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Abstract: Parasitic diseases are among the most serious public health problems in developing countries, causing high
mortality and economic burdens. The Trypanosomatidae family includes Leishmania spp. and Trypanosoma cruzi,
which cause leishmaniasis and Chagas disease, respectively. Both these parasites are among the major agents of
neglected tropical diseases (NTDs). Leishmaniasis is currently the second most widespread vector-borne parasitic
disease after malaria. The World Health Organization (WHO) records approximately 0.7-1 million newly diagnosed
leishmaniasis cases each year, resulting in approximately 20,000-30,000 deaths. Also, 25 million people worldwide
are at risk of Chagas disease and an estimated 6 million people are infected with Trypanosoma cruzi. Despite the
similarity of the parasites, the evolution of the disease and the clinical indexes are explicitly different in African,
Asian, and American forms of infection. Clinical therapies are associated with drug resistance and side effects. As a
result, the discovery of novel therapeutic agents has emerged as a top priority and a promising alternative. Peptide-
based drugs are an attractive class of therapeutic agents. They are recognized for being highly selective and effective,
as well as safe and well tolerated. Moreover, they are now being explored in the development of novel therapeutics
for a variety of health disorders, including oncology, endocrinology, metabolic, cardiovascular, and bone diseases. In
addition, they are being explored in tropical diseases such as leishmaniasis and Chagas disease. We will discuss
current knowledge regarding the parasite life cycle, signs and symptoms, diagnosis, and treatment options for
leishmaniasis and Chagas disease.

Keywords: neglected tropic diseases; parasites; chagas disease; leishmaniasis; life cycle; drug target;
biochemical mechanisms; pharmacological therapeutics; peptides

1. Introduction

Chagas disease (CD), leishmaniasis, and human African trypanosomiasis (HAT) are neglected tropical
diseases (NTDs) caused by insect vector-borne protozoan parasites. Over 100,000 people die each year from
NTDs worldwide, most living on less than $2 per day [1]. Chagas disease (aka American trypanosomiasis)
is an infectious disease caused by the parasite Trypanosoma cruzi (T. cruzi), African Trypanosomiasis (aka
“sleeping sickness”),is caused by Trypanosoma brucei (T. brucei), and leishmaniasis is caused by a protozoa
parasite from over 20 Leishmania species|2,3]. Leishmaniasis is ranked second among all protozoan diseases
in mortality after malaria [4]. The current drugs used against NTDs are suboptimal. For example, the only
US Food and Drug Administration (FDA)-approved medications for leishmaniasis are intravenous
liposomal amphotericin B (L-AmB) for visceral leishmaniasis (VL) and oral miltefosine for cutaneous
leishmaniasis (CL), mucosal leishmaniasis (ML), and VL caused by particular species. Lipid formulations
of amphotericin B are extremely expensive (the estimated cost of treatment with amphotericin B
deoxycholate is about USD 1,522 [5]), and it is well known for its severe and potentially lethal side effects
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(e.g., fever, shaking, chills, flushing, loss of appetite, dizziness, nausea, vomiting, headache, and many
more). Because of this the recommended course of treatment is often not completed, resulting in
considerable scope for the resistance development [6-8]. Moreover, there are no effective vaccines for
leishmaniasis [8]. Similar challenges are also associated with Chagas disease drugs. The safety profile of
currently available drugs is far from ideal, with frequent adverse events and high drug discontinuation
rates. There are only two drugs available for treating Chagas disease: benznidazole (BZN) and nifurtimox
(NEX). Although these drugs are effective in the acute phase, they have limitations for chronic infections,
and both drugs are restricted due to their toxic effects. For example, Nifurtimox is no longer used in many
places since it causes neurological disorders or psychiatric episodes. Therefore, there is an urgent need to
develop effective, safe, and affordable drugs [9].

Drug discovery aims to identify novel compounds that specifically and significantly change the course
of the diseases they are intended to treat. There is a pressing need to identify new therapeutics for NTDs
and novel approaches to drug design and development are needed [10,11]. For example, the virtual
screening approach used for anti-trypanosomal and anti-leishmanial diseases is an example of how
computational medicinal chemistry can be used for NTD drug discovery [12]. Nevertheless, computational
methods should be validated experimentally [13]. Other examples are target-based or phenotype-based
drug discovery, which is probably the most effective strategy for drug discovery for NTDs [14]. Another
appealing approach is repurposing existing drugs, which is not a novel concept for NTDs. Drug
repurposing discovers new disease indications for previously approved drugs that benefit from accessible
compound libraries. This has yielded some promising compounds for various NTDs. Yet, repurposing an
existing drug poses a major challenge in identifying an appropriate therapeutic indication for it, and it
involves multiple factors, such as technology, patents, investment, and clinical trials. Considering this,
peptide-based drugs are currently regarded as an appealing class of therapeutic agents, which are
compounds used in the development of novel therapeutics for NTDs. Peptides have gained increased
interest as therapeutics in recent years due to advances in production, modification, and analytical
technologies [15,16]. Due to the lack of commercial benefits, pharmaceutical companies are discouraged
from investing in NTD product development.

2. Leishmaniasis and Chagas disease

2.1. Life cycle of Trypanosomatida

Leishmaniasis and Chagas disease are caused by trypanosomatid parasites. In mammals, leishmaniasis
and Chagas disease are transmitted through the sandfly and the triatomine bug. The differentiation of these
trypanosomatids occurs partially in the vector and the host. This is done with different developmental
stages giving rise to the infective stage of the parasite that infects mammals [17]. We discuss the stages of
development and differentiation of the parasites in the vector and host involved in the life cycles of both
leishmaniasis and Chagas disease (Figure 1).

2.1.1. Life cycle of Leishmania species

Leishmaniasis is caused by the protozoan parasite of the genus Leishmania belonging to the
Trypanosomatidae family. It is spread through female sandflies of the genera Phlebotomus and Lutzomyia
[18]. The parasite's life cycle is complex as it includes the vector and mammalian reservoirs for its
morphogenesis, hence it resembles a digenetic life cycle [19]. The parasite entry is during the blood meal
event, where motile metacyclic promastigotes are transferred into the blood through sandfly saliva [20].
Next, the metacyclic promastigotes migrate to healthy macrophages. Proteins on the parasite flagella
interact with the macrophagic cell membrane and gain entry through phagocytosis by forming pseudopods
infecting macrophages [21,22]. In the macrophage, promastigote forms differentiate from motile forms,


https://doi.org/10.20944/preprints202309.0207.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2023 do0i:10.20944/preprints202309.0207.v1

which have elongated cell shapes and long flagellums, to amastigote forms, which have short flagellums
[1]. Following, the host lysosomes fuse with the parasitophorous vacuole, creating an environment for the
parasite to replicate. Finally, the macrophages rupture, and the amastigotes are released into the

bloodstream [20].
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Figure 1. The life cycle of Leishmania species and Trypanosoma cruzi. The complete life cycle is illustrated with
a comparison of the life cycle of the parasites inside the vector and the host. BioRender.com. was used to
generate this Figure.

The blood meal is digested in the sandfly midgut where the amastigotes cluster together forming nest
cells. The nest cells are surrounded by an enclosed structure called the peritrophic matrix which protects
the amastigotes from the insect’s gut environment [20,23]. The amastigotes transform into elongated
flagellated procyclic promastigotes inside the peritrophic matrix. It's their first replicative stage. After 48-
72 hours the procyclic promastigotes differentiate into long motile nectomonad promastigotes that break
open the peritrophic matrix and enter the midgut lumen. Nectomonad promastigotes transform into short
motile nectomonad promastigotes called leptomonad promastigotes and adhere to the microvilli of the
midgut epithelium of the insect [24,25]. Here, the leptomonad promastigotes migrate and concentrate at
the anterior stomodeal valve where they differentiate into metacyclic promastigotes that infect mammalian
hosts. During the transformation to metacyclic stages, they secrete a gel called promastigote secretory gel
(PSG) creating a “block fly” which forces the sandfly to feed on the blood and transfer metacyclic
promastigotes from the vector to the mammalian host thereby starting the cycle all over [26].
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2.1.2. Life cycle of Trypanosoma cruzi

Chagas disease is a protozoan disease caused by T. cruzi of the genus Trypanosoma belonging to the
Trypanosomatidae family. It is caused by the parasitic defecation of a blood-sucking vector called the
triatomine bug (aka the kissing bug). As a result of the undetermined spread of the feces on the wound by
human actions, the parasite enters the host [27]. The first step upon entry into the host is adhesion. This is
where metacyclic trypomastigotes attach to host cellular receptors with their flagella. Parasite flagella
consists of molecules belonging to the Apicomplexa family that adhere to the host cell membrane. By
binding glycoproteins to the cell membrane, metacyclic trypomastigotes mobilize calcium necessary for
entry into the cytoplasm [28]. Next, the adhered parasite recognizes and alters ligands such as lectin-like
molecules on the surface for safe internalization via endocytosis mediated by clathrin and caveolar lipids
[28]. Also, internalization by phagocytosis, micropinocytosis, and circular dorsal ruffle formation has been
reported [29]. The parasite resides safely within the parasite phosphorus vacuole formed by the plasma
membrane and then fusses with the lysosome. When lysosomes fuse, parasites can differentiate from
trypomastigotes to short globular organisms with small flagella, known as amastigotes, whereas some
remain trypomastigotes [30]. After or during differentiation the amastigotes secrete hemolysin also called
Tc-Tox and trypomastigotes secrete trans-sialidase/ neuraminidase required for fragmentation of the
parasite phosphorus vacuole and enter the cytoplasm. As this process occurs during the differentiation of
metacyclic trypomastigotes into amastigotes both forms are observed in the cytoplasm. The intracellular
amastigote form further differentiates to form bloodstream trypomastigotes. Bloodstream trypomastigotes
rupture the host cell and enter the bloodstream infecting other cells [30-32].

During the blood meal of an infected individual, trypomastigotes enter the triatomine bug's gut. Here,
most bloodstream trypomastigotes are digested. Surviving parasites differentiate and transform into small
spherical structures called spheromastigotes with a small extended flagellum. In the midgut, the
spheromastigotes elongate and further extend their flagella, differentiating them into epimastigotes [33].
The long flagellated epimastigotes migrate to the hindgut and anchor to the perimicrovillar membranes of
the hindgut intestine. This anchorage initiates the non-infective epimastigotes differentiation to infective
metacyclic trypomastigotes which detach from the intestinal membranes and are migrated to the rectum
where they are excreted in the feces and urine of the triatomine bug infecting mammalian hosts [34].

2.2. Epidemiology of Trypanosomatids

Trypanosomatids are a family of parasites causing infectious diseases -categorized into
trypanosomiasis and leishmaniasis. Trypanosomiasis is further subdivided into American and African
diseases, also known as Chagas disease and African sleeping sickness respectively. Leishmaniasis is also
further classified based on its prevalent geographical location. Trypanosomiasis and leishmaniasis are
neglected diseases widely observed in underdeveloped countries, mainly in Southern Asian countries,
African countries, and South American countries [34]. Various factors influence trypanosomiasis and
leishmaniasis species and their development, including carrier vectors, vertebrate hosts, biochemical
enzyme patterns, parasite phylogeny, and geographical distribution [35,36]. Table 1 lists the main
Leishmania and Trypanosoma species.
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Table 1. Geographical and species distribution of leishmaniasis and Chagas disease.

No Diseases Species Types Geographic distributions References
1 Leish‘ma‘nia (L.) Cgtaneogs énd mucocutaneous Ethiopia, Kenya 37]
Aethiopica leishmaniasis
Eastern and Northern India, Central Asia
2 L. Tropi Vi 1 and cut leish: iasi g ! 37
ropica isceral and cutaneous leishmaniasis East and South Africa, Middle East [37]
Cut d t
3 L. Amazonensis u aneo‘?s én mucoctianeous Brazil, Bolivia, Venezuela [38]
leishmaniasis
Mexico, Brazil, Bolivia, Venezuela, Northern
4 L. Infantum Visceral and cutaneous leishmaniasis Africa, Middle East, Mediterranean regions, [39]
Southern Europe, Central Asia
. Post Kala azar dermal leishmaniasis, India, Myanmar, Nepal, Sri Lanka, Middle
5 L. Donovani . . . ) - [39]
visceral and cutaneous leishmaniasis East, China, Ethiopia, Kenya, Sudan
6 L. Maior Cutaneous and mucocutaneous Central Asia, Middle East, and Central, [40]
) leishmaniasis Northern and West Africa
ited States of A ica, V 1
7 L. Mexicana Cutaneous and visceral leishmaniasis United States o m'e rica, venezuela, [38]
Ecuador, Peru, Brazil
8 L. Venezuelensis Cutaneous leishmaniasis Northern and Southern America, Venezuela [41]
e Cutaneous and mucocutaneous Amazon stretch, Brazil, Southern America,
9 L. Braziliensis . . .. [42]
leishmaniasis Bolivia, Peru, Venezuela
. Cutaneous and mucocutaneous Southern America, French Guiana,
10 L. Guyanensis . . . . [43]
leishmaniasis Suriname, Brazil
L Panamensis Cutaneous and mucocutaneous Panama, South and Northern America, [43]
Leishmaniasis ’ leishmaniasis Brazil, Ecuador, Columbia, Venezuela
12 L. Lainsoni Cutaneous leishmaniasis French Guiana, Peru, Bolivia, Brazil [44]
13 L. Naffi Cutaneous leishmaniasis French Guiana, Brazil [44]
14 L. Lindenberg Cutaneous leishmaniasis Brazil [45]
t d
15 L. Peruviana Cutaneous an . L. Peru, Bolivia, Amazon [46]
mucocutaneous leishmaniasis
16 L. Shawi Cutaneous leishmaniasis Brazil [47]
Martini Thailand, F
17 L. Martiniquensis Visceral and cutaneous leishmaniasis artinique, Thailand, France, Germany, [48]

Switzerland, Myanmar
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Central Europe, Thailand, United States of

18 L. Siamensis Visceral and cutaneous leishmaniasis . [49]
America
19 L. Colombiensis Visceral and cutaneous leishmaniasis Columbia [50]
African
T iasi Eastern, Western, South d Central
20 TYPANOSOMIASIS 1 pyyycei Acute and chronic infections as’ern, Jrestern, southerh and Lentra [51]
(aka Sleeping Africa
Sickness)
Chagas disease
Bolivia, A tina, P , Ecuador, El
21  (aka American  T. cruzi Acute and chronic infections o1via, Argenting, araguay, BECuador [52]

trypanosomiasis)

Salvador, and Guatemala
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2.3. Clinical complications and conditions of leishmaniasis and Chagas disease

Leishmaniasis and Chagas disease cover a broad disease spectrum that affects humans and other
mammals. Clinical manifestations and treatment options for leishmaniasis and Chagas disease are
limited due to various factors, including the complexity of the parasitic species and subtypes. This
makes it very difficult for doctors to determine the disease's type and choose the optimal treatment
plan [53].

2.3.1. Leishmaniasis

2.3.1.1. Cutaneous leishmaniasis (CL)

Cutaneous leishmaniasis (CL) is the most typical clinical symptom of Leishmania infection. Initial
signs include single or multiple skin lesions localized to exposed body parts such as the face and may
result in social stigma [54]. Numerous painless brownish erythematous papules with multiple
nodules that resemble plague are seen after an incubation period of between two and seven months.
It is followed by itchy and painful fluid discharge, warmth, swelling, and fever, which further
develop into volcanic plagues associated with lymphangitis that differentiate from other ulcerative
plagues (Figure 2). Bacterial and fungal infections are common on exposed cutaneous lesions causing
secondary infections [55]. There are findings of co-infection with diseases like helminthiasis, leprosy,
Human African trypanosomiasis, and Chagas disease [56]. Few reports of leishmaniasis co-infection
with immunosuppressed patients under Human immunodeficiency virus (HIV) treatment were also
observed among patients. There were also granulomatous and tumorous skin diseases, including
subcutaneous mycosis, deep mycosis, cutaneous lymphoma, pseudolymphoma, basal cell carcinoma,
and squamous cell carcinoma among the patients (Figure 2) [57]. Due to these clinical complications,
doctors cannot use a specific treatment regimen to treat the disease.
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2.3.1.2. Diffuse cutaneous leishmaniasis (DCL)

Diffuse cutaneous leishmaniasis (DCL) is widely observed in patients with a suppressed cell-
mediated immune response against the invading parasite, also termed anergy [58]. DCL is
characterized in patients with a low count of CD4 T-cells and immediately after antiretroviral drug
therapy [59]. Several Leishmania (L.) species such as L. aethiopica, L. major, L. amazonensis, L. Mexicana,
and L. braziliensis cause DCL [60]. An initial symptom is erythematous lesions with a well-defined
periphery that extend to mucocutaneous junctions including nodules, ulcers, and plaques [61]. As
the lesions progress, they spread to the face, buttocks, and extremities, and ulcerate the entire surface.
The nodules across the nasopharynx and oropharynx cause airway obstructions and may be
associated with lymphedema and lymphadenopathy where the lesions are observed as sporotrichoid
in morphology [62,63]. The lesions also resemble other chronic lesions [64]. DCL is associated with
immunocompromised diseases such as acquired immunodeficiency syndrome (AIDS) and
lepromatous leprosy [65]. These findings are a major clinical observation in defining Leishmania
infection.

2.3.1.3. Mucocutaneous leishmaniasis (ML)

The majority of mucosal/mucocutaneous leishmaniasis (ML) is transmitted by L. braziliensis, L.
amazonensis, L. panamensis, L. infantum, and L. guyanensis [66]. It is observed as the serious outcome of
post-cutaneous leishmaniasis in immunosuppressed patients and a few cases associated with
cutaneous leishmaniasis were diagnosed as chronic disease [3]. It is initially painless, but ulcerative
purulent lesions develop. They continue as erythema, edema, posterior nasal septal granulomas, and
ulceration of the nares [67,68]. It spreads to the oral cavity of the oropharynx and larynx. This causes
perforation of the nasal septum, periodontitis, palatal ulcers, and gingivitis damaging the vocal
cartilage and resulting in speech abnormalities (Figure 2) [69]. Lymphedema leads to systemic
infection causing fever and liver inflammation. Secondary complications include airway obstruction,
fungal and bacterial infections [70]. The associated infections include epidermoid carcinoma,
rhinosporidiosis or sinusitis, and AIDS where a differential diagnosis is required (Figure 2) [67]. ML
is associated with cross- and co-infections, which can worsen both the patient's physical and
psychological condition.

2.3.1.4. Visceral leishmaniasis (VL)

Visceral leishmaniasis (VL) is usually caused by L. donovani and L. infantum. These species are
commonly found across North and East Africa, the Indian subcontinent, and Southern American
nations. Infection is prevalent in all age groups but most prevalent in immune suppressant patients
and children [9]. The parasite incubates for about two to six months and leads to chronic infection
lasting for several years. The initial clinical observations include fever, weight loss, loss of appetite,
and a malaise that progresses to a few months and is followed by enlarged lymph nodes,
splenomegaly, and hepatomegaly [70]. The disease is also called Kala Azar due to hyperpigmentation
of the skin and visceral regions. These hyperpigmentation patches are observed as dark patches
stretching the skin surface associated with abdominal congestion and pain as the infection continues.
The patient also suffers from bone marrow suppression, hemolysis, low albumin levels, jaundice,
thrombocytopenia, cachexia, fluid accumulation, and bleeding from the mucosal cavities [71]. This
may be followed by hemophagocytic lymph cytosis and intravascular coagulation [72].

Infections of the oral mucosa, nasal, and gastrointestinal tracts are prone to bacterial and fungal
contamination. This leads to sepsis and pneumonia which is fatal in children and geriatrics. It could
cause abortion or congenital leishmaniasis in pregnant patients [73]. HIV infection, tuberculosis,
anemia, and jaundice cases are frequently reported as co-infections with VL and increase VL
mortality in southern Asian and African countries [74,75]. Post-kala azar dermal leishmaniasis is also
common after recovery from VL, which may lead to other medical complications.
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2.3.1.5. Post Kala Azar Dermal Leishmaniasis (PKDL)

Post-kala azar dermal leishmaniasis (PKDL) is mostly observed in post-VL treatment. It could
be defined as the final stage of VL infection before complete recovery from the disease. It is mostly
observed in Asia and African countries as VL is a concern in these regions [76]. African and Asian
PKDL can be differentiated by macular rashes in Asian countries whereas papular rashes in African
countries [77]. The onset of PKDL symptoms usually starts after a few months post-VL treatment.
This mimics a chronic skin infection that lasts for three to four years if untreated. The initial clinical
presentations include dispersed hyperpigmented maculopapular and nodular lesions on the face
which spread to the chest and arms. These lesions cover the entire length of the skin with scaly skin
and dense nodular skin rashes (Figure 2). The lesions or rashes may be ulcerative, erythematous, or
keloidal [78]. The nodules and papules are hypopigmented, photosensitive, and edematous, with a
succulent nature, which irritates the skin. They appear warty, papillomatous, and fibroid with
spontaneous ulcerations in the peritoneal area, chin, and parts of the face [79]. As the infection
spreads to sensitive parts such as the tongue, groin, genitalia, and axilla it can cause permanent
deformity in the patient. Treatment approaches should be enhanced against infection and active
surveillance should be carried out for a better understanding of how diseases spread.

2.3.2. Chagas disease

Clinical outcomes of T. cruzi infection are divided into two categories: acute and chronic stages.
Before the infection progresses to the chronic stage, it incubates in the intermediate stage, which
mediates chronic infection. We discuss each clinical complication and condition of Chagas disease in
detail below.

2.3.2.1. Acute Chagas disease

The acute stage of Chagas disease is mostly asymptomatic, and unnoticed by the patient.
Symptoms are rarely observed after 30 days of incubation. During this stage, invasive
trypomastigotes can be detected in fresh blood smears [80]. Less than 5% of patients in their acute
stage of infection display symptoms such as malaise, fever, gastric imbalance, cardiac imbalances,
inflammation at the inoculation site, periorbital swelling, epidermal eruptions, and edema with
conjunctivitis indicating cutaneous infection (Figure 3) [81]. It might be accompanied by anemia,
thrombocytopenia, hepatomegaly, and splenomegaly [82]. Death during this stage of infection is very
rare and is primarily due to congestive heart failure, bronchopneumonia, myocarditis, and
meningoencephalitis [83]. Children are more prone to death and are affected by myocarditis [84]. The
acute stage persists for three-four months and then the infection enters the intermediate stage which
lasts for six-eight weeks.

2.3.2.2. Chronic Chagas disease

The immediate phase after the acute stage is asymptomatic. Clinically, the patient has a normal
electrocardiogram (ECG), gastrointestinal findings, and healthy physical condition, but positive
serological findings for infection. The intermediate phase of infection is followed by the chronic phase
of infection, which is fatal [85]. Around 20-30% of patients with acute and intermediate infections
progress to the chronic phase of Chagas disease, which can have highly symptomatic symptoms. This
includes thromboembolism, conduction abnormalities, arrhythmias, and heart failure due to dilated
cardiomyopathy (Figure 3) [80]. The severity of the disease depends on cardiac lesions duration,
location, and nature. The parasite resides in the cardiac tissues and causes immune activation in the
myocardium. This causes denervation, myocardial fibrosis, microvascular disturbances, and
myocardial injury [86,87]. Cardiomyopathies in Chagas disease manifest as ventricular remodeling,
dysautonomia, and imbalances in cardiac perfusion [88,89]. Chronic Chagas cardiomyopathy is
defined as a left ventricle aneurysm. This leads to an increase in left atrial pressure resulting in
systolic dysfunction and reduced left ventricular filling [90]. The right bundle branch block is a


https://doi.org/10.20944/preprints202309.0207.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2023 do0i:10.20944/preprints202309.0207.v1

common ECG found in chronic Chagas disease and is mostly found in association with an anterior
fascicular block [82]. The chances of sudden death under this condition are very high due to
ventricular tachyarrhythmia [91].

Chagas disease
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Figure 3. Diagram of a clinical representation of Chagas disease. Chagas disease has two stages or
clinical phases: an acute and a chronic phase. Most infected people (between 70 and 80 percent)
remain asymptomatic their entire lives, but in 20 to 30 percent of cases, the disease progresses to cause
chronic symptoms. BioRender.com. was used to generate this Figure.

Damage to the brain and stroke is very common in Chagas disease due to hypoxia and reduced
blood supply to the brain [82]. Brain embolism is a clinically recognized event associated with stroke
in asymptomatic patients [80]. Other clinical manifestations include mega syndrome which is a result
of the denervation of tubular structures of the enteric nerves that modulate normal gastrointestinal
function directed towards acute infection in the rectum, colon, and esophagus (aka oesophagus). In
the colon and rectum, it leads to bowel dysmotility, constipation, and fecal impaction. In the
esophagus it causes achalasia in Chagas-infected patients. Also, it causes dysphagia, odynophagia,
weight loss, idiopathic achalasia, regurgitation, cough, and chronic aspiration [92].

2.4. Pathways involved in leishmaniasis and Chagas disease

Trypanosomatids survival and differentiation involve various pathways. The parasite cannot
synthesize all the metabolites needed for its survival, so it interferes with the host's biochemical
mechanisms to fulfill its nutritional needs. There are enzymes that resemble host intermediates and
are salvaged into the parasite to create a safe environment, escape the immune system, and develop
for their own purposes [93]. Some of the biochemical pathways affected by trypanosomatids
infection are discussed below.

Sterols serve as a key metabolic element for Leishmania and T. curzi survival. Both these parasites
increase ergosterol production by interfering with host sterol biosynthesis [93]. Leishmania and T.
curzi parasites infest macrophagic sterol levels for parasitic differentiation, cellular shape, and
division. This results in lowering cholesterol levels in macrophage plasma membranes [93,94]. In
Chagas disease, cholesterol is employed in the endocytic vesicle and cytostome of amastigotes [95].
It leads to CD40 signaling pathway disturbances and alters Interleukin 12 (IL-12) production. It also
increases arginase I expression which inhibits NO synthesis and favors parasite survival and
differentiation [96,97].

Both Leishmania and T. curzi are incapable of synthesizing the purines required for their
differentiation and survival; hence they salvage the purine molecules used by the host for their living
[98]. Purine phosphoribosyl transferase assists Leishmania and T. curzi salvage purines from the
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phosphorus vacuole. It helps in catalyzing the formation of guanosine monophosphate and inosine
monophosphate which is required for parasite survival [99,100]. Typically, hypoxanthine-Guanine
Phosphoribosyltransferase (HGPRT) and xanthine Phosphoribosyltransferase (XPRT) enzymes are
involved in purine salvage [101]. Other enzymes such as adenine phosphoribosyl transferase (APRT),
hypoxanthine-guanine-xanthine phosphoribosyl transferase (HGXPRT), adenosine kinase (AK), and
nucleoside hydrolase (NH) were also identified to play a major role in acquiring purines from the
host in cases of both Leishmania and T. curzi infections [102,103].

Cell surface proteins are anchored by glycosylphosphatidylinositol (GPI) molecules. GPI
molecules, including Lipophosphoglycan (LPG) and Gylcoinositol phospholipids (GIPL) are
synthesized by Leishmania and T. curzi, which help them anchor to macrophages and internalize them
[104]. Most GPI anchors require trimannose backbones and dolichol-phosphate-mannose (DPM) that
act as mannose donors [105]. These GPI molecules help host and parasite communication and
immune invasion [106]. Mucins also play a role in anchoring parasite development. Trans-sialidase
is one such mucin responsible for active anchorage and infectivity [107]. Both Leishmania and T. curzi
contain mucin, but T. curzi contains more than Leishmania [108]. Molecules such as
phosphatidylinositol, inositol phosphorylceramide, glycoproteins 63, glycoprotein 82, and
glycoprotein 30 also assist in parasite anchorage and internalization of both Leishmania and T. curzi
parasites. Also, these molecules facilitate the mobilization of intracellular calcium and the exocytosis
of lysosomes, leading to a cascade of signaling between the host and the parasite for cellular invasion
[109].

Folic acid and pteridines play a major role in Leishmania and T. curzi metabolic interventions
[110]. Tetrahydrofolate is essential for purine, thymidylate, and pantothenate biosynthesis. Also, it is
required for RNA protein formation and is involved in various signaling cascades [111].
Dihydrofolate reductase (DHFR) and Thymidine synthase (TS) act as bifunctional enzymes as they
are both connected to N- and C-terminals respectively and separated by a linker peptide [112]. DHFR-
TS helps protect dihydrofolate and drives cellular colocalization, and parasite survival [113].
Pteridine reductase I (PTR-1) also plays a role in the conversion of biopterin to tetrahydrobiopterin
when DHFR-TS inhibitors are used. PTR-Iis activated when DHFR-TS is inhibited or malfunctioning
and is responsible for parasite survival and a proper survival environment for their growth [114].
Trypanothione (TSH2), is a principal metabolite that protects Leishmania and T. curzi parasites from
oxidative stress and is responsible for parasite differentiation. The formation of TSH2 is mediated by
glutathionyl spermidine synthase (GSPS) and trypanothine synthase (TRYS), TSH2 is involved in the
reduction of host glutathione and decreases macrophage oxidative stress during infection [115]. TSH2
is maintained at reduced levels as required by the parasites by trypanothione reductase (TR) [116].
TR shares 67% similarities among Leishmania species and 80% similarities among trypanosome
species [117]. In Leishmania, TSH2 catalyzes the hydroperoxide reduction with the assistance of two
proteins namely tryparedoxin (TXN) and tryparedoxin dependent peroxidase (TDPX). This reduces
oxidative stress and enhances parasite survival rates [118]. TSH2 also possesses the properties of
xenobiotics, and endobiotic neutralization, and enhances the reduction of ascorbate and iron-sulfur
complexes [119].

N-(2-amino2-hyroxymethyl) lysine, also called hypusine, is found in two eukaryotic proteins
eukaryotic translation initiation factor (elF)-5A1 and eIlF5A2 [120]. elF5A is responsible for cell cycle
regulation, apoptosis, translation, elongation, and termination [121]. The post-translational
modification leads to the binding of hypusine with lysine residues of eIF5A proteins by the transfer
of 4-aminobutyl moiety from spermidine to lysine chain which is aided by enzymes deoxyhypusine
synthase (DHPS) and deoxyhypusine hydroxylase (DOHH) is known as hypusination [122]. Arginine
serves as a precursor for el[F5A which is essential in hypusine synthesis [123] and determines
Leishmania and T. curzi infection rates. Arginine is translocated to parasites using amino acid
permease 3 (AAP3) [124]. Arginine plays a role in the polyamine pathway. In Leishmania the
promastigotes accumulate arginine, utilize it in polyamine biosynthesis and regulate arginine
transport under conditions of arginine deprivation [125].
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3. Drug discovery strategies and insights into current therapeutics

3.1. Approaches of drug development against leishmaniasis and Chagas disease

Drug discovery strategies for leishmaniasis and Chagas disease have devolved based on various
approaches, such as structural biology, genetic engineering, molecular modeling, and high-content
screening platforms [126,127]. Identification of functional molecular targets is crucial to target-based
drug discovery [128]. Molecules are then designed to interrupt specific targets essential for parasite
survival [14]. Targets extracted from T. cruzi genome data analysis have been investigated for the
development of high throughput target-based drug screening assays [129]. In drug development, two
different mechanisms are assumed for compound identification such as target-based drug discovery
(TDD) or phenotype-based drug discovery (PDD) [14]. Identifying new drugs for inadequately
treated medical conditions relies on TDD [128]. However, PDD involves evaluating diverse chemicals
in contradiction to the pathogen’s phenotype in a biological system and animal model. For example,
benzothiophene analogs emerged as novel agents from a phenotypic screen against GSK's
kinetoboxes [130,131]. However, the increased cost and high rates of failure of traditional drug
discovery and development approaches have provoked the community to explore alternative
approaches, such as computer-aided drug discovery which comprises structure-based, ligand-based,
and system-based approaches to drug discovery [132,133].

Structure-based-drug-discovery (SBDD) is the use of 3D structures of molecular targets to
increase ligand-receptor complementarity. It is mainly obtained by biophysical techniques and used
in research for the determination of pharmacological targets [134]. For example, virtual screening
approaches have recently been undertaken using imidazole-pyridine as a reference structure [12]. In
addition, the identification of oxidosqualene cyclase as a novel molecular target in Leishmania could
lead to promising programs to discover new agents for leishmaniasis treatment [36]. Finally, the
ligand-based drug design (LBDD) approach also identifies key characteristics that contribute to
biological activity while improving or identifying new chemotypes [135-137].

3.2. Current drugs for leishmaniasis and Chagas disease

The chemotherapy currently used for leishmaniasis and Chagas disease includes a small
spectrum of drugs, used as monotherapy or in combination [53,138]. Provided that there is no vaccine
available for the prevention of leishmaniasis and Chagas disease, the control of the diseases depends
mainly on drugs. The therapeutic scheme depends on the type of disease, parasite species, and
geographical location. The drug discovery process for leishmaniasis and Chagas disease has been
ongoing with thousands of compounds tested annually before finding a promising candidate. High
throughput screening (HTS) campaigns, which represent a valuable approach to identifying novel
sets of leads for treatment, have been carried out [139]. Drugs for Neglected Diseases Initiative
(DNDi) is developing a portfolio of early hits and leads series with collections of natural products
and synthetic compounds to find new drug candidates for leishmaniasis and Chagas disease. In 2015,
the NTD Drug Discovery Booster was launched with several pharmaceutical companies and this
project is ongoing [140]. In 2019, DNDi launched the ‘Chagas Hit-to-lead’ project with the objective
of identifying promising leads with activity in animal models with the disease and establishing an
innovative strategy[140,141].

The majority of the mechanisms of action of drugs used today to treat leishmaniasis and Chagas
diseases are unknown. Furthermore, the ineffectiveness of such drugs, and emerging resistance,
combined with severe side effects, encourage the development of alternatives for NTDs [142,143].
Therefore, the development of novel drug discovery programs for anti-leishmanial and anti-
trypanosomal compounds is essential [144,145].

3.2.1. Leishmaniasis

Sodium stibogluconate, meglumine antimonate, and sodium stibogluconate have been used
extensively to treat visceral, cutaneous, and mucocutaneous leishmaniasis for decades [146]. Yet their
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parenteral therapy is long, the drugs are toxic, and resistance is on the rise. Therefore, other
medications such as pentamidine, paromomycin, fluconazole, ketoconazole, miltefosine, and
amphotericin B, have been repurposed (Figure 4) [147]. Additionally, it has been noted that
amphotericin B therapy does not result in a sterile cure and is linked to rising kala azar leishmaniasis
rates as well as the emergence of resistant parasites in clinical settings [148]. Although repositioning
efforts have shown promise in discovering new treatments for this disease, the identification of novel
therapeutic targets and the development of effective leishmanicidal drugs should be prioritized [149].
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Figure 4. Chemical structures of currently used drugs against leishmaniasis.

3.2.2. Chagas disease

Nifurtimox (NFX) and Benznidazole (BZN) are the two main drugs used to treat Chagas disease,
and both were developed more than 50 years ago (Figure 5). The treatment is lengthy (60-90 days)
and ineffective for chronic patients, in addition to having a toxic effect and the potential for evolving
resistance [150-152]. Although the exact mechanism underlying Benznidazole's activity is unknown,
it is activated by NADH-dependent trypanosomal reductases and produces reductive metabolites
that are thought to have several negative consequences, including DNA damage and protein


https://doi.org/10.20944/preprints202309.0207.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2023 do0i:10.20944/preprints202309.0207.v1

synthesis inhibition [153]. The FDA approved benznidazole for the treatment of Chagas disease in
children aged 2 to 12 years old in 2017. It was the first medicine licensed in the United States for
Chagas disease. A new drug that is both safe and effective for Chagas disease's acute and chronic
stages is required. However, several factors impediment the development of new candidate drugs,
including the lack of biomarkers for the two stages of the disease and for evaluating treatment
success, as well as the genetic diversity of T. cruzi strains [154,155].
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Figure 5. The chemical structures of currently used drugs against Chagas disease.

Current treatments for leishmaniasis and Chagas disease have several problems. Most of them
have side effects, treatment failures, and relapses caused by drug resistance. These anti-trypanosomal
and anti-leishmanial medications also have drawbacks that exclude their use in specific population
cohorts or under specific conditions. For example, several of them are teratogenic and inappropriate
for pregnant women and newborns. Another concern is the poor oral bioavailability of most of these
drugs [156]. Chagas disease and leishmaniasis treatments differ depending on the endemic location.
Table 2 summarizes the WHO-recommended treatment regimens for major Chagas disease and
leishmaniasis endemic sites. Treatment alternatives are generally insufficient, and new medications
are desperately needed. Most drugs used to treat Chagas disease and leishmaniasis are on the 19%
edition of the WHO Model List of Essential Medicines, including pentavalent antimonials (SbV),
miltefosine, amphotericin B deoxycolate or formulated in liposomal formulations, paromomycin, and
pentamidine (Figures 4 and 5).

Table 2. Current pharmacological treatments against Chagas disease and leishmaniasis.
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4. Novel strategies for leishmaniasis and Chagas disease treatments

There is an urgent need to discover and develop compounds effective against leishmaniasis and
Chagas disease, which demonstrate high bioactivity, low toxicity, and acceptable cost and
administration profile [14,177]. In the past two decades, numerous assays have been designed for use
in screening programs targeting the various lifecycle stages of Leishmania and Trypanosoma parasites.
As soon as active compounds are developed against the intracellular amastigote form of the parasite,
they are tested in vivo, following a pharmacokinetic and pharmacodynamic assessment [139]. Barriers
to the development of new drugs include the lack of well-characterized and validated targets, the
absence of diagnostic biomarkers resulting in diagnostic failures, the variety of parasite strains, issues
with the standardization of methodologies, such as various in vitro assays, different host cell culture
lines, and issues with the translation process [140]. In addition, the treatment of these deadly diseases
is still a global challenge due to limited drug regimens, the emergence of resistance, toxicities issues,
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co-infection cases, and the low investment in the novel drug discovery/development [178,179].
Various strategies must be explored and implemented to combat these NTDs to overcome
conventional drugs' drawbacks. The following section summarizes recent developments and
upcoming insights into traditional anti-trypanosomal and anti-leishmanial therapies.

4.1. Host-directed therapy (HDT)

Host-directed therapy (HDT) aims to achieve a clinical cure by manipulating the host immune
system rather than using drugs to treat the parasite [180]. HDT uses various molecules (e.g.,
repurposed drugs, immuno-modulators, synthetic nucleic acids, cytokines, cellular therapy, and
micronutrients) that can boost the immune function of the host body or control the inflammatory
response. Both have a long-lasting healing effect and lower mortality and morbidity [181]. A better
understanding of the immune response to Leishmania has revealed the crucial fact that infection
depends on the successful downregulation of the T-helper cell type 1 (Th1l) immune response and the
development of the Th2 responses [182]. Since the immune response profile in Chagas disease is
similar to that in Leishmania [183], host-directed therapies relevant to Leishmania might also benefit
patients with Trypanosome infection [183,184].

For example, simvastatin inhibits the pathway that produces cholesterol and causes
macrophages to mature their phagosomes, increasing parasite clearance [185]. Similarly, lovastatin,
which is chemically similar to simvastatin, is essential for lowering parasite internalization and
infectivity in the J774A.1 macrophage cell line due to cholesterol depletion [186]. Eugenol (Syzygium
aromaticum) and its derivatives have been hailed as promising treatments for inducing
immunostimulatory responses that benefit the host. The growth of promastigotes and amastigotes of
Leishmania was reportedly inhibited by eugenol derivative [187]. In conclusion, immuno-modulatory
compounds may prove valuable candidates for treating leishmaniasis and Chagas disease.

4.2. Multi-drug or combination therapy

The primary goals of the combinational or multi-drug approach are to shorten the treatment
period, lower the relapse rate, reduce dosage, avoid fatal side effects, and combat drug resistance
problems [157]. HIV, malaria, and tuberculosis have all been successfully treated using this approach
[188,189]. Itraconazole, ezetimibe, and miltefosine were some of the drugs used in a multi-drug
therapy approach to evaluate the anti-leishmanial efficacy against the VL model of infection in
BALB/c mice [182]. Due to its capacity to maximize the efficacy of currently available medications
while lowering dosage requirements and treatment times, the combination therapeutic approach has
recently seen significant use in the treatment of leishmaniasis and Chagas disease. A wide range of
trustworthy combinations to treat leishmaniasis is possible. In the search for the most effective
leishmaniasis treatment regimen, novel drug combinations can now be further investigated.

4.3. Drug repurposing

Drug repurposing (aka reprofiling, drug repositioning, or re-tasking) is a method that identifies
novel applications for clinically approved drugs that were originally developed for another medical
treatment [190]. This method is associated with a shorter drug development timeline and lower
investment costs because the drugs have already undergone clinical studies [191]. Numerous
medications have been repurposed for leishmaniasis and have shown promising results, such as Amp
B, miltefosine, and azoles (fluconazole, itraconazole, and posaconazole) [192]. Numerous
antidepressants, including Ketanserin, imipramine, clomipramine, nitroimipramine, sertraline, etc.,
have shown promising results when applied as repurposed anti-leishmanial medications [192,193].
A recent study using transmission electron microscopy and metabolomics platforms identified the
mechanism of sertraline's leishmanicidal effect on Leishmania parasites [194].
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4.4. Promising natural products

The Drug Discovery Research Program, and the Tropical Diseases Program of the TDR (Tropical
Disease Research) WHO have discussed making plant pharmacology a priority. An article with a
complete list of plants and natural products that demonstrated anti-leishmanial and anti-
trypanosomal activities was published in 2015 [195]. Several studies have been conducted since then
that demonstrate the pursuit of novel products derived from microbial or marine sources. For
example, a glycoprotein isolated from the sponge Pachymatisma johnstonii showed strong in vitro
activity against L. donovani, L. braziliensis, and L. Mexicana [196]. Essential oil's anti-leishmanial
activity has also been studied [197]. Advanced research has also evaluated additional potential
substances isolated from natural sources and showed anti-leishmanial and anti-trypanosomal
activities [198].

4.5. Nanotechnology

Drug delivery and drug design can use nanomedicine, a branch of science that deals with
particles at the nanoscale [199]. Low permeability, insolubility, painful injections, prolonged
hospitalization, and unfavorable side effects are just a few of the limitations of the conventional
delivery system. In the search for the most effective leishmaniasis treatment, researchers have used
nanoparticles (NPs)-based approach. NPs are employed in drug delivery due to their
biocompatibility, improved drug solubility, on-target drug delivery to the target organ, immuno-
compatibility, and increased potential for a variety of administration routes [200]. Target-mediated
drug delivery systems use metallic, inorganic, organic, and polymeric nanomaterials, such as carbon
nanotubes, dendrimers, liposomes, and micelles [201]. Since phagocytic cells, particularly
macrophages, are the target organs in leishmaniasis, liposomal derivatives, and polymeric NPs are
used for drug delivery. Higher reactive oxygen species (ROS) production, an increase in immuno-
modulatory response, DNA damage, disruption of mitochondrial membrane potential and electron
transport chain, and inhibition of trypanothione reductase enzyme vital for the Leishmania parasite's
anti-oxidation process are just a few of the mechanisms NPs encapsulated drugs/molecules use to kill
Leishmania parasites [202]. Although there are countless benefits, nanoscience's use in practical life is
limited. This is because it can sometimes have a significant adverse effect on the body due to its
biological sensitivity [203]. Preparation and manipulation require specialized and engineered
products, making it a cost-intensive task unsuitable for NTDs like leishmaniasis [204].

4.6. Nano vaccines

Nano vaccines are emerging as a novel approach to vaccination methodology, causing both
humoral and cell-mediated immune responses. These positive results have led to a promising path
to more suitable treatment for several diseases, including leishmaniasis [205]. In a 2011 study,
recombinant superoxide dismutase (SODB1) was loaded onto chitosan nanoparticles by the
ionotropic gelation method to develop an innovative nano vaccine evaluated on BALB/c mice. The
results showed that in single and triple doses of SODB1 nanoparticles, IgG2a and 1gG2a/IgG1 were
significantly higher than in the other groups. This shows the efficiency of chitosan nanoparticles in
developing a nano vaccine for leishmaniasis [206]. Another study examined the effectiveness of
chimeric peptides containing HLA-restricted epitopes from three immunogenic L. infantum proteins,
in poly (lactic-coglycolic) acid nanoparticles with or without the adjuvant monophosphorylate lipid
A (MPLA) or surface modification. The nano vaccine induced dendritic cell maturation and promoted
peptide-specific non-producing CD8+ T cells [207]. Additional study used synthetic peptide-based
nano vaccines along with MPLA adjuvant co-encapsulated in PLGA nanoparticles. The results
demonstrated a strong spleen lymphoproliferative response and high levels of IL-2, interferon
gamma (IFN-y), and tumour necrosis factor a (TNFa) versus low IL-4 and IL-10 secretion [208,209].
A 2019 study developed a process to prepare lipidic NPs loaded with plasmid pVAX1-NH36 for
application as a leishmaniasis nano vaccine [197].
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5. Peptide targeting for leishmaniasis and Chagas disease therapies

5.1. Peptide therapies

Peptides are short chains of amino acids that play critical roles in human physiology. They were
first used in medicine in the first half of the 20% century. Therapeutic peptides are exceptional
pharmaceutical tools with a molecular weight of 500-5000 Da [210]. As technology advances, peptide
drug discovery has become established. This includes drug design, peptide drug discovery, peptide
synthesis, structural modification, and the association between these developments and peptide
bioactivities. Peptides have their unique intrinsic characteristics which are produced and modified
through chemical and biochemical methods associated with novel design and delivery strategies.
Currently, in addition to many preclinical studies, more than 170 peptides are actively in clinical
developments [210,211] and sales total more than $70 billion [212]. Compared with biologics,
therapeutic peptides show less immunogenicity and have lower production costs [213,214].
Compared to small molecules peptides typically demonstrate higher potency and selectivity for their
targets [215].

While therapeutic peptides have two basic limitations: weak membrane permeability and poor
in vivo stability. Yet, peptides as drugs have many advantages including high potency, high
selectivity, and low toxicity. Thus, efforts using several models confirmed the effects of several
peptides on various parasites (Table 3) [216].

Table 3. Studies involving advanced peptides against leishmaniasis and Chagas disease.

Peptide Source Sequence Study modelICso pg/mLReference
NK-2 Synthetic peptide KILRGVCKKIMRTFLRRISKDILTGKK In vitro - [217]
Temporizin-1 Synthetic peptide FLPLWLWLWLWLWKLK In vitro - [218]
Defensin-al Human ACYCRIPACIAGERRYGTCIYQGRLWAFCC  In vitro - [219]
Phylloseptin 7 Phyllomedusa nordestina (Frog) FLSLIPHAINAVSAIAKHF In vitro 0.34 [220]
DS 01 Phyllomedusa oreades (Frog) GLWSTIKQKGKEAAIAAAKAAGQAALGAL  In vitro - [221]
Melittin Apis mellifera (Bee) - In vitro 244 [222]
Polybia-CP Polybia paulista (Wasp) ILGTILGLLSKL In vitro - [223]
Hmc 364-382  Penaeus monodon (Shrimp) NVQYYGALHNTAHIVLGRQ In vitro 4.79 [223]

5.2. Anti-microbial peptides

Anti-microbial peptides (AMPs) are small cationic molecules, amphipathic with a wide
spectrum of activities against viruses, bacteria, fungi, and parasites [224]. Membrane depolarization,
disruption of plasma membrane permeability, and programmed cell death are some major
microbicidal mechanisms of action employed by these peptides [225]. Moreover, AMPs are
considered first-line immune defense systems that instigate the production of specific cytokines
molecules, leading to host immuno-modulatory responses [226]. AMPs are also called host defense
peptides and have gained immense attention from researchers working in the field of parasites [227].
Asadi et al., assessed the role of murine cathelicidin or cathelin-derived AMP against L. major
infection. In vitro, results showed enhanced expression of cathelin-derived AMP in the J774A.1 cell
line compared to control. Similarly, up-regulated expression of cathelin-derived AMP was recorded
at the inoculation site of the dermis layer of L. major infected BALB/c mice, unlike the control group
[182,228]. Further, protein assay revealed the increase in the level of cathelin-related AMP in both
infected macrophages and mice model confirming the role of cathelin-related AMP as a defensive
immune response against L. major. Zahedifard et al., evaluated the leishmanicidal potential of
Brevinin 2R (belonging to the class of defensins) alone and in conjugation with lauric acid against L.
major parasites and found that mice treated with Brevinin 2R exhibited decreased parasite load in the
lymph nodes [182,229].

Since AMPs have excellent leishmanicidal and immunomodulatory properties, they can serve
as leads during drug discovery pipelines and vaccine design for leishmaniasis and Chagas disease.
Currently, these AMPs get more attention due to different factors such as antibiotic-resistant
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microorganisms [230]. While AMP mechanisms remain unclear, many AMPs cause swelling in the
promastigote membrane. This leads to loss of integrity and substantial cell death [187].

5.2.1. Anti-microbial peptides against Chagas disease and leishmaniasis

K777, a vinyl sulfone cysteine protease inhibitor, is considered a highly powerful and well-
recognized cysteine peptidase inhibitor. It inhibits cruzain (aka Cruzipain), a key protease required
for T. cruzi survival. It did not promote a parasitological cure, but significantly reduced parasite-
induced heart damage in vivo [231]. Over the past few years, several AMPs have been evaluated for
their effects on T. cruzi, and apidaecin, magainin II, melittin, and cecropin A have been identified as
potential candidates for Chagas disease as they kill T. cruzi in low concentrations [232].

AMPs are an essential protection mechanism and part of vertebrates' native immunity. These
peptides damage the protozoan’s cell membrane affecting membrane integrity and producing lethal
pores [233]. Over 2,000 AMPs have been identified from a variety of organisms, including bacteria,
insects, plants, amphibians, birds, reptiles, and mammals, including humans. Some of these AMPs
demonstrate leishmanicidal activity, including halictine-2 from the poison of eusocial honey-bees
[234]. Attacin, cecropin, and defensins from lutzomyia longipalpis respond to Leishmania infection [235],
and Dragomide E.,
demonstrated anti-leishmanial activity against L. donovani promastigotes. LZ1 peptide, derived from
Snake cathelicidin, is an artificially designed and synthesized active polypeptide demonstrating high
antimicrobial activity. It inhibits ATP production in parasite-infected erythrocytes [236]. Finally,

a linear lipopeptide isolated from the cyanobacteria Lyngbya majuscula

Phylloseptin-1, a cationic peptide from the skin secretion of Phyllomedusa azurea, demonstrated high
anti-parasitic activity and prevented cross-resistance because of its distinctive chemical structure
[237].

The pharmaceutical industry recognizes that peptide-based drugs are a significant class of
therapeutic agents. Anti-protozoal therapeutics can be derived from insects, bacteria, marine
organisms, and amphibians [226]. The next figure describes some of the AMPs that have been
identified and their functions against the different developmental forms of parasites (Figure 6) [233].
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Figure 6. Schematic representations of T. cruzi and Leishmania life cycle associated anti-microbial
peptides (AMPs) against each specific developmental form of the parasite. BioRender.com. was used

to generate this Figure.

5.3. Protein-protein interactions as drug targets in leishmaniasis and Chagas disease

The human proteome contains approximately 30,000 proteins and significantly more protein-
protein interactions (PPIs) that play critical roles in biological processes. Their dysregulation results
in the onset and progression of a variety of diseases. PPIs thus represent a treasure trove of disease-
modifying drug targets. However, targeting these is difficult when converting drug-like small
molecules into therapeutics. When targeting PPlIs, it is critical to strike a balance between the
interacting proteins to elicit a therapeutic effect while avoiding a significant adverse effect [238].
Researchers have reported that PPIs as a drug discovery strategy target a variety of diseases [238].
However, there is limited information about PPIs for leishmaniasis and Chagas disease. Proteins
3B64, 1LML, and 4P4M have recently been identified as structural macromolecules that play a variety
of roles in the Leishmania parasite. It is worth considering the importance of these proteins in the
context of Leishmania, as well as their potential implications for future research into the parasite's
metabolism and pathogenicity. Therefore, PPIs offer the potential for further research into drug
discovery for leishmaniasis and Chagas disease.

6. Conclusions and Future Directions

Leishmaniasis and Chagas disease are NTDs and global burdens. As a result of recurrent failures
in leishmaniasis and Chagas disease diagnosis, chemotherapy is delayed and eventually results in
death. Despite the efforts of many research groups leishmaniasis and Chagas disease remain without
an effective solution. Challenges regarding leishmaniasis and Chagas disease include accurate and
timely disease diagnosis, which are crucial in identifying asymptomatic patients and co-infected
cases. However, recent diagnostic procedures such as advanced molecular techniques, proteomics,
and nano-diagnosis may provide revolutionary improvements to the prognosis of these diseases.
Other key challenges are related to the currently available treatments, including the emergence of
drug resistance and toxicities issues. These may be overcome by less traditional approaches, such as
multi-drug and host-directed therapies, which have yielded some promising results in recent studies.
In addition, clinical trials with innovative treatment strategies should be performed to explore the
impact of novel approaches on improving treatment efficacy, decreasing side effects, and lowering
treatment costs. The review discusses the advancement of novel treatment strategies, featuring
peptides as potential therapeutics against NTDs. Since peptides have specific actions and reduced
toxicity, they are promising for new drug discovery and development. It is evident that these targeted
compounds are becoming increasingly popular within the pharmaceutical industry, proving their
importance to the Pharmaceutical Sciences. It is our hope that we can contribute to the discovery of
medicines in this relatively neglected area. This will greatly improve the health of many people
suffering in the world's poorest countries.
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