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Short Communication

The aim of this letter is to summarize the impact of ectonucleotidases
activities on platelets and lymphocytes in a model of moderate physical
exercise: rats submitted to swimming training.

A vast body of evidence during the last few decades has shown the
clear benefits of moderate physical exercise to health. The immune and
cardiovascular functions improvements are two of the main positive
factors triggered by exercise [1-3]. The beneficial effects from exercise
will be achieved chronically, due to body metabolic adaptations related
to each acute bout of exercise. However, during the acute exercise
practice, that is, during a single bout of exercise, the organism is
submitted to a stressful state. These apparently harmful effects of the
acute exercise are necessary to the adaptations that will results an
enhancement in cardiovascular and immune responses [1,3-5].

One of the mechanisms that are related to inflammatory and
platelet responses is the purinergic system. The purinergic system
encompasses receptors that respond to extracellular purines, which
are designated as P1 and P2 purinoceptors, purines, and (3) a cascade
of enzymes that regulate the concentration of purines near the cell
surface [6]. Following its release into the extracellular milieu, adenosine
triphosphate (ATP) can be rapidly hydrolyzed in a stepwise manner into
adenosine diphosphate (ADP) and adenosine monophosphate (AMP)
by eNTPDases (ectonucleoside triphosphate diphosphohydrolase)
family. AMP produced can be converted into adenosine by ecto-
5'nucleotidase (CD73), and adenosine, in turn, can be hydrolyzed into
inosine by adenosine deaminase (ADA) [6]. These enzymes are found
anchored in the cellular membrane of immune cells and platelets and
regulate the action of nucleotides and adenosine in these cells [7]. In
lymphocytes, ATP promotes activation followed by pro-inflammatory
effects and adenosine is considered a potent anti-inflammatory
molecule. On platelets, ATP and ADP are pro-aggregating molecules
while adenosine inhibits platelet aggregation [7-9].

Considering that the whole mechanisms by which exercise
produces health improvement are not well assigned and the importance
of ectonucleotidases and ADA activities on lymphocytes and platelet
responses, we hypothesized that the benefits of exercise on immune
and cardiovascular functions are intimately linked to purinergic
system enzymes regulation. Thus, our studies regarding to the role of
ectonucleotidases on platelets and lymphocytes signaling in response
to acute and chronic moderate exercise started on 2010. Rats were used
as animal models of moderate aerobic swimming training [10]. Table 1
shows our main findings related to the enzyme activities modulation in
response to both acute and chronic exercise [10,11].

In lymphocytes our findings demonstrated that chronic exercise
has the ability to decrease NTPDase (hydrolyzing ATP and ADP)
activity and has no effects on ADA activity. Since ATP is a danger
signal and acts activating lymphocytes, we can infer that the reduction
of NTPDase activity is occurring due to the less ATP available in the
extracellular milieu. The reduction in the ATP concentration is linked
to an anti-inflammatory status.

Moderate

Exercise Platelets Lymphocytes
NTPDase NTPDase NTPDase | NTPDase
(ATP) (ADP) E-NPP CD73 ADA (ATP) (ADP) ADA
Acute é é NC é é é é é
Chronic NC é NC NC | NC é é NC

Table 1: The resume of changes in ectonucleotidase activities in response to acute
and chronic moderate exercise. é: increase; é: decrease; NC: no change

Interestingly, acute exercise bout also triggered a decrease on
lymphocytic purinergic system enzymes activities. According to
Gorman and Feigl [12], during exercise, ATP in plasma is rapidly
broken down to ADP, AMP and adenosine by nucleotidases in the
plasma and on the surface of red blood cells in order to promote
vasodilatation. Thus, what becomes clearly evident is that during
exercise, there is a great involvement of purinergic system on tuning the
levels of signalling molecules such as ATP, ADP and adenosine and that
an augment of purinergic enzymes activities can be expected. However,
a reduced NTPDase activity in lymphocytes verified in our study was
probably promoted because of the pro-inflammatory responses that are
involved during the exercise practice [5]. Even though there is a big
amount of ATP being released, the NTPDase present in lymphocytes is
not activated. Then, the ATP will be available to bind the P2 receptors
and induce lymphocytic activation and amplify the pro-inflammatory
responses [5]. The reduction in ADA activity can be explained by
both reduced adenosine available and/or reduction in ADA activity
in order to promote more available adenosine in the medium, which
has anti-inflammatory properties. Taken together, it suggests that
the modulation of purinergic signalling can be described as another
mechanism that contributes to the anti-inflammatory effects of chronic
exercise. In other words, with each exercise session that promotes
‘small’ proinflammatory responses, the organism become adapted and
promotes the subsequent release of anti-inflammatory cytokines and
the modulation of immune cells already described by review by Gleeson
et al. [5], although this last statement must be further investigated.

On platelets, chronic exercise produced an augment on NTPDase
(hytdrolysing ADP). Until now, this is one of our main findings.
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Since NTPDase (ADP) activity is augmented, it means that more
ADP is being hydrolyzed [9] and it could explain one of the training
mechanisms on tromboregulation. Since less concentration of ADP
is in the microenvironment and ADP is the most important molecule
that pursues pro-aggregant action, the platelet aggregation occurs in
low intensity [9]. This training effect could be understood as one of the
main protector actions of chronic exercise on cardiovascular health.

Acute exercise produced an augment on NTPDase (hydrolyzing
ATP and ADP), CD73 and ADA activities. Some studies [13,14] have
shown that during exercise, red blood cells may control coronary
blood flow by releasing ATP in areas of low oxygen tension caused
by increased myocardial oxygen extraction. This increase in ATP
and its metabolite (ADP, AMP, and adenosine) concentrations in the
bloodstream, although being released by erythrocytes, may explain the
rise in ectonucleotidase activities as a result of a single bout exercise
found in our work, since these enzymes are present on the surface of
platelets and probably are in contact with nucleotides released from red
cells. A study developed by Yegutkin et al. [15] has assessed changes
in platelet ectonucleotidase activities in response to an acute exercise.
They showed that strenuous exercise significantly augments platelet
activity via transient ADP release, producing acute prothrombotic
responses. In contrast, our study indicated an augment in the whole
nucleotide hydrolysis, including ADP. These differences on findings
probably are related to the intensity of exercises, suggesting that
ectonucleotidases, regarding moderate exercise, respond differently
from ectonucleotidases regarding strenuous exercise.

In conclusion, our studies have confirmed a great involvement
of purinergic system enzymes in the regulation of immune cells
and platelets. However, the specific mechanisms have to be deeply
investigated and the role of other purinergic components than
enzymes should be careful analyzed. To achieve this need, currently,
we are carrying out studies using knockout mice for NTPDases and
some purinergic receptors to unveil the specific mechanisms by which
purinergic system is altered by physical exercise and the implications of
these alterations in immune cells and platelets. We hope to have some
interesting news very soon that helps to explain the benefits of exercise
on immune and cardiovascular functions.
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