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ABSTRACT. The effect of 2-pyridinecarboxylic acid (picolinic acid) on trypanosomes of the 
subgenus Schizotrypanum isolated from the bat Phyllostomus hastatus was determined in this study. 
Picolinic acid, at 50 μg mL-1, inhibited epimastigote growth by 99% after 12 days incubation. In 
addition, trypomastigote motility decreased by 50% after 6h and completely after 24h in the 
presence of 50 μg mL-1 picolinic acid. The 50% cytotoxic concentration on HEp-2 cell line was 
275 μg mL-1 after 4 days incubation. Altogether, these results indicate higher toxicity against 
trypanosomes. The inhibitory effect of picolinic acid on epimastigote growth can be partially 
reversed by nicotinic acid and L-tryptophan, suggesting a competitive inhibition. Furthermore, 
two anti-Trypanosoma (Schizotrypanum) cruzi drugs were also evaluated with regard to bat 
trypanosome growth. Benznidazole, at 50 μg mL-1, inhibited epimastigote growth by 90% after 
12 days incubation. Nifurtimox, at the same concentration, caused 96% growth inhibition after 
four days incubation. Corroborating a previous study, bat trypanosomes are a good model for 
screening new trypanocidal compounds. Moreover, they can be used to study many biological 
processes common to human pathogenic trypanosomatids. 
Keywords: bat trypanosome, Schizotrypanum, 2-pyridinecarboxylic acid, antimicrobial activity. 

RESUMO. Atividade in vitro do ácido 2-piridinocarboxílico em tripanossoma do 
subgênero Schizotrypanum isolado do morcego Phyllostomus hastatus. O efeito do ácido 2-
piridinocarboxílico (ácido picolínico) sobre um tripanossoma do subgênero Schizotrypanum 
isolado do morcego Phyllostomus hastatus foi determinado neste estudo. O ácido picolínico, na 
concentração de 50 μg mL-1, inibiu 99% do crescimento de epimastigotas após 12 dias de 
incubação. Além disso, houve um decréscimo de 50 e 100% na mobilidade dos tripomastigotas 
após 6 e 24h, respectivamente, em presença de ácido picolínico na concentração de 50 μg mL-1. A 
concentração citotóxica 50% para células HEp-2 foi de 275 μg mL-1 após quatro dias de 
incubação. Esses resultados indicam maior toxicidade contra os tripanossomas. O efeito inibitório 
do ácido picolínico sobre o crescimento de epimastigotas pode ser parcialmente revertido por 
ácido nicotínico e L-triptofano, sugerindo inibição competitiva. Adicionalmente, o efeito de dois 
fármacos com atividade anti-Trypanosoma (Schizotrypanum) cruzi foi avaliado sobre o crescimento 
do tripanossoma de morcego. Benzonidazol, na concentração de 50 μg mL-1, inibiu 90% do 
crescimento de epimastigotas após 12 dias de incubação. Nifurtimox, na mesma concentração, 
causou 96% de inibição do crescimento após quatro dias de incubação. Corroborando trabalhos 
anteriores, tripanossomas de morcegos são bons modelos para seleção inicial de novos compostos 
tripanocidas. Além disso, eles podem ser utilizados para estudar vários processos biológicos 
comuns aos tripanossomatídeos patogênicos ao homem.  
Palavras chave: tripanossomas de morcegos, Schyzotrypanum, ácido 2-piridinocarboxílico, atividade 

antimicrobiana. 

Introduction 

The subgenus Schizotrypanum includes several 
trypanosome species that are difficult to discriminate 
morphologically (HOARE, 1972). Whereas 
Trypanosoma (Schizotrypanum) cruzi, the causative agent 
of Chagas’ disease, infects humans  and  a  wide  variety 

of mammalian hosts, all other Schizotrypanum species 
are restricted to bat species of the order Chiroptera 
(BARNABE et al., 2003). 

Chagas’ disease (CHAGAS, 1909) is an endemic 
disease affecting more than 15 million individuals in 
Latin America (GUHL; LAZDINS-HELDS, 2007). 
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This disease has a variable clinical manifestation 
ranging from symptomless infection to severe 
chronic disease with cardiovascular or 
gastrointestinal involvement (PRATA, 2001). 
There is no vaccine against T. cruzi infection, and 
the currently available drugs (nifurtimox and 
benznidazole) are active in acute or short-term 
chronic infections but have limited efficacy 
during the chronic phase of the disease 
(URBINA; DOCAMPO, 2003). Both drugs have 
severe side-effects which can lead to 
discontinuation of treatment, and strains that are 
naturally resistant to them have been reported 
(FILARDI; BRENER, 1987; LÉON-PÉREZ et 
al., 2007). Furthermore, T. cruzi develops 
benznidazole resistance during experimental 
infection in mice (SANTOS et al., 2008). 
Therefore, there is a need for the development of 
new and more efficacious anti-T. (S.) cruzi drugs. 

Active antitrypanosomal compounds are usually 
detected by their suppressive effects on parasitemia 
and the decrease in mortality rates of experimentally 
infected animals (ROMANHA et al., 2010). Such an 
experimental system requires several laboratory 
procedures, which can thereby result in a high risk 
of accidental infection with T. (S.) cruzi and high 
costs. Therefore, in vitro tests using culture forms 
and growth inhibition criteria have lower costs, 
produce rapid results, and require small amounts of 
the compounds to be tested (DUARTE et al., 2002; 
IZUMI et al., 2008; ROMANHA et al., 2010; 
SCHLEMPER et al., 1977). In order to circumvent 
the risk of infection, trypanosomatids non-
pathogenic to humans have been used as a model for 
the initial screening of antitrypanosomal drugs 
(BACCHI et al., 1974; BAKER; SELDEN, 1981; 
DUARTE et al., 2002; HOLETZ et al., 2003; 
MAGÁN et al., 2004; PEDROSO et al., 2006). 

Bat trypanosomes of the subgenus 
Schizotrypanum have a cosmopolitan distribution 
and can be discriminated from T. (S.) cruzi by 
biological and genetic features (BAKER et al., 
1978; BARNABE et al., 2003; HAMANAKA; 
PINTO, 1993; PETRY et al., 1986; PINTO et al., 
1996; STEINDEL et al., 1998; TEIXEIRA et al., 
1993). This protozoan can be easily cultivated in 
axenic medium, and in general, the growth 
characteristics are similar to those of T. (S.) cruzi. 
However, the bat trypanosome does not grow at 
37oC, and it has not been detected in fresh blood 
samples or hemocultures of inoculated mice 
(BAKER et al., 1978; HAMANAKA; PINTO, 
1993; PINTO et al., 1987). These features make 
bat trypanosomes suitable as a model for 

screening new trypanocidal compounds 
(DUARTE et al., 2002) and for studying 
biological events common to pathogenic 
trypanosomatids. 

Picolinic acid is a naturally occurring end-
product of L-tryptophan catabolism via the 
kynurenine pathway, and its production is catalyzed 
by picolinic carboxylase (MEHLER, 1956). Several 
functions have been attributed to picolinic acid, 
including cell cycle control (FERNANDEZ-POL et 
al., 1977), metal-chelation (EVANS; JOHNSON, 
1980), antitumor activity in mice (LEUTHAUSER 
et al., 1982), and modulation of macrophage 
(BOSCO et al., 2003; MUCCI et al., 2003) and 
neutrophil (ABE et al., 2004) functions. 

The effects of picolinic acid and derivatives on 
various microorganisms have been reported. 
Accordingly, Escherichia coli growth and Bacillus 
subtilis sporulation are transiently inhibited by 
picolinic acid because of its metal-chelating property 
(COLLINS et al., 1979; FORTNAGEL; FREESE, 
1968). The growth of Mycobacterium avium complex 
organisms was also inhibited by picolinic acid (CAI 
et al., 2006). Antiviral activity against human 
immunodeficiency virus-1 and human herpes 
simplex virus-2 infected cells was demonstrated by 
Fernandez-Pol et al. (2001). In addition, picolinic 
acid is a potent costimulus in the induction of 
macrophage - or neutrophil-mediated microbicidal 
activity against Candida albicans (ABE et al., 2004; 
MUCCI et al., 2003) and M. avium (CAI et al., 2006; 
PAIS; APPELBERG, 2000). 

In this study, the effect of 2-pyridinecarboxylic 
acid (picolinic acid), a catabolite of L-tryptophan, 
was tested against trypanosomes of the subgenus 
Schizotrypanum isolated from the bat Phyllostomus 
hastatus. The cytotoxicity of picolinic acid against 
HEp-2 (human larynx carcinoma squamous cell) 
cells was also evaluated. 

Material and methods 

Reagents: The reagents used in this study were 
obtained from the following companies. Bayer 
(São Paulo State, Brazil): 3-methyl-4-(5’-
nitrofurfurylidene-amino)-tetrahydro-4-2H-1,4-
thiazine-1,1-dioxide (nifurtimox). Biobrás (Minas 
Gerais State, Brazil): brain heart infusion (BHI) 
medium. Microbiologica (Rio de Janeiro State, Brazil): 
fetal bovine serum. Roche Pharmaceuticals (Rio de 
Janeiro State, Brazil): N-benzyl-2-nitro-1H-
imidazolacetamide (benznidazole). Sigma Chemical 
Co. (St Louis, USA): picolinic acid, L-tryptophan, 
nicotinic acid and nicotinamide.  
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Preparation of solutions: Stock solutions (10 mg 
mL-1) of L-tryptophan, nicotinic acid, picolinic acid 
and nicotinamide were prepared in water, and 
benznidazole and nifurtimox were prepared in 10% 
DMSO (v v-1). These solutions were sterilized by 
filtration (0.22 μm, Millipore, São Paulo State, 
Brazil) and added aseptically only once to growth 
medium at determined concentrations. 

Microorganism: Stock M5 of Schizotrypanum was 
isolated from the bat Phyllostomus hastatus which was 
captured in Lapa Vermelha cavern in Pedro 
Leopoldo, Minas Gerais State, Brazil (PINTO et al., 
1987). This isolate was cultured in blood agar 
medium, and M5-2 strain was obtained and used in 
all experiments of this study. Epimastigote forms of 
the flagellate were maintained at 28oC in BHI 
medium supplemented with 10% (v v-1) heat-
inactivated fetal bovine serum and 0.2% (v v-1) rabbit 
hemoglobin, pH 7.3 (growth medium). 

Antitrypanosomal activity: Epimastigotes of M5-
2 strain in logarithmic growth phase (5 x 105 cells) 
were added to 18 x 180 mm screw-capped tubes 
containing 2 mL of growth medium with 10 or 50 
μg mL-1 picolinic acid added. The cultures were 
incubated at 28oC, and cell growth was estimated by 
direct counting in a hemocytometer (Improved 
Double Neubauer) at 24h intervals for 12 days. 
Benznidazole and nifurtimox were used as reference 
drugs. Trypomastigote forms were obtained by 
spontaneous differentiation at 28oC of M5-2 
epimastigotes in growth medium (15 to 20 days). 
These parasites were then harvested by 
centrifugation at 1500 g for 10 min., washed in 
sterile 10 mM phosphate buffer, pH 7.2, and cells 
counted. Parasites (5 x 105 cells) were incubated 
with 10 or 50 μg mL-1 picolinic acid in the same 
buffer at 28oC, and cell motility was observed with a 
light microscope after 4, 6, 12 and 24h. The results 
were expressed as described in the legend of Table 1. 
All experiments were performed in duplicate on 
three different occasions. Growth medium (or 
buffer) alone or containing a determined DMSO 
concentration was used as the negative control.  

Cytotoxicity assay: HEp-2 cells (human larynx 
carcinoma, ATCC, CCL-23) were cultured in 
Dulbecco´s modified Eagle´s medium [DMEM 
(Invitrogen-Gibco, USA)] supplemented with 10%  
(v v-1) heat-inactivated fetal bovine serum, 2 mM L-
glutamine, 100 IU mL-1 penicillin, 100 μg mL-1 
streptomycin and 2.5 μg mL-1 amphoterecin B, in 
5% CO2 at 37oC. The cells were added to 96 well 
culture plate at a density of 1 x 105 cells/well and 
incubated for 24h. At confluence, non-adherent cells 
were removed by washing with sterile PBS. The 

medium containing different concentrations of 
picolinic acid (1200 – 1.12 μg mL-1) were added to 
each well containing the cells, and the plates were 
incubated for 96h. Cell viability was determined by 
the MTT [dimethylthiazol diphenyl tetrazolium 
bromide (Sigma Chemical Co., USA)] method 
according to the manufacture´s recommendation. 
The concentration of the compounds needed to 
inhibit the viable cells up to 50% by regression 
analysis corresponds to the 50% cytotoxic 
concentration (CC50) after 4 days incubation. 

Table 1. Effect of picolinic acid on motility of trypomastigote 
forms from bat trypanosomes. 

Time (h) 
Systems Chemical structure

Concentration 
(μg mL-1) 0 6 12 24 

None   +++ +++ +++ +++

10 +++ +++ +++ +++
Picolinic acid 
(PA) 

N COOH

 
50 +++ ++ + - 

Nicotinic acid

N

COOH

100 +++ +++ +++ +++

L-Tryptophan
NH

O

OH

NH2

 

100 +++ +++ +++ +++

PA+nicotinic  50 + 100 +++ +++ ++ + 
PA+L-
tryptophan 

 50 + 100 +++ +++ ++ ++ 

The compounds were tested as described in Material and Methods. The results are the 
average of three determinations and expressed as number of motile trypomastigotes: 
+++, the same number of motile trypomastigotes as the control; ++, less than 50% of 
the control; +, less than 10% of the control; -, no mobile trypomastigotes were seen. 

Effect of L-tryptophan, nicotinic acid and 
nicotinamide on picolinic acid inhibitory activity: 
The experiments using epimastigote and 
trypomastigote forms were performed as above, 
except that L-tryptophan, nicotinic acid and 
nicotinamide were added (100 μg mL-1 final 
concentration) aseptically to the growth medium or 
phosphate buffer containing 50 μg mL-1 picolinic 
acid. Controls in the absence of picolinic acid were 
performed. The results were evaluated by the 
Tukey-Kramer test, using the software Statistics for 
Windows, version 6.0 (Statsoft, Inc., Oklahoma city, 
Okla., USA). A p value less than 0.05 was 
considered significant. 

Results and discussion 

Bat trypanosomes can be separated into three 
distinct groups using genetic markers - two from 
Europe (Trypanosoma dionisii and Trypanosoma 
vespertilionis) and one from the Americas (Trypanosoma 
marinkellei). The latter is more related to T. (S.) cruzi 
than the European isolates (BAKER et al., 1978; 
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BARNABE et al., 2003), but as mentioned, bat 
trypanosomes do not grow under conditions that exist 
in humans (BAKER et al., 1978; HAMANAKA; 
PINTO, 1993; PINTO et al., 1987). Therefore, bat 
trypanosomes can be used for the initial screening of 
new antitrypanosomal drugs (DUARTE et al., 2002). 
In support of this notion, we determined the 
susceptibility of bat trypanosomes to drugs used in the 
treatment of Chagas’ disease. Benznidazole and 
nifurtimox are active against epimastigote forms of bat 
trypanosomes, producing a high percentage of growth 
inhibition at both drug concentrations tested (10 and 
50 μg mL-1). While benznidazole causes growth 
inhibition greater than 90% after 12 days incubation, 
nifurtimox inhibited growth by 96% after two and four 
days incubation in the presence of 10 and 50 μg mL-1, 
respectively. 

In this study, we also examined the effect of 
picolinic acid on the growth of epimastigote forms and 
the motility of trypomastigote forms of M5-2 strain of 
Schizotrypanum trypanosomes isolated from bat 
Phyllostomus hastatus. An inhibitory effect on cell growth 
was observed when epimastigotes of bat trypanosomes 
were treated with 50 μg mL-1 picolinic acid, and 
approximately 50% inhibition was detected after 4 days 
incubation. After 12 days incubation, this compound 
inhibited epimastigote’s growth by 99% (Figure 1). 
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Figure 1. Effect of picolinic acid on growth of bat trypanosomes of 
the subgenus Schizotrypanum. Epimastigote forms were cultivated at 
28oC in growth medium supplemented with 10 and 50 μg mL-1 
picolinic acid, and cell growth was estimated by direct counting in a 
hemocytometer at 24h intervals for 12 days. Growth medium alone 
was used as control. The results are the average of three experiments 
in duplicate and expressed as log of cell numbers. () Control cells; 
(▲) 10 μg mL-1; and (■) 50 μg mL-1. 

The number of motile trypomastigotes decreased 
(50%) after 6h in the presence of 50 μg mL-1 picolinic 
acid, and after 24h no motile trypomastigotes were 
observed. This effect was delayed when 100 μg mL-1 of 
nicotinic acid or L-tryptophan were added with 50 μg 
mL-1 picolinic acid. No significant effect on the 
trypomastigotes’ motility was observed in the presence 

of only 10 μg mL-1 picolinic acid, and 100 μg mL-1 of 
nicotinic acid or L-tryptophan (Table 1). 

The 50% cytotoxic concentration of picolinic 
acid after 4 days incubation (CC50/4d) of HEp-2 cells 
was 275 μg mL-1, indicating higher selective toxicity 
of the compound against trypanosomes compared to 
mammalian cells. 

The mechanisms of action of picolinic acid 
regarding the inhibitory effects on M5-2 
trypanosomes are unclear. 3-Mercaptopicolinic acid, 
a structural analogue of picolinic acid, has been 
reported to be an inhibitor of phosphoenolpyruvate 
carboxykinase from hepatic cells of rats and guinea 
pigs (JOMAIN-BAUM et al., 1976) and birds 
(MAKINEN; NOWAK, 1983). This enzyme 
catalyzes the reversible conversion of oxalacetate to 
phosphoenolpyruvate, a central reaction of 
gluconeogenesis, and has a strict requirement for 
divalent metal ions for activity (UTTER; 
KOLENBRANDER, 1972). 3-Mercaptopicolinic 
acid also inhibits phosphoenolpyruvate 
carboxykinase from T. (S.) cruzi (URBINA et al., 
1990). However, in contrast to its role in other 
organisms, this enzyme has been shown to be 
responsible for the incomplete degradation of 
carbohydrates, and it is an important enzyme in 
amino acid catabolism and energy production in  
T. (S.) cruzi (URBINA, 1994). 

On the other hand, picolinic acid is a structural 
analogue of nicotinic acid (3-pyridinecarboxylic 
acid) and nicotinamide which are supplied in 
chemically defined medium for trypanosomatid 
growth (MELO et al., 1985; ROITMAN et al., 
1972). Nicotinic acid and nicotinamide are 
precursors of an essential cellular cofactor, 
nicotinamide adenine dinucleotide (NAD), and in 
their absence, L-tryptophan can be a source for de 
novo NAD biosynthesis (MOFFETT; 
NAMBOODIRI, 2003; NISHIZUKA; HAYAISHI, 
1963). These cofactors can participate in many 
critical cellular reactions, including energy 
production (NELSON; COX, 2000) and DNA 
repair (WACHSMAN, 1996). 

The effects of picolinic acid are partially reversed 
by nicotinic acid (Figure 2A, p < 0.001) and  
L-tryptophan (Figure 2B, p < 0.01). Therefore, it is 
possible that picolinic acid could compete with 
nicotinic acid and alter its cell functions. Nishizuka 
and Hayaishi (1963) showed that NAD biosynthesis 
from L-tryptophan in mammalian hepatic and 
kidney cells appears to be inversely related to 
picolinic carboxylase activity. Interestingly, our study 
showed that nicotinamide did not prevent the growth 
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inhibitory effect of picolinic acid on trypanosomes 
(data not shown). Bat trypanosomes probably 
synthesize NAD only from nicotinic acid. Further 
studies are needed to elucidate the mechanism of the 
antitrypanosomal activity of picolinic acid. 
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Figure 2. Effect of nicotinic acid (A) and tryptophan (B) on 
growth inhibition of picolinic acid. Epimastigote forms were 
cultivated at 28oC in growth medium supplemented with 50 
μg mL-1 picolinic and 100 μg mL-1 nicotinic acid, and cell 
growth was estimated by direct counting in a hemocytometer 
at 24h intervals for 12 days. Growth medium alone was used 
as control. The results are the average of three experiments in 
duplicate and expressed as log of cell numbers. () Control 
cells; (■) Picolinic acid; (Δ) Picolinic acid + nicotinic acid  
(p < 0.001); and (□) Picolinic acid + L-tryptophan (p < 0.01). 

Conclusion 

As mentioned, various studies utilize non-
pathogenic trypanosomatids as useful experimental 
models which can help in the understanding of the 
biology, physiology and host-parasite relationship of 
species pathogenic to humans (LIU et al., 2005; 
MITTRA; RAY, 2004). Our results showed that this 
flagellate is sensitive to drugs that are active against  
T. (S.) cruzi, demonstrating their usefulness as a 
reliable model for the initial selection of substances 
with potential inhibitory activity on the growth of this 
pathogenic microorganism, as described by others 
(DUARTE et al., 2002). 

Acknowledgements 

We thank Dr. A. Leyva for English language 
editing of the manuscript. This work was supported 
by grants from Conselho Nacional de 
Desenvolvimento Científico e Tecnológico 
(CNPq), Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES) and Pro-
Reitoria de Pesquisa e Pós Graduação (PROPPG) of 
the Universidade Estadual de Londrina (UEL). 

References 

ABE, S.; HU, W.; ISHIBASHI, H.; HASUMI, K.; 
YAMAGUCHI, H. Augmented inhibition of Candida 
albicans growth by murine neutrophils in the presence of a 
tryptophan metabolite, picolinic acid. Journal of 
Infection and Chemotherapy, v. 10, n. 3, p. 181-184, 
2004. 
BACCHI, C. J.; LAMBROS, C.; GOLDBERG, B.; 
HUTNER, S. H.; CARVALHO, G. D. Susceptibility of 
an insect Leptomonas and Crithidia fasciculata to several 
established antitrypanosomatid agents. Antimicrobial 
Agents and Chemotherapy, v. 6, n. 6, p. 785-790, 1974. 
BAKER, J. R.; MILES, M. A.; GODFREY, D. G.; 
BARRET, T. V. Biochemical characterization of some 
species of Trypanosoma (Schizotrypanum) from bats 
(Microchiroptera). The American Journal of Tropical 
Medicine and Hygiene, v. 27, n. 3, p. 483-491, 1978. 
BAKER, J. R.; SELDEN, L. F. Trypanosoma 
(Schyzotrypanum) dionisii as a model for chemotherapeutic 
studies related to Chagas’s disease. Transactions of the 
Royal Society of Tropical Medicine and Hygiene,  
v. 75, n. 1, p. 80-85, 1981. 
BARNABE, C.; BRISSE, S.; TIBAYRENC, M. Phylogenetic 
diversity of bat trypanosomes of subgenus Schizotrypanum 
based on multilocus enzyme electrophoresis, random 
amplified polymorphic DNA, and cytochrome b nucleotide 
sequence analyses. Infection, Genetics and Evolution,  
v. 2, n. 3, p. 201-208, 2003. 
BOSCO, M. C.; RAPISARDA, A.; REFFO, G.; 
MASSAZZA, S.; PASTORINO, S.; VARESIO, L. 
Macrophage activating properties of the tryptophan 
catabolite picolinic acid. Advances in Experimental 
Medicine and Biology, v. 527, p. 55-65, 2003. 
CAI, S.; SATO, K.; SHIMIZU, T.; YAMABE, S.; 
HIRAKI, M.; SANO, C.; TOMIOKA, H. Antimicrobial 
activity of picolinic acid against extracellular and 
intracellular Mycobacterium avium complex and its 
combined activity with clarithromycin, rifampicin and 
fluoroquinolones. The Journal of Antimicrobial 
Chemotherapy, v. 57, n. 1, p. 85-93, 2006. 
CHAGAS, C. Nova tripanosomíase humana. Estudo 
sobre a morfologia e o ciclo evolutivo do Schizotrypanum 
cruzi gen. n. sp., agente etiológico de nova entidade 
mórbida no homem. Memórias do Instituto Oswaldo 
Cruz, v. 1, p. 159-218, 1909. 

COLLINS, J. J.; ADLER, C. R.; FERNANDEZ-POL, J. 
A.; COURT, D.; JOHNSON, G. S. Transient growth 

5 

6 

7 

8 

0 2 4 6 8 10 12

5 

6 

7 

8 

0 2 4 6 8 10 12



442 Corrêa et al. 

Acta Scientiarum. Biological Sciences Maringá, v. 33, n. 4, p. 437-443, 2011 

inhibition of Escherichia coli K-12 by iron chelators: in vivo 
inhibition of ribonucleic acid synthesis. Journal of 
Bacteriology, v. 138, n. 3, p. 923-932, 1979. 
DUARTE, L.; VIEIRA FILHO, S. A.; SILVA, G. D. F.; 
SOUSA, J. R.; PINTO, A. S. Anti-trypanosomal activity of 
pentacyclic triterpenes isolated from Austroplenckia populnea 
(Celastraceae). Revista do Instituto de Medicina 
Tropical de São Paulo, v. 44, n. 2, p. 109-112, 2002. 
EVANS, G. W.; JOHNSON, P. E. Characterization and 
quantification of a zinc-binding ligand in human milk. 
Pediatric Research, v. 14, n. 7, p. 876-880, 1980. 
FERNANDEZ-POL, J. A.; BONO JR., V. H.; 
JOHNSON, G. S. Control of growth by picolinic acid: 
differential response of normal and transformed cells. 
Proceedings of the National Academy of Sciences of 
the United States of America, v. 74, n. 7, p. 2889-2893, 
1977. 
FERNANDEZ-POL, J. A.; KLOS, D. J.; HAMILTON, 
P. D. Antiviral, cytotoxic and apoptotic activities of 
picolinic acid on human immunodeficiency virus-1 and 
human herpes simplex virus-2 infected cells. Anticancer 
Research, v. 21, n. 6, p. 3773-3776, 2001. 
FILARDI, L. S.; BRENER, Z. Susceptibility and natural 
resistance of Trypanosoma cruzi strains to drugs used 
clinically in Chagas’ disease. Transactions of the Royal 
Society of Tropical Medicine and Hygiene, v. 81,  
n. 5, p. 755-759, 1987. 
FORTNAGEL, P.; FREESE, E. Inhibition of aconitase by 
chelation of transition metals causing inhibition of 
sporulation in Bacillus subtilis. The Journal of Biological 
Chemistry, v. 243, n. 20, p. 5289-5295, 1968. 
GUHL, F.; LAZDINS-HELDS, J. K. Reporte sobre la 
enfermedad de Chagas. Special programme for research 
and training in tropical diseases of World Health 
Organization. Buenos Aires: WHO, 2007. p. 1-104. 
HAMANAKA, S. I.; PINTO, A. S. Growth and 
differentiation on a trypanosome of the subgenus 
Schizotrypanum from the bat Phyllostomus hastatus. Revista 
da Sociedade Brasileira de Medicina Tropical, v. 26, 
n. 4, p. 225-230, 1993. 
HOARE, C. A. The trypanosomes of mammals. A 
zoological monograph. Oxford: Blackwell Scientific 
Publications, 1972. 
HOLETZ, F. B.; UEDA-NAKAMURA, T.; DIAS-
FILHO, B. P.; CORTEZ, D. A. G.; MORGADO-DÍAZ, 
J. A.; NAKAMURA, C. V. Effect of essential oil of 
Ocimum gratissimum on the trypanosomatid Herpetomonas 
samuelpessoai. Acta Protozoologica, v. 42, n. 4,  
p. 269-276, 2003. 

IZUMI, E.; MORELLO, L. G.; UEDA-NAKAMURA, 
T.; YAMADA-OGATTA, S. F.; DIAS FILHO, B. P.; 
CORTEZ, D. A.; FERREIRA, I. C.; MORGADO-DÍAZ, 
J. A.; NAKAMURA, C. V. Trypanosoma cruzi: 
antiprotozoal activity of parthenolide obtained from 
Tanacetum parthenium (L.) Schultz Bip. (Asteraceae, 
Compositae) against epimastigote and amastigote forms. 
Experimental Parasitology, v. 118, n. 3, p. 324-330, 
2008. 

JOMAIN-BAUM, M.; SCHRAMM, V. L.; HANSON, 
R. W. Mechanism of 3-mercaptopicolinic acid inhibition 
of hepatic phosphoenolpyruvate carboxykinase (GTP). 
The Journal of Biological Chemistry, v. 251, n. 1,  
p. 37-44, 1976. 
LEÓN-PÉREZ, F.; GÓMEZ-GARCIA, L.; 
ALEJANDRE-AGUILAR, R.; LÓPEZ, R.; MONTEÓN, 
V. M. Mexican Trypanosoma cruzi isolates: in vitro 
susceptibility of epimastigotes to anti-Trypanosoma cruzi 
drugs and metacyclic forms to complement-mediated 
lysis. Vector Borne and Zoonotic Diseases, v. 7, n. 3, 
p. 330-336, 2007. 
LEUTHAUSER, S. W.; OBERLEY, L. W.; OBERLEY, T. 
D. Antitumor activity of picolinic acid in CBA/J mice. 
Journal of the National Cancer Institute, v. 68, n. 1, 
p. 123-126, 1982. 
LIU, W.; ARENDT, C. S.; GESSFORD, S. K.; NTABA, 
D.; CARTER, N. S.; ULLMAN, B. Identification and 
characterization of purine nucleoside transporters from 
Crithidia fasciculata. Molecular and Biochemical 
Parasitology, v. 140, n. 1, p. 1-12, 2005. 
MAGÁN, R.; MARÍN, C.; SALAS, J. M.; BARRERA-
PÉREZ, M.; ROSALES, M. J.; SÁNCHEZ-MORENO, 
M. Cytotoxicity of three new triazolo-pyrimidine 
derivatives against the plant trypanosomatid: Phytomonas 
sp. isolated from Euphorbia characias. Memórias do 
Instituto Oswaldo Cruz, v. 99, n. 6, p. 651-656, 2004. 
MAKINEN, A. L.; NOWAK, T. 3-Mercaptopicolinate. A 
reversible active site inhibitior of avian liver 
phosphoenolpyruvate carboxykinase. The Journal of 
Biological Chemistry, v. 258, n. 19, p. 11654-11662, 
1983. 
MEHLER, A. H. Formation of picolinic and quinolinic acids 
following enzymatic oxidation of 3-hydroxyanthranilic acid. 
The Journal of Biological Chemistry, v. 218, n. 1,  
p. 241-254, 1956. 
MELO, N. M.; AZEVEDO, H. P.; ROITMAN, I.; 
MAYRINK, W. A new defined medium for cultivating 
Leishmania promastigotes. Acta Tropica, v. 42, n. 2,  
p. 137-141, 1985. 

MITTRA, B.; RAY, D. S. Presence of a poly (A) binding 
protein and two proteins with cell cycle-dependent 
phosphorylation in Crithidia fasciculata mRNA cycling 
sequence binding protein II. Eukaryotic Cell, v. 3, n. 5, 
p. 1185-1197, 2004. 
MOFFETT, J. R.; NAMBOODIRI, M. A. Tryptophan 
and the immune response. Immunology and Cell 
Biology, v. 81, n. 4, p. 247-265, 2003. 

MUCCI, A.; VARESIO, L.; NEGLIA, R.; COLOMBARI, 
B.; PASTORINO, S.; BLASI, E. Antifungal activity of 
macrophages engineered to produce IFNγ: inducibility by 
picolinic acid. Medical Microbiology and Immunology, 
v. 192, n. 2, p. 71-78, 2003. 

NELSON, D. L.; COX, M. M. Lehninger Principles of 
Biochemistry. 3rd ed. New York: Worth Publishers, 
2000. 
NISHIZUKA, Y.; HAYAISHI, O. Studies on the 
biosynthesis of nicotinamide adenine dinucleotide. I. 



Effect of picolinic acid on bat trypanosome 443 

Acta Scientiarum. Biological Sciences Maringá, v. 33, n. 4, p. 437-443, 2011 

Enzymic synthesis of niacin ribonucleotides from 3-
hydroxyanthranilic acid in mammalian tissues. The 
Journal of Biological Chemistry, v. 238, n. 10, 
p. 3369-3377, 1963. 
PAIS, T. F.; APPELBERG, R. Macrophage control of 
mycobacterial growth induced by picolinic acid is 
dependent on host cell apoptosis. Journal of 
Immunology, v. 164, n. 1, p. 389-397, 2000. 
PEDROSO, R. B.; UEDA-NAKAMURA, T.; DIAS 
FILHO, B. P.; CORTEZ, D. A. G.; CORTEZ, L. E. R.; 
MORGADO-DIAZ, J. A.; NAKAMURA, C. V. 
Biological activities of essential oil obtained from 
Cymbopogon citratus on Crithidia deanei. Acta 
Protozoologica, v. 45, n. 3, p. 231-240, 2006. 
PETRY, K.; BALTZ, T.; SCHOTTELIUS, J. 
Differentiation of Trypanosoma cruzi, T. cruzi marinkellei,  
T. dionisii and T. vespertilionis by monoclonal antibodies. 
Acta Tropica, v. 43, n. 1, p. 5-13, 1986. 
PINTO, A. S.; RENAULT, C. P.; TAFURI, W. S.; 
CHIARI, E. Trypanosoma cruzi-like trypanosomes isolated 
from the bat Phyllostomus hastatus. Memórias do Instituto 
Oswaldo Cruz, v. 82, suppl. I, p. 53, 1987. 
PINTO, A. S.; TEIXEIRA, L. F.; SOUTO-PADRON, 
T.; ANDRADE, A. F. Cell surface analysis of 
trypanosomes of the subgenus Schizotrypanum isolated 
from bats. Parasite, v. 3, n. 2, p. 143-146, 1996. 
PRATA, A. Clinical and epidemiological aspects of Chagas 
disease. The Lancet Infectious Diseases, v. 1, n. 2,  
p. 92-100, 2001. 
ROMANHA, A. J.; CASTRO, S. L.; SOEIRO, M. N.; 
LANNES-VIEIRA, J.; RIBEIRO, I.; TALVANI, A.; 
BOURDIN, B.; BLUM, B.; OLIVIERI, B.; ZANI, C.; 
SPADAFORA, C.; CHIARI, E.; CHATELAIN, E.; 
CHAVES, G.; CALZADA, J. E.; BUSTAMANTE, J. M.; 
FREITAS-JUNIOR, L. H.; ROMERO, L. I.; BAHIA, M. 
T.; LOTROWSKA, M.; SOARES, M.; ANDRADE, S. 
G.; ARMSTRONG, T.; DEGRAVE, W.; ANDRADE Z. 
A. In vitro and in vivo experimental models for drug 
screening and development for Chagas disease. 
Memórias do Instituto Oswaldo Cruz, v. 105, n. 2,  
p. 233-238, 2010. 
ROITMAN, C.; ROITMAN, I.; AZEVEDO, H. P. 
Growth of an insect trypanosomatid at 37ºC in a defined 
medium. Journal of Eukaryotic Microbiology, v. 19,  
n. 2, p. 346-349, 1972. 
SANTOS, F. M.; CALDAS, S.; ASSIS, C. S. B.; 
CREPALDE, G. P.; LANA, M.; MACHADO-COELHO, 
G. L.; VELOSO, V. M.; BAHIA, M. T. Trypanosoma cruzi:

induction of benznidazole resistance in vivo and its 
modulation by in vitro culturing and mice infection. 
Experimental Parasitology, v. 120, n. 4, p. 385-390, 
2008. 
SCHLEMPER, B. R.; CHIARI, E.; BRENER, Z. 
Growth-inhibition drug test with Trypanosoma cruzi 
culture forms. Journal of Eukaryotic Microbiology,  
v. 24, n. 4, p. 544-547, 1977. 
STEINDEL, M.; GRISARD, E. C.; CARVALHO 
PINTO, C. J.; CORDEIRO, F. D.; RIBEIRO-
RODRIGUES, R.; ROMANHA, A. J. Characterization of 
trypanosomes from the subgenus Schizotrypanum isolated 
from bats, Eptesicus sp. (Chiroptera: Vespertilionidae), 
captured in Florianópolis, Santa Catarina State, Brazil. 
The Journal of Parasitology, v. 84, n. 3, p. 601-607, 
1998. 
TEIXEIRA, L. F. M.; GONÇALVES, A. M.; 
ROMANHA, A. J.; STEINDEL, M.; PINTO, A. S. 
Schizodeme and zymodeme analysis of trypanosomes of 
the subgenus Schizotrypanum from the bat. Parasitology 
Research, v. 79, n. 6, p. 497-500, 1993. 
URBINA, J. A. Intermediary metabolism of Trypanosoma 
cruzi. Parasitology Today, v. 10, n. 3, p. 107-110, 1994. 
URBINA, J. A.; DOCAMPO, R. Specific chemotherapy 
of Chagas disease: controversies and advances. Trends in 
Parasitology, v. 19, n. 11, p. 495-501, 2003. 
URBINA, J. A.; OSORNO, C. E.; ROJAS, A. Inhibition of 
phosphoenolpyruvate carboxykinase from Trypanosoma 
(Schizotrypanum) cruzi epimastigotes by 3-mercaptopicolinic 
acid: in vitro and in vivo studies. Archives of Biochemistry 
and Biophysics, v. 282, n. 1, p. 91-99, 1990. 
UTTER, M. F.; KOLENBRANDER, H. M. Formation 
of oxaloacetate by CO2 fixation on phosphoenolpyruvate. 
In: BOYER, P. D. (Ed.). The Enzymes. New York: 
Academic Press, 1972. v. 6, p. 117-168. 
WACHSMAN, J. T. The beneficial effects of dietary 
restriction: reduced oxidative damage and enhanced 
apoptosis. Mutation Research, v. 350, n. 1, p. 25-31, 
1996. 
 
 

Received on March 4, 2009. 
Accepted on April 6, 2010. 

 
 
License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

 


