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RESUMEN 

 La enfermedad de Chagas, también llamada tripanosomiasis americana, es una de 

las enfermedades parasitarias más desatendidas del mundo. Su agente infeccioso es el 

parásito protozoario Trypanosoma cruzi con síntomas que progresan desde una inflamación 

leve hasta insuficiencia cardíaca. El descubrimiento de los derivados nitroheterocíclicos 

como fármacos antiparasitarios: Nifurtimox y Benznidazol para el tratamiento de la 

enfermedad de Chagas, debido a su eficacia en la fase aguda, sin embargo. una reducida 

eficacia en la fase crónica. Las principales limitaciones de estos fármacos son la 

administración a largo plazo y los efectos secundarios graves. 

 En el contexto de esta revisión, se describe el efecto de los inhibidores de la 

biosíntesis de esteroles en T. cruzi como blancos quimioterapéuticos de los fármacos anti-

tripanosomátidos.  La vía de biosíntesis de esteroles ahora está bien establecida como una 

vía metabólica importante en los hongos y en los miembros de la familia 

Trypanosomatidae, estas vías producen ergosterol y otros 24-metil esteroles, que son 

necesarios para el crecimiento y la viabilidad de los parásitos, pero están ausentes en los 

mamíferos células huésped. Además, se muestran los avances en la quimioterapia de 

Chagas mediante el uso Alquilfosfolípidos (ALP). Debido a la actividad citotóxica de las 

ALP, esta clase de moléculas ha demostrado ser eficaz contra muchas enfermedades 

desatendidas como el Chagas, la leishmaniasis y la filariasis, así denominadas por la 

iniciativa de Medicamentos para Enfermedades Desatendidas (DNDi). 

PALABRAS CLAVES 

Alquilfosfolipidos, ruta de biosíntesis de esteroles, Trypanosoma cruzi. 

 

 

 



  

 

 

 

ABSTRACT 

Chagas disease, also called American trypanosomiasis, is one of the most neglected 

parasitic diseases in the world. Its infectious agent is the protozoan parasite Trypanosoma 

cruzi with symptoms progressing from mild swelling to heart failure. The discovery of the 

nitroheterocyclic derivatives as antiparasitic drugs Nifurtimox and Benznidazole (1970) 

brought new perspectives for the treatment of Chagas disease due to their efficacy in the 

acute phase, however a reduced effectiveness in the chronic phase. The main limitations of 

these drugs are the long-term administration and the severe side effects. 

 In the context of this review, we describe the effect of sterol biosynthesis inhibitors 

in Trypanosoma cruzi as chemotherapeutic targets of anti-trypanosomatid drugs. The sterol 

biosynthesis pathway is now well established as an important metabolic pathway in fungi 

and in members of the Trypanosomatidae family, these pathways produce ergosterol and 

other 24-methyl sterols, which are necessary for parasite growth and viability but are absent 

in mammalian host cells. In addition, advances in Chagas chemotherapy through the use of 

Alkylphospholipids (ALP) are shown. Due to the cytotoxic activity of ALPs, this class of 

molecules has been shown to be effective against many neglected diseases such as Chagas, 

Leishmaniasis, and Filariasis so named by the Drugs for Neglected Diseases (DNDi) 

initiative. 

KEY WORDS  

Alkylphospholipids, sterol biosynthesis pathway, Trypanosoma cruzi. 

 



  

 

1 
 

 

INDEX 

Chapter 1: Introduction and literature review......................................................................... 3 

1.1 Introduction ................................................................................................................... 3 

1.2 Statement of the problem .............................................................................................. 5 

1.3 General and Specific Objectives ................................................................................... 5 

Chapter 2:  Trypanosoma cruzi: Etiology and Disease .......................................................... 6 

2.1 Life cycle of Trypanosoma cruzi .................................................................................. 6 

2.2 Transmission of Chagas Disease .................................................................................. 7 

Vector Transmission ....................................................................................................... 8 

Vertical Transmission ..................................................................................................... 8 

Transfusion transmission................................................................................................. 8 

Oral transmission............................................................................................................. 8 

2.3 Pathogenesis of Chagas Disease ................................................................................... 9 

Acute phase and manifestations ...................................................................................... 9 

Chronic phase and manifestations ................................................................................. 10 

Indeterminate Form ....................................................................................................... 11 

Chapter 3: Pharmacology of Chagas disease ........................................................................ 12 

3.1 Drugs used to treat Chagas infection .......................................................................... 12 

3.1.1 Benznidazole (BZN) ............................................................................................ 13 

3.1.2 Nifurtimox (NFX) ................................................................................................ 14 

Chapter 4:  Therapeutic Strategies for the development of drugs against T. cruzi............... 16 

4.1 Protein Cruzipain as therapeutic objective ................................................................. 16 

4.2 Cytochrome b .............................................................................................................. 18 

Chapter 5: Chemotherapeutic objectives for the development of drugs against T. cruzi ..... 19 

5.1 Ergosterol Biosynthesis Pathway and its Inhibitors.................................................... 19 

Sterol 14-alpha demethylase (CYP51) .......................................................................... 23 

Sterol 24-C-methyltransferase (Tc24SMT) ................................................................... 23 

Squalene synthase (SQS) ............................................................................................... 24 

Farnesyl diphosphate synthase (FPPS) ........................................................................ 24 



  

 

2 
 

Oxidosqualene cyclase (OSC) ....................................................................................... 25 

5.2 Available drugs that interfere with the Sterol Biosynthesis Pathway ......................... 25 

Chapter 6: Drugs involved in the sterol biosynthetic pathway ............................................. 30 

6.1 Effects of Sterol Biosynthesis Inhibitors on the Ultrastructure of Trypanosomatids . 31 

Chapter 7: Alkylphospholipids (ALPs) as Promising Chemotherapeutic Agents ................ 32 

Mechanisms of action of ALPs ......................................................................................... 34 

Effects of ALPs on phospholipids composition and biosynthesis in T. cruzi epimastigotes

........................................................................................................................................... 37 

Chapter 8: Conclusions ......................................................................................................... 37 

Recommendations ................................................................................................................ 39 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

3 
 

 

Chapter 1: Introduction and literature review 

1.1 Introduction 

Chagas disease, also called American trypanosomiasis, is a parasitic disease that has not 

received enough attention, which is why it has proliferated, especially in endemic areas of 

contagion. The disease caused by the parasite T. cruzi, which was detected as an infectious 

disease by Carlos Chagas, Brazil (Chagas, 1911), comes mainly from the tropical and 

endemic areas of Latin America. According to the Pan American Health Organization, it is 

estimated that there are approximately 8 million people infected with the parasite, 100 

million at risk of contagion, 5,600 new cases a year and an average of 12,000 people dying 

from the disease. (PAHO, 2017).  

It has been shown that there is a relationship between latitude and the site of action 

of the triatomine species, with a diversity towards the equator and towards the east in 

latitude, encompassing the Amazon (Rodriguero & Gorla, 2004). Existing geographic 

distribution patterns related to taxonomic groups such as the Rhodnius species associated 

directly with the Amazon and the periphery, extending from the west to the northern 

countries. (Abad-Franch & Monteiro, 2007). 

Chagas disease caused by Trypanosoma (Schizotrypanum) cruzi.  vector 

transmission by triatomines (insects) and its main route of transmission is through direct 

contact with the feces or infected urine of triatomines, which feed on the blood of the 

vertebrate host. Transmission can also be carried out by different routes, oral (food), blood 

(contact) congenital and organ transplants (WHO, 2020).   

During this acute phase, many parasites circulate through the bloodstream, 

generally, there are no or minimal symptoms. In less than 50% of infected people, an initial 

sign is due to the presence of a skin lesion or a purple swelling of the eyelid (WHO, 2020). 

Acute infections can be asymptomatic and occur at any age; regarding its clinical 

manifestations, it can present fever, lymphadenopathy and inflammation at the site of the 

bite (Pérez-Molina JA, et al., 2020) 
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Upon reaching the next phase, which is the chronic phase, in the cellular immune 

response limits the proliferation of the parasite but the infection cannot be eradicated, it 

also leads to the development of one or more symptomatic forms of chronic disease, found 

in between 30 and 40% of patients, including heart failure caused by chronic Chagas 

cardiomyopathy, as well as digestive complications and neuropathic problems (Brener & 

Gazzinelli, 1997; Albareda et al., 2006; Marin-Neto et al., 2007). The main cause of deaths 

from this disease is chronic Chagas cardiomyopathy since it appears decades after infection 

and can cause cardiac arrhythmias, congestive heart failure, thromboembolism and sudden 

cardiac death. (Rassi et al., 2000; Marin-Neto et al., 2007; Rassi et al., 2009). Acute or 

initial infections, congenital diseases and reactivations in immunosuppressed patients can 

be diagnosed using direct visualization methods, mainly, PCR techniques (Pérez-Molina 

JA, et al., 2020). 

Treatment of T. cruzi infection continues to be based on drugs such as Nifurtimox 

and Benznidazole, which do not guarantee efficacy, and which are mainly based on the 

stage of infection and the patient's age. Benznidazole has almost no benefit in the chronic 

phase of the infection, it also causes a large number of side effects such as nausea, 

abdominal swelling, rash (Oliveira et al., 2017).  

The use of treatment is recommended during the acute phase of the disease, 

regardless of the infection mechanism since the therapy improves symptoms and 

elimination of the parasite. Therefore, early treatment helps prevent the development of the 

disease to a chronic and irremediable phase. When comparing Benznidazole and 

Nifurtimox, Benznidazole is commonly chosen as the main drug for treatment because it 

has better tissue penetration and greater efficacy (Pérez-Molina JA, et al., 2020). 

The search for optimal treatment for Chagas disease has led to the combination of 

drugs with the aim of achieving a synergistic effect to increase the efficacy of a drug 

compared to monotherapy. 
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1.2 Statement of the problem 

With the technological improvements coupled with the development of drugs directed to 

specific pathways for the advancement in chemotherapy of diseases, a great variety of 

drugs have been achieved, however, most of these compounds do not meet the expected 

expectations for the disease of Chagas disease, since until now there is no effective drug for 

the chronic phase of this disease. 

The greatest challenge in the investigation of advances in chemotherapy in T. cruzi is to 

present an optimal treatment that reduces the toxic effects of drugs as well as its possible 

implementation. 

 

1.3 General and Specific Objectives 

General Objective 

Discuss the therapeutic advances in Chagas disease in using drugs directed to 

different metabolic pathways as chemotherapeutic targets. 

 

Specific Objectives 

• Evaluate the chemotherapeutic strategies based on the mechanism of action of drugs 

currently used on ergosterol synthesis. 

• Evaluate rational chemotherapy for the use of new drugs: Alkylphospholipids as 

Promising Chemotherapeutic Agents. 

• Discuss the synergistic effects for the rational use of drugs in the treatment of Chagas 

disease. 
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Chapter 2:  Trypanosoma cruzi: Etiology and 

Disease 

 

In 1909, Carlos Chagas described the disease and its evolutionary cycle thanks to 

the detection of the parasite in the blood of a Brazilian boy with lymphadenopathy and 

fever (Chagas, 1909). 

 

2.1 Life cycle of Trypanosoma cruzi 

The life cycle of Trypanosoma cruzi is divided into two intermediate hosts, the first 

is an invertebrate host (triatomine insect), the second is a vertebrate host (human), and T. 

cruzi has three stages of development: trypanosome, amastigote and epimastigote (de 

Souza, 1984). The cycle begins with the invasion of trypanosomes into the blood of insect-

infected vertebrates (Fig. 1). It is noted that most trypanosomes ingested in common media 

will degrade in the stomach of the insect but surviving trypanosomes will develop into the 

globular stage amastigote or epimastigote after a few days (Carlos et al, 2007). Once they 

are converted into epimastigotes, they move to the intestine where their progressive 

division begins and end up adhering to the perimicrovillar membranes, secreted from the 

midgut (Alvez et al, 2007). The aforementioned step is part of the metacyclogenesis 

process, which involves the transformation of epimastigotes into trypomastigotes; that is, 

from non-infectious to infectious, called metacyclic trypomastigotes (Ruiz et al, 1998). 

Invasion in vertebrates can occur through one of the three available mechanisms. In the 

independent mechanism of the host cell, the parasite adheres to the cell and uses the 

pressure of its motility to enter it. The lysosome-mediated mechanism the T. cruzi parasite 

transports lysosomes to the binding site via host microtubules, while the additional 

membrane allows entry into a parasitophorous vacuole. While the third cantilever 

mechanism of the membrane, the cell is stimulated to extend the processes in the parasite, 

thus facilitating entry (Yoshida, 2006).  
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Figure 1. Life cycle of T. cruzi in various forms of the protozoan, in the invertebrate (triatomines) 

and vertebrate (mammals) hosts. From Centers of Disease Control and Prevention (2021). 

 

2.2 Transmission of Chagas Disease 

In Latin America, the parasites generated by hematophagous triatomine insects (Fig. 

2) have different forms of transmission. The common factor is contact with the urine / feces 

of the triatomine that the infected species can deposit through a previous bite or injury.  

 

Figure 2. Vector form of the insect. Vectors found in Central and South. Centers of Disease Control 

and Prevention (2020). 

 

Among the main routes of transmission of Chagas disease, we have the following: 
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 Vector Transmission 

Being the most common form of transmission, it is present in endemic areas of the 

infection and occurs when triatomine parasites are present in the droppings (feces / urine) 

of the insect penetrating the wound caused by the bite in the skin area of the animal. 

affected, this insertion of the parasite can be both cutaneous or due to mucus from the eyes, 

mouth, and nose (González et al, 2015). 

Vertical Transmission 

T. cruzi can be transmitted from a pregnant woman to the child since there is an 

increase in parasitemia in pregnancy, due to the changes produced in the immune 

modulation, this parasite load could occur in one or all pregnancies of the woman. This 

incidence can increase over time and without rapid detection (Oliveira et al, 2010) 

Transfusion transmission 

This is one of the main transmission routes, being in second place in the 

transmission method due to its frequent presence, this is due to an erroneous or lack of 

detection of the parasite prior to transfusion. This problem was generally from Latin 

America, but with the high rate of emigration, it spread to non-endemic countries of the 

disease (Coura & Viñas, 2010). 

For this reason, a rapid detection of parasitemia is important, since years may pass 

without infected patients presenting symptoms of the disease and therefore not knowing 

their status. 

 

Oral transmission 

Oral transmission is a widespread mechanism among wild animals in the area in 

which the development cycle of parasitemia is located. Animals in the zones ingest the 

insect carrying the parasite T. cruzi directly or indirectly. The number of cases through 

transmission increases over the years, since oral transmission is also associated with the 

consumption of food, such as meat from infected animals in the area, homemade drinks 
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(with infected fruits), generating a cycle of infection of the parasite, having an indirect 

relationship with the insect (Coura, 2014). 

 

2.3 Pathogenesis of Chagas Disease 

Throughout several studies, it has been ensured that Chagas disease should not be 

overlooked since it continues to be a health problem to be prioritized, for several specific 

reasons, such as: maintaining constant control in the primary areas of infection as well as in 

residential areas, especially in South America where there is a higher prevalence of cases of 

infection; obtaining support from areas where the disease has been controlled/eliminated; 

the costs that need to be covered for the control of the disease, and depending on the phase, 

the change of these for others that are more efficient due to the level of severity of the 

parasitemia within the body (Añez N. et al, 1999). In general, epidemiological data 

determine that the progression of the initial heart disease caused by the parasite may be 

affected by the interruption of transmission by vectors (Schofield CJ, Diotaiuti L & 

Dujardin JP, 1999). 

 

Acute phase and manifestations 

The acute phase can appear from the first weeks or months after infection. This 

phase generally does not exhibit symptoms, which is why it goes unnoticed. The symptoms 

present are common and do not give exclusivity to Chagas disease, thus leading to an 

erroneous compression. Among the most common symptoms is fever, body pain, rash, 

headache, among others. A more in-depth physical examination includes an enlarged liver 

or spleen, local swelling (sting site). The acute sign of Chagas disease is Romaña, which is 

known as a previous inflammation of the eyelid on the face of the person close to the 

wound left by the insect and deposited the parasite (Fig. 3), where it may have entered the 

eye area. by accident by the direct contact of the patient towards the eye. These symptoms 

can disappear without any intervention, in a medium period of time (weeks / months), but 

the infection will continue if you do not receive treatment (CDC, 2017). 
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Figure 3. Acute phase of Chagas Disease. Presence of Romaña in the patient. Centers of Disease 

Control and Prevention (2021). 

 

  On rare occasions, this phase can lead to carrier mortality between a probability of 5 

to 10% due to encephalomyelitis or severe heart disease and with a very low probability of 

sudden death; This varies specifically from how the immune system of the infected person 

presents a response to the parasite (Prata A., 2001). 

 

Chronic phase and manifestations 

After a period of 3 to 4 months, the manifestations of the acute phase disappear and 

therefore the parasite is hardly detected in the peripheral blood, this does not indicate that 

the infection process has ended, only that it has spread through the patient's body. The 

patient enters the chronic phase in which the infection can remain asymptomatic for years 

or throughout life, entering what is known as clinical latency called indeterminate form 

(Prata A., 2001). 
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Figure 4. Chronic Phase in Chagas Disease. (A) Cardiomegaly with a aneurysm in the left apical 

zone (arrow). Myocardium hypertrophy. (B) Cardiomegaly. Thinning and thrombosis (arrow 

heads). Ventricular cardiac chamber dilation (C) Average-sized heart showing a huge aneurysm at 

the apex of the left ventricle (D) Slightly enlarged heart, showing four-chamber dilation. Giant left 

apical aneurysm. (E) Fully enlarged chronic chagasic heart with dilatation mainly affecting the right 

chambers. (F) Transillumination of a chagasic heart showing muscle wall thinning. From "Coronary 

Microvascular Disease in Chronic Chagas Cardiomyopathy Including an Overview on History, 

Pathology, and Other Proposed Pathogenic Mechanisms" by Rossi A. et al, 2010. PLoS Neglected 

Tropical Diseases, 4(8), e674. 

A portion of the patients who completely reach the chronic phase passing through the 

indeterminate present different manifestations related to certain organs; as, cardiac 

complications in which there is an abnormal enlargement of the heart as well as heart 

failure, alterations in the heart rate and increased death (Fig. 4). Intestinal complications 

also occur, often including a disproportionate enlargement of the esophagus or colon, which 

presents difficulties prior to the proper functioning of each organ. The risk percentage of 

presenting these complications throughout the indeterminate phase is 30% (CDC, 2017). 

 

Indeterminate Form 

After several studies carried out in endemic areas of the insect and the infection, 

around half of the population infected by triatomines present the indeterminate form of 
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infection. Carriers do not present the initial symptoms, there is no immune reduction and 

specific tests such as the electrocardiogram, radiological examination of the heart and 

esophagus and colon present normally. They do not express the disease and are even 

unaware of the disease that PCR can identify. The delimitation made by the patients with 

the indeterminate form recognizes them as patients with low mortality, in which they carry 

out their daily activities without any impediment or complication. These patients are 

commonly subjected to various examinations for research purposes, such as evaluating 

heart or digestive diseases that could present in a period of 5 to 10 years or never present 

(Prata A., 2001). A variable number of patients under investigation present alterations in 

the tests, which are usually of low intensity and isolated. However, some of the patients 

have early cardiac or esophageal diseases. It is necessary to mention that the lesions are not 

always related to the degree of parasitemia within the patient and it can even be said that 

higher parasitemia will not affect the course of the disease (Zhang L & Tarleton RL, 1999). 

 

Chapter 3: Pharmacology of Chagas disease 

3.1 Drugs used to treat Chagas infection 

Some of the diseases generated in tropical climates such as Chagas infection have 

gone unnoticed or have not been taken with due importance, for this reason some of the 

drugs used to combat these diseases, such as Chagas parasitic infection. All drugs must be 

approved and follow the guidelines established by the World Health Organization (WHO). 

 In experimental models, the constant antiparasitic activity of nitro-heterocyclic 

derivatives, motivated further work in the search for compounds of this general class with 

higher anti-T. cruzi activity and with less toxicity, this effort led to the discovery of 

Nifurtimox in the late 1960s and early 1970s the most active compound among the 

nitrofuran derivatives tested, and a 2-nitromidazole with remarkable in vitro and in vivo 

anti-T. cruzi activities. These compounds (Fig. 5 and 6) registered mainly for the treatment 

of acute parasitic infections by T. cruzi, remain until today as the only drugs available for 

the specific treatment of Chagas disease (Coura and de Castro, 2002; Pinto Dias, 2006). 
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3.1.1 Benznidazole (BZN) 

Benznidazole (2-nitro-N- [phenylmethyl] -1H-imidazole-1-acetamide) (Fig. 5) is 

derived from nitroimidazole, this is one of the main drugs used against T. cruzi, due to its 

toxic effects it was lower than its competition as nitrofurazone. 

Benznidazole is activated by trypanosomal nitroreductase I, it also releases 

molecules such as glyoxal dialdehyde, which binds the guanosine bases, causing a 

blockage, in this way it achieves that the parasite is exposed to oxidative damage in the 

stages of the life cycle of the parasite. Benznidazole is first absorbed from the 

gastrointestinal tract (Patterson & Wyllie, 2014) 

 

Figure 5. Benznidazol structure Note. Representation of Chemical Structure of Benznidazol. 

 

BZN has a trypanocidal action, which considerably reduces parasitemia in patients 

in acute and chronic phases. There are cases where the parasites are more resistant and are 

not eliminated with the BZN, which is why in the tests (PCR) they continue to give positive 

carriers of the parasite. In addition, in the adult population, it is known that for the complete 

elimination of the parasite, it may take years or decades after treatment, which generates 

uncertainty in the treated population (Torrico et al, 2018). 

Therefore, the efficacy of BZN in an adult population with a chronic phase will be 

indeterminate since it does not meet the same expected effects as with the acute phase, 

generating more adverse effects and failing to control cardiomyopathies and gastrointestinal 

pathologies in the chronic phase, even so, it can be said that in certain cases it helps the 

elderly to reduce mortality due to parasitic infection, for which in cases of already 

advanced parasitemia, the use of Benznidazole is not recommended (Chatelain, 2017). 
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3.1.2 Nifurtimox (NFX) 

Nifurtimox (3-methyl-N - ′ [(5-nitro-2 furanyl) -methylene] -4- morpholinamine 1,1 

dioxide) is derived from nitrofuran (Fig. 6), it belongs to one of the most used drugs against 

Chagas disease, it has demonstrated different results depending on different factors such as 

the age of the patient, the phase of parasitaemia, and the time of dosing. Nifurtimox 

generates nitro anion radicals due to the action of nitroreductases that, together with 

oxygen, produce free radicals that attack and damage the parasite (Docampo, Moreno & 

Stoppani, 1981). This joint action is carried out with Benznidazole, blocking DNA 

synthesis, thus accelerating its degradation. The drug is absorbed in the gastrointestinal 

tract and is metabolized by the liver and has the action of cytochrome P-450 (Paulos et al, 

1989). 

 

Figure 6. Nifurtimox structure Note. Representation of Chemical Structure of Nifurtimox. 

 

Some adverse effects that are produced by the consumption of NFX are 

gastrointestinal problems such as nausea, dizziness, vomiting and abdominal pain. Other 

adverse effects that are generated in a smaller number of patients, such as central nervous 

system disorders such as seizures, confusion, and psychosis (Buekens et al 2018). 
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The adverse effects and toxicity of NFX led to its discontinuation of 

commercialization in some countries such as Brazil, Argentina, Chile and Uruguay in the 

early eighties. Due to the lack of alternatives in the treatments against T. cruzi, the drug was 

continued to be marketed as a second-line treatment when Benznidazole does not meet 

expectations, the use of Nifurtimox is reached, although there are cases in which it is 

preferable to use Nifurtimox before Benznidazole since it also presents toxicity in patients 

(Rodriguez C. & de Castro SL., 2002).  

Scheme 1 shows the routes in charge of the reduction and bioactivation of nitro-

heterocyclic derivatives (i). It begins with the reduction of the nitro group to the nitro-anion 

radical (ii) It shows the reaction catalyzed by NADPH / NADH-nitroredutase (Maya et al., 

2007). Under certain specific conditions such as aerobic, the nitro-anion radical (ii) will 

react with oxygen, regenerating (i) and forming the superoxide anion, which will result in 

hydrogen peroxide and this, when reacting with superoxide dismutase (SOD) can generate 

the hydroxyl radical through the Haber-Weiss reaction (Haber and Weiss, 1932; Koppenol, 

2001). 

The accumulation of reactive oxygen species (ROS) would lead to oxidative stress 

in the T. cruzi parasite, which generates a deterioration in the detoxification mechanism 

(Docampo & Moreno 1984; Cadenas, 1989). Furthermore, five peroxidases were identified 

in T. cruzi: two tryparedoxin peroxidases (Wilkinson et al., 2000; Piacenza et al., 2008; 

Trujillo et al., 2004), two glutathione-dependent peroxidases (Wilkinson et al. 2002a; 

Wilkinson et al., 2002b), and an ascorbate-dependent hemoperoxidase (Wilkinson et al., 

2002c) that demonstrates that the parasite has an efficient and complex system to deal with 

oxidative stress. 
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Scheme 1. Two possible routes for the metabolic reduction of the nitro group in nitro-

heteroaromatic derivatives (i). The aerobic route (a) and the anaerobic route (b). NTR= 

nitroreductase; SOD= superoxide dismutase; TSH= trypanothione; TR= trypanothione reductase. 

Adapted from “Molecular Coupling Study (docking) of a series of synthetic 5-nitrofuran derivatives 

at the trypanotion reductase binding site of Trypanosoma cruzi.” By Monasterios, Melina & 

Amesty, Ángel & Avendaño, Milagros, 2011, Revista de la Facultad de Farmacia. 74. 25-30. 

 

 

Taking as obstacles the limitations of the drugs currently available, for the treatment of 

Chagas disease patients who are in the chronic phase, new studies on specific 

chemotherapy for Chagas disease continue to be carried out. carrying out new drugs with a 

short and medium term for their production, taking into account the proposed therapeutic 

objective. 

 

Chapter 4:  Therapeutic Strategies for the 

development of drugs against T. cruzi 

4.1 Protein Cruzipain as therapeutic objective  

The main cysteine-protease in the T. cruzi parasite is cruzipain, a glycoprotein with 

a molecular weight of approximately 41 kDa. Cruzipain is localized in lysosomes and to a 

file:///C:/Users/Jazy/Documents/TESIS/CORRECCION%204/Saigua%20André%20TESIS%20%20CHECKER.docx%23_Toc80894066
file:///C:/Users/Jazy/Documents/TESIS/CORRECCION%204/Saigua%20André%20TESIS%20%20CHECKER.docx%23_Toc80894066
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certain extent in the plasma membrane (Robertson & Renslo, 2011). Cruzipain is 

considered a therapeutic target for Chagas disease chemotherapy because it plays an 

important role in tissue invasion and evasion of immune responses (Doyle et al, 2011). It is 

necessary to mention that in mouse models infected with the T. cruzi parasite, the 

compound K777 (Fig. 7), which is a protease inhibitor, eliminates the infection in a period 

of 20 to 30 days, in addition to showing a synergistic effect with other drugs such as 

Benznidazole, giving an improvement in the survival test period of the infected muscle 

cells, having a survival period of 47 days, which unlike BNZ with K777 of only 27 days of 

survival (Doyle et al, 2007). 
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Figure 7. (A) Structures of specific as well as potent inhibitors of cruzipain, which is an essential 

cysteine protease of T. cruzi: structure of K-777, which is considered as the most advanced enzyme 

inhibitor, with potent and selective anti-T. cruzi in vitro and in vivo. (B) Linear (i), cyclic (ii) alkyl-

thiosemicarbazone scaffolds of novel cruzipain inhibitors, with potent activity against the purified 

enzyme and intracellular amastigotes in vitro. 

 

4.2 Cytochrome b 

Different methods have been used to find therapeutic targets, which is why 

chemical genomics was also used to identify cytochrome b as a new potential therapeutic 

target for the parasitic disease of T. cruzi. In addition, it was discovered that the compound 

GNF7686 has a specific pathway to cytochrome b, which is part of the electron transport 

chain, crucial for the generation of adenosine triphosphate (ATP). GNF7686 (Fig. 8) 

proved to be a crucial inhibitor of the development of T. cruzi, thus giving new possibilities 

to the use of chemical genetics to discover new drugs that may be of great importance in 

the parasitemia of Chagas disease (Villalta & Rachakonda, 2019). 
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Figure 8. GNF7686 structure Note. Representation of Chemical Structure of GNF7686. 

 

 

Chapter 5: Chemotherapeutic objectives for 

the development of drugs against T. cruzi 

5.1 Ergosterol Biosynthesis Pathway and its Inhibitors 

 

Sterols are part of cell membranes, being essential in their structure and function. In 

mammals, cholesterol is the main sterol present in various membranes, unlike the sterols 

that are predominant in microorganisms such as protozoa, trypanosomatids insert 

cholesterol from a culture medium or from infected animal blood, through an endocytic 

process that involves the development of endocytic vesicles in the cytosome and the 

flagellar bag with the epimastigotes of T. cruzi (Souza, Santanna & Cunha -e-Silva, 2009). 

Therefore, in trypanosomatids, the sterol of the parasite is ergosterol, which differs from 

mammals (cholesterol), it is essential to provide a correct structure and function of the 

trypanosome membranes, it also plays a role in the reproduction of the parasite (Urbina et 

al, 1991). 
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Although sterol biosynthesis involves several steps, only two of them have become 

important targets of systemic clinical drugs. Statins (cholesterol-lowering agents) act before 

the pathway in the step of mevalonate production, these being the most frequently 

prescribed drugs (Superko et al., 2012). while azoles, inhibitors of CYP51, serve as the 

most widely used antifungals (Lass-Flörl, 2011; Denning and Bromley, 2015) and are 

under investigation to be repurposed for treatment of human infections with protozoan 

parasites (Buckner and Urbina, 2012).  

 

In Trypanosomatidae, the fungal biosynthesis pathway will be similar to that of 

sterols (Fig. 1): squalene 2,3-epoxide is cyclized directly into lanosterol, and the products 

generated from this will be the ergosterol and its C24 alkylated analogs. The sequencing of 

their genomes confirmed the presence of all the necessary enzymes of the pathway (El-

Sayed et al. 2005). 

The main difference in sterol biosynthesis pathways (Fig. 9) between mammals and 

trypanosomatids is the final product presented which is ergosterol which is presented as 

cholesterol in mammals. Because T. cruzi is dependent on endogenously produced sterols 

for its reproduction and survival, the ergosterol biosynthetic pathway forms a target for the 

development of drugs against the parasite (Lepesheva et al, 2010). 
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Figure 9. The biosynthesis of ergosterol and cholesterol with the main steps, the enzymes involved, 

and the inhibitors related.  

 

The set of critical enzymes that play an important role in the biosynthesis of 

ergosterol in the parasite is also a fundamental part of the study targets since they can help 

understand its mechanism better and help in future research specifically directed at the 

critical enzymes in biosynthesis. ergosterol. Squalene synthase (SQS), squalene epoxidase 

(SQLE), lanosterol 14 α-demethylase (CYP51), oxidosqualene cyclase (OSC) and sterol 

24-C-methyltransferase (24SMT) are part of the main enzymes dedicated to the inhibition 

in the sterols pathway. Oxidosqualene cyclase has shown that its inhibition directly affects 

ergosterol biosynthesis in the parasite (Benaim et al, 2006). 



  

 

23 
 

Therefore, the first step for the biosynthesis of sterols begins with the condensation 

of two molecules of farnesyl diphosphate to produce squalene, through a two-step reaction 

catalyzed by the enzyme squalene synthase (Villalta & Rachakonda, 2019). 

 

Sterol 14-alpha demethylase (CYP51) 

The sterol 14-alpha demethylase (CYP51), which is part of the ergosterol 

biosynthesis pathway of T. cruzi, is the only gene in the pathway, which has been evaluated 

and demonstrated, being essential for the survival of the parasite. Therefore, sterol 14-alpha 

demethylase is the enzyme most studied in detail as the main therapeutic target in the 

development of T. cruzi (Villalta et al, 2013). 

CYP51 uses lanosterol-related compounds to produce zymosterol, which is the 

precursor of ergosterol. CYP51 can be inhibited in its activity using azoles (antifungal 

drugs). Therefore, the variety of azoles presented today have strong trypanocidal activity in 

vitro and in vivo (Lepesheva et al, 2015). 

 Human CYP51 is resistant to inhibition, raising concern that pathogenic CYP51 

inhibitors would affect the human counterpart. Therefore, attempts to use human sterol 14-

alpha demethylase as a pharmacological target failed, and no antifungal azole or 

experimental inhibitor of human pathogens CYP51 inhibits the activity of the human 

enzyme (Villalta & Rachakonda, 2019). 

 

Sterol 24-C-methyltransferase (Tc24SMT) 

The Tc24SMT enzyme is part of one of the most promising targets because its inhibition 

has not yet been studied in depth, resulting in a new option for study with beneficial studies 

expected. This enzyme is not found in humans. The T. cruzi treated with the inhibitors of 

24SMT 22,26-azasterol and 24 (R, S) 25-epiminolanosterol did not show levels that 

indicate its presence of 24-alkyl sterols, in addition they greatly inhibited the growth of T. 

cruzi. (Urbina et al, 1996). In addition, other azasterols were synthesized, showing that they 

have antiproliferative effects in T. cruzi, however, it is necessary to deepen their research to 
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develop a better use in the activity and selectivity of the compounds used in the tests. On 

the other hand, other inhibitors of the 24SMT enzyme affect the development of 

epimastigote and certain ultrastructural alterations to be considered (Braga et al, 2005). 

Inhibitors of the protozoan 24SMT, while under investigation, may become a potential 

option for the treatment parasitic and fungal diseases. 

 

Squalene synthase (SQS) 

The Squalene synthase, in its beginnings, its use as a therapeutic target in parasitemia like 

T. cruzi was discovered since its effects in vitro and in vivo of the inhibitors proved to be 

useful as a chemotherapeutic object. In addition, isosteric analogs were synthesized, which 

proved to be a good non-competitive allosteric inhibitor of the parasite (Urbina et al, 2002). 

 By determining the structure of the parasite and human SQS enzymes that possess four 

classes of inhibitors, which reduce the growth of T. cruzi, it also provides information on 

the inhibition of SQS. E5700, which is a potent quinuclidine inhibitor, binds to TcSQS and 

exhibited a synergistic effect together with posoconazole, in inhibiting the development of 

the T. cruzi parasite in vitro (Shang N. et al, 2014). Oral administration of E5700 provides 

complete survival protection from parasitic infection in mice, but curative effects have not 

been demonstrated in vivo. Furthermore, toxicity studies have not been conducted with 

TcSQS inhibitors (Villalta & Rachakonda, 2019). 

 

Farnesyl diphosphate synthase (FPPS) 

Farnesyl diphosphate synthase (FPPS) is considered a chemotherapeutic target in T. cruzi in 

addition to the mechanism of inhibition action by bisphosphonates against FPPS. 

Furthermore, certain approaches have been developed to design future new FPPS inhibitors 

for T. cruzi (Villalta & Rachakonda, 2019). 

It is reported that there have been studies of the interaction of five 2-alkylaminoethyl-1,1-

bisphosphonates, which were effective against the multiplication of T. cruzi, in conjunction 

with the structure of the farnesyl diphosphate synthase of T. cruzi (TcFPPS ) (Aripirala et 
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al, 2012). The information on the structure given in the research provides the basis for the 

design of new compounds that are more effective for the treatment of parasitic invasion by 

T. cruzi. Thanks to the lack of pharmacokinetic studies regarding the various families of 

bisphosphonates that act by inhibiting TcFPPS, it is mentioned that it is important to 

increase the number of compounds in the process (Villalta & Rachakonda, 2019). 

 

Oxidosqualene cyclase (OSC) 

Nowadays, with the practice and investigation of the oxidosqualene cyclase (OSC), a 

biochemical investigation has been used for the OSC in which three inhibitors of the OSC 

of T. cruzi are evaluated, in which it was discovered that a parasitological activity was 

present important in vitro. It is necessary to mention that the identification and synthesis of 

inhibitors of T. cruzi of OSC has not been fully investigated, therefore there are different 

aspects to consider in the process of inhibition of OSC in the parasite (Villalta & 

Rachakonda, 2019). 

Sterol 14 alpha-demethylase was the first enzyme of the ergosterol pathway of the T. cruzi 

parasite to be crystallized and through drug optimization, important inhibitors of the 

enzyme such as NIV and VFV were created that cure infection, which it is experimental 

using murine models of the disease. Recently, other enzymes in the ergosterol pathway 

such as SQS and FPPS have been crystallized. The structural information obtained from 

these enzymes may provide important future inhibitors derived from drug enhancement and 

optimization. It is also necessary to improve the toxicity and bioavailability problems 

currently generated (Villalta & Rachakonda, 2019). 

 

5.2 Available drugs that interfere with the Sterol Biosynthesis Pathway 

The development of drugs has grown nowadays, so that there are drugs that 

intervene in the biosynthesis of sterols, which are used mainly for the treatment of diseases 

of both fungal infections and high cholesterol in people. 
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Statin is considered one of the main inhibitors of sterol biosynthesis, since it acts on 

the mevalonate pathway by inhibiting the enzyme HMG-CoA reductase, which is 

responsible for regulating the rate of cholesterol synthesis in the liver both as in other 

tissues of the body (Barrett-Bee & Ryder, 1992). Statin shows a negative point in its use, 

since it shows an effect on the synthesis of isoprenoid compounds, which are important for 

cellular events. Atorvastatin (Fig. 10) of the statin class is used mainly for the treatment of 

hyperlipidemia. 

Bisphosphonate, being an important class for the inhibition of sterol synthesis, 

intervenes in the isoprenoid pathway, inhibiting the step catalyzed by the enzyme farnesyl 

diphosphate synthase. Bisphosphonates are used mainly for the treatment of different bone 

resorption diseases, such as osteoporosis, among others (Rodan, 1998). Alendronate (Fig. 

11) belongs to the class of bisphosphonate, which is used essentially for the treatment of 

bone resorption diseases such as postmenopausal osteoporosis. 

The enzyme squalene synthase (SQS), which is responsible for catalyzing the first 

step in the biosynthesis of sterols, is inhibited both by zaragozic acids and quinuclidines. 

Therefore, the inhibition of the squalene synthase enzyme becomes an attractive target 

since it will not interfere with the production of isoprenoids, in addition to the intermediate 

metabolites that will be formed, they will be able to be metabolized and excreted more 

efficiently. (González et al, 1998). 3- (biphenyl-4-yl) -3 hydroxyquinuclidine [BPQ-OH] 

(Fig. 12) of the quinuclidine class, is responsible for reducing cholesterol and triglycerides 

by inhibiting the enzyme SQS (De Souza & Rodrigues, 2009). 

On the other hand, allylamines known to be essential inhibitors of the enzyme 

squalene epoxidase, have different examples of drugs such as terbinafine (Fig. 13), which 

being of the class of allylamines inhibits squalene epoxidase, this drug has been shown to 

be a powerful fungicide, both orally and topically. In addition, it has a positive point, since 

it does not inhibit the mammalian enzyme, which is why its use in humans is more widely 

available (Barrett-Bee & Ryder, 1992). 

Azoles are essential inhibitors of the C14 α-demethylase enzyme, they also show to 

be potent with fungal infection diseases, giving them an important place in the first line of 

fungicidal use. Posaconazole (Fig. 14) is part of the azole class, which is why it inhibits 
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C14 α-demethylase, being one of the first azole drugs developed, its use remained high for 

several years until the development of new triazoles. that proved to be more effective (De 

Souza & Rodrigues, 2009). 

Finally, we have azasterols that are also an essential part in the inhibition of 

ergosterol biosynthesis. Azasterols inhibit the enzyme Δ24 (25) -sterol methyltransferase 

(SMT), in this part of the ergosterol biosynthesis pathway, it has a high selectivity for 

trypanosomatides and fungi, so this enzyme is not found in the mammalian cell, it is 

exclusively for mushrooms and trypanosomatids. Azasterol 22,26 (Fig. 15) is part of the 

azasterol class, which also has active fungicides and trypanosomicides (Urbina et al, 1996). 

 

 

Figure 10. Atorvastatin chemical structure. Class of Statin. Inhibitor of the HMG-CoA Reductase. 

Used to treat hyperlipidemia in humans. 
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Figure 11. Alendronate chemical structure. Class of Bisphosphonate. Inhibitor of the farnesyl 

diphosphate synthase. Used to treat osteoporosis and different bone resorption diseases 

 

Figure 12. BPQ-OH chemical structure. Class of Quinuclidine. Inhibitor of the squalene synthase, 

acting in the cholesterol and ergosterol biosynthesis. 

 

Figure 13. Terbinafine chemical structure. Class of Allylamine. Inhibitor of the squalene epoxidase. 

Used for a long time to treat fungal infections 
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Figure 14. Posaconazole chemical structure. Class of Azole. Inhibitor of the C14α-demethylase. 

One of the triazole used to treat fungal infections 

 

Figure 15. 22,26-azasterol chemical structure. Class of Azasterol. Inhibitor of the Δ24(25)-sterol 

methyltransferase, one enzyme presents exclusively in the ergosterol biosynthesis 
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Chapter 6: Drugs involved in the sterol 

biosynthetic pathway 

 

The variety of drugs has increased on a large scale, mostly focusing on the routes of 

biosynthesis of sterols both eukaryotes and fungi as well as in and trypanosomatids. In fact 

ergosterol is the main sterol in Trypanosoma cruzi. 

Among the main drugs used to inhibit sterol biosynthesis (Table 1) we have the 

statins, which act on the mevalonate pathway through the inhibition of HMG-CoA 

reductase, the statin is used mainly for the reduction of cholesterol in humans (Barrett- Bee 

& Ryder, 1992). A negative characteristic in the use of statins is the effect they produce on 

the synthesis of isoprenoid compounds which are necessary in various cellular events. 

Atorvastatin is a type of statin which is used mainly for the treatment of hyperlipidemia 

(Doggrell, 2006). 

Another class of drug that is responsible for interfering in the isoprenoid pathway, 

by inhibiting the passage catalyzed by farnesyl diphosphate synthase (FPPS) are 

bisphosphonate. These bisphosphonates are used for a variety of bone resorption diseases 

such as osteoporosis, hypercalcemia caused by a malignancy, tumor metastases of the bone, 

and Paget's disease. Among the bisphosphonates, there is alendronate and risedronate, 

which are used for the treatment of bone resorption diseases (Rodan, 1998). 

Among some inhibitors of the squalene synthase enzyme are zaragozic acids and 

quinuclidine, in which the first step of sterol biosynthesis is catalyzed, this is part of an 

important process because inhibition does not interfere with the production of isoprenoids 

and intermediate metabolites that can be formed, metabolized, and excreted in a more direct 

way (González-Pacanowska et al, 1988). 

In the squalene epoxidase enzyme, allylamines are common inhibitors, such as 

terbinafine, which is a potent compound in its fungicidal use, it shows an oral efficacy as a 

topical. Terbinafine, by inhibiting squalene epoxidase, produces the decay of ergosterol, in 
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addition to an important point in its use, which is that it does not inhibit the mammalian 

enzyme (Barrett-Bee & Ryder, 1992). 

Inhibitors of the C14 alpha-demethylase enzyme, such as azoles, because these are 

effective in most fungal diseases. One of the first azoles developed for antifungal use was 

Ketoconazole. With the appearance of new triazoles in the market for drugs such as 

Fluconazole, Voriconazole and Posaconazole, new alternatives were given for antifungal 

treatment, in addition to these triazoles showing a higher rate of effectiveness in fungicidal 

activity. 

Azasterols, which are inhibitors of ergosterol biosynthesis, which inhibit Δ24 (25) -

sterol methyltransferase (SMT). By inhibiting the ergosterol biosynthesis enzyme at this 

point, it was shown that it has a high selectivity in trypanosomatids, which is why this 

enzyme is exclusive and is not found in mammals (Ishida K., 2009). 

Therefore, it is of relevant importance to explore the sterol biosynthesis pathways in 

trypanosomatids, especially the biosynthesis pathway the ergosterol in relation to the 

cholesterol route in humans. 

 

6.1 Effects of Sterol Biosynthesis Inhibitors on the Ultrastructure of Trypanosomatids 

With the use of inhibitors in the different stages of ergosterol biosynthesis, it has 

been shown that these induce drastic alterations in the ultrastructure of various organelles 

(Rodriguez et al, 2002). The alterations are carried out in the mitochondrion-kinetoplast 

complex, the Golgi complex, nucleus, lipid inclusions, the endoplasmic reticulum, among 

other structures. Therefore, the mitochondrion-kinetoplast complex is part of the target of 

drugs that are responsible for the inhibition of sterol biosynthesis. In addition, it is 

necessary to mention that T. cruzi has only one branched mitochondrion distributed 

throughout the protozoan body (De Souza, Attias & Rodrigues, 2009). 

In the treatment of L. amazonensis with different azoles, it produced mitochondrial 

alterations, these alterations in the mitochondria were also evidenced in the treatment of T. 

cruzi with terbinafine, Ketoconazole Vannier-Santos et al, 1995). These alterations in the 
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mitochondria were evidenced by measuring the potential of the mitochondrial membrane in 

parasites that were permeabilized with digitone (Rodrigues et al, 2007).  

Table 1. Therapeutic drugs for Chagas disease treatment 

 

 

Chapter 7: Alkylphospholipids (ALPs) as 

Promising Chemotherapeutic Agents 

The need for new drugs at the end of the 60s, throught the use of synthetic 

metabolically stable analogs derivatives from lysophosphatidylcholine (LysoPC)  in such a 

way at the end of the 60s, there was a change of a glycerol C1 ester bond in Lyso PC the C1 

ester bond of glycerol in Lyso Pc in which it was transformed into an ether bond, in 

addition  another methyl group linked to ether adhered in the C2 position.  Edelfosine Et-O-

Class of Drug Drugs References

Atorvastatin 

Fluvastatim

Lovastatin

Pravastatin

Rosuvastation 

Simvastatin

Alendronato

Risedronato

Pamidronato

Quinuclidine BPQ-OH González et al, 1998

Allylamines Terbinafine Barrett-Bee & Ryder, 1992

Ketoconazole

Fluconazole 

Voriconazole 

Posaconazole

Azasterols Azasterol 22,26 Urbina et al, 1996

Rodan, 1998

Barrett- Bee & Ryder, 1992

Inhibitor of the Δ24(25)-sterol methyltransferase, one enzyme 

presents exclusively in the ergosterol biosynthesis

Statins
Inhibitor of the HMG-CoA reductase. Used to treat 

hyperlipidemia in humans.

Azoles 
Inhibitor of the C14α-demethylase. They also show to be 

potent with fungal infection diseases
De Souza & Rodrigues, 2009

Mode of action

Biphosphonates

Inhibitor of the step catalyzed by the enzyme farnesyl 

diphosphate synthase. Biphosphonates are used for the 

treatment of different bone resorption diseases 

Inhibitor of the squalene synthase, acting in the cholesterol 

and ergosterol biosynthesis.

Inhibitor of the squalene epoxidase. Used for a long time to 

treat fungal infections.
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CH3), which was the first drug molecule to be known as ALP (synthetic alkyphospholipids) 

(Eibl, 1967). 

 

Figure 16. Edelfosine structure. Representation of Chemical Structure of Edelfosine. 

 

In its beginnings, Edelphosine (Fig. 16) was considered a very promising molecule, 

since it has immunomodulatory properties as well as an inhibitory activity on the 

proliferation of tumor cells (Andreesen et al, 1978). Despite the first impressions given by 

Edelfosine, cytotoxicity tests carried out in a variety of tumors in which this phospholipid 

ether was used, it was shown that Edelfosine is not completely selective for tumor cells 

(Runge et al, 1980). Furthermore, the use of Edelfosine in clinical practice is reduced by the 

metabolic instability of the molecule and gastrointestinal toxicity. After the use of 

Edelfosine, new molecules were proposed for the creation of other drugs, in such a way that 

the synthesis of Ilmofosine (ILM) (Fig. 17) as a thioether analog took place (Berdel, Fink & 

Rastetter, 1987). 

 

Figure 17. Ilmofosine structure. Representation of Chemical Structure of Ilmofosine. 
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At the end of the 80s, a new analog was discovered, which lacked glycerol, which 

generated that ALPs reached a clinical status to be considered. Miltefosine (MLT) (Fig. 18) 

was synthesized in two different groups, in which one was for the detection of analogs with 

anti-inflammatory purposes and the other was for the search for molecules with antitumor 

activity, which were synthesized in the United Kingdom and Germany, respectively (S 

Vink et al., 2005). 

 

Figure 18. Miltefosine structure. Representation of Chemical Structure of Miltefosine. 

 

Mechanisms of action of ALPs 

The mechanism of action of ALPs differs from the conventional mechanisms of 

anticancer agents, the mechanism of these is based mainly on the interaction with the cell, 

on the genetic machinery (Table 2). While ALPs target the cell membrane, since it has 

similarities with endogenous phospholipids (Almeida et al, 2013). ALPs structurally 

correspond to classical surfactants and at high concentrations they can cause cell lysis. 

Despite the counterparts, ALPs will enter the lipid bilayer, generating biophysical 

alterations in cell membranes. For this reason, the activity of micelles (Fig. 19) is necessary 

in the cell lysis mechanism, which involves micellar dissolution, the phase transition 

between the lamellae and the decrease in size of the micelles (Heerklotz H, 2008). 
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Figure 19. Process of micelle fusion and bilayer disruption. The heads of surfactant and 

phospholipids are represented by the black and white circles. The surfactant tails are represented by 

the black curved lines. From “Alkylphospholipids – A Promising Class of Chemotherapeutic 

Agents with a Broad Pharmacological Spectrum” by Almedia P. et al, 2013. Journal of Pharmacy 

& Pharmaceutical Sciences, 16(5), 742.  

 

The metabolically stable ALPs are introduced into the membrane, generating the 

biophysical disturbance, which will intervene with the metabolism of phospholipids, their 

proliferation and the signaling pathways for cell survival while simultaneously activating 

several stress pathways. which will promote cell death (apoptosis) (Strassheim et al, 2010). 

It is known that ALPs will insert easily into the outer leaflet of the plasma membrane and 

will pass through it thanks to the ATP-dependent complex flippase. Another possible 

mechanism of ALPs is based on internalization in endocytosis through lipid rafts 

(Mollinedo F., Ruiter G.A., van Blitterswjk W.J., van der Luit A.H.). Therefore, the 

intervention of ALPs in the mechanism of cell membranes will trigger stress in the cell, 

thereby generating its subsequent death. The mechanism of the inhibition of 

phosphocholine (PC) biosynthesis at the beginning of cell death, further investigation is 

needed, therefore it is not totally clear. It is known that the lack of PC in the endoplasmic 

reticulum will in some way induce the stress of the pro-apoptotic transcription factor CHOP 

/ GADD 153 (Nieto et al, 2007). ALPs have several functions both of inhibition of 

phosphocholine biosynthesis. They can also participate in preventing the decomposition of 

phosphatidic acid and in the degradation of diacylglycerol, all under certain specific 

signaling conditions. Phosphatidic acid and diacylglycerol, which are part of the ALP 
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activity, are considered second messengers, which are involved in the signaling pathways 

of mitogen activated protein kinase (MAPK) and Ras / Raf / MEK / ERK, which are 

involved in cell proliferation (Almeida et al, 2013). 

The characterized target of ALP that shows optimal behavior is the AKT enzyme, 

which is a serine / threonine kinase, which carries out an essential process as it is a 

regulator of several cell survival pathways. AKT will be activated to a great extent in 

human cancers, it will contribute to cell growth and proliferation as well as acting on cell 

survival pathways, this being an important target for therapies carried out against it. cancer 

(Almeida et al, 2013). ALPs will prevent the activation of the AKT enzyme by intervening 

in the microdomains of the membrane, which are essential for growth factor signaling, or 

by carrying out the action of displacing the natural ligands of AKT, such as they are PIP2 

(phosphatidylinositol-4,5-bisphosphate) and PIP3 (phosphatidylinositol-3,4,5-triphosphate) 

(Almeida et al, 2013). 

 

Table 2. Mechanism of action of Alkylphospholipids 

 

 

 

 

Alkylphospholipids Molecular structure Mechanism of action References

Edelfosine (Et-18)

It acts on cellular membranes by selectively 

aggregating the cell death receptor Fas in 

membrane rafts and interference with 

phosphatidylcholine (PC) synthesis with 

subsequent induction of apoptosis.

Abramowski, P., Otto, 

B., & Martin, R. (2014)

Ilmofosine

 Is a thioether lysophospholipid that showed 

early promise as an anticancer agent but is now 

known to have unacceptable bone marrow 

toxicity at reasonable exposure levels.

Girgert et al.( 1995)

Miltefosine

Inhibits the synthesis of phosphatidylcholine, 

inhibiting the cytochrome c oxidase, it is to be 

expected that this potent drug also produces its 

effect through other targets.

Pinto-Martinez et al. 

(2017)
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Effects of ALPs on phospholipids composition and biosynthesis in T. cruzi 

epimastigotes 

Effects of ALPs on phospholipid composition and biosynthesis in T. cruzi 

epimastigotes. Based on these facts their biochemical effects on tumor cells, alteration of 

phospholipid synthesis, was one of the most prominent. It was demonstrated that 

hexadecylphosphocholine interferes with the biosynthesis of phosphatidylcholine inhibing 

the formation of phosphatidylcholine via CDP-choline pathway (Kennedy pathway) at the 

level of the rate-limiting enzyme, CTP: phosphocholine cytidyltransferase (Hasse R., 

1991). A second pathway via N-methylation of phosphatidylethanolamine has also been 

described (Bremer, J, and Greenberg, D.M., 1961) Moreover, the lipid composition of 

MDCK cells was altered by treatment with 50 µM hexadecylphosphocholine for 24 h 

(Hasse R., 1991). 

The antiproliferative synergy of LPA and ketoconazole in T. cruzi epimastigotes 

have shown that a secondary effect of sterol biosynthesis inhibitors is a reduction in PC 

content associated with an indirect inhibition of PC-PE-N- methylthransferase. The 

synergic effects resulting from the combined action of Et-18 and ketoconazole on the 

proliferation of T. cruzi (Lira R. et al, 2001). 

 

Chapter 8: Conclusions 

The parasitic disease generated by the protozoan T. cruzi needs further research. 

Despite the variety of alternatives given in recent years as well as the development of drugs 

as new perspectives for the treatment of the disease, there is still no definitive treatment for 

the chronic phase of Chagas disease.  The traditional drugs, benznidazol and nifurtimox are 

effective in the acute phase although they present many undesirable side effects. Moreover, 

these drugs are not successful in the treatment of the chronic phase of this disease.  

The research of new drugs has focused on the chronic phase. Most of the specific 

drugs that lead the chemotherapy of parasitic infections are heterocyclic compounds such as 

statin, bisphosphonate, quinuclidine, allylamine, azoles and azasteroles, these coumpounds 

interfere with sterol synthesis in eukaryotes, fungi and trypanosomatids. A marked 
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inhibition on the enzyme´s activities indicated that some of them act specifically on the 

pathway for sterol synthesis. 

There is another group of drugs formed by Alkylphospholids (ALPs) such as 

Edelfosine, Miltefosine and Ilmofosine which are synthetic drugs that act in the route of 

biosynthesis of phospholipids and interfere with the membrane structure. The action of 

these drugs is mainly directed at the specific inhibition of phosphatidylcholine (PC) 

biosynthesis of the parasite, which begins through the Greenberg pathway 

(transmethylation) in the epimastigotes of T. cruzi, in contrast to the pathway of the CDP-

choline used by the host. cells. A possible explanation for the selective anti-T. cruzi effects 

of LPAs is a specific inhibition of the parasite`s PC biosynthesis, which seems to proceed 

through the Greenberg`s pathways, in contrast to the CDP-choline pathway used by host 

cells. It is also found that this anti-proliferative activity can be potentiated by sterol 

biosynthesis inhibitors and provided a possible molecular explanation for these effects. 

It is expected that further studies based on specific therapeutic targets can reduce 

the adverse effects of drugs, as well as promote the development of new optimized drugs 

with synergistic effects resulting from their combined use, this would be the case, for 

example, of the combination of azoles (i.e., Ketoconazole) and ALPs (i.e., Miltefosine). 

In conclusion, research in Chagas disease should be continued in order to develop 

new options for its treatment and thus arrive at an ideal pharmaceutical chemotherapy. 
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Recommendations 

• Development of drugs that are synergistic. It is contemplated that the ideal 

treatment for Chagas disease may involve a combination of drugs to improve both 

efficacy against acute or chronic infection and to minimize the risk of drug 

resistance. 

• Minimize the unwanted side effects of available drugs. 

• Any improvement in the toxicity profile of the therapy 

• The most widely sourced approaches to the advancement of investigational drug 

candidates. 

• More chances that a new treatment for this often-fatal infection. 

• Since vaccines against parasitic infections are still in development and control of 

environmental sources of transmission is ineffective and often impractical, the need 

for better chemoprophylactic / chemotherapeutic approaches in controlling these 

pathogens is indisputable. 
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