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• Is a neglected tropical disease (NTD) caused by the Kinetoplastid protozoan parasite 

Trypanosoma cruzi (T.cruzi).

• ~7 million people are affected by the disease, mainly in Latin 

America where is endemic in 21 countries.

• Spread to non-endemic areas → global health problem.

• Main route: triatomine insects (family Reduvidae).

• Blood transfusion, organ transplants, vertical transmission.

EPIDEMIOLOGY

TRANSMISION

(Perez-Molina J.A. et al, Lancet 2018)
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Triatomine insect vector stage
Mammalian host stage

Replicative in insect gut

Intracellular replicative in 

multiple tissues

Motile bloodstream

form

Mammalian first infective

motile form

Multiple hosts

(>100 species)

Multiple tissues

Multiple vectors

TRYPANOSOMA CRUZI LIFE CYCLE

(Atwood et al., Science 2005)
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Chagas disease may progress in two clinical phases:

- Acute

- Chronic 

• Indeterminate  

• 30-40% infected: cardiac and/or digestive 

damage

(Coura J.R. et al, Acta Tropica 2010)

CLINICAL MANIFESTATIONS

1. INTRODUCTION

TREATMENT

• Only two drugs available: Benznidazole (Bnz) 

and Nifurtimox (Nfx). 

• Good efficacy in acute phase but diminished as 

the disease progress.

• High toxicity and frequent adverse events.

Bnz Nfx

URGENT NEED OF NEW ANTI CHAGASIC 

DRUGS FOR CRHONIC PHASE!
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(Peña I et al., Scientific Reports 2015)

(Khare S, Nature 2016)

DRUG DISCOVERY



Preclinical evaluation

1. INTRODUCTION
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parasite clearance 

or improve disease 

progression

Host-pathogen 

interactions

Mechanisms of 

pathogenesis

Computational screenings to identify 

conserved essential proteins

• Docking analysis/

• Target devonvolution

• In silico ADMET properties

HTS anti-T. cruzi

assays

Cytotoxicity on host cells

(Vero cells, 3T3, L6)

Cytotoxicity on human 

cells (HepG2 cells)

Intracellular 

amastigote assay

Trypomastigote 

assay

CYP51 
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Wash out 
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Representative panel of
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Rate of kill
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PK/PD analysis

Improve in vitro potency, 
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DMPK, and safety profile

Lead optimization

Adapted from Gabaldón-Figueira et al., Exp Opin 2023
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2. HYPOTHESIS

The exploration of the structural diversity and biological properties from different chemical collections 

obtained through collaborations will allow to preclinically prioritize chemical entities for the treatment of 

Chagas disease. 

Amaryllidaceae plants Licensed drugs
Metabolism modifier

compounds

• Natural compounds are a 

valuable source of active 

biological substances

• Unique alkaloid constituents 

• A fast-track and low-cost strategy

• Pharmacological characteristics 

and safety profiles 

• Posaconazole and E1224

• Metabolic coupling of intracelular 

pathogens with host cells is 

essential for successful 

colonization of the host

• Potential anti-parasitic treatments

In silico target 

identification
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The main objective of this work is the identification of compounds or drugs with potent 

and specific activity against the parasite T. cruzi among different chemical collections. 

3. OBJECTIVES

• Specific Objective 1: development of a statistically robust and reproducible in vitro screening cascade 

to identify compounds specifically acting against T. cruzi. 

• Specific Objective 2: identification of Amaryllidaceae plant extracts or alkaloids isolated from them 

with specific anti-T. cruzi activity. 

• Specific Objective 3: evaluation of the anti-T. cruzi activity of a collection of licensed drugs through in 

vitro and in vivo experiments. 

• Specific Objective 4: exploration of the capacity to modulate or inhibit T. cruzi growth of a collection of 

metabolism modifier compounds. 

• Specific Objective 5: deciphering T. cruzi molecular targets and mechanisms of action of hit 

compounds using in silico molecular docking studies and the AlphaFold protein database. 
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Anti-T. cruzi assay on

Vero cells
IC50 < X x  BNZ IC50

X compounds

X compounds

X compounds

X compounds

X compounds

X compounds

X compounds

Vero cell toxicity assay SI > X 

HepG2 cell toxicity

assay
SI > X 

Anti-amastigote assay SI > X 

In silico model

In vivo model

Drugs for repurposingAmaryllidaceae plants

Metabolism modifier compounds

Dr. Juan 

Bustamante

Dra. Alhelí Rodríguez-Cortes

Prof. Jaume 

Bastida

4. METHODS

Dra. Gabriela 

Feresin

Prof. Joaquim 

Gascón



96 well plates

Day 0-1

Anti-T. cruzi assay on Vero cells

Incubation 37º C 

5% CO2

Vero cells 

MOI=1

50,000 cels per well

T. cruzi Tulahuen expressing -

galactosidase reporter gene

(Fred Buckner, University of Washington, US).

Stop assay

by freezing
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Anti-T. cruzi assay

on Vero cells
IC50 < X x  BNZ IC50

X compounds

X compounds

Day 1 Day 5 Day 6

Colored substrate (CPRG)

4. METHODS

Principle of action: enzymatic activity
increase indicates T.cruzi replication.

(Bettiol et al., PLoS NTD 2009)



Vero cell toxicity assay

96 well plates

Incubation 37º C 

5% CO2

Vero cells 

50,000 cels 

per well

Anti-T. cruzi assay on
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4. METHODS
BNZ

Fluorescent susbtrate (AlamarBlue)

Principle of action: use of reducing

power of living cells to cuantify

viability.
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Vero cell toxicity assay

96 well plates

Incubation 37º C 

5% CO2

Vero cells 

50,000 cels 

per well

Anti-T. cruzi assay on

Vero cells
IC50 < X x  BNZ IC50

X compounds

X compounds

X compounds

Vero cell toxicity

assay
SI > X 

Day 0-1 Day 1 Day 5

Fluorescent susbtrate (AlamarBlue)

4. METHODS
SI=

𝐓𝐂𝟓𝟎

𝐈𝐂𝟓𝟎

Principle of action: use of reducing

power of living cells to cuantify

viability.



HepG2 cell toxicity assay

96 well plates

Incubation 37º C 

5% CO2

HepG2 cells 

32,000 cels 

per well

Anti-T. cruzi assay on

Vero cells
IC50 < X x  BNZ IC50

X compounds

X compounds

X compounds

X compounds

Vero cell toxicity

assay
SI > X 

HepG2 cell toxicity

assay
SI > X 

Day 0-1 Day 1 Day 3

Principle of action: use of reducing

power of living cells to cuantify

viability.
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Anti-amastigote assay 

Incubation 37º C 

5% CO2

5e6 Vero 

cells 

1e7 T. cruzi

trypomastigotes

Stop assay

by freezing
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X compounds

Vero cell toxicity

assay
SI > X 

HepG2 cell toxicity

assay
SI > X 

Anti-amastigote assay SI > X 

5e4 infected

cells 

Day 1 Day 3 Day 7Day 2 Day 6

4. METHODS

Colored substrate (CPRG)

Principle of action: enzymatic activity
increase indicates T.cruzi replication.



Anti-T. cruzi assay on

Vero cells
IC50 < X x  BNZ IC50

X compounds

X compounds

X compounds

X compounds

X compounds

X compounds

Vero cell toxicity

assay
SI > X 

HepG2 cell toxicity

assay
SI > X 

Anti-amastigote assay SI > X 

In vivo model

In vivo assays
4. METHODS

T. cruzi Brazil strain (DTU I) expressing firefly luciferase

Acute in vivo model

Chronic in vivo model

Balb/c mice

Dra. Ana Rodriguez



Anti-T. cruzi assay on

Vero cells
IC50 < X x  BNZ IC50

X compounds

X compounds

X compounds

X compounds

X compounds

X compounds

X compounds

Vero cell toxicity

assay
SI > X 

HepG2 cell toxicity

assay
SI > X 

Anti-amastigote assay SI > X 

In silico model

In vivo model

In silico target identification
4. METHODS

Ros-Lucas et al., 2022 

10,596 genes

All Tc Brenner 

Esmeraldo genes

2,298 proteins

4,351 pockets of

2,298 proteins

P2Rank PDBQT files

Calculate radius of

gyration

AlphaFold

AutoDock VinaL1 L2 L3 Ln

R1 -8.4 -5.2 -8.5 -8.3

R2 -7.2 -6.3 -7.9 -6.3

R3 -6.4 -8.7 -8.1 -7.2

R4 -7.3 -6.5 -8.3 -6.5

Rn -7.4 -7.6 -8.3 -7.2

Select top 3%

best receptors
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5. RESULTS AND DISCUSSION. CHAPTER I

Vero cell toxicity assayAnti-T. cruzi assay

Z´ parameter to assess the reproducibility and quality (0.5-1) 

Prof. Jaume Bastida
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Anti-amastigote assayHepG2 cell toxicity assay

Z´ parameter to assess the reproducibility and quality (0.5-1) 

Prof. Jaume Bastida



Anti-T. cruzi assay on

Vero cells

9 alkaloids

5 alkaloids

Hippeastrine

Hippeastrine

Vero cell toxicity assay

HepG2 cell toxicity assay

IC50 < 5x  BNZ

SI > 10 

SI > 10 Anti-amastigote assay

5. RESULTS AND DISCUSSION. CHAPTER I

Alkaloid
IC50 

(µM)

BNZ 1.56

Lycorine 0.70

Hippeastrine# 3.63

Haemanthamine 1.59

Narciclasine 0.49

Montanine 1.99

TC50
a

(µM)
SIa

TC50
b

(µM)
SIb

173.4 111.2 168.76 108.2

5.21 7.5 21.87 31.2

45.99 12.7 128.10 35.2

11.52 7.3 42.48 26.7

0.66 1.3 2.73 5.5

5.04 2.5 46.10 23.1

IC50

(µM)
SIa SIb

1.20 144.5 140.6

3.31 13.8 38.7
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9 alkaloids

5 alkaloids

Hippeastrine

Hippeastrine
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HepG2 cell toxicity assay
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Alkaloid
IC50 

(µM)

BNZ 1.56

Lycorine 0.70

Hippeastrine# 3.63

Haemanthamine 1.59

Narciclasine 0.49

Montanine 1.99

TC50
a

(µM)
SIa
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b
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5.21 7.5 21.87 31.2

45.99 12.7 128.10 35.2

11.52 7.3 42.48 26.7

0.66 1.3 2.73 5.5

5.04 2.5 46.10 23.1

IC50

(µM)
SIa SIb

1.20 144.5 140.6

3.31 13.8 38.7

Hippeastrine

IC50=3.63, SI=12.7

IC50(amastigote)=3.31, SI=13.8

Candimine

IC50=2.49, SI=102.57

IC50(amastigote)=1.60, SI=159.63



Anti-T. cruzi assay on

Vero cells

79 extracts

35 extracts

7 extracts

6 extracts

Vero cell toxicity assay

HepG2 cell toxicity

assay

IC50 > 30x  BNZ IC50

SI > 20 

SI > 20 

2 extracts

Anti-amastigote assay SI > 10 
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Prof. Jaume Bastida



Anti-T. cruzi assay on

Vero cells

79 extracts

35 extracts

7 extracts

6 extracts

Vero cell toxicity assay

HepG2 cell toxicity

assay

IC50 > 30x  BNZ IC50

SI > 20 

SI > 20 

2 extracts

Anti-amastigote assay SI > 10 

5. RESULTS AND DISCUSSION. CHAPTER I

Distribution of anti-T. cruzi selective extracts per plant genus



5. RESULTS AND DISCUSSION. CHAPTER I

Vero cells assay
HepG2 

cell assay

Anti-

amastigote

assay

Extract 

number
Plant species of origin

Country 

of 

collection

Part of 

the 

plant*

IC50

(ppm)

TC50

(ppm)
SI

TC50

(ppm)

IC50

(ppm)
SI

BNZ - 0.40 69.60 174 51.47 0.53 131.4

51 Amaryllis belladonna Chile B 1.65 41.97 25.4 128.2 37.29 1.12

81 Crinum amabile Venezuela B 5.42 211.5 38.9 266.9 25.86 8.2

93 Crinum amabile Ecuador B 2.21 60.69 27.5 111.3 20.57 2.9

56 Crinum erubescens Bolivia B 9.50 234.7 24.7 678.3 11.10 21.1

101 Eucharis formosa Ecuador B 9.71 346.7 35.7 778.9 26.93 12.9

23 Rhodophiala andicola Chile B 6.20 134.9 21.8 77.37 - -

24 Rhodophiala andicola Chile AP 6.13 228.4 37.3 188.1 10.18 22.4
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Anti-T. cruzi assay on

Vero cells

AE-HBr extract

3 alkaloids

AE-HBr extract

ismine

Vero cell toxicity assay

HepG2 cell toxicity

assay

IC50 > 30x  BNZ IC50

SI > 20 

SI > 20 

AE-Hbr extract

Anti-amastigote assay SI > 10 

AE-HBr extract

ismine

AE-HBr extract

ismine

Prof. Jaume Bastida Dr. Gabriela Feresin

GC-MS spectra, NMR

Cromatographic

techniques
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Anti-T. cruzi assay

HepG2 cell toxicity assay Anti-amastigote assay

Vero cell toxicity assay

GC-MS spectra, NMR

Cromatographic

techniques

Alkaloids

responsable of

AE-Hbr extract

activity?

Anti-T. cruzi assay on

Vero cells IC50 < X x  BNZ IC50

X compounds

X compounds

X compounds

X compounds

X compounds

Vero cell toxicity assay SI > X 

HepG2 cell toxicity

assay
SI > X 

Anti-amastigote assay SI > X 



3 drugs

Acute in vivo assay

4 drugs

Anti-T. cruzi assay on Vero 

cells

32 drugs

7 drugs

5 drugs

Vero cell toxicity assay

HepG2 cell toxicity assay

IC50 < 3x  BNZ IC50

Low toxicity TC50 > 25 µM

PO source

SI > 15 

miltefosine

Anti-T.cruzi and toxicity

assay on NIH-3T3 cells

2 drugs

Anti-amastigote assay

SI > 10

SI > 10

5. RESULTS AND DISCUSSION. CHAPTER II

Dr. Juan Bustamante

Prof. Joaquim Gascón



Vero cells assays

Drug
IC50

(µM)

TC50

(µM)

SI

BNZ 1.93 242.2 125.5

Atovaquone –

proguanil

1.26 27.13 21.5

Miltefosine 0.018 78.99 4,388.3

Lidocaine# 0.016 0.23 14.4

Nifedipine 0.19 1.967 10.4

Pentamidine 1.01 78.96 78.2

Piperaquine 

tetraphosphate -

dihydroartemisinin

3.95 75.27 19.1

Verapamil 3.44 197.4 57.4

HepG2 cells 

assays

TC50 (µM)

229.8

34.36 

51.28 

39.4 

170.5 

NIH-3T3 cells 

assays*

IC50

(µM)

TC50

(µM)

SI

- - -

1.32 50 >50

0.037 1.95 52.7

0.13 5.9 45.4

4.05 27.33 6.8

0.21 5.72 27.2

# values expressed as drug % (v/v).

Anti-amastigote 

assay

IC50

(µM)

SI

2.66 91.1

1.85 14.7

1.25 63.2 

122.5 1.6 

5. RESULTS AND DISCUSSION. CHAPTER II



Timeline

Acute in vivo model

BNZ, miltefosine and autovaquone-proguanil: 30 mg/kg/day

verapamil: 5 mg/kg/day

5. RESULTS AND DISCUSSION. CHAPTER II

8 week old female 

Balb/c mice

First Treatment: 

200 µL/mouse 

oral gavage



T. cruzi Luc Brazil (DTU I)

*significate differences with vehicle

# significative differences with BNZ
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Acute in vivo model
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AlamarBlue

17-DMAG

Anti-amastigote assay

Anti-T. cruzi assay on Vero cells

9 compounds

3 compounds

17-DMAG

Vero cell toxicity

assay

IC50 < 5 x  BNZ IC50

SI > 10 

SI > 10 

Crystal violet

17-DMAG

In silico model

Chronic in vivo model

-

5. RESULTS AND DISCUSSION. CHAPTER III

Dra. Alhelí 

Rodríguez-Cortes



Vero cell assays Anti-amastigote

assay

Compound IC50 (µM) TC50 (µM) SI TC50 (µM) SI IC50 (µM) SI

BNZ 1.63 243.8 149.6 140.2 86 2.02 120.69

17-DMAG 0.017 6.2 366.5 2.97 174.7 0.17 36.5

Alamar Blue Crystal violet

5. RESULTS AND DISCUSSION. CHAPTER III

(Mellyart et al., BiomedPharma 2018)



Human Hsp90 T. cruzi Hsp83

Site-directed mutagenesis

In silico study: 

(PyMOL Molecular Graphics System)

(PDB: 1OSF)

5. RESULTS AND DISCUSSION. CHAPTER III

73% secuence identity between human Hsp90 N-

terminal and T. cruzi Hsp83 N-terminal 



Timeline

Chronic in vivo model

BNZ intraperitoneal administration: 30 mg/kg/day

17-DMAG intraperitoneal administration: 30 mg/kg/day

5. RESULTS AND DISCUSSION. CHAPTER III



Daily treated Intermitently treated

Chronic in 

vivo model

BNZ and 17-DMAG: 

30 mg/kg/day

5. RESULTS AND DISCUSSION. CHAPTER III



5. RESULTS AND DISCUSSION 
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• Chemical collections: 
a. Unknown alkaloid profile of some of the extracts.

• Our in vitro screening cascade would benefit from extra secondary assays:
a. Evaluation against a panel of diverse T. cruzi strains and host cells.

b. Wash-out.

c. Rate of kill.

d. CYP51 depriorization.

• In vivo assays: 
a. Lack of resources to continue studying crhonically infected mice for a longer period

of time.

• In silico study:
a. AlphaFold models vs crystalized proteins.

b. Receptor rigid molecular docking.

6. LIMITATIONS
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1. The screening cascade established as part of this thesis encompasses in vitro, in silico and in vivo assays 

that allow the identification of compounds/drugs with specific activity against T. cruzi.

2. Amaryllidaceae plants are a source of biological active alkaloids with anti-T. cruzi properties.

3. C. erubescens, R. andicola and H. brachyandrus extracts were active against T. cruzi and deserve further 

exploration to elucidate the alkaloid or alkaloids responsible of such anti-parasitic activity.

4. The alkaloids hippeastrine and ismine were found to be active against the parasite forms infecting 

mammalian cells and showed low toxicity to Vero and HepG2 cells. However, ismine lacks activity against 

the replicative amastigote forms.

5. Miltefosine performance in vitro and in vivo would encourage further investigating its use against T. cruzi.

6. The metabolism modifier compound 17-DMAG showed the highest in vitro potency against the parasite 

among all tested compounds, but failed to work in a mouse model of chronic T. cruzi infection.

7. Our in silico target identification pipeline has allowed us to identify potential molecular targets and 

hypothesize on the compounds´ MOA, although experimental validation would be needed.

8. In summary, we have found compounds with selective anti-T. cruzi activity. Although some of them deserve 

further attention, none has worked in vivo as good as the current anti-T. cruzi standard drug: benznidazole.

7. CONCLUSIONS



Muchas gracias!
Chagas Initiative

Dr. Juan Bustamante Dra. Alhelí Rodríguez-Cortes

Prof. Jaume Bastida Dra. Gabriela Feresin


