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In this work, we synthesized substances and evaluated the potential leishmanicidal activity. Thirty-four  
(34) compounds from different chemical classes were selected for a simple synthesis in overall good 
yields, eight of which are not described in the literature. From the 34 compounds evaluated for 
preliminary leishmanicidal activity, three can be considered as prototypes for the development of 
leishmanicidal agents. Computational chemistry calculations, including comparative modeling of the 
enzyme arginase from Leishmania amazonensis and a molecular docking simulation of the synthesized 
molecules into the active site of the model were carried out. 
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INTRODUCTION 

 
Leishmaniasis is a disease that is closely related to 
poverty, especially in some developing countries, due to 
poor living conditions and sanitation problems in some 
areas. Over 90% of the cases of the disease are reported 
in different parts of India, Nepal, Sudan, Bangladesh and 
Brazil (Dujardin et al., 2008). However, the migration of 
population associated with globalization and climate 
change has led to reported cases in European countries, 
including France, Portugal and Spain (Dujardin et al., 
2008). The World Health Organization (WHO) estimates 
that the disease threatens approximately 350 million indi-  

 
 
 

 
viduals in 88 countries worldwide (WHO, 2010).  

There are many species of the protozoa that can infect 
humans and are responsible for the following main forms 
of leishmaniasis (Ashford, 2000; Avlonitis et al., 2003; 
Croft et al., 2003): cutaneous, mucocutaneous, diffuse 
cutaneous and visceral leishmaniasis. Cutaneous 
leishmaniasis (CL) is caused by Leishmania major and 
mucocutaneous leishmaniasis (ML) is caused by 
Leishmania braziliensis and generates sores on the skin. 
Diffuse cutaneous leishmaniasis (DCL) is caused by 
Leishmania amazonensis and generates chronic ulcera-  
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tions on the skin that are difficult to treat. Visceral 
leishmaniasis (VL) can be caused by Leishmania 
donovani, Leishmania infantum and Leishmania chagasi 
and is the most severe form of the disease, which can be 
fatal if not treated.  

Leishmaniasis, especially VL, has been recognized as 
an opportunistic infection in patients with weakened 
immune systems such as acquired immunodeficiency 
syndrome (AIDS) (Alvar et al., 2008).  

The first-line drugs for treating leishmaniasis are  
pentavalent antimonials, sodium stibogluconate 

(Pentostam
®

) and meglumine antimoniate (Glucantime
®

). 
However, they require high doses and patient 
hospitalization for three to four weeks for parenteral 
administration and are highly toxic (Guerin et al., 2002). 
Moreover, cases of resistance to antimonials have been 
reported, mainly in India (Alavi-Naini, 2008). A second 
line of treatment is used when an inadequate response to 
the first line exists.  

Examples of drugs used in this situation are 
amphotericin B, pentamidine, miltefosine and paromo-
mycin. These drugs are also very toxic and administered 
parenterally (Avlonitis et al., 2003; Croft et al., 2003; 
Guerin et al., 2002). Due to the increasing number of 
published reports on drug resistance and toxicity, as well 
as the occurrence of Leishmania/HIV co-infection, there 
is an urgent need to search for alternative therapies.  

The use of simple molecules which are cheap and easy 
to obtain is an interesting approach for a neglected 
tropical disease. An important approach for the rational 
development of new drug candidates is the selection of a 
specific target that can interact with the studied 
compounds.  

The arginase enzyme of Leishmania has shown to be a 
promising target (Iniesta et al., 2001; Wanasen et al., 
2008) and simple molecules have shown to be good 
inhibitors for arginase. The activity of arginase in 
trypanosomatids has proven to be specific to the genus 
and has been used as a tool for classification and 
identification.  

Leishmania is a genus in the family in which arginase is 
believed to have a role in the pro-duction of L-ornithine 
(Silva et al., 2002). L-ornithine is used in the synthesis of 
polyamines that have important roles in cellular 
processes such as growth (Iniesta et al., 2001; Roberts et 
al., 2004).  

Thus, the objective of this work was to synthesize 
molecules, which were based on simple structures of 
known arginase inhibitors and evaluate them against L. 
amazonensis. We used easy and inexpensive methods 
for the synthesis of 34 molecules which were evaluated 
against L. amazonensis. Moreover, in order to test the 
hypothesis that those molecules would work as arginase 
inhibitors, computational chemistry calculations were 
carried out, including comparative modeling of the 
enzymes, followed by docking simulations of each 
molecule with that model. 

  
  

 
 

 
MATERIALS AND METHODS 
 
Synthesis 
 
As leishmaniasis is a neglected disease that is related to poverty, 
we have chosen to synthesize molecules that can be inexpensively 
obtained and could originate in different chemical classes. Of the 34 
compounds that were synthesized, 8 of them had not been reported 
in the literature (4, 14, 16, 20, 23, 27 to 29) (Figure 1). The synthetic 
routes used to obtain the compounds in this work are described in 
the results and discussion sections.  

Despite the fact that all the methods used for the preparation of 
the investigated compounds are already present in literature, we 
described the methodologies for the synthesis of the eight new 
substances. 

 
Preparation of the compounds 36-37 
 
It is as described in the literature for the same compounds by 
Pierce and coworkers (1998). 

 
Preparation of the compounds 01-04 
 
It is as described in the literature for the same compounds by 
Urbanski and coworkers (1967). For the compound 04, the method 
is described thus: A mixture of 4.0 mmols of the amine (35), 1 mL of 
concentrated HCl and 4.0 mmols of cyanoguanidine in 10 mL of 
water was kept under reflux with magnetic stirring for 3 h. The 
reaction mixture was concentrated to half its volume, and left in a 
refrigerator until the next day. The precipitate formed was filtered 
under vacuum and washed with an ice mixture of EtOH : EtOAc 
(1:2). Aminourea hydrochloride was obtained as a white solid in 
75% yield. 
 
m.p.= 199-202 

0
C; 

1
H NMR (500 MHz, DMSO-d6, ): 1.32 (t, J= 

7Hz, 3H, CH3); 4.30 (q, J= 7Hz, 2H, CH2); 7.60 (d, J= 9Hz, 2H, H-

2); 7.95 (d, J= 9Hz, 2H, H-3); 8.38 (sl, 4H-C(=NH2
+
)NH2); 10.46 (sl, 

1H-C(O)NHC(NH2
+
)); 10.76 (sl, 1H-ArNH); 

13
C NMR (125 MHz, 

DMSO-d6, ): 14.28 (CH3); 60.33 (CH2); 118.75 (C-2); 124.87 (C-4); 

130.47 (C-3); 142.17 (C-1); 151.21 (C=O); 155.08 (C=NH2
+
);  

165.35 (CO2Et); IV (KBr, cm-1): 3427-3122 (assim NH2); 3076 (Car 

H); 2987-2877 (Csp
3
 H); 2362 (N

+
H); 1734 (C=Oester); 1686 

(C=Ourea); 1606 (C=NH); 1522 (NH); 1286 (C-O). 

 
Preparation of the compounds 05-06 
 
It is as described in the literature for the same compounds by 
Rabjohn and coworkers (1963). 

 

Preparation of the compounds 07-08 
 
It is as described in the literature for the same compounds by Lange 
and Reed (1926). 

 

Preparation of the compounds 09-10 
 
It is as described in the literature for the same compounds by 
Nakayama and coworkers (1993). 

 
Preparation of the compounds 44-49 
 
It is as described in the literature for the same compounds by Wang 
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Figure 1. Synthesized compounds (1-34). 

 

 
and coworkers (1998). Palazzo and coworkers (1961). 

 

Preparation of the compounds 50-55 
 
It is as described in the literature for the same compounds by 
Judkins and coworkers (1996). 

 

Preparation of the compounds 56-61 and 62-67 
 
It is as described in the literature for the same compounds by 

 

 

Preparation of the compounds 11-16 
 
It is as described in the literature for the same compounds by 
Palazzo and coworkers (1961). For the compounds 14 and 16, the 
method is described thus: A solution of chloro derivative (1.0 mmol), 
2.40 mg (3.15 mmols) of NH4SCN, 5 mL of DMSO was heated in 
water bath for 1 h. At the end of this time, 20 mL of water was 
added and the precipitate formed was filtered under vacuum and 
washed with water. 
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Compound 14. m.p.= 230°C (dec.); 
1
H NMR (400 MHz, DMSO-d6, ): 

3.91 (s, 3H, CH3); 4.89 (s, 2H, H-9); 8.17 (m, 4H, H-2,3,5,6); 
13

C NMR 

(100 MHz, DMSO-d6, ): 26.91 (C-9); 37.27 (CH2SCN); 111.93 (C-10); 
119.47 (C-3,5); 120.72 (C-1); 128.02 (C-2,6); 141.35 (C-4); 165.05 

(CO); 167.55 (C-7); 175.36 (C-8); IV (KBr, cm
-1

): 3340  
e 3290 (NH); 3016 (Car H); 2953 e 2933 (Csp

3
 H); 2160 (C=N); 

1687 (C=O + NH); 1525 (C-N + NH).  
Compound 16. m.p.= 114-117°C; 

1
H NMR (400 MHz, DMSO-d6, 

): 4.93 (s, 2H, H-9); 6.16 (s, 2H, OCH2O); 7.12 (d, J= 8 Hz, 1H, H-
5); 7.46 (d, J= 2 Hz, 1H, H-2); 7.59 (dd, J= 8 Hz e 2Hz, 1H, H-6); 
13

C NMR (100 MHz, DMSO-d6, ): 26.88 (C-9); 101.91 (OCH2O); 
111.95 (C-10); 108.98 (C-5); 106.40 (C-2); 119.22 (C-1); 122.17 (C-
6); 148.03 (C-3); 150.22 (C-4); 167.62 (C-7); 175.26 (C-8); IV (KBr, 

cm
-1

): 3099 e 3014 (Car H); 2962 e 2923 (Csp
3
 H); 2786 (Csp

3
 H-

OCH2O); 2157 (C=N); 929 (O-C-O). 

 

Preparation of the compounds 17-23 
 
It is as described in the literature for the same compounds by 
Bergmann and coworkers (1953). For the compounds 20 and 23, 
the method is described thus: To a solution of 1.0 mmol of 
amidoxime in 10 mL of glacial acetic acid under argon atmosphere 

was added 0.2 mL (2.00 mmols, d = 1.082 mL/cm
3
) of acetic 

anhydride. The mixture was kept under reflux for one hour. After the 
reaction mixture was achieved at the room temperature, water was 
added. The product was filtered under vacuum and taken with 
water. 
 
Compound 20. m.p.= 156-159°C; 

1
H NMR (400 MHz, DMSO-d6, 

): 2.09 (s, 3H, COCH3); 2.65 (s, 3H, H-9); 7.76 (d, J= 9Hz, 2H, H-
3,5); 7.93 (d, J= 9Hz, 2H, H-2,6); 10.23 (sl, 1H-NH). 

Compound 23. m.p.= 112-114°C; 
1
H NMR (400 MHz, DMSO-d6, 

): 2.64 (s, 3H, H-9); 6.14 (s, 2H, OCH2O); 7.08 (d, J= 8Hz, 1H, H-

5); 7.42 (s, 1H, H-2); 7.55 (d, J= 8Hz); 
13

C NMR (100 MHz, DMSO-
d6, ): 11.91 (C-9); 101.79 (OCH2O); 108.85 (C-5); 106.45 (C-2); 
119.98 (C-1); 147.93 (C-3); 149.86 (C-6); 149.86 (C-4); 167.22 (C-
7); 177.08 (C-8). 

 

Preparation of the compounds 24-29 
 
It is as described in the literature for the same compounds by 
Cottrell and coworkers (2004). For the compounds 27-29 the 
method is described thus: To a solution of amidoxime (1.00 mmol) 
and 13.8 mg (1.00 mmol) of K2CO3 in 10 mL of anhydrous 

chloroform was added 0.2 mL (1.20 mmols, d = 1.490 mL/cm
3
) of 

trifluoroacetic anhydride. The mixture was stirred at room 
temperature for two hours. The solvent was removed on rotary 
evaporator and the residue was dissolved in ethyl acetate. The 
organic solution was washed with water (3 x 20 mL), dried with 

Na2SO4 and evaporated in rotavapor, providing the product in 95% 
yield. 
 
Compound 27. m.p.= colorless oil; 

1
H NMR (500 MHz, DMSO-d6, 

): 7.93-8.12 (m, 4H, H-2,3,5,6); 11.62 (sl, 1H, NH); 
13

C NMR (125 
MHz, DMSO-d6, ): 115.54 (q, JC,F= 286 Hz, CF3); 115.72 (q, JC,F=  
273 Hz, C-9); 121.11 (C-1); 121.34 (C-3,5); 128.35 (C-2,6); 140.03 
(C-4); 154.74 (q, JC,F= 37 Hz, CO); 164.96 (q, JC,F= 37 Hz, C-8);  
167. 81 (C-7); 

19
F NMR (376 MHz, DMSO-d6, ): -65.32; -74.48 

(CONHCF3). 

Compound 28. m.p.= 150-152°C; 
1
H NMR (400 MHz, DMSO-d6, 

): 7.70-8.10 (m, 4H, H-2,3,5,6); 
13

C NMR (100 MHz, DMSO-d6, ):  
115. 66 (q, JC,F= 273 Hz, C-9); 123.27 (C-1); 127.14 (C-2,6); 129.70 (C-

3,5); 137.33 (C-4); 165.10 (q, JC,F= 44 Hz, C-8); 167.24 (C-7); 
19 F NMR (376 MHz, DMSO-d6, ): -65.28.

 

  
  

 
 

 

Compound 29. m.p.= 35-37°C; 
1
H NMR (400 MHz, DMSO-d6, ): 

6.18 (s, 2H, OCH2O); 7.14 (q, J= 8 Hz, 1H, H-5); 7.50 (d, J= 2 Hz, 

1H, H-2); 7.55 (dd, J= 8 Hz, J= 2 Hz, 1H, H-6); 
13

C NMR (100 MHz, 

DMSO-d6, ): 26.88 (C-9); 101.90 (OCH2O); 106.62 (C-2); 109.14  
(C-5); 115.72 (q, JC,F= 273 Hz, C-9); 119.79 (C-1); 122.83 (C-6); 
148.23 (C-3); 150.89 (C-4); 164.73 (q, JC,F= 44 Hz, C-8); 168.07 (C-  
7); 

19
F NMR (376 MHz, DMSO-d6, ): -65.36. 

 
 
Preparation of the compounds 68-72 and 30-34 
 
It is as described in the literature for the same compounds by 
Judkins and coworkers (1996). 

 

Biological evaluation 
 
The main objective of this work was to identify compounds with 
potential leishmanicidal activity. Thus, 34 compounds in four 
different chemical classes were synthesized and evaluated for their 
in vitro activity against L. amazonensis. The in vitro effectiveness of 
the synthesized compounds was analyzed in the promastigote form 
of L. amazonensis (MHOM/BR/77/LTB0016). Parasites were 
maintained by animal passage and cryopreserved in liquid nitrogen. 
Promastigotes were cultured at 25°C in Schneider’s Insect Medium 
of pH 7.2 containing 10% (v/v) of heat-inactivated fetal bovine 
serum (Cysne-Finkelstein et al., 1998). For the activity assay, the 
parasite culture was diluted with the fresh medium to a final 

concentration of 5 x 10
6
 parasites/mL. The substances were 

dissolved in dimethylsulfoxide (DMSO) except for amidines 32-34, 
which were dissolved in water and tested within a concentration 

range of 0.16 to 320 µg mL
-1

 (0.74-1493.33 µM). Drugs were added 

to a 96-well microtitre plate (up to 1.6% final DMSO concentration) 
and incubated at 26°C for 24 h with the parasites in their metacyclic 
phase (Canto-Cavalheiro et al., 1997). Pentamidine was used as 
the reference drug. Results represent the mean values of three 
experiments and were expressed as IC50, that is, the concentration 
of a compound that caused a 50% reduction in survival/viability in 
comparison with identical cultures without the compounds. The 
procedure used to observe the drug effects was the MTT reduction, 
using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide 
(MTT, Sigma, MO, USA) and the result was read on an ELISA 
reader at 490 nm (Denizot et al., 1986). 
 

 
Molecular modeling 
 
The synthesized compounds were modeled using the Sybyl 8.0 
molecular modeling package (Tripos, 2012). The hydrogen atoms 
were added to the structures and 1,000 steps of energy 
minimization were performed by the steepest descent method, 
using Gasteiger-Hückel charges and a dielectric constant of 80, in 
the Tripos force field. The structures were further optimized using 
the conjugated gradient method.  

Ligand-enzyme docking simulations were performed with the 
molecular docking algorithm MolDock (Molegro, 2012) using the 
Molegro Virtual Docker 4.2.0 package. MolDock uses a heuristic 
search algorithm (termed guided differential evolution), which is a 
combination of differential evolution and a cavity-prediction 
algorithm. The docking scoring function is an extension of the 
piecewise linear potential (PLP) (Molegro, 2012). After the ligands 
and the protein coordinates were imported, all structural 
parameters, including bond type, hybridization, explicit hydrogen, 
charges, and flexible torsions, were assigned using the automatic 
preparation function in Molegro Virtual Docker software. For each 
compound, 100 docking runs were performed with the initial 
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Scheme 1. Synthetic route used to obtain the compounds 1-4. 

 

 
population of 50 individuals. After each compound had been 
docked, they were energy-minimized into the active site of the 
enzyme. 
 

 

RESULTS AND DISCUSSION 

 

All the substances synthesized in this work were 
proposed based in prototypes that showed high affinity 
for the arginase enzyme (Han et al., 2002). The 
guanidine function (9-10) was modified biososterically, 
and the urea (5-6) and thiourea (7-8) functions were 
obtained. As the catalytic site of the arginase have a 
great number of hydrophilic aminoacids (Cox et al., 2001) 
bisguanidines (1-2) and amidineureas (3- 4) were 
selected for searching new possible sites of interaction 
with the enzyme and, as far, greater affinity. The 
compounds 11-29 have the 1,2,4-oxadiazole ring in their 
structure that can act as a pro-drug for the amidine group 
(Kitamura et al., 2001) and is also described as important 
for the leishmanicidal activity in compounds such as 
pentamidine. 
 

 

Synthesis 

 

The bisguanidine compounds (1-2) were obtained by the 
reaction of salts of 4-aminobenzoic acid or the respective 

 
 

 

esters (Pierce et al., 1998) with cyanoguanidine in water 
under reflux (Urbanski et al., 1967). Amidineurea 
derivatives (3-4) were also obtained as hydrochloride 
salts from the reaction with the corresponding amines  
(35) (Pierce et al., 1998; Urbanski et al., 1967) (Scheme 
1).  

To obtain the derivatives 5-6, the reaction was carried 
out using the corresponding amine salts with urea, acetic 
acid and hydrochloric acid in water under reflux for two 
hours (Rabjohn, 1963) (Scheme 2). Compounds 7-8 were 
obtained from the reaction of the corresponding amine 
salts with potassium thiocyanate in water, leading to 
products in good yields (Lange et al., 1926). The 
synthesis of hydrochloride guanidine derivatives 9-10 
were performed by reaction of amine salts formed in the 
previous step (36, 37), with cyanamide in methanol at 
50°C (Nakayama et al., 1993) (Scheme 2).  

The series of compounds 11-16 comprises substances 
that contain the 1,2,4-oxadiazole nucleus. This 
heterocyclic nucleus has been extensively described as a 
bioisostere of ester and amide functional groups (Quan et 
al., 2004; Poulain et al., 2001). Additionally, this 
heterocyclic acts as a pro-drug of the amidine group 
(Kitamura et al., 2001). The synthesis of these 
compounds is shown in Scheme 3. The first reaction step 
is the formation of nitriles using the methodology 
described by Wang and coworkers (Wang et al., 1998). 
The next step produces the amidoxime (50-55) (Judkins 
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Scheme 2. Synthetic route used to obtain the compounds 5-10.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 3. Synthetic route used for obtaining compounds 11-16. 
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Scheme 4. Synthetic route used to obtain the compounds 17-29. 
 

 

et al., 1996), followed by O-acylation and cyclization, to 
obtain the 1,2,4-oxadiazole ring (62-67) (Palazzo et al., 
1961). Thiocyanate derivatives were obtained from the 
chlorides by a nucleophilic substitution reaction (Haugwitz 
et al., 1985) (Scheme 3).  

Although compounds 17-29 were derived from 1,2,4-
oxadiazoles, the methodology employed for their 
synthesis was an one-pot acylation and cyclization, which 
is faster and more efficient than conventional methods, 
and gives products in high yields and purities (Bergmann 
et al., 1953; Cottrell et al., 2004) (Scheme 4).  

The synthesis of amidine compounds 30-34 was 
accomplished by the reduction of O-acetylated deri-
vatives 68-72 in two steps, using a methodology deve-
loped by Judkins and coworkers (1980). This methodo- 

 
 

 

dology allows the obtention of the amidines in the salt 
form and uses conditions milder than the direct reduction 
of the amidoxime; once the N-O bound is easier to be 
hydrogenated when oxygen is connected to an electron 
withdrawing group (Scheme 5).  

It is noteworthy that despite the many methodologies to 
obtain the 34 simple compounds that are already 
described in the literature, we obtained eight new 
compounds (4, 14, 16, 20, 23, 27-29). 
 

 

Biological evaluation 

 

The results of the biological evaluation are summarized in 
Table 1. Pentamidine was used as a standard. The 
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Scheme 5. Synthetic route for obtaining compounds 30-34. 

 

 
Table 1. Results of in vitro activity against L.amazonensis.  

 
 Compound IC50 (µM) Compound IC50 (µM) 

 Pentamidine 0.46 18 784 

 1 156 19 1561 

 2 70 20 1474 

 3 155 21 1828 

 4 1119 22 1649 

 5 889 23 1569 

 6 769 24 1176 

 7 408 25 1240 

 8 45 26 ND 

 9 186 27 985 

 10 165 28 1290 

 11 1164 29 1240 

 12 1226 30 1798 

 13 1221 31 30 

 14 922 32 113 

 15 ND 33 519 

 16 1226 34 244 

 17 1468   
 

 

method applied in this evaluation has already been 
successfully used in other studies previously described 
(Ferreira et al., 2007).  

From analysis of the results, all compounds are less 
active than pentamidine. However, three of them have 

reasonable activity. Compound 8, 2 and 31 showed IC50 
of 45, 70 and 30 µM, respectively. Compound 2 is a 
structural analogue of proguanil, a drug used to treat 
malaria (Lalloo et al., 2007). Proguanil suffers metabolic 
bioactivation and its active metabolite cicloguanil is 
related to compound 2. Although there is no possibility 
that compound 2 will generate a second cyclized com- 

 

 

pound, it may present a similar conformation and 
tautomeric forms of the structure cicloguanil, as pointed 
out by Bharatam et al. (2005) (Scheme 6).  

The amine 31 was the substance that showed the most 
potent activity against Leishmania. The nitro group in 31 
seems to have a crucial role in the activity because the 
other compounds were less active (32-34) or inactive 
(30). The literature reports a number of compounds that 
are structurally similar to amidine 31 and have high levels 
of arginase inhibition (Ferreira, 2004; Ferreira et al., 
2007). Thus, there is the possibility that compound 31 
inhibits arginase of the parasite; however, in vitro argi- 
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Scheme 6. Structural similarity between the cicloguanil and biguanidine 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure  2. The constructed model for the arginase of L.  
amazonensis. 

 

 

nase enzyme evaluation is necessary to ensure this 
possibility.  

In general, the 5-aryl-3-substituted-1,2,4-oxadiazole 
compounds were less active or inactive independently on 
the substituent in position 3.  

Compounds 2, 8 and 31 can be considered prototypes 
even though they are less active of pentamidine. Thus, 
their molecular structures can be modified through the 
introduction of other substituents in the aromatic ring that 
enable an improvement in the biological activity. 
 

 

Molecular modeling 

 

Comparative modeling of arginase of L. amazonensis 

 

Structure-based  approaches  using  the target  ‘receptor’ 

 
 

 

structure are helpful in designing and developing more 
selective lead compounds. However, to date, no crystal-
lographic structure of Leishmania spp. arginase exists 
(Boeckmann et al., 2003). Thus, to further investigate the 
possibility of this compounds to target the arginase 
enzyme, we constructed a theoretical model of L. 
amazonensis arginase (La_arginase) by using the 
comparative modeling paradigm (Berman et al., 2000; 
Marti-Renom et al., 2000). This enzyme model is shown 
in Figure 2. The main structural elements of the model 
include eight strand-parallel β-sheets, eleven α-helices 
and several extended loops. Because disruptions are 
found within several helices, some of them are not 
continuous.  

The target sequence (L. amazonensis arginase) was 
obtained from the TrEMBL data base (Santos-Filho et al., 
2003) (code TrEMBL: 096394), and the template 
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Figure 3. B-factor constructed model for the arginase of L. amazonensis. 

 

 

enzymes used for modeling its 3D-structure were 
obtained from Protein Data Bank (PDB) (Berman et al., 
2000). After submitting that sequence to the basic local 
alignment search tool (BLAST) (Altschul et al., 1990), six 
enzymes were selected from PDB, with a similarity 
toward the target enzyme ranging from 49.6 to 50.7%. 
The corresponding PDB codes of the enzymes are 3E6V, 
1WVA, 1T4S, 1HQX, 1RLA and 2RLA (Cama et al., 
2004; Di Costanzo et al., 2005; Kanyo et al., 1996; Lavulo 
et al., 2001; Scolnick et al., 1997; Shishova et al., 2009) 
with similarity to the target sequence of 53.4, 52.8, 50.7, 
50.7, 50.4 and 49.6%, respectively.  

In order to check the quality of the constructed enzyme 
model, it was submitted to validation analysis. First, the 
dynamics of the model were verified. Thus, the B-factor 
(atomic displacement parameter) (Debye, 1914; Waller et 
al., 1923), which reflects the fluctuation of the system on 
its average position, was calculated (Figure 3). From the 
B-factor analysis, one can infer that the model for 
arginase of L. amazonensis is thermally stable because 
its structure shows “cold-temperature” (blue) color 
deviation.  

The enzyme model was stereochemically evaluated by 
submitting it to the PROCHECK analysis (Laskowski et 
al., 1993). Figures 4 and 5 show the Ramachandran plot 
and the main-chain parameters for the model, 
respectively. The Ramachandran plot of the constructed 
enzyme model shows that 97.8% of the amino acid 

 
 

 

residues are in favorable regions. For the main-chain 
parameter (Figure 5), no problems were found in relation 

to poor contact, Cα tetrahedron distortion, any hydrogen-

bond and energy-bond. Moreover, the average G-factor 
(Laskowski et al., 1993), which provides the normality 
degree of the protein’s properties is inside the permitted 
value. It is noteworthy that the structural parameters of 
the active site residues are in statistically favorable 
regions. Moreover, none of them showed geometric, 
conformational or energetic problems. 
 

 

Docking calculation 

 

Table 2 shows docking score values for all synthesized 
compounds in kcal/mol, and Figure 6 shows details of the 
docked compounds into the binding pocket of arginase of 
L. amazonensis.  
According to Table 2 and Figure 6, the synthesized 
molecules could work as promising inhibitors for L. 
amazonensis arginase. The molecules showed that they 
can be very well accommodated into the active site of the 
enzyme. However, is important to mention that no strong 
correlation between the bioassays and the docking 
scores were observed in this study. This is because the 
biological evaluations were conducted in the parasite and 
molecular docking simulations in the enzyme arginase. 
Thus, the molecules are sent to the bioassays in the 
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Figure 4. Ramachandran plot of the constructed model for the arginase of L. amazonensis. 

 

 

arginase enzyme in order to establish a correlation 
between biological assays and molecular modeling. This 
correlation is crucial for structural changes in molecules 

 
 

 

that may be proposed to improve their leishmanicidal 
profile. In conclusion, we are proposing the investigation 
in subsequent works for the use of those molecules as 
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Figure 5. Main-chain parameters for the constructed model for the arginase of L. amazonensis.  
The black square represents the modeled enzyme. 
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Table 2. Docking score values for all synthesized compounds in kcal/mol.  
 
 Compound Docking score (kcal/mol) Compound Docking Score (kcal/mol) Compound Docking score (kcal/mol) 

 4 -98.07 14 -86.71 21 -73.07 

 16 -94.52 28 -85.60 5 -71.24 

 29 -93.17 6 -85.27 19 -70.77 

 25 -92.07 8 -84.71 9 -69.53 

 26 -91.16 20 -84.36 22 -68.04 

 3 -90.70 23 -83.99 34 -66.77 

 1 -90.20 18 -79.65 32 -63.29 

 2 -89.13 17 -79.23 31 -58.01 

 12 -88.73 10 -78.57 33 -54.96 

 24 -87.33 11 -78.44   

 27 -87.22 7 -73.47    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Detail of the docked compounds into the binding pocket of L. amazonensis arginase. 
Green, red and blue/orange residues are the hydrophobic, charged and polar ones. 

 
 

 

potential new lead for designing new inhibitors of 
arginase from Leishmania spp. 
 

 

Conclusions 

 

Leishmaniasis is considered a neglected disease by the 

 
 

 

World Health Organization (WHO) and was recognized 
as one of the most neglected tropical diseases in the 
60's. The search for new targets for its therapy led us to 
the synthesis of simple molecules of different chemical 
classes. The selection of these substances was 
supported by the literature descriptions that indicated 
probable leishmanicidal activity as arginase inhibitors. 
Additionally, the obtained molecules were prepared in a 



14 

 

 
 
 

 

simple synthetic methodology and, consequently, may be 
economically viable for use in poor or developing 
countries. Thirty-four (34) compounds from different 
chemical classes were synthesized, eight of which had no 
report in the literature (4, 14, 16, 20, 23 and 27-29). The 
biological evaluation of the compounds showed that 
among the 34 compounds synthesized, 19 were active, 
but only three presented moderate leishmanicidal activity. 
However, all were less actives than pentamidine. Thus, 
we can conclude that thiourea 8, bisguanidine 2 and 
amidine 31 can be considered as future prototypes for the 
development of more active compounds.  

From their structures, we can propose rational mole-
cular changes. The synthesized compounds in Figure 6 
that were shown to be potential good inhibitors for the 
enzyme arginase of L. amazonensis were docked into the 
active site of the constructed model for L. amazonensis 
arginase study. The molecular docking approach was 
then applied, and the results are shown in Figure 6. 
Although no correlation was found between the docking, 
biological evaluation of the compounds can act to inhibit 
arginase because it settle well in the catalytic site of the 
enzyme. 
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