
Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 117: e220017, 2022 1|5

online | memorias.ioc.fiocruz.br

PERSPECTIVE

Proteolytic inhibitors as alternative medicines to treat 
trypanosomatid-caused diseases: experience with calpain inhibitors
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The treatment for tropical neglected diseases, such as Chagas disease (CD) and leishmaniasis, is extremely limited to a 
handful of drugs that suffer from unacceptable toxicity, tough administration routes, like parenteral, and increasing treatment 
failures due to the parasite resistance. Consequently, there is urgency for the development of new therapeutic options to treat 
such diseases. Since peptidases from these parasites are responsible for crucial functions in their biology, these molecules have 
been explored as alternative targets. In this context, a myriad of proteolytic inhibitors has been developed against calcium-
dependent cysteine-type peptidases, collectively called calpains, which are implicated in several human pathophysiological 
diseases. These molecules are highly expanded in the genome of trypanosomatids and they have been reported participating in 
several parasite biological processes. In the present perspective, we discuss our almost two decades of experience employing the 
calpain inhibitors as an interesting shortcut to a possible repurpose strategy to treat CD and leishmaniasis.
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The emergency of new therapeutics options

The emergence and spread of infectious diseases 
caused by microbial pathogens constitute one of the 
major health problems worldwide.(1,2) Despite the great 
improvement in medical practices, which supported an 
increase in survival of hospitalised patients, a higher 
number of opportunistic and nosocomial microbial in-
fections has emerged. Moreover, infectious diseases 
with pandemic potential, like the 1918 Spanish Influ-
enza and coronavirus disease 2019 (COVID-19), arise 
and occurred regularly throughout history.(3) There is no 
consensus on the beginning of these emerging diseas-
es, which could have originated from human behavior 
rather than from the evolution of the etiological agents 
themselves. Consequently, the resistance to antimicrobi-
al drugs has become a great challenge that constitutes a 
real socioeconomic concern at a global scale and, unfor-
tunately, efficient control strategies remain elusive.(2,4)

In view of this alarming scenario, and due to the 
time, obstacles and financial resources needed to de-
velop a vaccine, the demand for new antimicrobial drugs 
constitutes an urgent challenge.(5,6) Novel targets in the 
microbial cells must be disclosed, through the discovery 
of innovative compounds or by natural sources present-
ing new mechanisms of action. Alternatively, a potential 
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approach that could act as a shortcut to an alternative 
chemotherapy consists in the drug repurposing strategy. 
The adapted use of molecules in a different purpose from 
that already approved for clinical use by the regulatory 
agencies could have potential benefits to treat microbial 
diseases, mainly reducing the costs during discovery 
and development, preclinical laboratory tests and clini-
cal phases.(7) For instance, the estimated cost associated 
with discovering and developing a new chemical entity 
may be about US$ 800 million and could take one to 
two decades, highlighting the considerable advantages 
of drug repurposing strategies.(8)

Considering the neglected tropical diseases, the real-
ity is even harder, since in most of the cases the current 
chemotherapy is extremely limited to drugs that suffer 
from unacceptable toxicity, high costs, difficulties of 
administration and increasing treatment failures due to 
the parasite resistance.(2,4,6) Moreover, the link of the ne-
glected diseases with poverty results in low investment 
in rational drug development to circumvent this bottle-
neck. Regarding protozoan, the armamentarium to com-
bat the infection comprises only old drugs with low ef-
ficacy and presenting several side effects.(6,7) Therefore, 
considering that the difficulties for the implementation 
of new compounds to treat such diseases are more eco-
nomical than biological, repurposing drugs could be a 
faster and cheaper alternative.

Proteolytic inhibitors as an alternative strategy

For all these reasons, in the last two decades our 
research group has advocated the usage of proteolytic 
inhibitors as an alternative for an innovative treatment 
against parasitic protozoa infections from the family 
Trypanosomatidae, mainly the etiological agents of Cha-
gas disease (CD) and leishmaniasis from the new world.
(7,9,10) Altogether, the trypanosomatids are responsible for 
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important human diseases in around 37 million people 
worldwide infected either with Trypanosoma brucei, 
the etiological agent of African sleeping sickness, Try-
panosoma cruzi, the causative agent of CD; and different 
species of the genus Leishmania, which are responsible 
for clinical manifestations known as cutaneous, muco-
cutaneous and visceral leishmaniasis.(11) These protozoa 
wiped out in the poorest parts of the world and persist 
only in most marginalised communities and conflict ar-
eas. Corroborating this adverse scenario, the dynamic 
of such diseases encompasses factors like malnutrition, 
weak immunity, lack of resources and environmental 
changes. Clinically, CD usually comprises two courses: 
acute and chronic phases. While the acute manifesta-
tion is typically asymptomatic, patients can develop the 
chronic disease, which may cause manifestations like 
cardiomyopathy, arrhythmias, and more rarely, stroke 
and polyneuropathies.(12) Regarding leishmaniasis, the 
cutaneous ulcers are the most common sign of the dis-
ease, however the deadly visceral lesions are its most se-
vere clinical manifestation.(7) Therefore, the continuing 
search for novel potential antimicrobial compounds and 
new therapeutic options is crucial.

Over the last years a growing effort in the search for 
new chemotherapeutics against trypanosomatids’ dis-
eases has been observed. In this context, the peptidases 
emerged as potential new drug targets. Peptidases are 
enzymes responsible for catalysing the cleavage of pep-
tide bonds in proteinaceous substrates, such as proteins 
and peptides, which make them crucial to a variety of 
critical cellular processes in all known living organisms.
(13) In microbial infectious diseases, peptidases are in-
volved in both physiological and pathological processes, 
such as to facilitate host cells invasion, metabolisation of 
host proteins and evasion of the host immune responses. 
Therefore, peptidase-based therapies against infectious 
diseases became a reality trough the most well-known 
anti-HIV peptidase inhibitors widely used in the com-
bined treatment of the acquired immune deficiency 
syndrome (AIDS). There are at least 10 different HIV 
peptidase inhibitors approved by the Food and Drugs 
Administration (FDA), some of which our research 
group has been testing as a repurposed strategy to treat 
leishmaniasis and CD.(9)

Taking into consideration the exploitation of pepti-
dases as good drug-targets, a family of neutral calcium-
dependent cysteine peptidases, the calpains, calls atten-
tion because a massive effort has been made to develop 
means of identifying selective inhibitors.(10,14) Calpains 
are implicated in a variety of calcium-regulated cellular 
processes, such as cellular proliferation and differentia-
tion, apoptosis and autophagy, signal transduction, cyto-
skeleton remodeling, sex determination, membrane fu-
sion, as well as environmental regulated processes. Since 
these enzymes play crucial physiological roles in mam-
mals, their unregulated activity is associated with several 
pathophysiological processes, such as muscular dystro-
phy, multiple sclerosis, cataract, arthritis, cancer, strokes, 
aging, diabetes and neurological disorders (like Alzheim-
er’s, Parkinson’s and Huntington’s diseases).(7) Therefore, 
the specific inhibition of calpains under this condition is 

believed to be a milestone to the treatment of such pa-
thologies. In addition, the deregulation of calpain activ-
ity also plays a critical role in neuron death in traumatic 
spinal cord injury, and its specific inhibition could res-
cue or prevent permanent disability. In the last few years, 
several calpain inhibitors were developed and screened, 
some of them are under clinical trials to treat Alzheimer’s 
disease, cataracts(7) and, more recently, hospitalised pa-
tients of COVID-19.(15) For all these reasons, our research 
group has been advocating that calpain inhibitors, already 
tested and approved for human usage, should be explored 
as potential chemotherapeutic agents to treat neglected 
diseases, such as CD and leishmaniasis.(7,16)

A drug repurpose aproach with calpains inhibitors

Calpains exist not only in mammals but in almost all 
eukaryotes and bacteria, presenting few copies in most 
of them.(17) Most of these homologues have amino acid 
identities ranging from < 25% to > 75%, and alterations 
of the catalytic amino acid residues (Cys, His and Asn) 
in the proteolytic core domain (CysPc) could be found 
in many sequences. However, the substitutions in the 
catalytic triad do not always result in activity loss.(10) In 
this sense, calpains are tricky to detect biochemically 
because they could be readily hydrolysed by other abun-
dant peptidases and lack a cleavage sequence specificity, 
which can make the measurement of the proteolytic ac-
tivity not an easy task. Currently, trypanosomatids cal-
pains are considered to play a structural, non-proteolytic 
function, which are essential to physiological roles.(10)

Our history in the study of calpains from trypano-
somatids begins in 2003 through the purification of 
a proteolytically active cysteine peptidase from the 
monoxenous trypanosomatid Angomonas deanei (for-
merly Crithidia deanei) that shared some features with 
calpains: (i) an 80-kDa homodimer that presented cross 
reactivity with anti-Drosophila melagnogaster calpain 
antibody; (ii) maximal enzymatic activity reported at a 
neutral pH; (iii) complete inhibition by the cysteine pep-
tidase inhibitor E-64 and the calcium chelator EGTA; 
and (iv) restoration of the apoenzyme activity by Ca+2 
supplementation and only partially by other divalent 
ions.(18) Some years ago, three calpain inhibitors were 
tested against A. deanei and, while the irreversible cal-
pain inhibitor V and the non-competitive calpain in-
hibitor PD150606 marginally affected the parasite, the 
reversible calpain inhibitor MDL28170 decreased signif-
icantly the parasite growth in vitro with an IC50/48 h of 
64.4 µM for the wild type parasites and 51.3 µM for the 
aposymbiotic strain.(19) MDL28170 (Calpain Inhibithor 
III, Cbz-Val-Phe-H) is a potent, cell-permeable, syn-
thetic and reversible peptide inhibitor of calpain I and II 
that, unfortunately, presents some cross reactivity with 
cathepsins B and L, but novel highly selective analogues 
have provided promising in vitro results.(14) In addition 
to the A. deanei study, similar results were reported 
in Phytomonas serpens, another trypanosomatid non-
pathogenic to humans that had its growth arrested by 
a MDL28170-IC50/48 h of 30.9 µM.(20) The same calpain 
inhibitor also affected distinct P. serperns biological as-
pects, such as ultrastructure, the differential expression 
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of gp63-like, cruzipain-like and calpains, the peptidase 
activity, and the interaction of the parasite with the in-
vertebrate host. In this regard, the monoxenous trypano-
somatids and phytomonads are extensively investigated 
because they are easily cultured under axenic conditions 
and contain homologues of virulence factors from the 
classical human trypanosomatid pathogens. Therefore, 
these organisms represent an interesting model to study 
novel chemotherapeutics approaches.

Soon after our first description of calpains in a try-
panosomatid, we began our studies about the effects of 
the calpain inhibitor MDL28170 against Leishmania am-
azonensis. MDL28170 promoted a massive deterioration 
of promastigote forms and arrested the in vitro growth 
of promastigotes in a typically dose- and time-depen-
dent manner, with an IC50/48 h of 23.3 µM.(21) Some 
years later, we described ultrastructural alterations 
in MDL28170-treated L. amazonensis promastigotes, 
which were suggestive of an apoptotic-like process, such 
as: vacuolisation of the cytoplasm, an altered chroma-
tin condensation pattern with apparent loss of nuclear 
integrity, disorganisation of the endocytic pathway and 
a reduced electron density with accumulation of small 
vesicles.(22) In addition, our research group also reported 
that MDL28170 impaired the interaction process of L. 
amazonensis promastigotes with peritoneal mouse mac-
rophages in a time- and dose-dependent manner, as well 
as it significantly decreased the number of amastigotes 
inside the host cell.(23)

In order to expand our expertise about the effects of 
MDL28170, the growth of promastigotes and amastigote 
viability of a variety of Leishmania species were evalu-
ated. The calpain inhibitor was able to reduce promasti-
gote proliferation in a dose-dependent manner of all the 
six species tested: Leishmania braziliensis, Leishmania 
major, Leishmania infantum, Leishmania donovani, 
Leishmania mexicana as well as the previously reported 
L. amazonensis.(24) Moreover, MDL28170 was also able 
to reduce the number of intracellular amastigotes in 
RAW macrophages with a much higher toxicity to Leish-
mania amastigotes than to mammalian macrophages, 
displaying selectivity index values varying from 13.1 
to 39.8. More recently, our research group conducted 
a more comprehensive study in L. braziliensis, screen-
ing the whole genome to identify and classify calpain 
genes, assessing the gene expression patterns between 
procyclic and metacyclic promastigotes and improving 
our knowledge about the effects of MDL28170 on the 
parasite biology.(25) As a result, we identified 34 predict-
ed calpain sequences distributed in 13 different chro-
mosomes, with a broad range of domain architectures. 
The qPCR gene expression analysis revealed one pro-
cyclic-exclusive transcript, five upregulated calpains in 
procyclic promastigotes, and one upregulated sequence 
in metacyclics. In addition, MDL28170 promoted ultra-
structural alterations in L. braziliensis promastigotes 
conceivable with autophagy, and an enhanced expres-
sion of the virulence factor gp63.(25) Although these re-
sults are promising towards the exploitation of calpains 
as an alternative chemotherapeutic target, it cannot be 
ruled out that MDL28170 may act on other Leishmania 

cysteine peptidases to a lesser degree.(7,14) Further studies 
on Leishmania parasites employing drug repositioning of 
human calpain inhibitors should be carried out, as well as 
experiments exploring the three-dimension structure and 
docking simulations.

In addition to exploiting calpains in Leishmania spp., 
we also evaluated the effects of the calpain inhibitor 
MDL28170 on T. cruzi, the etiological agent of CD. Our 
data have supported that this inhibitor strongly affects 
the three morphological forms of the parasite. As it oc-
curs in Leishmania, MDL28170 impaired several T. cruzi 
biological processes in a time- and dose-dependent man-
ner. Initially, we observed that the inhibitor arrested the 
growth of epimastigotes in three different T. cruzi phy-
logenetic linages with IC50/72 h of 31.7 µM for Dm28c 
strain, 34.3 µM for Y and 37.4 µM for zymodeme Z3 
INPA4167.(26) Moreover, a significantly increased in the 
cruzipain expression was reported in MDL28170-treated 
epimastigotes. Also, MDL28170 promoted several ultra-
structural alterations culminating in a disorganisation of 
the reservosomes, Golgi and plasma membrane. The ef-
fects on reservosomes and Golgi were critical, exposing a 
washed-out appearance with loss of organelles’ electron 
density and complete disruption of their membranes.(27)

There are some evidences that T. cruzi calpains could 
be participating in the parasite interaction process with 
its hosts.(27) In this sense, we performed binding assays 
with parasites previously treated with MDL28170. We 
observed a significant reduction of 65% adhered epi-
mastigotes in the insect luminal midgut surface treated 
with the calpain inhibitor. Notwithstanding, the incuba-
tion of T. cruzi epimastigotes with an anti-calpain anti-
body led to a significant reduction in the adhesion to the 
insect midgut of the vector Rhodnius prolixus, ranging 
from 30% to 60% as antibody concentration rose from 
1:250 to 1:50. Considering the T. cruzi clinical relevant 
forms, we demonstrated that MDL28170 decreased 
significantly the viability of bloodstream trypomasti-
gotes, presenting an IC50/24 h of 20.4 µM.(28) Parasites 
pre-treated with sub-inhibitory drug concentrations 
prior to macrophage infection presented a clear dose-
dependent inhibition profile of this cellular interaction. 
A significant reduction in the percentage of intracellular 
amastigotes resulted in a reduced in vitro infection of 
mouse macrophages, without displaying cytotoxic effect 
on mammalian host cells. MDL28170 was also capable 
of arresting the in vitro metacyclogenesis by a time and 
dose-dependent manner.(27)

Motivated by our recent findings in the L. brazil-
iensis genome, two years ago we conducted a study 
screening the genome of the T. cruzi CL Brener strain 
to identify and classify the calpain sequences and the 
gene expression patterns among epimastigotes, amas-
tigotes and trypomastigotes.(29) Our results unveiled a 
wide range of domain arrangements, a differential ex-
pression pattern among T. cruzi life cycle forms, with 
a global shift towards amastigotes, and a broad distri-
bution of T. cruzi calpains in the cytoplasm, flagellum 
and membranes in all life cycle forms of the parasite. 
The diverse and extensive profiles of calpains expressed 
by the parasite suggest that these molecules play crucial 
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roles in the parasite life cycle, which highlighted the 
chemotherapeutic potential of calpain inhibitors as an 
attractive anti-trypanosomatid approach (Figure). Since 
an enzymatic activity could never be demonstrated in T. 
cruzi and Leishmania,(10) the roles played by calpains in 
the aforementioned events could be through a non-cata-
lytic mechanism, as demonstrated in other organisms.(16)

Concluding remarks

The treatment of tropical neglected diseases, such as 
the protozoa infections, is limited. The current chemo-
therapeutics drugs have many side-effects due to the high 
toxicity or are losing effectiveness by the emergence of 
resistant parasites. Alternative approaches, such as drug 
repositioning, could be an interesting shortcut for the 
treatment of CD and leishmaniasis. For instance, there 
are already some examples of drugs repurpose in the 
treatment of trypanosomatids’ diseases.(30) The antibi-
otic paromomycin, the antifungal amphotericin B and 
the anti-cancer miltefosine are used for the treatment 
of cutaneous and visceral leishmaniasis. Eflornithine, 
an antineoplastic compound, was repositioned to treat 
African trypanosomiasis, usually in combination with 
nifurtimox. For CD treatment, the sterol biosynthesis 
pathway inhibitors used to treat fungal infections, such 
as the azoles posaconazole, ravuconazole, itraconazole 
and fluconazole, and allopurinol, a selective inhibitor of 
the terminal steps of uric acid biosynthesis, have been 
widely tested by the scientific community.(30)

Considering the huge efforts that have been made 
to identify selective calpain inhibitors to treat several 
human diseases,(14) we advocate that calpain inhibitors 
should be explored in a drug repurpose approach to treat 
CD and leishmaniasis. Likewise, due to the main roles 
played by these peptidases in trypanosomatids, other cal-
pain inhibitors suitable for drug repositioning could be 
explored by the scientific community. However, the best 

efforts must be applied in the proper characterisation of 
calpains in trypanosomatids, improving our knowledge 
on these intriguing peptidases and consequently helping 
in rational drug design approaches.

ACKNOWLEDGEMENTS

To the past and present members of our respective labo-
ratories as well as to all the scientific collaborators to help us 
to conduct and develop the studies on the trypanosomatids’ 
calpain field.

AUTHORS’ CONTRIBUTION

VEV, MHB, ALSS, RFSMB and CML - Conceived and 
designed the main idea; VEV, MHB, ALSS and CML wrote 
the paper. All authors read and approved the final manuscript. 
The authors declare that they have no conflict of interest.

REFERENCES

1. Sydnor ERM, Perl TM. Hospital epidemiology and infection con-
trol in acute-care settings. Clin Microbiol Rev. 2011; 24(1): 141-73. 
doi: 10.1128/CMR.00027-10.

2. Uchil RR, Kohli GS, Katekhaye VM, Swami OC. Strategies to 
combat antimicrobial resistance. J Clin Diagn Res. 2014; 8(7): 
ME01-ME04. doi: 10.7860/JCDR/2014/8925.4529.

3. Piret J, Boivin G. Pandemics throughout history. Front Microbiol. 
2021; 11: 631736. doi: 10.3389/fmicb.2020.631736.

4. Gautam D, Sommer MOA. How to fight back against antibiotic 
resistance. Am Sci. 2014; 102(1): 42-51. doi: 10.1511/2014.106.42.

5. WHO - World Health Organization. Antimicrobial resistance global 
report on surveillance. Geneva: World Health Organization; 2014.

6. Santos ALS, Branquinha MH, d’Avila-Levy CM, Kneipp L, Sodré 
CL. New antimicrobial therapeutics. Curr Med Chem. 2015; 22: 
2112-5. doi: 10.2174/0929867322666150608093816.

7. Ennes-Vidal V, Menna-Barreto RFS, Branquinha MH, dos Santos 
ALS, d’Avila-Levy CM. Why calpain inhibitors are interesting 
leading compounds to search for new therapeutic options to treat 
leishmaniasis? Parasitology. 2017; 144(2): 117-23. doi: 10.1017/
S003118201600189X.

8. Andrews KT, Fisher G, Skinner-Adams T.S. Drug repurposing 
and human parasitic protozoan diseases. Int J Parasitol Drugs 
Drug Resist. 2014; 4(2): 95-111. doi: 10.1016/j.ijpddr.2014.02.002.

9. Santos AL, d’Avila-Levy CM, Kneipp LF, Sodré CL, Sangenito 
LS, Branquinha MH. The widespread anti-protozoal action of 
HIV aspartic peptidase inhibitors: focus on Plasmodium spp., 
Leishmania spp. and Trypanosoma cruzi. Curr Top Med Chem. 
2017; 17(11): 1303-17. doi: 10.2174/1568026616666161025161153.

10. Ennes-Vidal V, Branquinha MH, Dos Santos ALS, d’Avila-Levy 
CM The diverse calpain family in trypanosomatidae: functional 
proteins devoid of proteolytic activity? Cells. 2021; 10(2): 299. doi: 
10.3390/cells10020299.

11. WHO - World Health Organization. Neglected tropical diseases. 
Available from: https://www.who.int/teams/control-of-neglected-
tropical-diseases. [accessed on 7 January 2022].

12. Pérez-Molina JA, Crespillo-Andújar C, Bosch-Nicolau P, Mo-
lina I. Trypanocidal treatment of Chagas disease. Enferm Infecc 
Microbiol Clin (Engl Ed). 2021; 39(9):458-70. doi: 10.1016/j.ei-
mce.2020.04.012.

13. Machado PA, Carneiro MPD, Sousa-Batista AJ, Lopes FJP, Lima 
APCA, Chaves SP, et al. Leishmanicidal therapy targeted to 
parasite proteases. Life Sci. 2019; 15: 219: 163-81. doi: 10.1016/j.
lfs.2019.01.015.

Representation of the main effects of MDL28170 against the differ-
ent life cycle forms of Trypanosoma cruzi and Leishmania spp. The 
growth, ultrastructure, other peptidases expression and distinct phas-
es of interaction with host cells are affected by the calpain inhibitor.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 117, 2022 5|5

14. Donkor I. An update on the therapeutic potential of cal-
pain inhibitors: a patent review. Expert Opin Ther Pat. 2020: 
13543776.2020.1797678. doi: 10.1080/13543776.2020.1797678.

15. Hannan KS, McKinney WP. An overview of current clinical trials of 
agents for the treatment and prevention of COVID-19 in the United 
States. J Resp Infect. 2020; 4(1): 49. doi: 10.18297/jri/vol4/iss1/49.

16. Branquinha MH, Marinho FA, Sangenito LS, Oliveira SS, Gon-
calves KC, Ennes-Vidal V, et al. Calpains: potential targets for 
alternative chemotherapeutic intervention against human patho-
genic trypanosomatids. Curr Med Chem. 2013; 20(25): 3174-85. 
doi: 10.2174/0929867311320250010.

17. Zhao S, Liang Z, Demko V, Wilson R, Johansen W, Olsen OA, et al. 
Massive expansion of the calpain gene family in unicellular eukary-
otes. BMC Evol Biol. 2012; 12: 193. doi: 10.1186/1471-2148-12-193.

18. d’Avila-Levy CM, Souza RF, Gomes RC, Vermelho AB, Bran-
quinha MH. A novel extracellular calcium-dependent cysteine 
proteinase from Crithidia deanei. Arch Biochem Biophys. 2003; 
420(1): 1-8. doi: 10.1016/j.abb.2003.09.033.

19. Oliveira, SS, Garcia-Gomes AS, d’Avila-Levy CM, dos Santos 
AL, Branquinha MH. Expression of calpain-like proteins and ef-
fects of calpain inhibitors on the growth rate of Angomonas deanei 
wild type and aposymbiotic strains. BMC Microbiol. 2015; 15: 
188. doi: 10.1186/s12866-015-0519-0.

20. de Oliveira SSC, Gonçalves DS, Garcia-Gomes AS, Gonçalves 
IC, Seabra SH, Menna-Barreto RF, et al. Susceptibility of Phy-
tomonas serpens to calpain inhibitors in vitro: interference on the 
proliferation, ultrastructure, cysteine peptidase expression and 
interaction with the invertebrate host. Mem Inst Oswaldo Cruz. 
2017; 112(1): 31-43. doi: 10.1590/0074-02760160270.

21. d’Avila-Levy CM, Marinho FA, Santos LO, Martins JLM, Santos 
ALS, Branquinha MH. Antileishmanial activity of MDL28170, 
a potent calpain inhibitor. Int J Antimicrob Agents. 2006; 28(2): 
138-142. doi: 10.1016/j.ijantimicag.2006.03.021.

22. Marinho FA, Gonçalves KC, Oliveira SS, Gonçalves DS, Matteo-
li FP, Seabra SH, et al. The calpain inhibitor MDL28170 induces 
the expression of apoptotic markers in Leishmania amazonensis 
promastigotes. PLoS One. 2014; 9(1): e87659. doi: 10.1371/journal.
pone.0087659.

23. Marinho FA, Sangenito LS, Oliveira SSC, de Arruda LB, d’Avila-
Levy CM, Santos ALS, et al. The potent cell permeable calpain 
inhibitor MDL28170 affects the interaction of Leishmania ama-
zonensis with macrophages and shows anti-amastigotes activity. 
Parasitol Int. 2017; 66(5): 579-83. doi: 10.1016/j.parint.2017.06.010.

24. Araújo OSS, Oliveira SSC, d’Avila-Levy CM, dos Santos ALS, 
Branquinha MH. Susceptibility of promastigotes and intracellular 
amastigotes from distinct Leishmania species to the calpain in-
hibitor MDL28170. Parasitol Res. 2018; 117: 2085-94. doi: 10.1007/
s00436-018-5894-7.

25. Ennes-Vidal V, Vitório BS, Menna-Barreto RFS, Pitaluga AN, 
Gonçalves-da-Silva SA, Branquinha MH, et al. Calpains of Leish-
mania braziliensis: genome analysis, differential expression, and 
functional analysis. Mem Inst Oswaldo Cruz. 2019; 114: e190147. 
doi: 10.1590/0074-02760190147.

26. Sangenito LS, Ennes-Vidal V, Marinho FA, Da Mota FF, Santos 
ALS, d’Avila-Levy CM, et al. Arrested growth of Trypanosoma 
cruzi by the calpain homologues in epimastigotes forms. Parasitol. 
2009; 136(4): 433-41. doi: 10.1017/S0031182009005629.

27. Ennes-Vidal V, Menna-Barreto RF, Santos AL, Branquinha MH, 
d’Avila-Levy CM. MDL28170, a calpain inhibitor, affects Try-
panosoma cruzi metacyclogenesis, ultrastructure and attachment 
to Rhodnius prolixus midgut. PLoS One. 2011; 6(4): e18371. doi: 
10.1371/journal.pone.0018371.

28. Liu W, Apagyi K, Mcleavy L, Ersfeld K. Expression and cellu-
lar localization of calpain-like proteins in Trypanosoma brucei. 
Mol Biochem Parasitol. 2010; 169(1): 20-6. doi: 10.1016/j.molbio-
para.2009.09.004.

29. Ennes-Vidal V, Pitaluga AN, Britto CFPC, Branquinha MH, dos 
Santos ALS, Menna-Barreto RFS, et al. Expression and cellular 
localisation of Trypanosoma cruzi calpains. Mem Inst Oswaldo 
Cruz. 2020; 115: e200142. doi: 10.1590/0074-02760200142.

30. Sbaraglini ML, Vanrell MC, Bellera CL, Benaim G, Carrillo C, 
Talevi A, et al. Neglected tropical protozoan diseases: drug repo-
sitioning as a rational option. Curr Top Med Chem. 2016; 16(19): 
2201-22. doi: 10.2174/1568026616666160216154309.

https://pubmed.ncbi.nlm.nih.gov/23899207/
https://pubmed.ncbi.nlm.nih.gov/23899207/
https://pubmed.ncbi.nlm.nih.gov/23899207/

