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Abstract: In the present work, the effect of Bothrops moojeni venom fractions on Leishmania promastigotes 
was evaluated. The snake venom was fractionated into five protein fractions (E1 to E5), by ion exclusion 
chromatography, that were used to treat Leishmania amazonensis and Leishmania braziliensis promastigote 
forms whereas the viability and nitric oxide production were evaluated. It was observed that E5 venom 
fraction strongly inhibited Leishmania amazonensis nitric oxide production, while in Leishmania braziliensis 
the nitric oxide production was enhanced in all doses. Bothrops moojeni crude venom reduced the viability 
of both parasites in a dose-dependent manner and a peptide of 64 kDa was apparently degraded. Bothrops 
moojeni E5 venom fraction only reduced the viability and nitric oxide production of Leishmania amazonensis 
and no protein degradation was observed. Thus, these results suggest that Bothrops moojeni E5 venom 
fraction may offer components with a promising antileishmanial therapeutic application.
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INTRODUCTION

Human parasitic infections – including 
malaria, sleeping sickness, Chagas’ disease, 
leishmaniasis, filariasis and schistosomiasis 
– have a devastating impact on global health 
and economic development (1). Leishmaniasis 
is a parasitosis caused by several species of 
the protozoa Leishmania and it is currently 
endemic in 88 countries (2, 3). The parasites are 
phagocytized by macrophages and converted into 
amastigotes, which multiply within and survive in 
parasitophorous vacuoles of these cells and infect 
surrounding macrophages (4). Moreover, the 
disease progression depends on which species of 
Leishmania is involved, as well as on the genetics 
and immune status of the host (5). 

Parasites have different strategies to escape the 
host defense system and also to take advantage 
of host biochemical factors. In trypanosomatids, 

a nitric oxide (NO) pathway mediates 
protection against apoptotic death (6). Although 
macrophages trigger the host defense mechanism 
to neutralize the parasite, evidence shows that NO 
pathway, from L (L.) amazonensis, participates on 
parasite-host interaction, whereas a correlation 
between NO production and the amount of 
metacyclic forms in the culture of infective forms 
was found (7). The involvement of Leishmania 
spp. and NO pathway in host-macrophage 
interaction showed the importance of both NO 
pathways in the parasite-host interplay.

The antileishmanial chemotherapy relies on 
a limited range of drugs including amphotericin 
B, pentavalent antimonials, such as sodium 
stibogluconate (Pentostan®) and N-methyl-
glucamine antimoniate (Glucantime®) (8). 
However, the action mechanism of pentavalent 
antimonials have not yet been clearly 
determined (8).
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All these drugs are limited to some extent by 
their toxicity, lack of efficacy in endemic areas, 
and difficulty of administration because of their 
long term treatment and high cost (9). The effect 
on parasite viability was evaluated with several 
drugs in vitro and in vivo. For example, treatment 
with imidocarb reduced parasite burden in 
experimental L. amazonensis infections in mice 
(10). Also, it has been demonstrated that Brazilian 
propolis reduced L. amazonensis infection in 
macrophages (4). Currently, the chemotherapy 
remains the mainstay for the leishmaniasis 
control, since effective vaccines have yet been 
developed (11). 

In order to develop alternative tools to subdue 
infectious diseases, several substances have been 
tested for treating the parasite, such as snake 
venoms, aiming at the development of future 
drugs that disrupt the viability of protozoan. 
Snake venoms comprise a complex mixture 
of proteins that present various physiologic 
effects and provoke systemic alterations such as 
systemic bleeding, coagulopathy, hypovolemia, 
hemodynamic instability and shock, and 
acute renal failure (12, 13). Bothrops moojeni is 
frequently found in central and south-eastern 
Brazil, throughout the Cerrado morphoclimatic 
domain, and its venom contains a wide range 
of proteases, which may be characterized as 
coagulant, anticoagulant or fibrinolytic factors 
that inhibit cytokines and modulate the immune 
system of the host (14, 15). Bothrops jararaca 
venom leads to cell death of epimastigote forms 
of Trypanosoma cruzi induced by stress, and 
Bothrops moojeni crude venom was demonstrated 
to kill Leishmania spp. in vitro (16). A myotoxic 
phospholipase A2 homologue from B. moojeni 
venom, called MjTX-II, was characterized and 
displayed antiparasitic effects against Schistosoma 
mansoni and Leishmania spp. Thus, MjTX-II 
is a promising candidate for future therapeutic 
applications (17). In the present study, we 
evaluated the effect of B. moojeni venom and its 
fractions on viability, protein profile and on nitric 
oxide production of Leishmania promastigotes in 
vitro. 

MATERIALS AND METHODS

Parasites
Leishmania (Leishmania) amazonensis (IFLA/

BR/67/PH8 strain) was obtained from the Zoonosis 

Control Center of the municipal authority of São 
Paulo, São Paulo state, Brazil and Leishmania 
(Viannia) braziliensis (MHOM/BR/75/M2903 
strain) was obtained from the Infectious Diseases 
Center of the Federal University of Espírito Santo, 
Vitória, Brazil. Promastigote forms were grown 
in a brain heart infusion (BHI) medium (Oxoid, 
England) supplemented with 10% of fetal bovine 
serum (FBS) and 1 µg/mL gentamicin (Cultilab, 
Brazil) at 25°C. Once the culture reached the 
stationary phase, the parasites were harvested 
and centrifuged at 3,000 x g at 4°C for 15 minutes 
and then washed four times by centrifugation 
in a sterile phosphate buffered saline solution 
(PBS) pH 7.2. The concentration of parasites was 
adjusted to 2 x 105/mL in BHI medium. 

Fractionation of Bothrops moojeni Venom by 
Ion Exchange Chromatography

Desiccated Bothrops moojeni venom was 
purchased from Bio-Agents Serpentarium 
(Batatais, Brazil) and stored at –20°C until use. 
B. moojeni crude venom (200 mg) was dissolved 
in 0.05 M ammonium bicarbonate buffer 
(AMBIC), pH 7.8, and clarified by centrifugation 
at 10,000 x g for ten minutes. The supernatant 
was chromatographed on a DEAE Sephacel 
column (Sigma Chemical Co., USA) (1.7 X 15 
cm), previously equilibrated with 0.05 M AMBIC 
(pH 7.8) and eluted with a concentration gradient 
(0.05 M to 0.3 M) of the same buffer. Fractions of 
3.0 mL/tube were collected (flow rate of 20 mL/
hour) and their absorbances were read at 280 
nm. The samples were pooled, lyophilized and 
stored at –20°C until the moment of use. Protein 
concentration was determined by Itzhaki and 
Gill (18) method using bovine serum albumin as 
standard.

Gel Electrophoresis 
To analyze protein profile of venom fractions 

and Leishmania promastigotes treated with 
these fractions, a 14% polyacrylamide gel 
electrophoresis in presence of sodium dodecyl 
sulphate (SDS-PAGE) was performed as 
previously described (19). Electrophoresis was 
carried out at 20 mA/gel in Tris-glycine buffer, 
pH 8.3, containing 0.01% SDS. The molecular 
weight standard proteins (Sigma Chemical Co., 
USA) employed were phosphorylase b (97 kDa), 
bovine serum albumin (66 kDa), egg albumin 
(45 kDa), carbonic anhydrase (30 kDa), soybean 
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trypsin inhibitor (20.1 kDa) and α-lacto albumin 
(14.4 kDa). The slab gels were stained with 
Coomassie blue R-250. The relative molecular 
mass of the proteins was estimated by Kodak 1D 
image analysis software (USA).

Leishmania Promastigotes Treated with 
Bothrops moojeni Crude Venom and 
Fractions

Leishmania promastigotes were cultured in 
BHI medium, in 96-well plates (2 x 105 parasites/
well) and incubated at 25°C for 72 hours with 
different doses of Bothrops moojeni crude venom 
(25, 12.5, 3.125, 1.56 µg) or venom fractions (2.5, 
1.25, 0.625, 0.3125 µg) or amphotericin B (25, 12.5, 
6.25, 3.125, 1.56 µg) in triplicate or were not treated 
(BHI medium only; negative control). Parasite 
viability was analyzed by 3-(4.5-dimethylthiazol-
2-yl)-2.5-diphenyltetrazolium bromide assay 
(MTT). After centrifugation of the plates the 
supernatant was collected and NO production 
was determined. These samples of treated 
parasites were also used to analyze the effect of 
Bothrops moojeni venom on protein profile of 
Leishmania. After centrifugation at 2,000 x g for 

ten minutes, the pellet was treated with sodium 
dodecyl sulphate (SDS) and 2-mercaptoethanol 
and heated at 100°C for three minutes and run in 
14 % polyacrylamide gel.

Leishmania Promastigote Viability Tests 
Parasite viability was estimated by MTT assay 

(20). Briefly, L. amazonensis and L. braziliensis 
cultures in 96-well plates (treated or not with B. 
moojeni venom, E1, E2, E3, E4, E5 fractions or 
amphotericin B for 72 hours) were treated with 
10 μL of MTT (Sigma-Aldrich, USA) at 5 mg/
mL and 90 μL BHI and incubated at 25°C for four 
hours. The reaction was stopped with 100 µL of 
isopropyl alcohol with 2.5 mM chloridric acid and 
incubated for ten minutes and the absorbance was 
read at a plate reader (Molecular Devices, USA) 
at 570 nm. All the assays were done in triplicate. 
The viability rate was calculated by the following 
equation: 

% viability  =
ABS test x 100

ABS negative control

Figure 1. (A) Ion exchange chromatography on DEAE-Sephacel. B. moojeni crude venom (200 mg) 
was applied on the column (1.7 x 15 cm) and elution was carried out at a flow rate of 20 mL/hour with 
ammonium bicarbonate (Ambic) gradient buffer, pH 7.8, from 50 mM to 0.45 M. (B) SDS-PAGE (14%) gel 
in reduced condition of the fractions of the DEAE-Sephacel chromatography. Tris-glycine buffer, pH 8.3, 
and 20 mA. Lane 1: standard proteins; lane 2: Bothrops moojeni crude venom; lane 3: E1 fraction; lane 4: E2 
fraction; lane 5: E3 fraction; lane 6: E4 fraction; lane 7: E5 fraction of B. moojeni venom. The gel was stained 
with Coomassie blue R-250.
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Nitric Oxide Measurement
NO production in supernatants of Leishmania 

culture was estimated by accumulation of 
NO2– (21). Briefly, 50 μL of Griess reagent 
[1 % sulfanilamide in 2.5 % H3PO4 and 0.1 
% naphthylethylenediaminedihydrochloride 
(NEED) in 2.5 % H3PO4 (v/v)] was added to 50 μL 
of each sample in a 96-well plate and incubated 
at 25°C for 20 minutes. Blank reference and 
standard curve were determined. The absorbance 
was measured at 540 nm using a plate reader 
(Molecular Devices, USA). Nitrite content (μM) 
was quantified by extrapolation from sodium 
nitrite standard curve in each experiment. All the 
assays were performed in triplicate.

Statistical Analysis
Comparisons with control were performed 

by analysis of variance (one-way ANOVA). 
Significant differences were analyzed by the 
Tukey’s Multiple Comparison test (Statistics 
Package for Social Sciences, version 10.0). 
Differences were considered to be significant 
when p < 0.05.

RESULTS

Profile of B. moojeni Crude Venom and 
Protein Fractions 

B. moojeni venom was fractionated into five 
protein fractions by ion exchange chromatography 
in a DEAE Sephacel column and the resulting 
fractions were denominated E1, E2, E3, E4 
and E5 (Figure 1 – A). After electrophoresis of 
these proteins in polyacrylamide gel at the same 
concentration (Figure 1 – B), E1 was shown 
to contain peptides markedly stained, with 
molecular weight of 14, 15 and 24 kDa (Figure 
1 – B). E2 fraction presented strongly stained 
bands corresponding to 15 e 24 kDa. Three major 
bands were also observed for E3 fraction, with 
molecular weights of 36, 25, 15 kDa. E4 showed 
bands modestly stained with 15, 27 and 46 kDa. 
The protein pattern of E5 was observed as bands 
with lower intensity but clearly stained with 
molecular weights of 15 and 35 kDa (Figure 1 – 
B). 

Effect of B. moojeni Venom and Protein 
Fraction on Leishmania

B. moojeni crude venom and its fractions were 
utilized to evaluate their effects on Leishmania 

Figure 2. Leishmania viability by MTT method. (A)
Parasites (5x105 cells/well) were incubated for 72 
hours with B. moojeni crude venom; (B) B. moojeni 
venom E5 fraction; (C) amphotericin B. In the 
experiments, L. amazonensis (PH8) and L. braziliensis 
(M2903) were used. Columns shown viability (means 
± standard deviations from three independent 
experiments) expressed in %. 
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Figure 3. Protein profile of (A) L. amazonensis (PH8) and (B) L. braziliensis (M2903) by SDS-PAGE (14%) in 
reduced condition after treatment. Lane 1: standard proteins; lanes 2 and 3: Leishmania without treatment; 
lanes 4 and 5: treatment with B. moojeni crude venom (25 µg); lanes 6 and 7: treatment with B. moojeni 
venom E5 fraction (5 µg); lanes 8 and 9: treatment with amphotericin B (25 µg). The gel was stained with 
Coomassie blue R-250. The results presented are representative of three other experiments performed 
independently.
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moojeni crude venom and E5 fraction presented 
inhibitory activities on parasite viability in a dose-
dependent manner (Figure 2). L. amazonensis 
was demonstrated to be sensitive to crude venom 
(≥ 0.78 µg) and E5 fraction (≥ 0.156 µg) (Figure 
2 – A and B). L. braziliensis was affected only by 
higher doses of crude venom (25 and 12.5 µg) 
and lower concentration of E5 fraction (0.156 
µg), and showed enhancement in viability at the 
highest doses of E5 fraction (Figure 2 – A and B). 
Besides, both Leishmania strains were sensitive 
to amphotericin B in all analyzed doses (Figure 
2 – C). Statistical analysis among amphotericin 
B, crude venom and E5 fraction showed to 
be significant (p < 0.001). On the other hand, 
comparison between venom and E5 fraction 
showed no difference.

 In addition, the protein pattern of Leishmania 
treated with crude venom, E5 fraction and 
amphotericin-B was analyzed on SDS-PAGE. 
An interesting protein profile of L. amazonensis 
treated with crude venom was observed when 
compared to non-treated parasites. More 
specifically, a peptide with 64 kDa was apparently 
degraded in two other peptides of 56 and 51 kDa 
(Figure 3 – A). However, when L. amazonensis 
and L. braziliensis were treated with E5 fraction 
or amphotericin B, no protein degradation was 
observed (Figure 3 – A and B). 

Nitric Oxide Production by Leishmania 
after Treatment with B. moojeni Venom and 
Protein Fractions

NO levels were determined in supernatants 
from cultures of L. amazonensis and L. 
braziliensis treated with B. moojeni crude 
venom, E5 fraction or amphotericin B in 
different doses. By analysis of L. amazonensis 
supernatants, it was observed that crude venom 
(Figure 4 – A) and E5 fraction, mainly, (Figure 
4 – B) strongly inhibited NO production in 
different doses when compared with venom 
and amphotericin B (p < 0.001). On the other 
hand, when supernatants from L. braziliensis 
were analyzed (Figure 4), crude venom showed 
irregular inhibition of NO production (Figure 
4 – A), while it was observed enhancement in 
NO production by parasites treated with E5 
fractions (Figure 4 – B) at any concentration. 
Treatment of L. braziliensis with amphotericin-B 
led to enhance of NO production in a dose-
dependent manner (Figure 4 – C).

Figure 4. Effect of treatment on NO production by 
L. amazonensis (PH8) and L. braziliensis (M2903). 
NO levels were determined in supernatants from 
cultures of Leishmania treated with (A) B. moojeni 
crude venom, (B) B. moojeni venom E5 fraction and 
(C) amphotericin B, in different doses, or without 
treatment (medium). Columns shown nitrite (NO2) 
levels (means ± standard deviations from three 
independent experiments) expressed in µM.

viability by MTT test. However, only the E5 
fraction showed activity, while the others 
fractions (E1, E2, E3 and E4) revealed irregular 
viability alterations. It was observed that both B. 
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DISCUSSION

B. moojeni Venom Fractioning and Its Effect 
on Parasite Viability and Protein Pattern 
Expression

Biochemical studies in Leishmania spp. have 
focused on the extracellular promastigote form, 
instead of the intracellular amastigote form, since 
promastigotes are easier to culture in vitro. In our 
study, the assessment of the effects of B. moojeni 
venom on Leishmania promastigotes was carried 
out after DEAE-Sephacel chromatography. Venom 
fractionation by ion exclusion chromatography 
resulted in five fractions. A strongly stained band 
of 15 kDa observed in E1 fraction could probably 
be myotoxin (22, 23). E2 fraction presented a 
band corresponding to 24 kDa, and it could be 
metalloproteinase and the proteins present in this 
fraction showed substantial proteolytic activity 
towards azocasein and fibrinogen (data not 
shown). Three major bands were observed for E3 
fraction, and the 36 kDa peptide appears to belong 
to the proteases family with an anti-thrombosis 
effect (24). When analyzing the protein pattern of 
E5 fraction, bands with lower intensity but clearly 
stained with molecular weight of 15 and 35 kDa 
were observed. However, these fractions that were 
detected could be corresponding to L-amino acid 
oxydase (LAAO), a 70 kDa protein, responsible 
for the yellow stain of the crude venom and also 
known for its anti-parasite effect (25).

In this study, the effect of B. moojeni venom on 
Leishmania viability was tested using MTT assay 
for cell viability after incubation with crude venom 
and its fractions obtained by chromatography. We 
demonstrated that crude venom reduces viability 
of both species, although L (L.) amazonensis was 
demonstrated to be sensitive to crude venom (≥ 
0.78 µg) and L (V.) braziliensis was demonstrated 
to be sensitive only in the presence of higher doses 
of crude venom (25 and 12.5 µg). Among the 
fractions, only E5 affects L. amazonensis viability 
(≥ 0.156 µg). These results indicate that the crude 
venom and its fractions act differently on each 
species of parasite. It is possible to explain the 
aforementioned differences by considering the 
contribution of the parasite genotype to parasite 
virulence and pathogenesis (26).

B. moojeni venom also influenced the protein 
pattern of Leishmania spp. As a variable protein 
profile for Leishmania spp. treated or not with B. 
moojeni venom and its fractions was observed 

by SDS-PAGE. In fact, Leishmania proteins 
identified by various methods in various species 
have a wide range of characteristics (27). A 
band of 64 kDa presented a different profile 
after treatment with crude venom. These results 
suggest that B. moojeni venom changed the 
proteins from Leishmania either by inducing 
the production of new proteins or leading to 
degradation of proteins commonly produced. It 
was also observed that the crude venom changed 
the protein pattern of components from BHI 
medium supplemented with 10% FSB (data not 
shown). Based on these observations, we believe 
that the venom probably modified the medium 
components and then affected parasite growth 
due to environment changes. Moreover, it could 
lead to a parasite physiologic alteration with 
impact on its adaptation (28).

Crude Venom and Its Fractions Inhibited 
NO Production in Cultures of Leishmania 
amazonensis

L. amazonensis promastigotes produce NO, 
a free radical synthesized from L-arginine by 
nitric oxide synthase (NOS) (7). NO produced 
by high infective promastigotes is significantly 
increased when compared to low infective 
promastigotes. Thus, suggesting an association 
with parasite forms differentiation and its 
infectivity (7). Our findings indicated that 
different doses of E5 venom fraction and crude 
venom strongly inhibited NO production by L. 
amazonensis supernatants. On the other hand, 
when supernatants from L. braziliensis were 
verified, it was observed an enhancement in NO 
production by parasites treated with E5 venom 
fraction, in all doses analyzed, while the crude 
venom altered irregularly the NO production 
(Figure 4 – A). Thus, it is suggested that L. 
amazonensis infectivity could be altered due to 
the venom treatment, once its NO production 
was inhibited. The use of amphotericin B did not 
alter the protein profile neither NO production 
by Leishmania spp. It is worth mentioning that 
neither B. moojeni crude venom and E5 fraction 
nor amphotericin B decreased NO production by 
L. braziliensis. On the contrary, it was observed an 
increase in NO production after treatment with 
these drugs. Therefore, we can argue if the NO 
pathway would be restricted to L. amazonensis 
and not a common feature among Leishmania 
species.
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Amphotericin B acts on ergosterol, a steroid 
present in the membrane of Leishmania, by 
increasing the permeability of the cell membrane. 
As consequence, it promotes an ion flux into the 
parasite, thus leading to parasite death (29). B. 
moojeni venom appears to act in a different way. 
Gonçalves et al. (30) demonstrated mitochondrial 
alterations by electronic microscopy after 
treatment with Bothrops jararaca venom 
and a possible explanation for the observed 
mitochondrial swelling may be that venom 
inhibited the parasite respiratory chain, thus 
lowering ATP levels, leading to mitochondrial 
swelling and finally to parasite death.

This report demonstrated in vitro effects of B. 
moojeni crude venom and its protein fractions on 
L. amazonensis and L. braziliensis promastigote 
forms. Our data corroborate results previously 
obtained by Tempone et al. (25), who showed 
that L-amino acid oxidase from crude venom 
of B. moojeni presented a in vitro killing effect 
against Leishmania spp. Our data showed that in 
vitro treatment of L. amazonensis promastigotes 
with B. moojeni E5 venom fraction and crude 
venom inhibited NO production and modified 
the protein expression profile. In addition, we 
observed reduced promastigote viability after 
treatment. Taken together, these data suggest 
that B. moojeni E5 venom fraction could have 
components with a promising leishmanicidal 
activity.
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