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ABSTRACT 

Objective: The objective of this work is to perform a bioactive analysis of Leishmania major Pteridine Reductase 1 
inhibitors (LmPTR1) through in silico molecular docking studies. Method: The receptor and the ligands were 
prepared using CHIMERA v. 13.1 suppressing all waste. The Lamarckian Genetic Algorithm (LGA) with global search 
and pseudo-Solis and Wets with local search, were the methods used in molecular docking. Each simulation 
consisted of 100 independent runs. The rest of the parameters were set to default values. Results: The main 
molecular interaction between the ligand and the receptor obtained -7.05 kcal.mol-1 of binding energy for the 
paromomycin, however the highest inhibition constant was obtained between the simulation of miltefosine with the 
receptor, obtaining 58.21 μM of inhibition constant. Conclusion: The results reveal a reduced efficacy of the four 
drugs tested in this study against Leishmaniasis, thus highlighting the need for novel bioactive antileishmania 
alternatives. 
Descriptors: Leishmaniasis; Molecular Biology; Molecular Docking Simulation. 
 

RESUMO 
Objetivo: O objetivo deste trabalho foi realizar uma análise bioativa dos inibidores da Leishmania major Pteridine 
Reductase 1 (LmPTR1) através de estudos de acoplamento molecular in silico. Método: O receptor e os ligantes 
foram preparados usando CHIMERA v. 13.1 suprimindo todos os resíduos. O algoritmo genético lamarckiano (AGL) 
com busca global e pseudo-Solis e Wets com busca local foram os métodos utilizados no encaixe molecular. Cada 
simulação consistiu em 100 corridas independentes. O restante dos parâmetros foi definido para os valores padrão. 
Resultados: A principal interação molecular entre o ligante e o receptor obteve -7,05 kcal.mol-1 de energia de 
ligação para a paromomicina, porém a maior constante de inibição foi obtida entre a simulação de miltefosina com 
o receptor, obtendo 58,21 μM de constante de inibição. Conclusão: Os resultados revelam uma eficácia reduzida 
dos quatro medicamentos testados neste estudo contra a leishmaniose, destacando a necessidade de novas 
alternativas bioquímicas contra a leishmaniose. 
Descritores: Leishmaniose; Biologia Molecular; Simulação de Acoplamento Molecular. 
 

RESUMÉN 
Objetivo: El objetivo de este trabajo fue realizar un análisis bioactivo de los inhibidores de Leishmania major 
Pteridine Reductase 1 (LmPTR1) mediante estudios de acoplamiento molecular in silico. Método: El receptor y los 
ligandos se prepararon usando CHIMERA v. 13.1 suprimiendo todos los desechos. El algoritmo genético lamarckiano 
(AGL) con búsqueda global y pseudo-Solis y Wets con búsqueda local, fueron los métodos utilizados en el 
acoplamiento molecular. Cada simulación consistió en 100 corridas independientes. El resto de los parámetros se 
establecieron en valores predeterminados. Resultados: La interacción molecular principal entre el ligando y el 
receptor obtuvo -7.05 kcal.mol-1 de energía de unión para la paromomicina, sin embargo, la constante de inhibición 
más alta se obtuvo entre la simulación de miltefosina con el receptor, obteniéndose 58.21 μM de constante de 
inhibición. Conclusión: Los resultados revelan una eficacia reducida de los cuatro medicamentos probados en este 
estudio contra la leishmaniasis, lo que pone de relieve la necesidad de nuevas alternativas bioactivas 
antileishmania. 
Descriptores: Leishmaniasis; Biología Molecular; Simulación del Acoplamiento Molecular. 
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INTRODUCTION 

Leishmaniasis is an endemic disease in more 

than 98 countries worldwide, with prevalence in 

areas of tropical climates and underdeveloped 

countries.1 Although we are in the 21st century, 

neglected diseases cause public health chaos in 

several developing countries, due to a lack of 

basic sanitation and government investment in 

preventive actions against the parasite. The 

annual incidence estimates of it reaches 2.5 

million cases, with more than 350 million people 

residing in risk areas.2 Leishmaniasis is caused by 

a kinetoplastid parasite of the Trypanosomatidae 

family, which belongs to the genus Leishmania. 

In Brazil, the cases of Leishmaniasis are 

observed in almost all the states, with a 

gradually growth of incidence of both clinical 

diagnosis forms: American Tegumentary 

Leishmaniasis (ATL) and Visceral Leishmaniasis 

(VL). This growth is related to a lack of basic 

sanitation and the lack of control measures 

adopted by the Ministry of Health, mainly 

because ATL does not have a high mortality rate 

of the and has not received attention of public 

authorities such as VL, which presents a 

significant rate of the two infections are among 

the world's ten most dangerous endemic diseases 

by the World Health Organization (WHO).3 The 

Leishmania taxonomy is quite complex with 

thirty species of known leishmaniasis, where 21 

species are capable of causing human infection.4 

Leishmania major is generally responsible 

for cutaneous leishmaniasis (CL) infection, cause 

of the infection of 1 million people per year.5 It 

fits into the clinical picture of ATL, and may 

present itself in three distinct ways: CL, which 

causes simple or multiple sores, usually 

presenting ulcers; Mucocutaneous Leishmaniasis 

(ML), characterized by the involvement of the 

oral and nasal mucosae that are destroyed, 

causing deformations in the individual and may 

be associated with LC; and, diffuse cutaneous 

leishmaniasis (DCL), which is characterized by 

many nodular wounds without ulcerations. 

Treatment of the disease comprises of 

several drugs, such as Pentamidine isethionate, 

Miltefosine, Paromomycin and Urea Stibamine. 

All these drugs are potential toxicants, which 

generate various side effects for people 

undergoing treatment, in addition to having 

reduced efficacy against endemic strains, as 

identified in Nepal, Brazil, India and Africa.6 

These cases make it clear the need to search for 

new bioactives such as the evaluation of existing 

potentials for improvement their biological 

potential, through studies that measure their 

rates of leishmanicidal inhibitions.7 

An alternative to achieve this goal is to 

explore therapeutic targets essential to the 

parasite organism or that are sufficient to cause 

selective inhibition of the organism.8 

Leishmaniasis species are autotrophic for 

pteridines, either free or conjugated, allowing 

the parasite to use pteridines present in the host 

through a biochemical pathway.9 Therefore, 

organisms that are part of this biochemical 

pathway of folate recovery become targets in 

bioactive studies of new compounds with 

biological potential.10 

Pteridine Reductase 1 (PTR1) performs 

the catalytic reduction of biopterin to 7,8-

dihydrobiopterin, it also enables the catalytic 

reduction of folate to tetrahydrofolate, in 

addition to having an important role in the 
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metacychology of Leishmania species.10 Making it 

an attractive target for antileishmania studies. 

Figure 1 shows the three-dimensional model of 

PTR1 of L. major. The objective of this work is 

to perform a bioactive analysis of L. major 

Pteridine Reductase 1 inhibitors (LmPTR1) 

through in silico molecular docking studies. 

 

Figure 1: Three-dimensional model of Leishmania major Pteridine Reductase 1. 

 

Source: own author, (2019). 

 

METHOD 

The molecular structure of the LmPTR1 in 3D 

was obtained through the Protein Data Bank 

(PDB) database with the identification code 

5l42. The LmPTR1 was prepared using CHIMERA 

v.13.1 software, removing all water molecules, 

ions and other residues contained in the 

molecular structure, as well as the exclusion of 

the D, C and B, leaving only the A chain, in order 

that the molecular affinity tests can be applied 

incisively.11 

The 2D molecular structures of the drugs 

Pentamidine, Miltefosine, Paromomycin and 

Urea Estibamine were obtained from the 

PubChem database and designed in 3D using the 

GaussView 5.0 software, after molecular 

optimizations were performed using the 

Gaussian 16 software in my © all Hartree-Fock 

Default Spin with base 6-31G++(d, p) for each 

molecular structure of the ligands (Figure 2). 
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Figure 2: Optimized binders in Hartree-Fock method: a) Paramomycin; b) Urea stibamine; c) 

Pentamidine isethionate; d) Miltefosine. 

 

Source: own author, (2019). 

 

Molecular docking was performed using 

the Autodock Tools (ADT) program, version 

1.5.6.12 The receiver was considered rigid, while 

each binder was considered flexible. Gasteiger 

partial loads were calculated after the addition 

of all hydrogen. The non-polar hydrogen atoms 

of proteins and ligands were subsequently 

blended. 

A cubic box of 60x60x60 points was 

generated with a resolution of 0.357 Å between 

the grid points for the receiver's entire target. 

The molecular affinity grid center was defined 

from the coordinates of the amino acid Asn109 

chain A. The Lamarckian Genetic Algorithm 

(LGA) with global search and pseudo-Solis and 

Wets with local search were the methods used in 

the docking molecular. Each simulation consisted 

of 100 independent runs,13 remainder of the 

parameters were set to default values. 

The molecular affinity analysis focused on 

the results of lower bond energy, rate of 

inhibition constant and formation of hydrogen 

bonds. These data are crucial to evaluate the 

biological activity of a binder in bioactive action 

with a receptor through molecular simulation, as 

it predicts in 95% confidence the potential that a 

binder possesses.14 

 

RESULTS 

The molecular interaction between 

paromomycin and LmPTR1 obtained a binding 

energy of -7.05 kcal.mol-1, as presented in Table 

1, and formed nine hydrogen bonds in amino 

acids Arg17, Asn109, Asp181, Asp232, Gly19, 

Gly225 and Ser227, where the amino acids 

Asp232 and Ser227 make two hydrogen bonds 

each (Figure 3a). And in the molecular docking 

between the urea stibamine and the LmPTR1 
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obtained a result of -6.13 kcal.mol-1 of binding 

energy in its molecular affinity parameter and 

obtaining 31.87 μM inhibition constant (Table 1), 

forming 6 hydrogen bonds in the amino acids 

Ala15, His36, His38, Lys16 and Ser40, two 

hydrogen bonds being formed in a single amino 

acid (Ser40). The amino acids Arg17, Arg39, 

Gly13 and Tyr37 perform the hydrophobic 

connections near the base of the active site 

(Figure 3b). 

 

Figure 3: Molecular docking: a) paromomycin bound at the active site of LmPTR1 and their interactions 

by hydrophobic and hydrogen bonding; b) urea stibamine bound at the active site of LmPTR1 

and its interactions by hydrophobic bonds and hydrogen bonds between its amino acids. 

 

Source: own author, (2019). 

 

Already the molecular interaction 

between pentamidine isethionate and LmPTR1 

obtained a rate of -6.5 kcal.mol-1 of binding 

energy, showing that the binder has good 

molecular affinity with the receptor. This 

interaction resulted in an inhibition constant of 

17.05 μM (Table 1). The interaction between the 

molecular structures formed three hydrogen 

bonds, located in the amino acids Asn109, Asp65 

and Asp142, this place is responsible for 

containing the most intense interactions of the 

molecular complex, as well as we can observe 
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the interactions and distances of each hydrogen 

bridge connection generated. The amino acids 

Ala110, Ala64, Arg39, Gly13, His36, His38, 

Leu18, Leu66, Lys16, Ser111, Ser112, Ser146, 

Ser40, Ser67 and Tyr37 perform the hydrophobic 

interactions (Figure 4a). 

 

Figure 4: Molecular docking: a) bound pentamidine isethionate in the active site of the LmPTR1 protein 

and its interactions, by hydrophobic bonds and by hydrogen bonds; b) Miltefosine bound at 

the active site of the LmPTR1 protein and its interactions, by hydrophobic bonds and by 

hydrogen bonds between amino acids. 

 

Source: own author, (2019). 
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Miltefosine was the drug that obtained 

the lowest molecular affinity with LmPTR1, 

having a binding energy -5.78 kcal.mol-1, 

however, it presented with the highest rate of 

inhibition constant among the drugs evaluated in 

this study, obtaining a rate of 58.21 μM (Table 

1). The molecular interaction between the 

ligand and the receptor resulted in two hydrogen 

bonds located near the LmPTR1 binding site, at 

amino acids Arg17 and Leu18 (Figure 4b). 

 

Table 1: Parameters of molecular affinity between LmPTR1 and drugs: paromomycin; urea stibamine; 
pentamidine isethionate; and miltefosine. 

Complex 
(protein-
binder) 

∆Gbind
a 

(kcal 
mol-1) 

Kib 
(µM) 

Number of 
independent 

jumping 
races 

Number of 
conformations 

in the first 
cluster 

Amino Acids that 
interact through 
Hydrogen Binding 

Amino Acids 
that perform 
Hydrophobic 
Interactions 

Paromomycin/ 
LmPTR1 

-7,05 6,83 100 6 

Arg17, Asn109, 
Asp181, Asp232, 
Gly19, Gly225, 

Ser227 

Leu18, Leu226, 
Leu229, 

Phe113, Ser111 

Urea 
stibamine/ 

LmPTR1 
-6,13 31,87 100 4 

Ala15, His36, 
His38, Lys16, Ser40 

Arg17, Arg39, 
Gly13, Tyr37 

Pentamidine 
isethionate/ 

LmPTR1 
-6,5 17,05 100 6 

Asn109, Asp65, 
Asp142 

Ala110, Ala64, 
Arg39, Gly13, 
His36, His38, 
Leu18, Leu66, 
Lys16, Ser111, 
Ser112, Ser146, 
Ser40, Ser67, 

Tyr37 

Miltefosine/ 
LmPTR1 

-5,78 58,21 100 9 Arg17, Leu18 

Ala110, Ala15, 
Arg39, Asn109, 
Gly13, Gly19, 
His38, Leu66, 

Lys16, Met179, 
Ser111, Ser40 

 

DISCUSSION 

Among the drugs evaluated, paromomycin has 

the best molecular interaction with the protein 

LmPTR1 even being a drug used for LV 

treatments we see its inhibitory action in a 

rather important protein in the 

metacyclogenesis paper of the Leishmaniasis of 

the Leishmania major genus, with an inhibition 

constant rate of 6.83 μM. A very high inhibitory 

action compared to some studies in the 

literature.15 Showing that paromomycin in 

reaction with 6’-N-acetyltransferase has an 

inhibition rate of 1.23 μM, a rate below that 

reported in reaction with LmPTR1. The three-

dimensional image illustrating the molecular 

docking between paromomycin and LmPTR1 is 

shown in Figure 3a. 

The literature presents urea stibamine as 

one of the best alternatives for the treatment of 

Leishmaniasis, among them L. donovani.16 When 

we compare results of inhibition constant in 

different species of Leishmania, we noticed that 

the drug has efficacy activity with LmPTR1, 

having an inhibition constant of 31.87 μM, while 
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the same drug in reaction with a L. donovani 

type I topoisomerase DNA enzyme exhibits an 

inhibition constant of 40 μM .17 This is related to 

molecular affinity between the ligand and the 

macromolecule, which in addition to possessing 

bioactive potential antileishmania has good 

molecular affinity with the receptor. The 

difference in inhibition constants among drugs 

may be related to the resistance of strains and 

the distinct characteristics of each species of 

Leishmania. The three-dimensional image 

illustrating the molecular docking between the 

urea scaffin and the LmPTR1 is shown in Figure 

3b. 

Studies of the biological potential of 

pentamidine antileishmania isethionate, through 

in vitro assays in promastigotes and amastigotes 

of L. donovani, show an action inhibition of 8.31 

μM for promastigote forms and 2.7 μM for 

amastigote forms.18 We can observe that the 

same drug being indicated for VL treatments has 

activity against L. major species, through these 

in silico studies by molecular docking, we obtain 

favorable results showing the drug as a possible 

alternative against L. major species. The in 

silico studies presented a rate of inhibition 

constant higher than the values presented in an 

in vitro study, where we can observe the 

biological activity of the same drug in different 

species of Leishmania. The three-dimensional 

image illustrating the molecular docking of 

pentamidine isethionate at the active site of 

LmPTR1 is shown in Figure 4a. 

Miltefosine was the first oral drug 

approved in India, having a 94% efficacy rate in 

L. donovani treatments, but this rate was 

reduced to 60%, this is related to the increase of 

resistance of strains and the specific 

characteristics of the parasite.19 In vivo studies 

showed the reduced efficacy of the inhibitory 

potential of miltefosine in treatment with mice 

infected with L. amazonenses strains during 100 

days of leishmanicide evaluation using 20 

mg/kg/day of miltefosine and the presence of 

amastigotes intracellular amastigotes in the 

organism within 100 days of treatment, its 

efficacy was only observed after 250 days 

posttreatment in the mouse organism, increasing 

the concentration to 30, 40 and 50 mg/kg/day. 

The clinical cure of mice infected with L. 

donovani strains at concentrations of 30, 40 and 

50 mg/kg/day after 250 days of treatment was 

confirmed in qPCR analyzes.20 

 

CONCLUSION 

It was evidenced that the drugs evaluated in this 

study are having reduced efficacy in treatments 

of Leishmania sp, this is related to the 

resistance of strains and the distinct 

characteristics of each species. The drugs that 

presented considerable inhibition constant 

results against Leishmania major genus species 

were stibamine urea with 31.87 μM and 

miltefosine with 58.21 μM inhibition constant, 

presenting them as possible alternatives in 

treatments of species of Leishmania major, and 

not only being applied in VL treatments. 

With these results, we emphasize the 

need to search for new alternatives of 

antileishmania bioactive compounds, whether 

they are provided with natural or synthetic 

resources. We also emphasize the importance of 

insole studies of rational planning of drugs 

already available and available in the industry, 
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performing studies that predict sites in chemical 

structures that can be modified or replaced by 

other chains or organic compounds to further 

increase their biological potential. 
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