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SUMMARY

The enzymatic activities of NTPDase and 5′nucleotidase are important to regulate the concentration of adenine nucleo-
tides, known molecules involved in many physiological functions. Therefore, the objective of this study was to evaluate
the activity of NTPDase and 5′nucleotidase in serum and liver tissue of rats infected by Fasciola hepatica. Rats were
divided into two groups: uninfected control and infected. NTPDase activity for adenosine triphosphate (ATP) and
ADP substrates in the liver was higher compared with the control group at 15 days post-infection (PI), while seric activity
was lower. In addition, seric and hepatic samples did not show changes for 5′nucleotidase activity at this time. On the other
hand, either NTPDase or 5′nucleotidase activities in liver homogenate and serum were higher at 87 days PI. Early in the
infection, low NTPDase activity maintains an increase of ATP in the bloodstream in order to activate host immune re-
sponse, while in hepatic tissue it decreases extracellular ATP to maintain a low inflammatory response in the tissue. As
stated, higher NTPDase and 5′nucleotidase activities 87 days after infection in serum and tissue, probably results on an
increased concentration of adenosine molecule which stimulates a Th2 immune response. Thus, it is possible to conclude
that F. hepatica infections lead to different levels of nucleotide degradation when considering the two stages of infection
studied, which influences the inflammatory and pathological processes developed by the purinergic system.
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INTRODUCTION

Fasciolosis is a zoonotic disease caused by the hel-
minth parasite Fasciola hepatica that damages
host’s liver tissue (Mas-Coma et al. 2005; Flynn
et al. 2010). In response to infection, the host
shows a Th2 immune response characterized by in-
hibition of T lymphocytes and decreased pro-
inflammatory cytokines production (Mendes et al.
2013). As a consequence, the host immune response
prevents further damage to its own tissues, but on
the other hand, it also helps parasite survival.
Research has shown that helminth helps to induce
host immune response by the release of immunomo-
dulatory mediators (Guasconi et al. 2015).
The purinergic system has many important func-

tions in the body, such as regulation of immune
responses, vasodilation and platelet aggregation
(Burnstock and Verkhratsky, 2010). These events
occur due to the several interactions of purine
nucleotides with purinoreceptors present in the
plasma membrane of many cells. Extracellular

purine nucleotide adenosine triphosphate (ATP)
can interact with purinoreceptors type P2, triggering
cell proliferation, vasodilation and secretion of
pro-inflammatory cytokines (Bours et al. 2006).
Moreover, nucleoside adenosine (Ado) interacts
with purinoreceptors type P1 and produces a
protective cellular environment, inducing the pro-
duction of anti-inflammatory cytokines and vaso-
constriction (Borowiec et al. 2006).
The importance of nucleotides is associated with

the essential function of the enzymatic system that
degrades nucleotides and promotes its suitable
concentration extracellularly, being found on the
plasma membrane of cells or on its soluble form in
the serum and throughout interstitial tissues. The
nucleotide enzymatic regulation initiates with
NTPDase that hydrolyses ATP into ADP and
AMP. Degradation continues with the 5′nucleoti-
dase activity that hydrolyses AMP into Ado.
Several authors have demonstrated the important
role of ectonucleotidases in numerous physiological
functions and diseases (Zimmermman, 2000), as
well as the role of purine molecules, ectonucleoti-
dases and purinoreceptors in some liver cells
(Fausther et al. 2011).
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The parasitosis caused by F. hepatica is still not
fully understood, especially its ability to survive
and immunomodulate host’s immune responses.
Thus, this study has the objective to determine the
enzymatic activity of NTPDase and 5′nucleotidase,
known modulators of ATP, ADP, AMP and Ado
in serum and liver of rats experimentally infected
by F. hepatica.

MATERIALS AND METHODS

Fasciola hepatica isolation and inoculum preparation

Fasciola hepatica eggs were obtained from one sheep
experimentally infected by the Weybridge strain.
Feces were collected weekly using a 60-mesh sieve
and parasite eggs were collected with a 400-mesh
sieve. These eggs were maintained at 24 °C for
10 days, and mass hatching was induced by light ex-
posure. Using a 24-well plate (Corning, USA),
snails (Pseudosuccinea columella) with approximately
5–6 mm of shell lengths were infected by 3 miracidia
using 3 mL of water/well. At day 40 post-infection
(PI), metacercariae were collected and stored at
4 °C for 60 days. Previous to use, viability of meta-
cercariae was established at 98%. Inoculumwas com-
posed of 20 viable metacercariae kept at room
temperature by 24 h prior to oral infection.

Animals

Thirty female rats with 70 days of age and 250 g
(±31) of body weight were kept in cages housed in
an experimental room with controlled temperature
and humidity (22 °C; 60%). They were fed with
commercial feed and received water ad libitum. All
animals had a period of 30 days for acclimatization
and were clinically healthy in the beginning of ex-
periment (day 0). The procedure was approved by
the Animal Welfare Committee of the Instituto
Federal Catarinense (IFC), number 001/2013.
Animals were divided into two groups: control

and infected, where the control group was composed
of 10 healthy (uninfected) rats. Twenty animals
from infected group were experimentally infected
orally with 20 metacercariae of F. hepatica.

Sampling

At 15 and 87 days PI, animals were anesthetized with
isoflurane for blood sampling (2 mL each−1) as
follows: 15 days PI, control group (n = 5) and
infected group (n = 10); and 87 days PI control
group (n= 5) and infected group (n = 10). Blood
samples were stored into tubes without anticoagu-
lant, serum was obtained after centrifugation at
3500 g for 10 min, and stored at −20 °C for the
NTPDase and 5′ nucleotidase assays. A fragment
of liver was removed, weighed and homogenized

with Tris–HCl 50 mM with 4 mM EDTA (to
exclude possible interference of endogenous divalent
cations). Each homogenate was centrifuged at 2200 g
for 10 min with the supernatant collected and frozen
at −20 °C until analyses.

Protein determination

Protein concentration of samples was determined by
the Coomassie Brilliant Blue method according to
Bradford (1976), using bovine serum albumin as
the standard.

Seric NTPDase and 5’nucleotidase activities

NTPDase and 5’nucleotidase activities in serum
samples were determined as previously described
by Oses et al. (2004). The reaction mixture for the
NTPDase activity contained 3 mM of ATP or ADP
as substrate and 112·5 mM Tris–HCl (pH 8·0). The
reaction mixture for 5’nucleotidase was composed
of 3 mM of AMP as substrate and 100 mM Tris–
HCl (pH 7·5). The reaction mixtures were incubated
with approximately 1·0 mg of homogenized protein
at 37 °C for 40 min on a final volume of 0·2 mL.
The reaction was stopped by the addition of
0·2 mL of 10% trichloroacetic acid (TCA). All
samples were centrifuged at 5000 g for 5 min to
eliminated precipitated protein and the supernatant
was used for the colorimetric assay. The samples
were chilled on ice and the amount of released inor-
ganic phosphate (Pi) was measured by the method of
Chan et al. (1986). In order to correct non-enzymatic
hydrolysis, control samples were used by adding the
homogenate after the reaction was stopped with
TCA. Enzyme activities were expressed as nano-
moles of Pi released per min per milligram of
protein (nM of Pi min−1 mg−1 protein).

Hepatic NTPDase and 5’nucleotidase activities

NTPDase and 5’nucleotidase activities in liver
homogenized were determined using a modification
of the method described by Rosemberg et al.
(2010). First, liver homogenates were centrifuged
at 2500 rpm for 10 min to remove possible impur-
ities. The reaction mixture for the NTPDase activity
contained 1 mM of ATP or ADP as substrate, 5 mM

CaCl2 and 50 mM Tris–HCl (pH 8·0). For 5’nucleo-
tidase, the reaction mixture contained 10 mM of
AMP as substrate, 5 mM MgCl2 and 50 mM Tris–
HCl (pH 7·5). The reaction mixtures were incubated
with approximately 1·0 mg of homogenized protein
at 37 °C for 30 min in a final volume of 0·2 mL.
The reaction was stopped by the addition of
0·2 mL of 10% TCA. The samples were chilled on
ice and the amount of Pi liberated was measured
by the method of Chan et al. (1986). In order to
correct non-enzymatic hydrolysis, samples were
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used by adding the homogenate after the reaction
was stopped with TCA. Enzymatic activities were
expressed as nM of Pi min−1 mg−1 protein.

Gross and histopathology exam

Animals were euthanized by isoflurane overdose fol-
lowed by decapitation. At the necropsy, tissue
samples were collected from the left and right
hepatic lobes, fixed in 10% buffered formalin, and
embedded in paraffin. Tissue sections were stained
with haematoxylin and eosin (H&E) for histopatho-
logical examination. Liver sections were evaluated in
a blind way and lesions were described and scored as
follows: absent, mild, moderate and severe.

Statistical analysis

The data showed a normal distribution (Shapiro–
Wilk test) and therefore all comparisons between
groups were performed by one-way analysis of vari-
ance followed by the student test. Differences
between groups were considered significant when
P< 0·05. Data were expressed as mean ± standard
error of the mean (S.E.M.).

RESULTS

Disease clinical course and histopathology

Infected rats did not show clinical signs of the
disease during the study. In all infected animals,
the right hepatic lobe was the more severe affected.
At day 15 PI, liver from infected animals showed
focal extensive or multifocal necrosis associated
with mild to moderate inflammatory infiltrate of
lymphoplasmacytic cells, macrophages and giant
cells. In some samples, there were migrating larvae
surrounded by moderate inflammatory infiltrate of
eosinophils often attached to the larva cuticle
(Fig. 1A and B).
At day 87 PI, the main changes observed in the

hepatic tissue were proliferation of biliary ducts
and connective fibrous tissue, moderate to severe
inflammatory infiltrate of lymphoplasmacytic
cells, and some specimens of adult F. hepatica.
Furthermore, there were multifocal haemorrhages
and hemosiderosis (Fig. 1C). Animals from the un-
infected group did not show histopathological
changes in liver samples.

Seric NTPDase and 5’nucleotidase activities

ATP and ADP hydrolysis by NTPDase in serum
samples were showed in Fig. 2A. The activity of
NTPDase for ATP and ADP was decreased on day
15 PI, i.e. a reduction of 42% for ATP and 46% for
ADP when compared with the control group. After
87 days PI, the infected group showed an increase

of 85% in the NTPDase activity for ATP and 39%
for ADP when compared with the control group.
Activity of the 5’nucleotidase in serum was showed
in Fig. 3A. The result of 5’nucleotidase for the
infected group at day 15 PI did not show significant
difference between the control groups. 5’nucleoti-
dase activity of the infected group at day 87 PI
showed an increase of 129% when compared with
the control group.

Hepatic NTPDase and 5’nucleotidase activities

Results of NTPDase activity in liver homogenate
with ATP and ADP as substrate were showed in
Fig. 2B. Hepatic NTPDase activity (ATP and
ADP) had an increase of 364% for ATP and 228%
for ADP on day 15 PI for the infected group, as
well as 136% for ATP and 171% for ADP on day 87
PI for the infected group when compared with the
control group. Results for the 5’nucleotidase activity
were showed in Fig. 3B. Infected group did not
show significant difference between the control
groups, but on day 87 PI this group showed an in-
crease of 68% when compared with the control group.

DISCUSSION

After 15 days PI, animals infected by F. hepatica
went through the acute phase of infection, where
the parasite had already crossed the liver tissue to
stay in the bile ducts (Nyindo and Lukambagire,
2015). Tissue damage caused by the parasite stimu-
lates the release of ATP by the cells, thus signals the
entire tissue to initiate an inflammatory response
(Corriden and Insel, 2010). However, in hepatic
samples there was an increase in ATP degradation
by NTPDase and no changes were observed in 5′
nucleotidase activity, which is the enzyme respon-
sible for the degradation of AMP. In addition,
AMP forming adenosine can be deaminated by
adenosine deaminase, an enzyme that showed
reduced activity in the liver of rats infected by
F. hepatica (Baldissera et al. 2015). According to
the literature, this occurs probably because the ad-
enosine levels can be increased in the extracellular
space interacting with purinoreceptors P1 or be
reuptaken by adenosine transporters channels in
cells of the host or by the parasite. With the knowl-
edge that high concentrations of ATP can be toxic to
cells, we have hypothesized that the increase the
NTPDase can be cytotoxic under high concentra-
tions of ATP, which can lead to lysis of host cells
after purinoreceptors interactions (Ralevic and
Burnstock, 1998). Other hypothesis, is that after a
triggered uncontrolled inflammation response, the
body would control the concentration of the nucleo-
tide in the parasited tissue, modulating NTPDase
enzymatic activity and thereby reducing the concen-
tration of ATP.
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Serum samples of rats after 15 days of F. hepatica
infection showed a decrease in the hydrolyses of
ATP and ADP nucleotides by NTPDase enzyme,
and no changes in the nucleotide AMP degradation
by the enzyme 5′nucleotidase were observed. These

results point to an increase in the concentration of
ATP in the bloodstream during the acute phase of
parasitism by F. hepatica. Gressler et al. (2014)
showed in his work that lambs infected by
Haemonchus contortus showed an increase of ATP
concentrations during the acute phase of the
disease. This fact supports the hypothesis that
modulation in NTPDase and 5′nucleotidase enzym-
atic activities caused by infection in the acute phase
causes an increase in ATP concentrations. It is
known that ATP is a major pro-inflammatory
agent by vasodilating, platelet-activating and stimu-
lating the production of reactive species and thereby
stimulating an increase in the inflammatory response
(Bours et al. 2006). Besides the action of degrading
enzymes, the concentration of ATP can increase
due to the release of ATP by damaged cells
(Trautmann, 2009). After 15 days of infection, the
body is in the acute phase of infection, and it
searches through numerous ways to activate inflam-
mation in order to remove the invading pathogen.
The response to parasitism in the chronic phase of

the infection showed an increase in the activity of

Fig. 1. Liver of rats infected by Fasciola hepatica at days
15 and 87 PI, H&E. (A) Migrating larva surrounded by
moderate inflammatory infiltrate of eosinophils often
attached to the larva cuticle, as well as macrophages and
lymphocytes at day 15 PI. (B) Multinucleated giant cells
and moderate lymphoplasmacytic inflammatory cell
infiltrate. Inside one giant cell phagocyted eosinophilic
material can be seen at day 15 PI. (C) Adult F. hepatica
surrounded by moderate multifocal haemorrhage and
hepatocyte necrosis at day 87 PI.

Fig. 2. NTPDase activity to ATP e ADP substrate in
serum (A) and liver homogenate (B) of Fasciola hepatica
infected rats compared with uninfected (control) on
days 15 and 87 PI. Asterisks indicate statistical difference
(P< 0·05) between infected and uninfected groups.
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NTPDase and 5′nucleotidase in serum and liver
homogenate. In this case, the NTPDase enzyme
degrades ATP and ADP, and AMP is degraded by
the resulting 5′nucleotidase forming adenosine.
The nucleoside adenosine is an important endogen-
ous anti-inflammatory, vasoconstrictor and platelet
activation acting as an inhibitor of a protective cellu-
lar environment (Barankiewicz et al. 1988). As a
result of enzymatic modulation, high concentrations
of adenosine roam the bloodstream signalling the
body to reduce the inflammatory response caused
by acute phase. Lambs infected by the helminth
parasite H. contortus presented in the chronic phase
of infection an increase in adenosine concentrations
in the bloodstream, maintaining that high adenosine
levels present are due to an offsetting effect on
inflammation, which reduces the cellular damage
and inflammation (Gressler et al. 2014). All of
these results lead to the assumption that the post-
acute phase shows high levels of adenosine, which
leads to a cell protective environment confirmed by
the presence of necrosis in liver tissue histology.

Several studies in the chronic phase of the disease
have shown that the parasite located in the gallbladder
is capable of producing a range of compounds able to
modulate the activity of many immune cells (lympho-
cytes and macrophages), and alter cytokine produc-
tion which leads to inhibition of cell response, and
development of a humoral immune response (Th2)
(Guasconi et al. 2015). Associated with this, increase
in adenosine concentration found in infected rats by
F. hepatica (Baldissera et al. 2015) also results on
immunomodulatory effects and possibly contributes
to the production of the Th2 response seen in the
chronic phase. Besides the interaction with purinore-
ceptors P1, the formed adenosine can be captured by
alert channel nucleoside transporters present on the
membrane of both host cells as well as the parasite
itself (Junger, 2011).
Our results show that F. hepatica is able to modu-

late the activity of host enzymes differently depending
on each tissue involved. First, after 15 days of infec-
tion, it was observed a decreased in NTPDase activity
in serum, but on the contrary, there was an increase in
the enzyme activity in the liver tissue. Probably, this
regulation is related to increase the levels of seric ATP
at the onset of infection, which acted as damage-asso-
ciated molecular patterns (DAMP) and activated the
immune system of the host. However, on tissue the
enzymatic activity is increased to hydrolyse the high
concentrations of ATP released from damaged cells
by infection, being the parasite benefited since ATP
is a promoter of immune defence against invading
organisms. Moreover, in the chronic phase of infec-
tion, it was observed an increase on NTPDase and
5′nucleotidase activities in serum and tissue samples
likely to produce high concentrations of adenosine,
which promotes cell protection environment due to
tissue damage caused by the infection, and also
assists the formation of Th2 immune response. The
activities found in this study may be associated with
the protection of the organism, but can also be
related to the permanence of the parasite in the host
tissue. Thus, the purinergic system might be a pos-
sible target for new drugs and treatments for the zoo-
notic disease caused by F. hepatica.
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