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A B S T R A C T

This study aimed to evaluate nucleoside triphosphate diphosphohydrolase (NTPDase) and adenosine deaminase
(ADA) activities in lymphocytes from rats supplemented or not with curcumin 30 days prior to experimental
infection with Trypanosoma evansi. Thirty-two adult male Wistar rats were divided in four groups. The pre-
infection group 20 (PreI20) received orally 20mg/kg of curcumin and pre-infection group 60 (PreI60) received
orally 60mg/kg of curcumin for 30 days prior inoculation with T. evansi. The infected e non-infected control
groups received only oral vehicle for 30 days. Trypanosoma evansi infected groups were inoculated in-
traperitoneally with 0.2 ml of blood with 1×106 parasites. After inoculation the treatment of the groups
continued until the day of euthanasia (15 days). The results showed that curcumin pre-treatment, with both
doses, reduced (P < .05) NTPDase and increased (P < .05) ADA activity in lymphocytes of treated groups
when compared to untreated and infected animals (control). The results of this study support the evidence that
the regulation of ATP and adenosine levels by NTPDase and ADA activities appear to be important to modulate
the immune response in T. evansi infection, once the treatment with curcumin maintained the NTPDase activity
reduced and enhanced ADA activity in lymphocytes. It is possible to conclude that the use of curcumin prior to
infection with T. evansi induces immunomodulatory effects, favoring the response against the parasite.

1. Introduction

Trypanosoma evansi is a protozoan belonging to the Salivaria group
that infects a variety of mammals causing trypanosomiasis. In horses it
causes the disease known as “Mal de Cadeiras” or “Surra” [1]. This
disease was first described in horses and camels from India, in 1881 by
Griffith Evans [2], and since then it has been described in tropical and
subtropical regions of the world [3,4]. In infected hosts T. evansi can be
found in tissues, blood and body cavities fluid, inducing an immune
response [5,6].

The enzymatic changes related to immune response have been in-
vestigated [7–10], and seems to be a key point to understand the pa-
thogenicity of the trypanosomiasis in animals. As part of these system,

the adenine-nucleotide and -nucleoside converting ectoenzymes have a
central role. The ecto-nucleoside triphosphate diphosphohydrolases
(NTPDase) dephosphorylate the nucleotide ATP via ADP to AMP,
whereas adenosine deaminase (ADA) catalyzes the conversion of ade-
nosine to inosine [11]. NTPDase (CD39) was first described as a B
lymphocyte activation marker, however this ectonucleotidase is also
expressed in natural killer (NK) cells, monocytes and activated T cells.
CD39 has substantial functions in the immune system including cyto-
kine expression, cell–cell adhesion and cell proliferation and apoptosis
via modulation of ATP levels [12]. Most importantly, alterations in the
activity of this enzyme may be important in immune diseases [16].

These enzymes are extensively present in blood cells influencing
several events such as platelet aggregation, inflammation and immune
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response [13]. The lymphocytes are cells responsible for recognition
and destruction of invading antigens. The number of these cells can be
affected by antigenic stimuli, or benign and malignant cellular pro-
liferation. Adenine-nucleotide and –nucleoside modulate the lympho-
cytes function, mainly the extracellular ATP that regulates cell-cell in-
teraction, important in activation processes, differentiation,
development, proliferation, cell death and lymphocytes function [14].
Therefore, extracellular ATP and adenosine levels and the ensuing
purinergic signaling can be dynamically controlled during inflamma-
tion by the action of enzymes expressed in immune cells. Moreover,
adenosine is an anti-inflammatory molecule [15] and NTPDase plays a
key role in lymphocyte functions, including antigen recognition and
activation of cytotoxic T cells in addition to the capacity of cell-cell
signal amplification [12].

Previous research from our group has already shown that the pre-
treatment with curcumin modulates the immune response in rats in-
fected with T. evansi [16]. Was determined the levels of proin-
flammatory and anti-inflammatory cytokines. During the disease,
lymphocytes releases interferon-gamma (IFN-γ) in response to parasite
antigens, IFN-γ activates macrophages increasing their phagocytic ca-
pacity. Activated macrophages induces proinflammatory cytokines
production, such as IL-1, IL-6 and TNF-α, participating in parasite re-
plication and host immune response [6,17,18]. The anti-inflammatory
property of curcumin is due to the phenols group incorporate in its
molecule, which inhibit prostaglandins and leukotrienes release [19].
Curcumin is a substance present in food spices such as curry and Indian
saffron [20].

Taking the following information together: NTPDase and ADA en-
zimes control levels of immunomodulatory molecules: the activity of
these enzymes are altered on the surface of lymphocytes of rats infected
with T. evansi: and curcumin has an important immunomodulatory ef-
fect against infection: the aim of this study was to determine the in vivo
effect of different doses of curcumin pre-treatment on NTPDase and
ADA enzymatic activity in lymphocytes of rats experimentally infected
with T. evansi. Herein, we tested that hypothesis that curcumin treat-
ment can improve immunomodulatory response mediated by ectonu-
cleotidases enzymes in parasitemic diseases.

2. Material and methods

2.1. Reagents

Adenosine 5′-triphosphate disodium salt (ATP), adenosine 5′-di-
phosphate sodium salt (ADP), and curcumin (curcumin> 80%; curcu-
minoid content> 94%) were purchased from Sigma Chemical Co (St.
Louis, MO, USA). All other reagents used in the experiments were of
analytical grade and of highest purity.

2.2. Animals

Thirty-two male Wistar rats (90–110 days) were used in this ex-
periment. They were housed in cages (five per cage) on a natural day/
night cycle at a temperature of 21 °C, with free access to water and
standard ration ad libitum. This study was approved by the Ethics and
Animal Welfare Committee of the Rural Science Center of the Federal
University of Santa Maria (CCR/UFSM), No. 017/2012 in accordance
with existing legislation and the Ethical Principles published by the
Brazilian College of Animal Experiments (COBEA).

2.3. Experimental design and curcumin treatment

The animals were randomly divided in four groups (8 rats in each
group: control (C; non-infected rats); T. evansi infected control (IC);
T. evansi infected and pretreated with curcumin 20mg/kg of body
weight for 30 days (PreI20); T. evansi infected and pretreated with
curcumin 60mg/kg of body weight for 30 days (PreI60). The choice of

curcumin dosages was made based in previous studies that described
beneficial results [16]. Curcumin was diluted with corn oil and ad-
ministered by oral gavage, daily, not exceeding 0.1ml/kg of body
weight. Treatments were administrated once a day (8–9 h a.m.). The
treatment of the groups continued for 15 days after inoculation. Both
control groups (C and IC) received orally only vehicle (corn oil).

2.4. Etiological agent and inoculation

The rats were inoculated intraperitoneally with 0.2ml of blood
containing 106 parasites. All rats were infected by T. evansi at the same
day. The control group (C) received 0.2 ml of physiological solution by
the same route. The etiological agent isolate used was obtained from a
naturally infected dog and maintained in liquid nitrogen at the la-
boratory of Dr. Silvia G. Monteiro (Brazil).

2.5. Parasitemia estimation

The presence and degree of parasitemia were determined daily by
blood smear examination of each animal. The blood smear were made
from a drop of blood from the caudal vein of each rat, stained with
Romanowsky (Diff-Quick) and visualized under optical microscope
(1000×) determining the average number of trypanosomes in 10
homogeneous random fields (considering erythrocytes).

2.6. Collection and preparation of blood samples

Fifteen days post inoculation (pi) the animals were anesthetized
with isoflurane for blood collection by cardiac puncture and then eu-
thanized. Blood samples were stored in tubes with ethylenediaminete-
traacetic acid (EDTA 10%). The peripheral lymphocytes were isolated
using Ficoll Hypaque density gradient as described by BÖYUM [21].
After separation, only samples with at least 95% of lymphocytes, as
verified in the coulter STKS (Miami-USA), were used. Lymphocyte
viability and integrity were confirmed by determining the percentage of
cells excluding 0.1% Trypan blue and measuring lactate dehydrogenase
(LDH) activity [22]. Enzymatic activity was measured immediately
after obtaining the lymphocytes.

2.7. NTPDase activity in lymphocytes

NTPDase activity was determined according to the method de-
scribed by LEAL et al. [23]. Briefly, proteins of all samples were ad-
justed to 0.1–0.2 mg/ml and 20 μl of intact cells (2–4 μg protein) were
added to a reaction medium containing 0.5mM CaCl2, 120mM NaCl,
5.0 mM KCl, 60mM glucose and 50mM Tris-HCl buffer, pH 8.0, in a
final volume of 200 μl, and preincubated for 10min at 37 °C. The re-
action was started by adding ATP or ADP as substrate at a final con-
centration of 2.0 mM and was stopped with 5% trichloroacetic acid
(TCA). All the samples were analyzed in triplicate, and enzymes (intact
lymphocytes) were added to the control after the addition of TCA in
order to correct the non-enzymatic hydrolysis of the substrate. The
inorganic phosphate (Pi) released was measured by the method of
CHAN et al. (1986) and enzymatic activity was reported as nmol of Pi
released/min/mg protein.

2.8. ADA activity in lymphocytes

ADA activity in lymphocytes was measured in spectrophotometer by
the method of GIUSTI and GALANTI [24]. The reaction was started by
adding substrate (adenosine) to a final concentration of 21mmol/l and
incubations were carried out for 1 h at 37 °C. The reaction was stopped
by adding 106mmol/l/0.16mmol/l phenol-nitroprusside/ml solution.
The reaction mixtures were immediately mixed to 125mmol/l/
11mmol/l alkaline hypochlorite (sodium hypochlorite) and vortexed.
Ammonium sulfate of 75 μmol/l was used as ammonium standard. The
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ammonia concentration is directly proportional to the absorption of
indophenol at 620 nm. The specific activity is reported as U/L in lym-
phocytes.

2.9. Statistical analysis

Data was analyzed statistically by one-way ANOVA followed by
Duncan's multiple tests. Differences were considered significant when
the probability was P < .05. The values were represented as
mean ± standard deviation.

3. Results

3.1. Parasitemia

Trypanosoma evansi could be detected in the blood of all infected
rats from 24 to 48 h after inoculation (1–2 parasites/field at 1000×).
Independent of the dose used (20 or 60mg/Kg), throughout the entire
experimental period, the parasites circulation levels were significantly
lower in curcumin pretreated groups (P < .05) compared to T. evansi
infected control group (IC) (Fig. 1).

During the 30 days of oral pretreatment of curcumin by gavage, no
animals showed altered clinical signs or death due to its use in both
doses. Similar data have already been published in previous studies by
our group [16].

3.2. NTPDase activity

Our results showed that curcumin pre-treatment could affect
NTPDase activity in rats infected by T. evansi (P < .05). In the ATP
(Fig. 2) and ADP (Fig. 3) hydrolysis, a significant increase (P < .05)
was observed in rats infected by T. evansi compared to control group
(C). The pre-treatments with curcumin (PreI20 and PreI60) prevented
the increase in ATP and ADP hydrolysis when compared to the infected
control group (IC) (P < .05).

3.3. Adenosine deaminase activity

Results obtained for the ADA activity (Fig. 4) showed a significant
decrease (P < .05) in the T. evansi infected group (IC) when compared
to the not infected control group (C). The pre-treatment with curcumin
in the doses of 20 and 60mg/kg was able to prevent the decrease in the
ADA activity when compared to the infected control group (IC)
(P < .05).

4. Discussion

T. evansi infection alters enzymatic activity of the purinergic system
in rats [8]. The changes occcur during the host immune response to the
parasite. These enzymes are part of a complex system wich regulates

the signaling mediated by adenine-nucleotide and –nucleoside, con-
troling their degradation and formation [23]. Therefore, depending on
the ATP and ADP concentration, they function as proinflammatory
molecules, affecting the stimulation and proliferation of lymphocytes

Fig. 1. Effect of oral curcumin pre-treatment and
treatment on the parasitemia of Trypanosoma evansi
infected rats. Curcumin was administered daily by
oral gavage. All rats were infected by T. evansi at
same day. (IC) T. evansi infected control group;
(PreI20) T. evansi infected and pretreated with cur-
cumin 20mg/kg body weight for 30 days; (PreI60)
T. evansi infected and pretreated with curcumin
60mg/kg body weight for 30 days. The treatment of
the groups continued until the day of euthanasia
(15 days after inoculation). Trypanosoma/ fild at
1000× magnification.

Fig. 2. Effect of oral curcumin pre-treatment for 30 days in the NTPDase (ATP)
activity in lymphocytes on the parasitemia of Trypanosoma evansi infected rats.
Curcumin was administered daily by oral gavage. All rats were infected by
T. evansi at same day. The treatment of the groups continued until the day of
euthanasia (15 days after inoculation). (C) control group - non-infected; (IC)
T. evansi infected control group; (PreI20) T. evansi infected and pretreated with
curcumin 20mg/kg body weight for 30 days; (PreI60) T. evansi infected and
pretreated with curcumin 60mg/kg body weight for 30 days; Values represent
mean ± SE, (n=8 per group); at 1000× magnification.

Fig. 3. Effect of pre-treatment for 30 days with curcumin in the NTPDase (ADP)
activity in lymphocytes from rats infected with Trypanosoma evansi (C) control
group - non-infected; (IC) T. evansi infected control group; (PreI20) T. evansi
infected and pretreated with curcumin 20mg/kg body weight for 30 days;
(PreI60) T. evansi infected and pretreated with curcumin 60mg/kg body weight
for 30 days. Values represent mean ± SEM, ++ represents statistical differ-
ence between C and IC groups (P < .001); ⁎ represents statistical difference
between IC and groups that receive curcumin (P < .05, n=8 per group).
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and cells that release cytokines [25]. In addition, adenosine is an anti-
inflammatory molecule [15].

In Figs. 2 and 3, it is possible to observe an increase of the NTPDase
activity through degradation of ATP and ADP in T. evansi infection (IC
group) compared to control group (C group) (P < .05). Schenk et al.
[26] suggested an important role of NTPDase in controlling the lym-
phocytes function, including antigen recognition and/or activation of
cytotoxic T-lymphocytes. The increase of ATP and ADP hydrolyzes by
NTPDase can decrease levels of these nucleotides. ATP and ADP have
affinity to P2Y receptors in the surface of lymphocytes, and should
stimulate the Th2 immune response, resulting in IL-4 production, ac-
tivation of eosinophils and mast cells [8,27]. Due to this scenario, there
is a reduced immune response and the host is not able to control the
infection causing high parasitemia levels.

As a compensatory response to the infection and inflammatory
process there was a reduction in ADA activity (P < .05) in infected rats
(IC group) when compared to not infected control group (C) (Fig. 4).
The reduction in ADA activity suggests an increase in the extracellular
adenosine levels, as previously described by SILVA et al. [10]. The
adenosine reflects what happens in the immune system during acute
tissue inflammation [27]. The reduction of ADA activity in lymphocytes
increases adenosine concentration and promote interaction of this
molecule with its purinergic receptor present in many cells, resulting in
an anti-inflammatory response, such as inhibition of Th1 immune re-
sponse [28]. Consequently, the anti-inflammatory effect mediated by
adenosine may be due to its sensibilization of purine type 1 receptors
(A1R and/or A2AR) inducing a compensatory effect. Since the T. evansi
infection activates the immune system, increasing concentration of
adenosine could minimize the inflammatory process.

The benefits of curcumin have been investigated, although the
mechanism of how it affects the purinergic system are not completely
known [29]. Additionally, enzymes of the purinergic system are closely
evolved in the modulation of the immune system with anti-in-
flammatory and proinflammatory effects [12].

In the present study, the effect of curcumin in the NTPDase and ADA
activities was investigated in rats infected with T. evansi. The results
revealed an efficacy of pretreatment with curcumin with both doses
tested (PreI20 and PreI60 groups). Animals received curcumin in a
period of 30 days prior and 15 days post infection. It was observed a
modulation of the immune response via purinergic system that was
demonstrated through the reduction of NTPDase activity by degrada-
tion of ATP and ADP in lymphocytes of infected rats (Figs. 2 and 3).
This, probably maintains higher levels of ATP and ADP, stimulating a

more efficient immune response against the parasite, since it induces
activation, differentiation and secretion of important mediators in T-
lymphocytes such as IL-2 [14]; and cytokines that control the T. evansi
infection [6,30].

The treatment with curcumin 30 days prior to T. evansi infection
modulates the proinflammatory cytokines, reducing parasitemia and
mortality [16]. In agreement, the present study shows that daily use of
curcumin, administered at doses of 20 or 60mg/kg, as preventive
treatment (30 days pre infection) was effective in decreasing para-
sitemia (Fig. 2). Several evidences reveal that curcumin has an immune
modulatory role due to its influence on cytokines, eicosanoids, proto-
lithic enzymes, antioxidants and several molecules involved in cellular
inflammation [31].

Related to ADA activity, the pre-treatment with curcumin main-
tained the enzymatic activity high in both doses (PreI20 and PreI60;
P < .05), when compared to the untreated infected group (Fig. 4). This
enzyme catalyzes the deamination of adenosine in inosine, and closely
regulates the extracellular concentration of this nucleoside [32]. Ade-
nosine, which is considered an anti-inflammatory molecule, inhibits
lymphocyte activation and diminishes cytokines secretions via A2A
receptors. Considering these activities, ADA can increase the deami-
nation of adenosine leading to lower extracellular concentrations of this
molecule and this may affect triggering A2A and A2B receptors, and
alter inflammation [33]. For this reason, ADA activity in lymphocytes
decreases concentrations of extracellular adenosine, which favors an
inflammatory response that may control the parasite proliferation.

These data suggest an interaction of curcumin with the purinergic
system, leading to a positive effect of curcumin in the control of ADA
activation, probably via reduction of adenosine synthesis.
Subsequently, curcumin may also regulate the immune response, once
herein it prevented increase in proinflammatory cytokines and in-
creased anti-inflammatory cytokine, such as IL-10 [16]. Curcumin re-
duces and control deleterious effects caused by inflammatory response
on hosts. Based on these evidences, we believe that the increase in ADA
activity in lymphocytes reduce extracellular adenosine concentrations
and this may favors an inflammatory response to control parasite pro-
liferation.

5. Conclusion

The results of the present study highlight that NTPDase and ADA
activities were altered in lymphocytes from T. evansi infecded rats,
suggesting that these alterations play a central role in the inflammatory
process of this disease. Oral curcumin pretreatment presents an im-
munomodulatory effect, preserving NTPDase activity in lymphocytes of
T. evansi infected rats. We also detected an increase of ADA activity,
which favors the immune response against the parasite. This me-
chanism induces a more efficient inflammatory response favoring
parasitemia control.

Conflict of interests

The authors have declared that there is no conflict of interest.

References

[1] M. Pourjafar, K. Badiei, H. Sharifiyazdi, A. Chalmeh, M. Naghib, M. Babazadeh,
A. Mootabi Alavi, N. Hosseini Joshani-Zadeh, Genetic characterization and phylo-
genetic analysis of Trypanosoma evansi in Iranian dromedary camels, Parasitol. Res.
(2013), https://doi.org/10.1007/s00436-012-3121-5.

[2] M.M. Mahmoud, A.R. Gray, Trypanosomiasis due to Trypanosoma evansi (steel,
1885) balbiani, 1888. A review of recent research, Trop. Anim. Health Prod. (1980),
https://doi.org/10.1007/BF02242629.

[3] A. Silva-Iturriza, J.M. Nassar, A.M. García-Rawlins, R. Rosales, A. Mijares,
Trypanosoma evansi kDNA minicircle found in the Venezuelan nectar-feeding bat
Leptonycteris curasoae (Glossophaginae), supports the hypothesis of multiple origins
of that parasite in South America, Parasitol. Int. (2013), https://doi.org/10.1016/j.
parint.2012.10.003.

Fig. 4. Effect of pre-treatment for 30 days with curcumin in the ADA activity in
lymphocytes from rats infected with Trypanosoma evansi (C) control group -
non-infected; (IC) T. evansi infected control group; (PreI20) T. evansi infected
and pretreated with curcumin 20mg/kg body weight for 30 days; (PreI60)
T. evansi infected and and pretreated with curcumin 60mg/kg body weight for
30 days. Values represent mean ± SEM, ++ represents statistical difference
between C and IC groups (P < .001); ⁎ represents statistical difference between
IC and groups that receive curcumin (P < .05, n=8 per group).

P. Wolkmer, et al. Parasitology International 73 (2019) 101948

4

https://doi.org/10.1007/s00436-012-3121-5
https://doi.org/10.1007/BF02242629
https://doi.org/10.1016/j.parint.2012.10.003
https://doi.org/10.1016/j.parint.2012.10.003


[4] T.M. Perrone, M.I. Gonzatti, G. Villamizar, A. Escalante, P.M. Aso, Molecular pro-
files of Venezuelan isolates of Trypanosoma sp. by random amplified polymorphic
DNA method, Vet. Parasitol. (2009), https://doi.org/10.1016/j.vetpar.2009.01.
034.

[5] D.K. Sharma, P.P.S. Chauhan, R.D. Agrawal, Interaction between Trypanosoma
evansi and Haemonchus contortus infection in goats, Vet. Parasitol. (2000), https://
doi.org/10.1016/S0304-4017(00)00310-1.

[6] F.C. Paim, M.M.M.F. Duarte, M.M. Costa, A.S. Da Silva, P. Wolkmer, C.B. Silva,
C.B.V. Paim, R.T. França, C.M.A. Mazzanti, S.G. Monteiro, A. Krause, S.T.A. Lopes,
Cytokines in rats experimentally infected with Trypanosoma evansi, Exp. Parasitol.
(2011), https://doi.org/10.1016/j.exppara.2011.04.007.

[7] V.S.P. Castro, V.C. Pimentel, A.S. da Silva, G.R. Thomé, P. Wolkmer, J.L.C. Castro,
M.M. Costa, C.B. da Silva, D.C. Oliveira, S.H. Alves, M.R.C. Schetinger, S.T.A. Lopes,
C.M. Mazzanti, Adenosine deaminase activity in serum and lymphocytes of rats
infected with Sporothrix schenckii, Mycopathologia 174 (2012), https://doi.org/10.
1007/s11046-011-9511-x.

[8] C.B. Oliveira, A.S. Da Silva, V.C.G. Souza, M.M. Costa, J.A.S. Jaques, D.B.R. Leal,
S.T.A. Lopes, S.G. Monteiro, NTPDase activity in lymphocytes of rats infected by
Trypanosoma evansi, Parasitology (2012), https://doi.org/10.1017/
S0031182011001879.

[9] P. Wolkmer, S.T.D.A. Lopes, C. Franciscato, A.S.D. Silva, C.K. Traesel, L.C. Siqueira,
M.E. Pereira, S.G. Monteiro, C.M.D.A. Mazzanti, Trypanosoma evansi: cholinesterase
activity in acutely infected Wistar rats, Exp. Parasitol. 125 (2010), https://doi.org/
10.1016/j.exppara.2010.01.024.

[10] A.S. Da Silva, L.P. Bellé, P.E.R. Bitencourt, V.C.G. Souza, M.M. Costa, C.B. Oliveira,
J.A. Jaques, D.B.R. Leal, M.B. Moretto, C.M. Mazzanti, S.T.A. Lopes, S.G. Monteiro,
Activity of the enzyme adenosine deaminase in serum, erythrocytes and lympho-
cytes of rats infected with Trypanosoma evansi, Parasitology (2011), https://doi.
org/10.1017/S003118201000123X.

[11] G.G. Yegutkin, Nucleotide- and nucleoside-converting ectoenzymes: important
modulators of purinergic signalling cascade, Biochim. Biophys. Acta, Mol. Cell Res.
(2008), https://doi.org/10.1016/j.bbamcr.2008.01.024.

[12] K.M. Dwyer, S. Deaglio, W. Gao, D. Friedman, T.B. Strom, S.C. Robson, CD39 and
control of cellular immune responses, Purinergic Signal (2007), https://doi.org/10.
1007/s11302-006-9050-y.

[13] H. Zimmermann, Ectonucleotidases: some recent developments and a note on no-
menclature, Drug Dev. Res. (2001), https://doi.org/10.1002/ddr.1097.

[14] F. Di Di Virgilio, P. Andrea Borea, P. Illes, P2 receptors meet the immune system,
Trends Pharmacol. Sci. (2001), https://doi.org/10.1016/S0165-6147(00)01574-1.

[15] S. Gessi, S. Merighi, K. Varani, E. Cattabriga, A. Benini, P. Mirandola, E. Leung,
S. Mac Lennan, C. Feo, S. Baraldi, P.A. Borea, Adenosine receptors in colon carci-
noma tissues and colon tumoral cell lines: focus on the A3 adenosine subtype, J.
Cell. Physiol. (2007), https://doi.org/10.1002/jcp.20994.

[16] P. Wolkmer, C.B. da Silva, F.C. Paim, M.M.M.F. Duarte, V. Castro, H.E. Palma,
R.T. França, D.V. Felin, L.C. Siqueira, S.T.A. Lopes, M.R.C. Schetinger,
S.G. Monteiro, C.M. Mazzanti, Pre-treatment with curcumin modulates acet-
ylcholinesterase activity and proinflammatory cytokines in rats infected with
Trypanosoma evansi, Parasitol. Int. (2013), https://doi.org/10.1016/j.parint.2012.
11.004.

[17] W. Gao, M.A. Pereira, Interleukin-6 is required for parasite specific response and
host resistance to Trypanosoma cruzi, Int. J. Parasitol. (2002), https://doi.org/10.
1016/S0020-7519(01)00322-8.

[18] C. Truyens, A. Angelo-Barrios, F. Torrico, J. Van Damme, H. Heremans, Y. Carlier,

Interleukin-6 (IL-6) production in mice infected with Trypanosoma cruzi: effect of its
paradoxical increase by anti-IL-6 monoclonal antibody treatment on infection and
acute-phase and humoral immune responses, Infect. Immun. 96 (5) (1994)
723–728.

[19] C.A.C. Araújo, L.L. Leon, Biological activities of Curcuma longa L. Mem. Inst.
Oswaldo Cruz (2001), https://doi.org/10.1590/S0074-02762001000500026.

[20] A. Goel, A.B. Kunnumakkara, B.B. Aggarwal, Curcumin as “Curecumin”: from
kitchen to clinic, Biochem. Pharmacol. (2008), https://doi.org/10.1016/j.bcp.
2007.08.016.

[21] Arne Boyum, Isolation of mononuclear cells and granulocytes from human blood,
Scand. J. Clin. Lab. Invest. 97 (1968) 77.

[22] W. Strober, Trypan blue exclusion test of cell viability, Curr. Protoc. Immunol.
(2015), https://doi.org/10.1002/0471142735.ima03bs111.

[23] D.B.R. Leal, C.A. Streher, T.N. Neu, F.P. Bittencourt, C.A.M. Leal, J.E.P. Da Silva,
V.M. Morsch, M.R.C. Schetinger, Characterization of NTPDase (NTPDase1; Ecto-
apyrase; ecto- diphosphohydrolase; CD39; EC 3.6.1.5) activity in human lympho-
cytes, Biochim. Biophys. Acta - Gen. Subj. (2005), https://doi.org/10.1016/j.
bbagen.2004.09.006.

[24] G. Giusti, C. Gakis, Temperature conversion factors, activation energy, relative
substrate specificity and optimum pH of adenosine deaminase from human serum
and tissues, Enzyme (1971), https://doi.org/10.1159/000459567.

[25] M.J.L. Bours, E.L.R. Swennen, F. Di Virgilio, B.N. Cronstein, P.C. Dagnelie,
Adenosine 5′-triphosphate and adenosine as endogenous signaling molecules in
immunity and inflammation, Pharmacol. Ther. (2006), https://doi.org/10.1016/j.
pharmthera.2005.04.013.

[26] U. Schenk, A.M. Westendorf, E. Radaelli, A. Casati, M. Ferro, M. Fumagalli,
C. Verderio, J. Buer, E. Scanziani, F. Grassi, Purinergic control of T cell activation
by ATP released through pannexin-1 hemichannels, Sci. Signal. (2008), https://doi.
org/10.1126/scisignal.1160583.

[27] V. Kumar, A. Sharma, Adenosine: an endogenous modulator of innate immune
system with therapeutic potential, Eur. J. Pharmacol. (2009), https://doi.org/10.
1016/j.ejphar.2009.05.005.

[28] O.J. Cordero, F.J. Salgado, C.M. Fernandez-Alonso, C. Herrera, C. Lluis, R. Franco,
M. Nogueira, Cytokines regulate membrane adenosine deaminase on human acti-
vated lymphocytes, J. Leukoc. Biol. 70 (6) (2001) 920–930.

[29] J.A. dos S. Jaques, J.F.P. Rezer, J.B. Ruchel, L.V. Becker, C. Saydelles da Rosa, V. do
C.G. Souza, S.C.A. da Luz, J.M. Gutierres, J.F. Gonçalves, V.M. Morsch,
M.R.C. Schetinger, D.B.R. Leal, Lung and blood lymphocytes NTPDase and acet-
ylcholinesterase activity in cigarette smoke-exposed rats treated with curcumin,
Biomed. Prev. Nutr. (2011), https://doi.org/10.1016/j.bionut.2011.02.003.

[30] H. Mekata, S. Konnai, C.N. Mingala, N.S. Abes, C.A. Gutierrez, A.P. Dargantes,
W.H. Witola, N. Inoue, M. Onuma, S. Murata, K. Ohashi, Kinetics of regulatory
dendritic cells in inflammatory responses during Trypanosoma evansi infection,
Parasite Immunol. (2012), https://doi.org/10.1111/j.1365-3024.2012.01362.x.

[31] A. Shehzad, G. Rehman, Y.S. Lee, Curcumin in inflammatory diseases, BioFactors
(2013), https://doi.org/10.1002/biof.1066.

[32] R. Franco, V. Casadó, F. Ciruela, C. Saura, J. Mallol, E.I. Canela, C. Lluis, Cell
surface adenosine deaminase: much more than an ectoenzyme, Prog. Neurobiol.
(1997), https://doi.org/10.1016/S0301-0082(97)00013-0.

[33] G. Haskó, J. Linden, B. Cronstein, P. Pacher, Adenosine receptors: therapeutic as-
pects for inflammatory and immune diseases, Nat. Rev. Drug Discov. (2008),
https://doi.org/10.1038/nrd2638.

P. Wolkmer, et al. Parasitology International 73 (2019) 101948

5

https://doi.org/10.1016/j.vetpar.2009.01.034
https://doi.org/10.1016/j.vetpar.2009.01.034
https://doi.org/10.1016/S0304-4017(00)00310-1
https://doi.org/10.1016/S0304-4017(00)00310-1
https://doi.org/10.1016/j.exppara.2011.04.007
https://doi.org/10.1007/s11046-011-9511-x
https://doi.org/10.1007/s11046-011-9511-x
https://doi.org/10.1017/S0031182011001879
https://doi.org/10.1017/S0031182011001879
https://doi.org/10.1016/j.exppara.2010.01.024
https://doi.org/10.1016/j.exppara.2010.01.024
https://doi.org/10.1017/S003118201000123X
https://doi.org/10.1017/S003118201000123X
https://doi.org/10.1016/j.bbamcr.2008.01.024
https://doi.org/10.1007/s11302-006-9050-y
https://doi.org/10.1007/s11302-006-9050-y
https://doi.org/10.1002/ddr.1097
https://doi.org/10.1016/S0165-6147(00)01574-1
https://doi.org/10.1002/jcp.20994
https://doi.org/10.1016/j.parint.2012.11.004
https://doi.org/10.1016/j.parint.2012.11.004
https://doi.org/10.1016/S0020-7519(01)00322-8
https://doi.org/10.1016/S0020-7519(01)00322-8
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0090
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0090
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0090
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0090
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0090
https://doi.org/10.1590/S0074-02762001000500026
https://doi.org/10.1016/j.bcp.2007.08.016
https://doi.org/10.1016/j.bcp.2007.08.016
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0105
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0105
https://doi.org/10.1002/0471142735.ima03bs111
https://doi.org/10.1016/j.bbagen.2004.09.006
https://doi.org/10.1016/j.bbagen.2004.09.006
https://doi.org/10.1159/000459567
https://doi.org/10.1016/j.pharmthera.2005.04.013
https://doi.org/10.1016/j.pharmthera.2005.04.013
https://doi.org/10.1126/scisignal.1160583
https://doi.org/10.1126/scisignal.1160583
https://doi.org/10.1016/j.ejphar.2009.05.005
https://doi.org/10.1016/j.ejphar.2009.05.005
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0140
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0140
http://refhub.elsevier.com/S1383-5769(19)30129-1/rf0140
https://doi.org/10.1016/j.bionut.2011.02.003
https://doi.org/10.1111/j.1365-3024.2012.01362.x
https://doi.org/10.1002/biof.1066
https://doi.org/10.1016/S0301-0082(97)00013-0
https://doi.org/10.1038/nrd2638

	Curcumin pre-treatment modulate the activities of adenine nucleotide and nucleoside degradation enzymes in lymphocyte of rats infected with Trypanosoma evansi
	Introduction
	Material and methods
	Reagents
	Animals
	Experimental design and curcumin treatment
	Etiological agent and inoculation
	Parasitemia estimation
	Collection and preparation of blood samples
	NTPDase activity in lymphocytes
	ADA activity in lymphocytes
	Statistical analysis

	Results
	Parasitemia
	NTPDase activity
	Adenosine deaminase activity

	Discussion
	Conclusion
	Conflict of interests
	References




