be an important source of research 
for drug discovery. Work on the isolation and purification of an 
active molecule, and the subsequent optimization of its 
pharmacological profile and activity by methods of synthesis 
continues to be an extremely active area of interest to 
medicinal chemists worldwide [42,43]. 

Natural products are relevant in the discovery of new 
therapies for neglected tropical diseases. This, unfortunately, 
is because many countries afflicted by these infirmities are 
populated by people with a low-income profile [44]. This being 
as it may, NPs present an excellent research opportunity. In 
addition to being an important source of bioactive compounds 
in and of themselves, natural products provide a wealth of 
chemical structural diversity and poorly studied or unknown 
biological activities. However, it should be emphasized the 
difficulty in isolating substances from NPs is a result of low 
yields, high manufacturing costs, questions of intellectual 
property, environmental impact, and difficult work in this area 
of chemistry [45].  

The scope of the present review seeks to select some 
specific classes of NPs, their semi-synthetic derivatives and 
synthetic analogues that show promising potential to act 
against pathogens of the Leishmania and Trypanosoma 
genera. 

In the present review, we cite and emphasize publications 
concerning natural products as well as their derivatives and 
synthetic analogues and derivatives as well. We have focused 
on journal articles published in the previous the last 20 years 
and exclude patent literature.  The relevant compounds have 
been divided into the following classes: essential oils, 
triterpenoids, alkaloids, chalcones, flavonoids, quinones and 
naphthoquinones, saponins and lignans. 

1.5 Essential oils  

Essential oils are constituents of aromatic plants located 
in different morphological structures, such as leaves, flowers, 
fruits, seeds, buds, roots, rhizomes and bark [46]. These 
compounds may be obtained by various techniques, such as 
hydrodistillation, solvent extraction, cold pressing or 
supercritical fluid extraction. They possess many substances 
that have biological properties [47]. 

The essential oil extracted from the leaves of Cryptocarya 
aschersonianaMez. (LauraceaeJuss.), popularly known in 
Brasil as “canela-nhutinga”, is composed predominantly of 
monoterpene hydrocarbons (Fig 3), the racemic mixture (S) 
and (R)-limonene (4 and 5), linalool (6) and nerolidol (7) and 
were studied by Andrade and co-workers [48], against the 
promastigote forms of L. amazonensis in 2018. Until this 
moment, there were no reports on the chemical composition 
and the antileishmanial and cytotoxic activities of the 
essential oil of C.aschersoniana. The authors carried out 
hydrodistillation in a Clevenger-type apparatus and analyzed 
the chemical composition by gas chromatography coupled to 
mass spectrometry (GC-MS) and Gas Chromatography with 
Flame Ionization Detector (GC-FID). The essential oil under 
study exhibited high leishmanicidal activity when tested 
against promastigote forms of L. amazonensis. There was an 
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increase in parasite lysis dependent on the concentration of 
essential oil, which demonstrated a 50% inhibitory 
concentration (IC50) of L. amazonensis at a concentration of 
4.46 μg mL-1. The high leishmanicidal activity of the essential 
oil from C. aschersoniana leaves was related to the presence 
of its main chemical components:(4) and (5), and the oxidized 
monoterpenes (6) and (7) whose structures are illustrated in 
Fig. 3. This hypothesis is supported by results obtained 
previously, which showed that these compounds were, 
separately, active against different forms of the disease.  

Although the activities were good, the essential oil showed 
inferior inhibitory activity (IC50 = 4.46 µgmL-1) when compared 
to the Amphotericin B reference standard. In addition, it 
showed a higher cytotoxic concentration (CC50 = 7.71 μg.mL-

1) against peritoneal macrophage cells of mice, almost seven 
times more toxic than Amphotericin B (CC50 = 51.86 μg.mL-1). 
The authors postulated that the strong anti-L. amazonensis 
activity, concomitant with the high cytotoxicity could be 
explained by the absence of specific cellular targets of the 
principal constituents of the oil.  In other words, these 
molecules can interact with enzymes present in both healthy 
cells and protozoan cells. This was attributed to the 
physicochemical properties of these compounds, which are 
nonpolar and lipophilic species. As such, they are highly 
permeable to cytoplasmic membranes. Once they cross the 
membrane, they can cause cytoplasmic coagulation, denature 
proteins, and disrupt metabolic pathways such as lipid 
biosynthesis, leading to cell death by necrosis and apoptosis 
[48].   

In another study, 4 and 5, present in the essential oils of 
Citrus limonia and Citrus latifolia, were responsible for the 
leishmanicidal activity [47], while the activity of 6 was reported 
against the promastigote and amastigote forms of L. 
amazonensis, with IC50 of 8.3 and 8.7 ngmL-1

, respectively [49] 
and, finally 7 inhibited the growth of L. amazonensis, L. 
braziliensis, and L. chagasi promastigotes and L. amazonensis 
amastigotes with IC50 85, 74, 75, and 67 μM, respectively [50].  

Further studies are recommended to verify the occurrence 
of possible synergistic and/or additive effects between these 
compounds, which in turn could direct studies related to 
structure-activity relationships to develop prototypes of anti-
leishmania drugs starting from scaffolds of these structures. 

 

 

Fig. 3. Chemical structures of essential oils constituents of C. 
aschersonian. 

 

The group of Rottini [51] evaluated the activity of essential 
oil of Endlicheria bracteolata, from the Lauraceae family, 
against L. amazonensis, in promastigote and intracellular 
amastigote forms. The Lauraceae family species are part of 
the vast biodiversity found in the Amazon region, where it is 
known as bay laurel (or louro). In this study, the oil was 
extracted from the leaves by hydrodistillation and it was 
analyzed by GC-MS, which resulted in the identification of 31 
components. The main compounds encountered constitute 
sesquiterpenes (85.8%), being guaiol (8) the main component 
with 46.4% (Fig. 4).  

In vitro studies began from the evaluation of the inhibitory 
activity against promastigote forms, which presented IC50 of 
7.945 µg mL-1 (24 h) and 6.186 µg mL-1 (48 h), while for 
intracellular amastigote forms it was 3.546 µg mL-1 (24 h). The 
cytotoxic concentration (CC50) in macrophages was 15.14 µg 
mL-1, showing that E. bracteolate is less toxic to macrophages 
than to parasites. The authors performed transmission 
electron microscopy, which showed that treatment with 
essential oil of E. bracteolata can induce mitochondrial 
damage to promastigote and intracellular amastigote forms, 
while flow cytometry showed disruption of the mitochondrial 
membrane in treated parasites. The researchers concluded 
that these results may lead to the development of products 
based on E. bracteolata oil for the treatment of cutaneous 
leishmaniasis, especially for people who cannot receive 
conventional therapy. 

 

 
Fig. 4. Chemical structure of guaiol. 

 

In other emerging countries, such as in North Africa and 
the Middle East, the medicinal plant Haplophyllum 
tuberculatum, rich in volatile oils, is used in traditional 
medicine for its´s analgesic and antipyretic activities. Tea 
from the stem leaves is used to treat nausea, constipation, 
and gastric disorders as was as in parasitic infections such as 
malaria. The volatile oils were extracted from leaves, stems 
and aerial parts by hydrodistillation and analyzed by GC-FID 
and GC-MS. Hamdi and colleagues observed that there was 
variation between the quantitative and qualitative chemical 
composition of the oils, depending on the time of year of 
collection, location and stages of plant development. The 
main constituents encountered were sesquiterpenes, (6) and 
(7) and limonene.  As previously mentioned, these are also 
found in the Brazilian plants C. aschersoniana and E. 
bracteolate [52]. Having established the activities of the main 
isolated compounds, the authors reported initial studies of 
both anti-leishmania activity and in vitro cytotoxicity [52]. The 
essential oils and isolated compounds were evaluated against 
L. mexicana promastigotes at different concentrations. 
Regarding the oils that were tested, problems related to 
stability were reported, and in addition, both essential oil and 
the pure compound 5 (Fig. 3) showed moderate anti-
leishmanial activity, with an IC50 ranging from 6.48 to 50.28 μg 
mL-1. Cytotoxicity assays for these volatile extracts, 4 and 5 in 
Chinese Hamster Ovary (CHO) cells were relatively strong 
cytotoxicity with CC50 of 75.89, 29.65μg mL-1 respectively, and 
then, the selectivity index was considered low (SI <10). 

These oils could be safely used in therapeutic 
concentrations and short-term treatments for emergency 
cases, for example, in regions where there is a lack of access 
to first-line treatments. Finally, despite having shown the 
largest inhibitory activity among the isolated compounds (IC50 
= 16.59 μg.mL-1), compound limonene cannot be considered a 
drug candidate due to the low selectivity index.  

Still exploring the bioactivity of compound [R]-limonene (5) 
against protozoa, Kpoviessi's group investigated its effects 
against T. brucei species which showed good inhibitory 
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activity (IC50 = 4.24 µg mL-1) [53]. In this study, (5) and the 
volatile oils from Cymbopogon giganteus, a plant widely used 
in traditional medicine in Africa, were evaluated for activity 
and cytotoxicity. Cytotoxicity, evaluated using in vitro studies 
against CHO, showed that, in general, was low for these oils 
and it could be a good source of anti-trypanosomal agents.  
When comparing the cytotoxicity of (5) extracted from 
Haplophyllum tuberculatum and C. giganteus, the obtained 
values were slightly higher by a factor of approximately two 
(29.65 and >50 µg mL-1, respectively) [52,53]. This difference 
was justified by the authors due to the biological variability of 
the cells used in the culture. 

It should be noted that Haplophyllum tuberculatum is 
abundant in its native habitat; a region with a high incidence 
of neglected tropical diseases. In addition to its traditional use 
to treat various maladies, it may be an option for 
trypanosomosis in the absence of economically viable 
alternatives. 

Since leishmaniasis is an endemic public health problem 
in North and East Africa, the Moroccan medicinal plants' 
Mentha pulegium and Rosemarinus. officinalis, popularly 
known as pennyroyal (poejo) and rosemary (alecrim), 
respectively, were studied to determine their abilities to 
combat protozoa. 

This research, described by Bouyahya and co-workers [54], 
identified the bioactive chemical compounds and evaluated 
their properties against leishmaniasis. The aerial parts of 
plants were collected, and the essential oils were extracted by 
steam distillation. The hydrodistillate was analyzed by GC-MS 
and 29 compounds were isolated from R. officinalis.  Of these, 
the main chemical components identified were: 1,8-cineole 
(23.6%), camphor (18.7%), borneol (15.5%) and (14.1%) of α-
pinene. For M. pulegium, 21 compounds were identified, of 
which pulegone (41.0%) and menthone (21.2%) were the main 
constituents.  

The leishmanicidal activities of both volatile oils against 
promastigote forms of L. major, L. tropica and L. infantum were 
performed by the MTT. Considerable cytotoxicity of M. 
pulegium against L. major (IC50 = 1.3 µg mL-1) and R. officinalis 
against L. infantum (IC50 = 1.2 µg mL-1) was observed at low 
concentrations, using Glucantime® (meglumine antimoniate) 
as the control drug which presented an IC50 of > 10 µg mL-1. 
The activity of the oils can be attributed to the presence of 
biologically active substances which could inhibit the growth 
of or promote the death of the parasites. Several possible 
mechanisms of action can be postulated such as induction of 
apoptosis, disruption of the electron transport chain or 
inhibition of DNA topoisomerase. Further studies must 
elucidate the mechanisms of action, possible synergistic 
effects and, ideally, in vivo studies. 

Species of the genus Origanum are well known for the 
antimicrobial properties of their essential oils. Tasdemir and 
co-workers have previously reported the activity of its volatile 
oil against protozoa [55]. The essential oil was obtained by 
hydrodistillation of the dry parts of O. onites, popularly known 
as Cretan oregano. The oil was analyzed by CG-FID and CG-
MS, its main components were evaluated against 
Trypanosoma brucei rhodesiense, T. cruzi, L.donovani and P. 
falciparum. The main components of this oil were identified as 
carvacrol (70.6%), followed by linalool (9.7%), p-cymene 
(7.0%), γ-terpinene (2.1%) and thymol (1.8%). The researchers 
observed that the volatile oil showed significant in vitro activity 
against T. b. rhodesiense (IC50 = 180 ng mL-1), however, it was 
inactive against T. cruzi, and demonstrated moderate 
antileishmanial and antiplasmodic effects, without toxicity to 

mammalian cells (up to 90 μmL-1 ). Carvacrol (9), thymol (10), 
both illustrated in Fig. 5, and essential oil was tested against 
the same parasites, where carvacrol and thymol were 
maintained in vitro antiparasitic potency of the oil. When 
tested for in vivo trypanocidal activity in mice, only thymol 
extended the survival time of infected mice, while the 
essential oil and carvacrol were both inactive. However, the oil 
and (9) may have synergistic effects and show increased 
bioactivity when combined with other constituents of the oil, 
or with clinically used antiprotozoal drugs. The authors 
highlighted the already known importance of the presence of 
the hydroxyl group in the bioactivity of phenolic compounds, 
such as (9) and (10). To confirm this, the methyl ether 
derivatives of these compounds were found to be 40-90 times 
less potent against T. b. rhodesiense than the original 
compounds in the reported study. The researchers concluded 
that these substances present in the oils, such as thymol, can 
serve as a starting material to provide new semi-synthetic 
antiparasitic agents with improved activity profiles. 

 

Fig. 5. Chemical structures of carvacrol and thymol. 

 

1.6 Triterpenoids  

Triterpenes are members of isoprenoids that are derived 
from the C30 precursor squalene.  Most triterpenes found in 
nature have 1 to 5-ring in their structures, and these cyclic 
systems are later converted into several important 
metabolites, such as sterols and steroids, which play an 
important role in cellular function (Fig. 6) [56]. 

Triterpenoids are defined as terpenes that contain oxygen 
in their structure [57], and they are one of the largest 
subclasses with more than thirty specialized metabolites and 
14,000 known structures that have potential application in the 
food and pharmaceutical industry [58].  

Pentacyclic triterpenoids are interesting natural 
compounds due to their antiviral, antiparasitic, antibacterial 
and anti-inflammatory activity [59]. For example, oleanane, 
lupane and ursane are considered the most important in this 
class due to their plurality of bioactivities [60]. Betulinic acid 
is a lupane pentacyclic triterpenoid and its derivatives 
demonstrate activity against both Leishmania spp. and 
Trypanosoma cruzi [61]. 

Meira and colleagues reported the synthesis of new 
semisynthetic amide derivatives of betulinic acid 
(Compounds 16-19) for further evaluation of trypanocidal 
potential [62]. The methodology of this work has as starting 
material betulinic acid, which is later converted into a mixed 
anhydride of isobutyl chloroformate followed by the addition 
of secondary amines (Fig. 7). 

Initially, heterocyclic piperidine, morpholine and pyrazine 
amides of betulinic acid were prepared to vary and investigate 
hydrogen bonding sites. After these structural modifications 
were made, semi-synthetic betulinic acid derivatives (16) and 
(17) showed IC50 values (> 100μM) inferior to those of 
betulinic acid (19.5μM) and the reference standard (1). These 
compounds could alter the ultrastructure of the parasite, 
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causing deformation of the cell structure, and inducing a 
necrotic process in the trypomastigotes of T. cruzi. This anti-
parasitic effect was also observed with the combination of 
compound (18), which has the highest trypanocidal potential 
with benznidazole.  In this case, there was also observed an 
IC50 reduction of up to 80% when compared to the individual 
compounds. Finally, the derivative (19) also presented good 
activity (13.7 μM). In summary, amide formation potentiated 
the compounds against T. cruzi. 

Lupenone (20), illustrated in Fig. 8, is also a lupane 
triterpenoid extracted from plants of Albizia spp. [63]. This 
biomolecule shows activity against several diseases, 
including leishmaniasis, and can be obtained by the oxidation 
of lupeol with pyridinium chlorochromate (PCC) in 
dichloromethane [64]. 

The extraction and isolation of lupenone from the Albizia 
inundata plant, for further biological testing, were obtained by 
evaporation of the final hexane extract [65]. 

 

 
Fig. 6. Biosynthesis of cholesterol from the triterpene squalene. 

file:///C:/Users/Fabio/Desktop/Template%20-%20Orbital/Final/www.orbital.ufms.br


 Orbital: Electron. J. Chem. 2022, 14(4), 247-266 

 

 

Published by Federal University of Mato Grosso do Sul | www.orbital.ufms.br                                                                                 253 

 

 
Fig. 7. Chemical structure of betulinic acid and its derivatives. 

 

 
Fig. 8. Chemical structure of lupenone. 

 

As a result, the compound showed antibacterial and 
antifungal activity, where the methanolic extracts of the stem 
bark were active against all microorganisms tested, with 
experimental minimum inhibitory concentration (MICs) values 
in the range of 3.9-12.5 μg.mL-1.  

The leishmanicidal effect of lupenone was also evaluated 
against L. amazonensis. There was a reduction in 
promastigote proliferations (IC50 at 20 μM), more potent than 
amphotericin B, which is the reference drug for the treatment 
of leishmaniasis. Amastigote species, challenged with 
lupenone presented an IC50 value of 20.6 μM, being more 
effective than lupeol. 

The mechanism of action of lupenone is attributed to its 
lipophilicity, which facilitates penetration into the lipid bilayer 
of cell membranes. In the parasite, there was abnormal lipid 
accumulation after exposure to lupenone, suggesting that this 
compound affects the lipid biosynthesis pathways of the 
parasites, resulting in apoptosis. One of the strategies 
adopted by research groups in drug development is the 
combination of two or more compounds to achieve a better 
therapeutic effect [66]. With this strategy in mind, Polanco-
Hernández and co-workers reported their work on the effect 
of different mixtures and concentrations of lupenone and β-
caryophyllene oxide on leishmanicidal activity and 
immunomodulatory effects [67]. 

Tests were performed to determine the activity against the 
promastigote forms of L.amazonensis; L. braziliensis; L. 
mexicana; L.tropica e L.aethipica. The mixture containing 
proportions of 1:4 lupenone/β-caryophyllene oxide and β-
caryophyllene were the more active combinations against all 
promastigotes. Regarding to L.tropica and L.mexicana studies, 

the mixture showed strong activities (IC50 = 15.1 and 14.0 μg 
mL-1, respectively) and β-caryophyllene oxide presented IC50 = 
19.4 and17.8 μg mL-1

, respectively. 

Given that a compound is considered strongly active 
against leishmaniasis with an IC50< 25 μg mL-1, the authors 
found promising compounds for the treatment of 
leishmaniasis [68]. The mixture of 1:4 lupenone/β-
caryophyllene oxide and pure β-caryophyllene oxide also 
showed a great inhibitory effect and the selectivity index (SI) 
for the mixture is higher, with values of 3.7 and 3.4 for L. 
mexicana e L. tropica respectively, when compared with pure 
β-caryophyllene oxide (SI < 3.0).  

Finally, the immunomodulatory effect of the mixture and 
the pure oxide was evaluated from in vitro bioassays of the 
clinical stage of the disease after infection of THP-1 cells. 
Both tests were able to significantly reduce the number of 
infected cells. This work is important because it shows how 
the combination of natural products can contribute positively 
to the synthesis of value-added molecules. 

Oleanolic acid (21), a pentacyclic triterpenoid, is available 
in fruits and vegetables, known for presenting 
pharmacological activities such as anti-inflammatory, 
antiviral, antimicrobial and antioxidant properties. 
Dehydroabietic acid is a tricyclic diterpenoid, also found in 
vegetables and has shown anticancer and antimicrobial 
activities and is a promising potential for the synthesis of new 
drugs [69,70].  

Given these characteristics of oleanolic acid (21) and 
dehydroabietic acid (22), Pertino and co-workers analyzed the 
antiprotozoal activity of triazole derivatives of these acids 
against the promastigotes of T. cruzi and Leishmania spp. [71]. 
Diterpene derivatives can be extracted from Salvia cilicica and 
oleanolic acid can be found in Fabiana imbricata (Fig. 9). 

 

 
Fig. 9. Chemical structures of oleanic acid and dehydroabietic 

acid. 
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To obtain triazole derivatives, the methodology developed 
by Sharpless, known as Click chemistry was performed to 

evaluate the bioactivity of different biological and chemical 
properties (Fig. 10). 

 

 
Fig. 10. Triazole-diterpene hybrid compounds. 

 

The activities of 22 and several synthetic triazoles against 
T. cruzi were moderated, in which they presented IC50 = 46 μg 
mL-1, 61 μg mL-1 and 69 μg mL-1 for 23, 24 and 26 respectively, 
the most actives. 

A structural/activity analysis was performed by the 
authors, where compound 23 has one methylene group (CH2), 
between the diterpene and triazole, while compound 25 has 
two additional methylene units and its inhibitory potential is 
less effective (IC50 = 265 μg mL-1). The same tendency is with 
compounds 26 (IC50 = 69 μg mL-1) and 27 (IC50 = 199 μg mL-

1), which shows the importance of the chain length for activity 
against T. cruzi. When the triazole possesses a phenyl methyl 
sulfide substituent, the T. cruzi effect is more pronounced for 
compounds containing two CH2 units. The same effects are 
observed against leishmaniasis.  

Regarding the proliferation of leishmania, the following 
values were observed: 22 (IC50 = 44 μg mL-1); dehydroabetinol 
(IC50 = 63 μg mL-1); derivatives 23 (IC50 = 53 μg mL-1); 24 (IC50 
= 64 μg mL-1); 25 (IC50 = 89 μg mL-1) and 27 (IC50 = 71 μg mL-

1) presented the best results against promastigote strains L. 
braziliensis. 

The compounds cited when compared with the reference 
drug pentamidine, which is used for the treatment of 
leishmaniasis but has several side effects such as nausea, 
hypertension, and hypoglycemia among others [72], showed a 
significant difference for leishmaniosis and T. cruzi when 
compared to BZN as the reference drug. These results are 
promising, as the compounds have good in vivo activity and 
low toxicity. 

 

1.7 Alkaloids 

Alkaloids are, in general, heterocyclic compounds 
containing at least one nitrogen atom and possess basic 
characteristics. For a long time, alkaloids have been applied in 
traditional medicine due to their diverse biological properties 
and, thus used as skeletons of molecules of industrial interest 
and as medicines or as starting points in the development of 
new drugs.  

Promising sources of bioactive trypanocidal alkaloids can 
be found in plants of the Amaryllidaceae family and are 
distributed worldwide. Thus, the plants of the genus, 
Narcissus, could direct the development of new drugs with 
trypanocidal activity. 

Regarding these studies, several alkaloids were extracted 
from narcissus and evaluated against T. cruzi by Martinez-
Peinado and coworkers [73]. The T. cruzi growth inhibition 

phenotypic assay revealed that lycorine (28), hippeastrine 
(29), hemantamine (30), narcyclasine (31) and montanine (32) 
were active, while crinine (33), tazettin (34), sanguinine (35) 
and 1-O-acetylcaranine (36) (Fig. 11) did not show any activity 
against the parasite. The highest activities observed were for 
(27), IC50 = 0.700 µM and (30) with an IC50 of 0.495 µM, which 
surpassed the reference drug benznidazole. Compound (29) 
was selective and active against T. cruzi with an SI of 12.7 and 
35.2 against Vero and HepG2 cells, respectively. Additionally, 
this alkaloid showed specific activity against the amastigote 
stage IC50 =3.31 µM. Although lower than the reference drug, 
its good selectivity suggested that it should be further studied. 

An extensive chemodiversity of alkaloids can also be 
found in marine environments and, therefore, has also drawn 
the attention of researchers to develop new drug prototypes. 
The marine sponge Tedania brasiliensis, found along the 
Brazilian coast was studied by Parra and coworkers. They 
were able to isolate and identify bromopyrrolic alkaloids and 
synthesized 23 pseudoceratidine derivatives [74]. The 
compounds (Fig. 12) were evaluated against P. falciparum, L. 
amazonensis, L. infantum and T. cruzi. The pseudoceratidine 
(37) showed no activity against L. amazonensis, L. infantum 
and T. cruzi, however, it did present relevant antiplasmodial 
activity with an IC50 = 1.1 μM against P. falciparum. 
Compounds (38), (39), (40), (41) and (42) had moderate to low 
antileishmanial activities, with an EC50 of approximately 20 
μM.  Although they were active, they were less potent, against 
L. amazonensis. The authors stressed that it is necessary to 
explore further variations in the structure of these compounds 
to clarify the structure-activity relationships and improve anti-
leishmanial efficacy. 

Berberine (43) (Fig. 13) is an isoquinoline quaternary 
alkaloid salt extracted from the rhizomes, roots and stems of 
many plants. Due to its previously demonstrated biological 
activity, Calvo and co-workers reported in vitro studies of (43) 
[75]. Three different liposomal formulations were evaluated 
containing berberine for the treatment of visceral 
leishmaniasis in vivo. Drugs encapsulated in liposomes have 
several advantages over other formulations due to the 
colloidal nature of liposomes which facilitate absorption by 
cells such as macrophages. A significant reduction in liver and 
spleen parasitaemia was observed in mice treated with 
liposomes containing berberine compared to the free drug, 
presumably due to greater accumulation of the drug in these 
organs. Another finding was a significant reduction in plasma 
triglyceride levels, which shows the lipid-lowering effect of 
berberine but should be considered as a side effect in the 
treatment of visceral leishmaniasis. 
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Fig. 11. Chemical structures of alkaloids extracted from Narcissus. 

 

 
Fig. 12. Chemical structure of pseudoceratidine (37) and its derivatives. 
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Fig. 13. Chemical structure of berberine. 

 

 
Fig. 14. Chemical structure of alkaloid derivatives from oxazole (blue) and tetrahydrofuran (red) skeletons (44-55) and (56). 

 

In the search for novel compounds active against T. 
cruzi, Rosa and co-workers [76] synthesized 46 derivatives 
based on the structure of two classes of natural products: 
oxazole alkaloids and tetrahydrofuran lignans. Oxazole-
containing alkaloids (Fig. 14) have multiple biological 
activities and have demonstrated activity against T. cruzi. The 
authors sought to optimize the potency and chemical 
properties by replacing one of the aryl rings attached to the 
oxazole nucleus with a hydroxymethylfurfuryl moiety. In the 
series of alkaloid derivatives, 17 compounds were active at a 
concentration of 50 µM; the most powerful compounds (44), 
(46), (48), (50), (56), (60) and (64) (Fig. 14) presented EC50 
values ranging from 24.2 to 49.1 µM. The presence of bulky 
and nonpolar substituents on the aryl ring of compounds (45), 
(46), (48), (50), (53) and (64) improved cell permeability due 
to the increase in hydrophobicity. In silico calculations and 
principal component analysis have shown that the active 
compounds share common chemical characteristics with 
other trypanocidal molecules and are predicted to have a good 
ADMET profile. Therefore, the results suggested that the 

compounds are important candidates to be further studied for 
potential activity against T. cruzi. 

1.8 Chalcones 

Chalcones are naturally occurring aromatic ketones, 
bioprecursors of flavanones, which have previously 
demonstrated a broad spectrum of pharmacological activities 
[77]. These compounds are ubiquitous and can be found in 
petal pigments, bark, roots and leave of plants of the genera 
Angelica, Glycyrrhiza, Piper and Ruscus among many others. 
Their structures are characterized by the presence of two 
aromatic rings linked by an α,β-unsaturated ketone (Fig. 15) 
[78]. 

Licochalcone A (LicoA, 57) presents anticancer, 
antibacterial and antiviral activities [79]. Souza and co-
workers explored the leishmanicidal effect of LicoA and two 
analogues (Fig. 15) against L. amazonensis and L. infantum in 
vitro and in vivo in mice [80]. 

 

  
Fig. 15. Chemical structures of chalcone LicoA and some analogues. 

 

In the respective work, the leishmanicidal activities of 
LicoA and its analogues were evaluated against promastigote 
and amastigote forms of the pathogen, in which (57) exhibited 
promising leishmanicidal activity in vitro with an IC50 of 20.26 
μM in 24 hours and 3.88 μM in 48 hours against the 
promastigote. 

Compound (58) also showed promising activity against 
the promastigote forms of L. amazonensis with an IC50 = 74.94 

μM in 24 h and 67.16 μM in 48 h. Considering that (57) is more 
active, it was evaluated against amastigote and promastigote 
forms of L.infantum.  It showed in vitro leishmanicidal activity 
against promastigote forms with values of IC50 at 41.10 μM in 
24 h and 12.77 μM after 48 h. In tests on the amastigote form 
of the parasite, the IC50 result after 48 h was 29.58 μM. These 
results illustrate that (57) is more active in the promastigote 
stage of the parasite. 
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The cytotoxicity of (57) was moderate (CC50 = 123.21μM) 
and no hepatotoxicity was observed at the dosage tested 
guaranteeing its safety in an animal model. The in vivo model 
was also tested with hamsters infected with the parasite, in 
which the total parasite load in the host was reduced by 96%. 
This observation justifies further studies to verify the 
possibility of compound (57) becoming a drug. 

Plants of the genus Poligonum have demonstrated 
antiparasitic and antiprotozoal properties and, due to this 
observation, some of the active compounds have been 
compound extracted.  As such, their activities against 
leishmaniasis and trypanosomiasis were determined [81]. 
Different chalcones present in P. salicifolium were isolated 
and evaluated against T.brucei, T. congolense and L. mexicana 
(Fig. 16) [82]. 

Inhibition was observed for all tested parasites and the 
highest activity was assigned to compound (60), which 
showed a promising half maximal effective concentration 
(EC50) of 2.04 μM against kinetoplastid strains of T. brucei with 
the chalcone (61) being the second most active with EC50 of 
14.6 μM.  

 

 
Fig. 16. Chemical structures of chalcones (60 and 61) and 

their derivatives (62 and 63). 

 

The trypanocidal effect according to the authors may be 
related to the position of hydroxyl and methoxy groups in the 
aromatic rings of chalcones (60) and (61), in addition to the 
trypanocidal effect against T. brucei, which also showed 
moderate activity against T. congolense and a reasonable 
activity against L. mexicana, with an SI>172. 

1.9 Flavonoids 

Flavonoids are secondary metabolites with varied 
medicinal properties, found in fruits, flowers and leaves of 
various plants. They have a phenolic structure containing a 
skeleton with 15 carbon atoms in which an aromatic ring is 
fused with a heterocyclic ring attached to another heterocyclic 
ring, and are subdivided into six main groups: flavonols, 
flavanones, flavones, flavonoids, isoflavones and 
anthocyanins [83, 84]. 

For example, the polyphenol epigallocatechin-3-gallate 
(EGCG, (64), Fig. 17), found in green tea, was screened by Reis 
and co-workers [85] for arginase (ARG) inhibition, which is the 
first enzyme of the polyamine synthesis pathway. The 
enzymes of this pathway are highly important in the 
development of drugs against leishmaniasis and Leishmania 
arginase (ARG-L) is considered essential for the parasite 
rhythm. Furthermore, previous research has reported the 
potential inhibitions of flavonoids against protozoa. EECG 
showed strong inhibition against recombinant arginine from 
L. amazonensis (ARG-L), as well as (+)-catechin (65) and (-)-

epicatechin (66) (Fig. 17). In high concentrations, they also 
inhibit mouse liver arginase (ARG-1), however, they are more 
active against the parasite enzyme. It was observed by the 
enzymatic kinetics that (65) and (66) are competitive 
inhibitors of ARG-L, whereas EGCG is a mixed inhibitor and 
gallic acid (67) is a non-competitive inhibitor.  The most potent 
arginase inhibitor is (65) (IC50 = 0.8 μM) followed by (66) (IC50 

=1,8 µM), (67) (IC50 = 2,2 µM) and (64) (IC50 = 3,8 µM). Docking 
analysis showed interactions of different amino acids with the 
arginase inhibitors ARG-L and ARG-1. This study helps to 
explain the mechanism of action of EGCG against L. 
amazonensis, through selective and mixed inhibition of 
arginase, and suggests further studies regarding the use as a 
possible drug in association with other antileishmanial 
agents. 

 

 
Fig. 17. Chemical structure of EGCG, (+)-catechin, (-)-

epicatechin and gallic acid. 

 

In a study by Wong's group [86], flavonoid dimers linked to 
aminoethylene glycol were prepared and evaluated against 
leishmaniasis. One of the flavonoid compounds (68), 
containing a hydroxymethylpyridinyl substituent (Fig. 18) 
showed antipromastigote activity with an IC50 ranging from 
0.19 to 0.69 μM and anti-amastigote activity with an IC50 
ranging from 0.17 to 2.2 μM against different Leishmania 
species that cause cutaneous leishmaniasis, including L. 
amazonensis, L. braziliensis, L. tropica and L. major. 
Compound (68) was not toxic to macrophages (IC50> 88 μM). 
In mouse models of cutaneous leishmaniasis induced by 
subcutaneous inoculation of L. amazonensis, intra-lesional 
administration of (68) in saline solution reduced the lesion 
thickness by 36% when compared to controls. In addition, the 
amastigote load on the lesions was reduced 20-fold. The 
study suggested that this flavonoid derivative represents a 
new class of safe and effective leishmanicidal agents against 
visceral and cutaneous leishmaniasis. 

 

 
Fig. 18. Chemical structure of flavonoid (68). 

 

Vitex simplicifolia (Verbenaceae) commonly used for the 
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treatment of toothache, edema, skin diseases, gout and 
trypanosomiasis in Nigeria, showed pronounced trypanocidal 
activity against T. brucei rhodesiense. Its methanolic extract 
was studied by Nwodo and co-workers [87] for identification 
and assessment of the component responsible for the 
activity. Isolated compounds (69), (70), (71) and (72) (Fig. 19) 
showed good trypanocidal activity with IC50 values ranging 

from 4.7-12.3 μg mL-1 and cytotoxicity in the range of 1.58 - 
46.20 μg mL-1. Compound (71), however, showed the most 
selective trypanocidal activity with a SI of 9.8. The authors 
suggest carrying out further studies with structural 
modifications to obtain molecules with better trypanocidal 
activity and selectivity. 

 

 

 
Fig. 19. Chemical structures of seven flavonoids derived from Vitex simplicifolia. 

 

The group of Diogo [88] executed the synthesis of novel 3-
benzoyl-flavanone derivatives and evaluated their 
trypanocidal activity, one of which was shown to have 
biological activity. The in vitro evaluation of the activity of 
derivative (78), with a nitrofuran function (Fig. 20) against T. 
cruzi was carried out against the amastigote and 
trypomastigote forms of the parasite. The results were 

promising since this synthetic flavanone exhibited an IC50 = 
2.6 µM, lower than the reference drug, benznidazole, whose 
IC50 was 3.8 µM. In general, nitrofuryl derivatives are potent 
compounds that exhibit trypanocidal activity, as highlighted in 
the study. Therefore, the authors recommend the in vivo 
evaluation of the compound in question. 

 

 
Fig. 20. Synthesis of a nitrofuranyl flavanone derivative. 

 

1.10 Quinones and naphtoquinones 

Quinones are a class of organic compounds found in 
several natural products, including plants, fungi and bacteria 
[89]. These molecules are derived from hydroquinone (79) and 
are divided into classes known as benzoquinones (80), 
naphthoquinones (81), anthraquinones (82) and polyquinones 
(83), as illustrated in Fig. 21.  Many quinones show antifungal, 
anticancer and antibacterial activities [90]. 

These classes of compounds are very versatile chemical 
species due to their biological activities and have been used 
for the synthesis of new drugs, with activities against cancer, 
HIV-1, leishmaniasis, and trypanosomiasis [91,92]. 

In the context of DNT, β-Lapachone (81) shows anti-
trypanosomal and anti-leishmanicidal activities [93]. In 

general, naphthoquinones, such as lapachone, have been 
studied for 40 years since they are promising prototypes of 
new leishmanicidal and trypanocidal agents mainly due to 
their oxidizing properties. In addition, the bioactivities have 
been associated with redox cycling, DNA fragmentation, DNA 
topoisomerase I and II inhibition, bioreductive alkylation via 
generation of quinone metides, arylation of thiol groups of 
proteins and generation of free radicals [94]. 

To increase the bioavailability and biological activity of 
quinone derivatives, Vázques and collaborators reported new 
derivatives as potential anti-Chagas agents [95].   In this work, 
different 2-aryloxy-naphthoquinones (Series I), 7-aryloxy-
quinones (Series II) and 6-aryloxy-furanonaphthoquinones 
(Series III) were prepared (Fig. 22), for subsequent evaluation 
of their in vitro activities against T. cruzi.  

To obtain the IC50 values of the compounds, nifurtimox 
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was used as a reference drug, which is an effective drug in the 
human therapy of trypanosomiasis, caused by T. cruzi. As a 
result, it was concluded that all aryloxyquinones exhibited 
potent and more active trypanosomal activity than nifurtimox. 
In addition, the insertion of electron-withdrawing groups in the 

aryloxy portion intensifies the trypanosomicidal effect. As a 
comparison, compounds that contain a pyridine ring (series II) 
have a greater trypanosomicidal effect and the insertion of an 
oxygenated heterocyclic ring (series III) reduces the 
trypanosomicidal effect. 

 

                                                                                 

 
Fig. 21. Examples of quinones according to their class. 

 

Another strategy currently implemented in organic 
synthesis consists of using metallic catalysts, due to: 1) their 
ability to form σ and π C-C bonds, 2) the wide variety of 
available ligands 3) the ligand effect 4) oxidation state 
variability and 5) the coordination number [96]. 

The use of rhodium-catalyzed [2+2+2] cycloaddition is 
reported in the literature as a good option for the synthesis of 
new substrates derived from quinones [97].  In this work, 

several naphthoquinones with different substitution patterns 
in the A ring portion were obtained (Fig. 23). From the 
biological tests, they concluded that such modifications 
increase the ability of the compounds to kill the parasite that 
causes Chagas disease with the compounds synthesized in 
this work being more potent than the reference drug 
(benznidazole). This methodology also extends to the 
synthesis of anthraquinone derivatives which is a natural 
product with leishmanicidal action [98]. 

 

 
Fig. 22. Synthesis of several aryloxyquinones with trypanosomicidal activity. 
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Fig. 23. Synthesis of naphthoquinones from malonates using a rhodium catalyst. 

 

Considering current trends in “green chemistry” which 
seek to reduce the number of steps in synthesis, increase 
yields, consideration of environmental sustainability, 
chemoselectivity and the “atomic” economy of reagents, 
catalysis employing transition metals for C-H activation is an 
attractive method [99]. 

For the synthesis of quinone derivatives, the first example 
of the application of C-H activation catalyzed by palladium and 

ruthenium for the functionalization of these compounds has 
recently been reported in the literature [100]. In this work, a 
variety of 2-aryl-1,4-naphthoquinones (97-98) was prepared 
using the protocol of Baran and coworkers [101]. After 
arylation, a methodology was sought for the insertion of a 
hydroxyl group in the A ring of the quinoidal system, both 
catalyzed by ruthenium and palladium, in which the 
methodologies were regioselective and complementary (Fig. 
24). 

 

 
Fig. 24. Methodology for the synthesis of hydroxy-aryl-1,4-naphthoquinones using ruthenium and palladium catalysts. 

 

As the oxidizing agent, the compound iodosobenzene 
bis(trifluoroacetate), PIFA, was used, and the yields obtained 
for the ruthenium-catalyzed compounds were low and the 
palladium-catalyzed ones led to C-H activation in the aryl ring 
of 1,4-naphthoquinones. Finally, as a result of biological tests, 
it was observed that the insertion of methyl and electron-
withdrawing groups in the aryl portion significantly increases 
the trypanocidal activity, four times more than benznidazole 
[101]. 

1.11 Saponins 

Saponins are important active substances in Chinese 
medicine and are characterized by having glycosylated 
steroids or triterpenoid groups in their structure [102]. 
Triterpenoids such as saponins (99) (Fig. 25), where R is the 
sugar portion, are the most abundant and have their 
characteristics, such as hemolytic activity and foaming 
property, imparting astringency and bitter taste to materials 
containing high concentrations of saponins [103]. 

 
Fig. 25 General skeleton of saponin triterpenoid. 

Considering plants that have saponins in their 
composition, one can cite the species Albizia gummifera, 
which is a plant naturalized in Brazil and is also known as the 
peacock flower [104]. Recent work described extracts from 
Albizia gummifera that were carried out in vitro studies against 
T. brucei brucei species [105].  

In this study, it was revealed that the plant has 
antibacterial and antitrypanosomal activities related to the 
presence of alkaloids, saponins and triterpenes. The results 
were obtained from the ethanolic and aqueous extracts of the 
plant A. gummifera, which showed a high concentration of 
saponins (126.66 mg g-1), while the aqueous extracts showed 
a moderate concentration of saponins (44.33 mg g-1). When 
using the ethanolic extracts against T. brucei brucei, the earlier 
total cessation of total mortality occurs within 30 minutes of 
incubation and in 45 minutes complete mortality was 
observed, the aqueous extracts presented similar data as both 
resulted in complete parasite mortality in no more than 60 
minutes. 

The IC50 value found for the ethanolic extract is 15.5-25 μg 
mL-1 whereas the IC50 found for the aqueous extract is 23.4-
25 μg mL-1, indicating a higher potency of the ethanolic extract 
compared to the aqueous extract, and similar to the standard 
drugs Centre-Diminal  Plus® (diminazine diaceturate, 
antipyrine and vitamin B12) with IC50 = 15.73-20 mg mL-1. 

Assays using plant species to determine anti-leishmanial 
activity are also described, such as the use of Glinus 
oppositifolius, in the study reported by Banerjee and 
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collaborators on the intracellular effect of spergulin-A (100) 
(Fig. 26) against leishmaniasis [106]. 

The tests were carried out against the promastigote and 
axenic amastigote forms of L. donovani at intervals of 24 
hours to 72 hours, where the viability at 24 hours was 87.6% 
for the promastigote form and 77.8% for the amastigote at 
100 μg mL-1.  After 72 hours at the exposed dose of 100 μg 
mL-1 of (100), the viability of 74.79% and 73.55% were 
obtained for promastigote and amastigote, respectively. The 
authors observed a plateau of the anti-leishmania effect in 30 
μg mL-1 of (100), and the experiments were carried out at this 
concentration, utilizing time as a function of efficacy.  This 
resulted in a parasite reduction of 86.2% after 24 hours of 
exposure compared to baseline. 

The Lethal Concentration 50 (LC50) values of 100 against 
the amastigote stage of L. donovani were 15.15 μg mL-1after 
24 h, 9.32 μg mL-1 after 48 h and 6.22 μg mL-1 after 72 h, 
indicating that the median lethal dose is more toxic against L. 
donovani at 72 h of exposure.   Miltefosine was used as a 
reference drug and showed promising results for the 
treatment of several Leishmania strains [107]. LC50 values 
presented by this drug, according to the authors, were 23.59, 
16.64 and 6.73 μg mL-1 for 24, 48 and 72 h, respectively. When 
comparing the LC50 of the reference drug to the values of 
spergulin-A, a saponin functionalized derivative, presented 
more promising results, with LC50values lower and 
consequently more potent against the amastigote stage of L. 
donovani. 

Methods aimed at the functionalization of bioactive 
molecules are useful for increasing the bioavailability of 
antileishmanial agents. Anderson and collaborators took 
advantage of this strategy to evaluate the effect of 
semisynthetic saponins extracted from the species Hedera 
helix [108]. 

The compounds of interest are hederagenins, which are 
triterpenoid saponins that have biological, hemolytic, antiviral, 
fungicidal and cytotoxic activities [109]. However, it is also 
known that hederagenins can deregulate mammalian cell 
membranes resulting in toxicity [110]. This limiting factor 
against mammalian cells was found when 128 compounds 
derived from hederaginin were tested against axenic 
amastigotes of L. mexicana and only 12 presented EC50 ≤ 10, 
which is the standard imposed by the industry for the 
development of anti-leishmania drugs [111]. 

From the 12 selected compounds, cytotoxicity tests were 
performed against RAW 467.4 macrophages, where only one 
compound derived from the hederagenin skeleton (101) with 
a triacid portion (Fig. 27) did not show toxicity, selectivity 
index (SI) > 10.  

The compound (101) is not effective against infected cells, 
but the ability to synthesize a non-toxic hederagenin derivative 
would be a great achievement for medicinal chemistry and 
open the way for deeper studies of this class of compounds. 

 
Fig. 26. Chemical structure of spergulin-A. 

 

Fig. 27. Chemical structure of hederagenin disuccinate. 

1.12 Lignans 

Lignans are a class of secondary metabolites, known to 
show anti-inflammatory and antioxidant activity, in addition to 
presenting excellent ADMET profiles. This class of 
compounds is widely found in plants, in several locations, 
such as roots, seeds and flowers. Classic lignans are 
phenylpropane dimers that have a β-β′ bond, whereas 
neolignans are phenylpropanoid dimers that do not contain a 
β-β′ bond [112]. 

Maia and co-workers [113] performed a computational 
analysis to create a database to predict protein functions and 
model their structures. This knowledge would assist in 
performing simulations of the kinetics of the metabolic 
pathway to predict biological activity, toxicity, affinity and 
flexibility between receptors and ligands. In this manner, it 
was possible to facilitate the development and identification 
of lignans with low toxicity and selective activity against 
different leishmania targets.  A set of 160 lignans selected for 
testing showed that the analysis of the results was able to 
select 11 lignans with potential activity against L. major and 
21 lignans against L. braziliensis, with low or no toxicity. Of 
these compounds, 4 were isolated from the species Justicia 
aequilabris (Nees) Lindau, popularly known as eucalyptus and 
were studied in vitro. The epipinoresinol-4-O-β-D-
glucopyranoside lignan was the only one to demonstrate 
antileishmanial activity against promastigote forms of L. 
major, with an IC50 = 36,51 µM. In L. braziliensis, the 
compounds secoisolariciresinol, pinoresinol-4-O-β-D-
glucopyranoside, epipinoresinol-4-O-β-D-glucopyranoside and 
pinoresinol-4-O-β-D-apiofuranosyl-(1→2)-β-D-
glucopyranoside inhibited growth, with IC50 values of 9.28, 
36.35, 5.39 and 13.77 μM respectively. Secoisolariciresinol, 
epipinoresinol-4-O-β-D-glucopyranoside and pinoresinol-4-O-
β-D-apiofuranosyl compounds-(1→2)-β-D-glucopyranoside 
proved to be excellent growth inhibitors for the promastigote 
stage of the parasite. When compared with the values 
obtained in the prediction of biological activity, using the 
random forest (RF) models, it was noted that the probability of 
activity for L. major ranged from 50% to 60%, while the values 
for L. braziliensis ranged from 50% to 75%. The authors 
suggested testing compounds with activity probabilities 
above 60% to obtain improved results and reported that the 
computational approach can be employed to guide 
experimental research in the development of new drugs.  

The trypanocidal activity of Piper jericoense was studied by 
the García-Huertas group [114]. The researchers prepared 
extracts from the leaves of P. jericoense using different 
solvents including ethyl acetate, benzene, dichloromethane 
and methanol and these extracts were evaluated against T. 
cruzi. All extracts showed activity against T. cruzi strains, 
however, the ethyl acetate extract fractions showed good 
activity and selectivity, with an IC50 = 14.3 μg mL-1.  

The chemical analysis performed showed that the fraction 
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consisted of only one compound, a furofuran-type lignan (102) 
(Fig. 28). This lignan was tested against all forms of the 
parasite (epimastigote, amastigote and trypomastigote) and 
was active against all of them. In addition, the fraction from 
ethyl acetate showed less toxicity than the reference drug, 
benznidazole, with an SI of 18.4 and 6.7 respectively. Another 
finding was that this featured compound inhibited the 
infectious process and was active in acutely infected mice. 
The authors also evaluated the inhibition of the enzyme iron 
superoxide dismutase (Fe-SOD) of T. cruzi by lignan, which 
showed a significant result, while Cu/Zn-SOD of human 
erythrocytes was not affected. The study proposed that the 
mechanism of action of the researched lignan may be related 
to alterations in the parasite's antioxidant defences, which 
leads to cell death. The chemical structure of lignan is similar 
to kobusin (103) which is active against P. falciparum [115]. 

 

 
Fig. 28. Chemical structures of lignans furofuran and kobusin. 

 

The lignans cubebin (104) and hynokinin (105) (Fig. 29), 
isolated from several plant species have been investigated for 
their antitrypanosomal activities [116]. This study was carried 
out using the dried seeds of Piper cubeba, popularly known as 
cubeb, for the isolation of (104), which by an oxidation 
reaction with pyridinium chlorochromate (PCC) yielded (105). 
Lignans were evaluated during the acute phase of infection by 
T. cruzi and there was a significant reduction in parasitemia in 
animals treated orally with lignans and an increase in life span, 
as the animals in the negative control group died between 23 
and 26 days, while those treated with cubebin and hynokinin 
died between 28 and 32 days. days. In addition, the lignans 
were more efficient than the control drug, benzimidazole.  

 

 
Fig. 29. Chemical structure of cubebin and hinokinin. 

 

Cubebin was also researched by Neres and co-workers 
[117], in which the researchers used both encapsulated with 
Poly(D,L-lactide-co-glycolide) (PLGA) and unencapsulated 
cubebin in BALB mice. As a result, a reduction of 61.3% and 
58.5% in the number of circulating trypomastigotes was 
observed for encapsulated and non-encapsulated cubebin, 
respectively, in addition to a longer survival time in which the 
animals treated with encapsulated cubebin survived for 20 
days, those treated with benznidazole 18 days, while those 
who received unencapsulated cubebin and the negative 
control PLGA had shorter survival (16 days). Thus, it was 

evidenced that the particles encapsulated with lignan were 
more active than the number of circulating parasites. 
Furthermore, molecular docking simulations indicated that 
cubebin interacts hydrophobically with α-tubulin residues and, 
by hydrogen bonding with β-tubulin residues, which helps in 
understanding the trypanocidal activity of this lignan. 

The sesquiterpene lactones, parthenolide (106) and 
guaianolide (107) (Fig. 30), obtained from the aerial parts of 
the Tanacetum parthenium plant were studied in vitro and in 
vivo against leishmaniasis [118]. The lactone-rich 
dichloromethane extract was used. For the in vitro studies, the 
extract presented an IC50 of 2.40 μg mL-1 against the 
promastigote form and 1.76 μg mL-1 against the axenic 
amastigote form of L.amazonensis. The in vivo intramuscular 
treatment with the lactone-rich extract decreased the growth 
and size of the paw lesions in mice. There was also a 
significant decrease in the parasite population compared to 
the reference drug, Glucantime®. Plasma levels of 
malondialdehyde were evaluated to detect possible changes 
in oxidative stress and it was observed that the extract slightly 
increased these levels, which can be attributable to its 
composition rich in parthenolide lactone. This compound 
causes cellular apoptosis and demonstrates efficacy in 
treatment without toxicity or genotoxicity. 

 

 
Fig. 30. Chemical structures of partenolide e guaianolide. 

 

The plant Haplophyllum tuberculatum was also studied by 
the group of Mahmoud [119] regarding the lignans and 
saponins present. The compounds (Fig. 31) were extracted 
using ethanol and three partitions were obtained, in petroleum 
ether, chloroform and ethyl acetate, which were purified and 
subsequently identified subfractions were obtained. The 
antiprotozoal activity of the compounds was determined 
against amastigote forms of L. donovani, P. falciparum and T. 
brucei rhodesiense. The lignan, nectandrin B (108) exhibited 
the highest activity against L. donovani (IC50 = 4.5 µM) and the 
highest SI of 25.5. The comparison between (108) and 
tetrahydrofuroguaiacin B (109) has shown that (108) was less 
active and more toxic. The two compounds differ only in their 
configuration in the tetrahydrofuran ring, which appears to 
play a crucial role in the antileishmanial activity. Therefore, to 
more easily understand the role of the stereochemistry in the 
central ring and the contribution of substituents on aromatic 
rings, structurally related lignans (110) and (111) were also 
tested. However, both compounds were significantly less 
active than nectrandrin B. The compound 3,3′-dimethoxy-4,4′-
dihydroxylignan-9-ol (112) was the most active against P. 
falciparum (IC50 of 9.3 µM; 13.7 SI), steroidal saponins showed 
activity with IC50 ˂ 8.0 μg mL-1 in all parasites, however, they 
were less selective (SI ˂ 2). The activity of nectandrin B 
against axenic amastigotes of L. donovani was not relevant 
when tested against intracellular amastigotes, possibly due to 
the lack of penetration or stability of nectandrin B in 
macrophages. However, the authors pointed out that the 
specific antileishmanial activity of nectandrin B could serve as 
a starting point for the development of a novel anti-
leishmanial drug target. 
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Fig. 31. Chemical structures of constituents present in the extract of H. tuberculatum. 

 

2. Conclusions  

This work highlights recent research concerning the 
applications of natural products as candidates for treatments 
against leishmaniasis and Chagas Disease. The classes of 
compounds addressed essential oils, triterpenoids, synthetic 
and semi-synthetic derivatives of flavonoids, quinones and 
chalcones. The results of this research are summarized to 
demonstrate the state of the art in the area and to direct the 
reader to the sources. 

Although further clinical studies are ongoing, continued 
research is still necessary. Some of the NPs could provide for 
populations in vulnerable socioeconomic groups. The lack of 
access to conventional allopathic treatments to combat these 
diseases, NPs offer a relatively inexpensive treatment and 
have been used traditionally for various pathologies. The 
biodiversity of tropical biomes encountered in Latin America 
and Africa provides an extensive source of biomolecules 
which have never previously been studied. 

Based on recent data, the essential oils from M. pulegium 
and R. officinalis, which are distributed worldwide, could be an 
option for alternative, a natural product-derived, leishmaniasis 
treatments. 

 Although several natural products and their derivatives 
show broad-spectrum activity against leishmaniasis and 
Chagas disease, there is still much to be desired for 
improvements and investments in this area of research. It is 
of primordial importance to develop novel synthetic and semi-
synthetic molecules. This would permit the modification of 
the physical, chemical and biological properties of the 
pharmaceutical agents. These modifications could 
conceivably alter the pharmacokinetic; absorption, 
distribution, metabolism, elimination and toxicity profiles, as 
well as the pharmacodynamic alterations offering possibly 
new mechanisms of action. These improvements could 
conceivably result in the development of improved therapeutic 
agents and treatments for leishmaniasis and Chagas disease. 

For regions with socio-economic difficulties, the 
development of effective treatments based upon renewable 
natural product resources represents an opportunity to 
combat these diseases while simultaneously advancing 
medical research. 
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