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SUMMARY

The aim of this study was to evaluate the anti-trypanosomal effect of treatment with 3′-deoxyadenosine (cordycepin)
combined with deoxycoformycin (pentostatin: inhibitor of the enzyme adenosine deaminase) in vitro by using mice
experimentally infected withTrypanosoma evansi. In vitro, a dose-dependent trypanocidal effect of cordycepin was observed
against the parasite. In the in vivo trials, the two drugs were used individually and in combination of different doses. The
drugs when used individually had no curative effect on infected mice. However, the combination of cordycepin (2mg kg−1)
and pentostatin (2mg kg−1) was 100% effective in the T. evansi-infected groups. There was an increase in levels of some
biochemical parameters, especially on liver enzymes, which were accompanied by histological lesions in the liver and
kidneys. Based on these results we conclude that treatment using the combination of 3′-deoxyadenosine with
deoxycoformycin has a curative effect on mice infected with T. evansi. However, the therapeutic protocol tested led to
liver and kidney damage, manifested by hepatotoxicity and nephrotoxicity.
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INTRODUCTION

Trypanosoma evansi is the aetiological agent of the
disease known as ‘Mal das Cadeiras’ or ‘Surra’ in
horses. However, this parasite has also been reported
to affect domestic and wild mammals (Maudlin et al.
2004) and, in rare cases, humans (Powar et al. 2006).
Trypanosoma evansi is the most widely distributed of
the pathogenic African animal trypanosomes, affect-
ing animals in Asia, Africa and Latin America and
resulting in immeasurable economic losses (Luckins
and Dwinger, 2004; Dobson et al. 2009). It is
mechanically transmitted by haematophagous flies
such as Tabanus spp. and Stomoxys spp. and/or
vampire bats (Hoare, 1972). Infected animals showed
typical clinical signs such as anaemia, oedema,
weight loss and locomotor disturbance (Hoare,
1972; Maudlin et al. 2004).
Therapy for animal trypanosomiasis relies on the

use of diminazene aceturate which is effective for
treatment of the disease in cattle, buffalo, sheep, pigs
and camels (Peregrine and Mamman, 1993; Sirivan

et al. 1994). However, a single dose is not effective for
horses, mules and dogs (Tuntasuvan et al. 2003;
Colpo et al. 2005), resulting in lack of efficacy of these
drugs (Tuntasuvan et al. 2003; Da Silva et al. 2008).
In addition, the drugs used to treat T. evansi are
considered hepatotoxic and nephrotoxic (Spinosa
et al. 1999), and their prolonged use can cause
worsening of the disease. Thus, it is important to
investigate alternative therapies to improve the
success of the treatment using new drugs, drug
combinations and other components that could
increase the curative efficacy. Accordingly, some
studies have emerged suggesting new options of
treatment for trypanosomiasis.
A recent study showed low therapeutic efficacy of

the combination of cordycepin (3-deoxyadenosine)
with the inhibitor of adenosine deaminase (ADA1) in
mice infected with T. evansi (Da Silva et al. 2011a).
However, studies have shown efficacy of treatment
with cordycepin in T. brucei infection in mice
(Rottenberg et al. 2005; Vodnala et al. 2008, 2009).
The efficacy of the treatment is related to the
protection of cordycepin against the enzyme adeno-
sine deaminase (ADA), which is responsible
for the deamination of the analogue adenosine
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(Rottenberg et al. 2005; Vodnala et al. 2008, 2009).
However, this protocol requires the combination of
cordycepin with an inhibitor of ADA1 and ADA2

known as deoxycoformycin (Rottenberg et al. 2005),
a different inhibitor from that used in the study with
T. evansi.

The trypanocidal potential of cordycepin was
noticed in experiments performed in the 1970s
(Williamson, 1972; Williamson and Macadam,
1976). However, the administration of cordycepin
did not result in a complete cure of infection
(Aiyedun et al. 1973; Da Silva et al. 2011a).
Cordycepin targets a vulnerable pathway in the
trypanosomal metabolic economy in a way that is
not targeted by currently available drugs (Rottenberg
et al. 2005). Accordingly, the purine metabolism
in trypanosomes and in other parasites presents
a particular vulnerability because these parasites
cannot engage in a new purine synthesis (James and
Born, 1980; Hammond and Gutteride, 1984; Hassan
and Coombs, 1988). Rather, they depend on the
salvage pathway of nucleosides from the body fluids
of the host (Agarwal et al. 1975). The inability of
trypanosomes to engage in de novo purine synthesis
has been exploited as a therapeutic target (Vodnala
et al. 2009). Based on the aforementioned, we
designed an experiment to evaluate the susceptibility
of T. evansi in mice to treatment with a combination
of 3′-deoxyadenosine and deoxycoformycin.

MATERIALS AND METHODS

Reagents

3′-deoxyadenosine (Cordycepin) was purchased from
Sigma. Deoxycoformycin (Pentostatin; Tocris) was
used as an inhibitor of ADA. Unless otherwise
indicated, all reagents were diluted in PBS, aliquoted
and stored at –20 °C until further use. The medium
components used, except the antibiotics were pur-
chased from Sigma.

Trypanosoma evansi isolate

Trypanosoma evansi was originally isolated from a
naturally infected dog (Colpo et al. 2005). Two rats
(R1 and R2) were intraperitoneally infected with
blood cryopreserved in liquid nitrogen. The strain
was later reactivated to obtain a large quantity of
bloodstream forms of the parasite for subsequent
infection of mice that formed the experimental
groups and also for use in in vitro tests.

In vitro tests

Culture medium. The cultivation for T. evansi was
adapted from the method reported by Baltz (1985).
To prepare the culture medium, minimum essential
medium (MEM) without glutamine (0·376 g),

glutamine (0·016 g), sodium bicarbonate (0·088 g),
glucose (0·04 g), HEPES free acid (0·238 g), non-
essential amino acid solution (200 μL), penicillin
(1596 UmL−1) and estreptomicin (100 μgmL−1)
were used. The components were dissolved and
homogenized in 30mL of water, after adjustment of
the pH to 7·1 with NaOH. The volume of the
solution was then raised to 42mL with sterile
distilled water at an osmolarity of 0·30. Later, the
culture medium was sterilized by filtration at 0·22 μm
and stored in a refrigerator. On the day of testing,
10mL were separated into a Falcon tube to which
were added 1 μl mL−1 of 50 mM hypoxanthine
(dissolved in 0·1 M NaOH) and 2 μl mL−1 of 1·2
mM 2-mercaptoethanol. Subsequently, the complete
culture medium was equilibrated in a CO2 incubator
for 2 h (37 °C and 5% CO2).

Acquisition of trypanosomes. For the in vitro tests,
the trypomastigotes were obtained from rat No. 1
(R1); when it showed high parasitaemia (107 trypano-
somes μL−1), it was anaesthetized under isoflurane
anaesthesia to aid blood collection by intracardiac
puncture. The samples were stored in EDTA tubes at
13 °C.

For separation of trypanosomes, 200 μl of blood
were diluted in complete culture medium (200 μL),
stored and centrifuged at 400 g for 10min. The
supernatant was removed and the trypanosomes were
counted in a Neubauer chamber.

In vitro assay. The culture medium containing the
parasites was mixed on microtitre plates (270 μL)
followed by addition of cordycepin at concentrations
of 0·5, 1·0, 5·0 or 10mgmL−1. The same concen-
trations of pentostatin were used in the tests that
utilized a combination of cordycepin and pentostatin.
For the control group, the highest concentration of
PBS (diluent) was used. At 1, 3, 6 and 12 h after the
onset of the experiment, counting of live parasites
was performed in a Neubauer chamber. The tests
were carried out in duplicate.

In vivo trials

Animals. A total of 49 female mice (mean age of
60 days) weighing approximately 25±2·1 gwere kept
in cages (7 animals each), in a room with controlled
temperature and humidity (25 °C; 70%). The animals
were fed with commercial ration and received
water ad libitum. All animals were submitted to an
adaptation period of 10 days before the beginning of
the experiment.

Experimental mice groups and trypanosomal infec-
tion. The mice were divided into 7 groups (A, B, C,
D, E, F and G) of 7 animals each. Group A was not
infected with the parasite and, thus, served as a
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negative control.Mice in groups B toGwere infected
intraperitoneally with 1·4×106 trypanosomes in
0·1 mL of blood from rat No. 2 (R2).

Parasitaemia evaluation. Parasitaemia was esti-
mated daily by microscopic examination of blood
smears from the mice. Each slide was prepared with
mouse blood collected from the tail vein (Da Silva
et al. 2006), stained by the Romanowskymethod, and
visualized at a magnification of 1000×.

Experimental design. Group A mice were the
negative control and group B mice (infected with
T. evansi and untreated) were the positive control.
Mice in groups C to G were treated intraperitoneally
at 24 h intervals for 3 days post-inoculation (p.i.),
as follows: group C was treated with cordycepin
(3′-deoxyadenosine) (2 mg kg−1); group D was trea-
ted with pentostatin (deoxycoformycin) (1 mg kg−1);
group E was treated with pentostatin (2 mg kg−1);
group F was treated with the combination of
cordycepin (2mg kg−1) and pentostatin (1mg kg−1);
and group G was treated with the combination of
cordycepin (2 mg kg−1) and pentostatin (2 mg kg−1).
The effect of the treatment on the group was
evaluated based on the parasitaemia levels, longevity,
mortality of the mice and molecular analysis for
T. evansi in infected mice that survived after
treatment and thereby verify the trypanocidal effec-
tiveness of the therapeutic protocol.

Collection of samples. On day 40 of the experiment,
the survivor animals (in groups A, F and G) were
anaesthetized with isoflurane in an anaesthetic
chamber for collection of blood by cardiac puncture.
The blood samples were collected in tubes without
anticoagulant to obtain the serum. Thereafter, mice
were euthanized in accordance with the recommen-
dations of the Ethics Committee. The brains, livers
and kidneys of the animals were removed for
histological analysis.

Hepatic and renal function. The blood samples were
centrifuged at 3500 g for 10min to obtain serum.
Liver function (alanine transaminase –ALT and
alkaline phosphatase –ALP) and renal function
(creatinine) were evaluated.

Histopathology. Evidence of drug-induced histo-
pathological damage to the brains, livers and kidneys
of T. evansi-infected mice treated with the drugs was
investigated to detect the toxicity of the treatment.
Samples of the organs were fixed in buffered formalin
(10%), embedded in paraffin, sectioned at a thickness
of 6 μm and stained with haematoxylin/eosin (H&E).
The sections were qualitatively evaluated for differ-
ences in microarchitecture, organization and the
presence of inflammatory cells. Measurements were

made of the nuclear areas of hepatocytes and kidney
corpuscles.

Molecular diagnosis. The brain and blood samples
collected with EDTA (as anticoagulant) were pre-
served in ethanol for DNA extraction and posterior
analysis using T. evansi-specific PCR (Ventura et al.
2002).

Statistical analysis

Data were submitted to analysis of variance
(ANOVA) followed by Duncan test. The histological
results were analysed by Student’s t-test. Results
were considered significant when P<0·05.

RESULTS

In vitro tests

The results showed a dose-dependent trypanocidal
effect of cordycepin (Fig. 1A), pentostatin (Fig. 1B),
and cordycepin and pentostatin combination (Fig. 1C)
on T. evansi trypomastigotes. At 1 h post-treatment,
a reduction of 48% and 55% in the levels of live
trypomastigotes was observed at cordycepin concen-
trations of 5 and 10mgmL−1, respectively, when
compared with the control group. The combination
of cordycepin and pentostatin potentiated the
trypanocidal effect. At 1 h after the beginning of
the experiment there was a reduction of 69%
(5mgmL−1) and 81% (10mgmL−1) in the number
of live trypanosomes when compared with the
control. At 3, 6 and 12 h post-treatment, a significant
decrease (P<0·001) in the levels of live parasites was
observed at all the concentrations used of cordycepin
and the combination of cordycepin and pentostatin.
No live parasites were detected at 6 h of incubation of
the drug at concentrations of 10mgmL−1 and 12 h of
treatments with cordycepin eliminated the parasite,
unlike in the control group (Fig. 1A). Tests using
pentostatin showed no significant reduction in the
number of live trypomastigotes in most groups,
except in those treated with concentrations of
5mgmL−1 (3, 6 and 12 h) and 10mgmL−1 (1, 3, 6
and 12 h).

In vivo tests

Data of theT. evansi-infected groups are presented in
Table 1. Parasitaemia inmice of groups B, C,D andE
increased with time until death of the mice (Fig. 2).
One mouse in group F presented with positive blood
smears at day 21 p.i., while the other mice in the same
group remained negative (Fig. 2). Mice in group G
showed no parasitaemia, with longevity of 40 days
p.i. (Table 1).
The mice that died during the experiment showed

parasitaemia above 100 trypomastigotes per micro-
scopic field (1000×magnification). In groups B, C, D
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and E all mice died, while in group F only 1 mouse
died. Death did not occur in mice in groups A and G
within 40 days post-treatment.

Hepatic and renal function. Results of the biochemi-
cal analyses of samples obtained from mice in groups
A, F and G performed at the end of the experiment
(day 40 p.i.) are presented in Fig. 3. A significant

increase in the levels of alanine aminotransferase
was found in the sera of mice treated with the
combination of the two drugs, groups F and G
(Fig. 3A). In the same groups a similar increase in
alkaline phosphatase levels was observed (Fig. 3B).
Serum creatinine levels in the mice did not show
significant change compared with the control group
(Fig. 3C).

Fig. 1. Dose–response effect of cordycepin (A), pentostatin (B) and cordycepin and pentostatin combination (C) on the
viability of Trypanosoma evansi in vitro compared with the control group. Means followed by the same letters within a
column (circles) are not statistically different among themselves at 5% probability by Tukey’s test.
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Histopathology. The liver indicated strong nuclear
and cytoplasmic tumefaction and necrotic de-
generation. Furthermore, intense congestion of the

sinusoids by leukocytes was observed. Thus, the
microarchitecture of the organ was lost. There
were statistically significant differences (P=0·0001)

Table 1. Mean and standard deviation of the pre-patent period, longevity, mortality and success of therapy
using treatment with cordycepin (3′-deoxyadenosine) combined with pentostatin (deoxycoformycin) in mice
experimentally infected with Trypanosoma evansi

(Means followed by the same letters in the same column do not differ significantly in the test of Duncan. *Considered a
therapeutic success for drug-treated mice that survived for 40 days and remained negative for the parasite by examination of
their blood smears and PCR.)

Groups
n=7 Treatment

Pre-patent
period (days)

Longevity
(days)

Mortality
(no. dead/
no. in group)

*Therapeutic
success (%)

A Negative control: non-infected – 40·0a (±0·0) 0/6 –
B Positive control: infected and untreated 4·86ab (±0·38) 8·86c (±0·38) 6/6 0·0
C Treated with 2mg kg−1 of cordycepin 7·1a (±1·51) 12·1b (±3·08) 6/6 0·0
D Treated with 1mg kg−1 of pentostatin 4·1ab (±1·21) 8·14c (±0·90) 6/6 0·0
E Treated with 2mg kg−1 of pentostatin 3·5b (±0·82) 8·0c (±0·0) 6/6 0·0
F Cordycepin (2mg kg−1)+pentostatin

(1mg kg−1)
37·6bc (±6·7) 38·1a (±5·67) 1/6 83·3

G Cordycepin (2mg kg−1)+pentostatin
(2mg kg−1)

0·0c (±0·0) 40·0a (±0·0) 0/6 100·0

Fig. 2. Parasitaemia of Trypanosoma evansi-infected mice at day 40 post-inoculation (p.i.) in groups B to G. The
treatment started at day 1 p.i. (3 doses at 24-h intervals).
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between the nuclear areas of the hepatocyte of the
control and infected animals (Fig. 4). In the renal
tissue, a significant increase in the glomerular area
(P=0·041) of the infected animals was observed
(Fig. 5A). No changes were observed in the brain
tissues of animals studied and treated with cordy-
cepin and pentostatin combination (Fig. 5B).

PCR. The molecular analysis was performed to
confirm the effectiveness of the therapeutic protocol
used, since parasitaemia was not detected in the
survivor animals in groups F and G. Specific PCR
assays from blood and brain of these animals were
negative for the presence of T. evansi. Therefore,
treatment was 83·3 and 100% effective for groups F
and G, respectively (Table 1).

Committee on ethics and animal welfare

The experimental procedures used in this study
were approved by the Animal Welfare Committee of
Universidade Federal de Santa Maria (UFSM),
under number 026/2012.

DISCUSSION

In this study, a dose-dependent effect of cordycepin
against T. evansi was observed in vitro in contrast to
the relative susceptibility expressed in vitro to the
same drug by T. congolense, T. vivax, T. brucei
rhodesiense, T. evansi, T. brucei brucei, T. cruzi and
Leishmania sp. in previous studies (Williamson,
1972; Aiyedun et al. 1973; Williamson and
Macadam, 1976; Maser et al. 2001; Rottenberg

Fig. 3. Alanine aminotransferase, alkaline phosphatase, and creatinine in mice infected with Trypanosoma evansi treated
with cordycepin combined with pentostatin (group F and G) compared with those not infected (group A).
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et al. 2005; Vodnala et al. 2009; Da Silva et al. 2011a).
The susceptibility of T. evansi to this adenosine
analogue is likely to be related to the parasite’s
inability to engage in de novo purine synthesis (James
and Born, 1980; Hammond and Gutteridge, 1984;
Hassan and Coombs, 1988). Our study showed that
the ADA inhibitor exerts trypanocidal activity, in
vitro. This effect was, however, seen only in the first
evaluation post-treatment at 1 h, which can be
explained by the short half-life of the inhibitor
(McConnell et al. 1978; Major et al. 1981).
Deoxycoformycin can be unstable in acid and neutral
media but relatively stable in the vicinity of pH 9
(Bzowska et al. 1985). However, in the in vitro tests,
the culture medium was pH 7·1, which may have
rendered the molecule pentostatin unstable over time
and thereby reduced its trypanocidal action. But, the
reduction in the number of parasites in the first hour
of study suggests that the inhibitor (pentostatin) acts
on the ADA present in T. evansi (Da Silva et al.
2011b) and thus kills the parasite. The use of

inhibitors, such as anticholinesterase, explains the
mechanism of action of some pesticides such as
organophosphates (Santos et al. 2007).
Pentostatin is an ADA inhibitor that can prevent

degradation of cordycepin, and thus a combination
of the two drugs has been used for the treatment
of certain malignant tumours in humans, such as
leukaemia and melanoma (Adamson et al. 1977).
This combination has also been effective against
T. brucei (Rottenberg et al. 2005; Vodnala et al. 2009);
in this study, we observed that the highest dose used
proved 100% effective against T. evansi. However,
cordycepin when used alone was not curative in vivo,
but rather increased the longevity of the treated
animals. This was probably because of the rapid
deamination of cordycepin (3′-deoxyadenosine) to
3′-deoxyinosine, which can then be inactivated by
the trypanosomal enzymes inosine and deoxyinosine
hydrolases (Rottenberg et al. 2005). Based on
the in vitro results, we believe that the addition
of pentostatin prevents the degradation of the

Fig. 4. Histological section of liver of healthy mice (A).
Photomicrographs of liver sections of infected mice with
Trypanosoma evansi and treated with the cordycepin and
pentostatin combination showing a strong nuclear and
cytoplasmic tumefaction and necrotic degeneration in the
hepatocytes (B), haematoxylin-eosin stain.

Fig. 5. Mice infected with Trypanosoma evansi and
treated with the cordycepin and pentostatin combination.
Photomicrographs showing the renal tissue that showed a
significant increase in glomerular area (A), and cortical
region of the brain without histological alterations,
despite parasite infection and treatment (B).
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adenosine analogue, and thus the combination of
the two drugs produced a brief trypanocidal action.
However, when cordycepin was used alone, it had
no apparent effect on the parasitaemia and in the
longevity of mice.

The anti-trypanosomal activity of cordycepin
against T. brucei was noted to be enhanced by the
addition of the ADA inhibitor EHNA (Williamson
and Scott-Finnigan, 1978). However, in contrast,
this combination failed to induce a curative effect in
42·5% of mice infected with T. evansi (Da Silva et al.
2011a). The combination of adenosine analogue
3′-deoxyadenosine and coformycin or deoxycofor-
mycin produced a curative effect inT. brucei infection
in mice (Rottenberg et al. 2005) as was similarly
observed in the T. evansi-infected mice in our study.
The difference in curative efficacy may be related to
specificity of the ADA inhibitor, i.e. the inhibitor
EHNA is specific for the isoform ADA1, since the
other two inhibitors (coformycin or deoxycoformy-
cin) are capable of inhibiting both ADA1 and ADA2.
It should be remembered that tissue extracts contain
predominantly ADA1, which is supposed to be
derived mainly from injured tissues. ADA2 is found
in serum and derived from stimulated T cells
(Greiger and Nagy, 1986; Franco et al. 1997).

The administration of cordycepin and coformycin/
deoxycoformycin eliminated parasites in the brain
parenchyma when administered after T. brucei brucei
penetration into the brain (Rottenberg et al. 2005).
This is a highly desirable outcome, because the
difficulty of chemotherapy in T. evansi infections has
been attributed to survival of trypanosomes in
cerebrospinal fluid as trypanocidal drugs do not
cross the blood–brain barrier or do so in insufficient
doses to cure infection (Jennings et al. 1977; Spinosa
et al. 1999). Therefore, treatment with cordycepin
can be a viable alternative for animals of high
economic or sentimental value due to the high costs
of cordycepin and ADA inhibitors in Brazil.

Apparently the mice of this study showed no
clinical signs suggestive of intoxication. However, in
the biochemical tests an increase in liver enzymes
associated with histological lesions in the liver of
animals in groups F and G was observed. The
treatment also caused low intensity, histological renal
lesions without impairment of the renal function
given that the creatinine levels remained within
normal limits. Thus, any application of the promis-
ing treatment results observed from our studies
should be made cautiously to avoid untoward
effects. Effects of toxicity of cordycepin in combi-
nationwith the ADA inhibitor 2-deoxycoformycin in
beagle dogs were also observed as well as when only
the inhibitor was used. But the dogs which received
only cordycepin showed no drug-related toxicities
(Rodman et al. 1997). In a future study, we plan to
investigate whether toxicity may be related to the
ADA inhibitor.

Data from this study did not detect resistance of the
parasite to cordycepin combined with the inhibitor
except in 1 of the 7mice of groupF in which infection
relapsed (and which died later). However, it has been
reported that T. b. brucei developed resistance to
cordycepin upon prolonged culture with low doses
of the compound; such resistant parasites showed
diminished virulence and reduced growth in vivo
(Vodnala et al. 2009). In other studies, the cordy-
cepin-resistant parasites showed a genetic defect in
TbAT1 and surprisingly without cross resistance to
other trypanocidal drugs (Maser et al. 1999; Koning
et al. 2004). Therefore, cordycepin combined with an
ADA inhibitor may be an optimal treatment option
when there is resistance to other anti-trypanosomal
drugs. Results from our studies suggest curative
efficacy of a combination of 3′-deoxyadenosine and
deoxycoformycin in mice experimentally infected
with T. evansi. Note that in vitro and in vivo the
cordycepin and pentostatin combination potentiated
the trypanocidal effect against T. evansi. Future
studies are necessary to evaluate the effects of the
treatment on haematological and biochemical par-
ameters, enzymatic purinergic system, as well as to
verify if pentostatin has the ability to inhibit the ADA
of T. evansi.

REFERENCES

Adamson, R. H., Zaharevitz, D.W. and Johns, D. G. (1977).
Enhancement of the biological activity of adenosine analogs by the
adenosine deaminase inhibitor 2-deoxycoformycin. Pharmacology 15,
84–89.
Agarwal, R. P., Sagar, S.M. and Parks, R. E., Jr. (1975). Adenosine
deaminase from human erythrocytes: purification and effects of adenosine
analogs. Biochemical Pharmacology 24, 693–701.
Aiyedun, B. A., Williamson, J. and Amodu, A. A. (1973). The effect of
cordycepin on tsetse-borne Trypanosoma vivax infections. Acta Tropica 30,
276–278.
Baltz, T., Baltz, D., Giroud, C. and Crockett, J. (1985). Cultivation in a
semi-defined medium of animal infective forms of Trypanosoma brucei,
T. equiperdum, T. evansi, T. rhodesiense and T. gambiense. EMBO Journal
4, 1273–1277.
Bzowska, A., Lassota, P. and Shugar, D. (1985). Phosphorylation of
coformycin and 2′-deoxycoformycin, and substrate and inhibitor properties
of the nucleosides and nucleotides in several enzyme systems. Zeitschrift für
Naturforschung, Section C: Biosciences 40, 710–714.
Colpo, C. B., Monteiro, S. G. and Stainki, D. R. (2005). Natural infection
by Trypanosoma evansi in dogs. Ciência Rural 35, 717–719.
Da Silva, A. S., Bellé, L. P., Bitencourt, P. E. R., Souza, V. C. G.,
Costa, M.M., Oliveira, C. B., Jaques, J. A., Leal, D. B. R.,
Moretto, M. B., Mazzanti, C.M., Lopes, S. T. A. and Monteiro, S. G.
(2011b). Activity of the enzyme adenosine deaminase in serum, erythrocytes
and lymphocytes of rats infected with Trypanosoma evansi. Parasitology,
138, 201–208.
Da Silva, A. S., Doyle, R. L. and Monteiro, S. G. (2006). Método de
contenção e confecção de esfregaço sanguíneo para pesquisa de hemo-
parasitas em ratos e camundongos. Revista da FZVA 13, 83–87.
Da Silva, A. S., Tochetto, C., Zanette, R. A., Pierezan, F., Rissi, D. R.,
Santurio, J.M. and Monteiro, S. G. (2008). Aceturato de diminazeno e
dipropionato de imidocarb no controle de infecção por Trypanosoma evansi
em Rattus norvegicus infectados experimentalmente. Ciência Rural 38,
1357–1362.
Da Silva, A. S., Wolkmer, P., Nunes, J. T. S., Duck, M. R. K.,
Oliveira, C. B., Gressler, L. T., Costa, M.M., Zanette, R. A.,
Mazzanti, C.M., Lopes, S. T. A. and Monteiro, S. G. (2011a).
Susceptibility of Trypanosoma evansi to cordycepin. Biomedicine &
Pharmacotherapy 65, 220–223.

670Luciana Dalla Rosa and others

https://doi.org/10.1017/S0031182012001990 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182012001990


Dobson, R. J., Dargantes, A. P., Mercado, R. T. and Reid, S. A. (2009).
Models for Trypanosoma evansi (surra), its control and economic impact on
small-hold livestock owners in the Philippines. International Journal for
Parasitology 39, 1115–1123.
Franco, R., Casado, V., Ciruela, F., Saura, C., Mallol, J., Canela, E. I.
and Louis, C. (1997). Cell surface adenosine deaminase: muchmore than an
ectoenzyme. Progress of Neurobiology 52, 283–294.
Greiger, J. D. and Nagy, J. I. (1986). Distribution of adenosine deaminase
activity in rat brain and spinal cord. Journal of Neuroscience 6, 2707–2714.
Hammond, D. J. and Gutteridge, W. E. (1984). Purine and pyrimidine
metabolism in the trypanosomatidae. Molecular and Biochemical
Parasitology 13, 243–261.
Hassan, H. F. and Coombs, G. H. (1988). Purine and pyrimidine
metabolism in parasitic protozoa. FEMS Microbiology Reviews 4, 47–83.
Hoare, C. A. (1972). The Trypanosomes of Mammals: a Zoological
Monograph. Blackwell, Oxford, UK.
James, D.M. and Born, G. V. (1980). Uptake of purine bases and
nucleosides in African trypanosomes. Parasitology 81, 383–393.
Jennings, F.W., Whitelaw, D. D. and Urquhart, G.M. (1977). The
relationship between duration of infection with T. brucei in mice and the
efficacy of chemotherapy. Parasitology 75, 145–153.
Koning, H. P., Anderson, L. F., Stewart, M., Burchmore, R. J.,
Wallace, L. J., Barrett, M. P. (2004). The trypanocide diminazene
aceturate is accumulated predominantly through the TbAT1 purine
transporter: additional insights on diamidine resistance in African trypano-
somes. Antimicrobial Agents and Chemotherapy 48, 1515–1519.
Luckins, A. G. and Dwinger, R. H. (2004). Non-tsetse-transmitted
animal trypanosomiasis. In The Trypanosomiases (ed. Maudlin, I.,
Holmes, P. H. and Miles, M. A.), pp. 269–281. CABI Publishing,
Wallingford, Oxon., UK.
Major, P. P., Agarwal, R. P. and Kufe, D.W. (1981). Clinical pharma-
cology of deoxycoformycin. Blood 58, 91–96.
Maser, P., Sutterlin, C., Kralli, A. and Kaminsky, R. (1999). A
nucleoside transporter fromTrypanosoma brucei involved in drug resistance.
Science 285, 242–244.
Maser, P., Vogel, D., Schmid, C., Raz, B. and Kaminsky, R. (2001).
Identification and characterization of trypanocides by functional expression
of an adenosine transporter from Trypanosoma brucei in yeast. Journal of
Molecular Medicine 79, 121–127.
Maudlin, I., Holmes, P. and Miles, M. A. (2004). The Trypanosomiases.
CABI Publishing, Wallingford, Oxon, UK.
McConnell, W. R., Suling, W. I., Rice, L. S., Shannon, W.M. and
Hill, D. L. (1978). Use of microbiologic and enzymatic assays in studies on
the disposition of 2′-deoxycoformycin in the mouse. Cancer Treatment
Reports 62, 1153–1154.
Peregrine, A. S. andMamman,M. (1993). Pharmacology of diminazene:
a review. Acta Tropica 54, 185–203.
Powar, R.M., Shegokar, V. R., Joshi, P. P., Dani, V. S.,
Tankhiwale, N. S., Truc, P., Jannin, J. and Bhargava, A. (2006).

A rare case of human trypanosomiasis caused by Trypanosoma evansi.
Indian Journal of Medical Microbiology 24, 72–74.
Rodman, L. E., Farnell, D. R., Coyne, J.M., Allan, P.W., Hill, D. L.,
Duncan, K. L. K., Tomaszewski, J. E., Smith, A. C. and Page, J. G.
(1997). Toxicity of cordycepin in combination with the adenosine
deaminase inhibitor 2′ deoxycoformycin in beagle dogs. Toxicology and
Applied Pharmacology 147, 39–45.
Rottenberg, M. E., Masocha, W., Ferella, M., Petitto-Assis, F.,
Goto, H., Kristensson, K., McCaffrey, R. and Wigzell, H. (2005).
Treatment of African trypanosomiasis with cordycepin and adenosine
deaminase inhibitors in a mouse model. Journal of Infectious Diseases 192,
1658–1665.
Santos, V.M. R., Donnici, C. L., Dacosta, J. B. N. and
Caixeiro, J.M. R. (2007). Compostos organofosforados pentavalentes:
histórico, métodos sintéticos de preparação e aplicações como inseticidas e
agentes antitumorais. Química Nova 30, 159–170.
Sirivan, C., Pramoolsinsap, T. and Pemayodhin, P. (1994). Effect of
diminazene aceturate and isometamidium chloride on the control of
Trypanosoma evansi in naturally infected sow. Health Science Journals in
Thailand 8, 101–109.
Spinosa, H. S., Górniak, S. L. and Bernardi, M.M. (1999). Farmacologia
Aplicada àMedicina Veterinária. GuanabaraKoogan, Rio de Janeiro, Brasil.
Tuntasuvan, D., Jarabrum, W., Viseshakul, N., Mohkaew, K.,
Borisutsuwan, S., Theeraphan, A. and Kongkanjana, N. (2003).
Chemotherapy of surra in horses and mules with diminazene aceturate.
Veterinary Parasitology 110, 227–233.
Ventura, R.M., Takeda, G. F., Silva, R. A.M. S., Nunes, V. L. B.,
Buck, G. A. and Teixeira, M.M. G. (2002). Genetic relatedness among
Trypanosoma evansi stocks by random amplification of polymorphic DNA
and evaluation of a synapomorphic DNA fragment for species-specific
diagnosis. International Journal for Parasitology 32, 53–63.
Vodnala, M., Fijolek, A., Rofougaran, R., Mosimann, M. and
Maser, P. (2008). Adenosine kinase mediates high affinity adenosine
salvage in Trypanosoma brucei. Journal of Biological Chemistry 283,
5380–5388.
Vodnala, S. K., Ferella, M., Lunde´N-Miguel, H., Betha, E. and
Van Reet, N. (2009). Preclinical assessment of the treatment of second-
stage African trypanosomiasis with cordycepin and deoxycoformycin.
PLoS Neglected Tropical Diseases 3, e495.
Williamson, J. (1972). Further experiments with the nucleoside trypano-
cide, cordycepin. Transactions of the Royal Society of Tropical Medicine and
Hygiene 66, 354–355.
Williamson, J. and Macadam, R. F. (1976). Drug effects on the fine
structure of Trypanosoma rhodesiense: puromycin and its aminonucleoside,
cordycepin and nucleocidin. Transactions of the Royal Society of Tropical
Medicine and Hygiene 70, 130–137.
Williamson, J. and Scott-Finnigan, T. J. (1978). Trypanocidal activity of
antitumor antibiotics and other metabolic inhibitors. Antimicrobial Agents
and Chemotherapy 13, 735–744.

671Cordycepin pentostatin combination anti-trypanosomal treatment

https://doi.org/10.1017/S0031182012001990 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182012001990

