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Abstract

The effects of transient forebrain ischemia, reperfusion and ischemic
preconditioning on rat blood platelet ATP diphosphohydrolase and 5'-
nucleotidase activities were evaluated. Adult Wistar rats were submit-
ted to 2 or 10 min of single ischemic episodes, or to 10 min of ischemia
1 day after a 2-min ischemic episode (ischemic preconditioning) by
the four-vessel occlusion method. Rats submitted to single ischemic
insults were reperfused for 60 min and for 1, 2, 5, 10 and 30 days after
ischemia; preconditioned rats were reperfused for 60 min 1 and 2 days
after the long ischemic episode. Brain ischemia (2 or 10 min) inhibited
ATP and ADP hydrolysis by platelet ATP diphosphohydrolase. On the
other hand, AMP hydrolysis by 5'-nucleotidase was increased after 2,
but not 10, min of ischemia. Ischemic preconditioning followed by 10
min of ischemia caused activation of both enzymes. Variable periods
of reperfusion distinctly affected each experimental group. Enzyme
activities returned to control levels in the 2-min group. However, the
decrease in ATP diphosphohydrolase activity was maintained up to 30
days of reperfusion after 10-min ischemia. 5'-Nucleotidase activity
was decreased 60 min and 1 day following 10-min ischemia; interest-
ingly, enzymatic activity was increased after 2 and 5 days of reperfu-
sion, and returned to control levels after 10 days. Ischemic precondi-
tioning cancelled the effects of 10-min ischemia on the enzymatic
activities. These results indicate that brain ischemia and ischemic
preconditioning induce peripheral effects on ecto-enzymes from rat
platelets involved in nucleotide metabolism. Thus, ATP, ADP and
AMP degradation and probably the generation of adenosine in the
circulation may be altered, leading to regulation of microthrombus
formation since ADP aggregates platelets and adenosine is an inhibi-
tor of platelet aggregation.
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Introduction

Studies on the biological role of ATP,
ADP, AMP and adenosine in extracellular
metabolism suggest that these compounds
control distinct, and often opposite meta-
bolic processes. Therefore, the activity of
enzymes that regulate their concentration is
of great biological importance. Ecto-ATP
diphosphohydrolases (apyrases, EC 3.6.1.5)
catalyze the hydrolysis of both di- and tri-
phosphate nucleosides. In the case of ATP
and ADP hydrolysis, the reaction products
are AMP and inorganic phosphate (1). Ecto-
5'-nucleotidases (EC 3.1.3.5) hydrolyze AMP
to adenosine. The ubiquity and distribution
of ATP diphosphohydrolases and 5'-nucle-
otidases suggest that these enzymes might
play an important role in the regulation of
nucleotide and adenosine levels (2,3).

Platelets express ecto-ATP diphosphohy-
drolase (4,5) and ecto-5'-nucleotidase (6) ac-
tivities. In previous reports, our group de-
scribed the presence of ATP diphosphohydro-
lases in human blood platelets (7), synapto-
somes (8,9), rat brain synaptic plasma mem-
branes (10) and rat heart sarcolemmal frac-
tions (11). With respect to the vascular system,
it was suggested that a possible physiological
role for ATP diphosphohydrolase is its partici-
pation in an �enzymatic chain�, together with
5'-nucleotidase, for the complete hydrolysis of
ATP to adenosine. Adenine nucleotides and
nucleosides may play a role in the regulation
of vascular tone and platelet aggregation since
ATP and ADP are vasoactive and platelet-
active nucleotides (12,13), respectively, and
adenosine is a vasodilator (14) and an inhibitor
of platelet aggregation (15). It was thus sug-
gested that activation of ATP diphosphohy-
drolase and 5'-nucleotidase might result in
inhibition of platelet aggregation, vascular tone
control and microthrombus formation (4,5).

It is known that brain ischemia causes
cell death of vulnerable neurons (16), but
such injury is markedly limited when is-
chemic preconditioning is induced (17). It

was demonstrated that a brief ischemic epi-
sode (lasting 1 or 2 min) that causes no cell
death induces tolerance to longer ischemic
episodes (10-min ischemic episode) inflicted
24 or 48 h later (16,17) resulting in only 30%
cell death in the hippocampal CA1 pyramidal
cells (as compared to 90% neuronal death
after the 10-min ischemic episode). This
phenomenon of induced tolerance can also
be produced for myocardial ischemia, but
despite extensive investigation the mechan-
isms underlying ischemic preconditioning
are not clearly established (18,19). Along
with evidence that the injury-limiting effect
of myocardial preconditioning can be prima-
rily attributable to adenosine (19), Schetinger
et al. (20) have demonstrated activation of
synaptosomal ATP diphosphohydrolase from
the hippocampus of rats tolerant to brain
ischemia. Interestingly, human studies re-
port that patients with ischemic cerebrovas-
cular disease present vascular platelet acti-
vation and microthrombus formation (21,22).

Since a) preconditioning to brain ische-
mia changes activity of hippocampal ATP
diphosphohydrolase in rats (20) and b) pa-
tients suffering from cerebrovascular dis-
ease show platelet activation (21,22), we
decided to investigate whether precondition-
ing to brain ischemia would alter platelet
ATP diphosphohydrolase and 5'-nucleoti-
dase activities in the rat. Our hypothesis is
that ischemic preconditioning, known to
cause cellular protection, could alter these
enzymatic activities leading to a possible
increase in peripheral ADP degradation and
adenosine formation, and the consequent
regulation of microthrombus formation and
vascular tissue oxygen supply.

Material and Methods

Material

Nucleotides were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Sepha-
rose 2B was obtained from Pharmacia
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(Uppsala, Sweden) and was de-aerated in a
vacuum flask before packing in a polyethyl-
ene column. All other reagents were of ana-
lytical grade. Polyethylene or siliconized
labware was used for all platelet isolation
and incubation procedures.

Brain ischemia and reperfusion

Male Wistar rats from our breeding stock,
weighing 180-200 g, were maintained on a
12-h light/dark cycle in a constant tempera-
ture room. Forebrain ischemia was produced
by the 4-vessel occlusion (4-VO) method
(20,23). Briefly, the vertebral arteries were
electrocoagulated through the alar foramina
on the first cervical vertebra under halothane
anesthesia, and silastic ties were inserted
around the carotids and brought to the sur-
face. Twenty-four hours later the ties were
tightly clamped for 2 or 10 min. Variable
periods of reperfusion were allowed: 60 min,
and 1, 2, 5, 10 and 30 days. The precondi-
tioned group (double-ischemic rats) received
10-min ischemia 1 day after a 2-min is-
chemic episode (referred to as 2' + 10'),
followed by 60 min, 1 and 2 days of reperfu-
sion. Rats that did not lose the righting reflex
or that convulsed during the ischemia or
reperfusion periods were discarded. Sham-
operated (animals with vertebral electroco-
agulation and carotid preparation, but no
carotid occlusion) and intact rats were used
as controls. The 4-VO ischemia in the awake
rat was the experimental model employed to
avoid the use of any drug during ischemic
event(s) that might influence neural outcome
(i.e., the neuroprotective effect of anes-
thetics). All animal use procedures were ap-
proved by the local Animal Care Committee.

Platelet isolation

Rats were killed by decapitation and pe-
ripheral blood was collected into citrated
tubes. Platelets were isolated as described by
Hantgan (24). The intact platelets were sepa-

rated from plasma by gel filtration through a
1.5 x 7 cm Sepharose 2B column. The col-
umn was equilibrated with a buffer consist-
ing of 140 mM NaCl, 2.5 mM KCl, 10 mM
HEPES, 5.5 mM dextrose, 0.2 mM EGTA,
and 0.05 g% azide, pH 6.8. Platelets were
eluted with the same buffer at room temper-
ature, 0.5-ml fractions were collected and
the tubes containing platelets, as determined
visually, were used for the experiments. Plate-
lets were prepared fresh daily.

Determination of ATP diphosphohydrolase
and 5'-nucleotidase activities

ATP and ADP hydrolysis by platelet ATP
diphosphohydrolase was carried out in a
medium containing 120 mM NaCl, 5.0 mM
KCl, 6.0 mM glucose, 5.0 mM CaCl2, and 50
mM Tris-HCl buffer, pH 7.5, as previously
described (4). The enzyme reaction was
started by the addition of ATP or ADP to a
final concentration of 0.5 mM. Platelet 5'-
nucleotidase activity was assayed as de-
scribed by Nishio et al. (25). AMP hydroly-
sis was carried out in a medium containing
134 mM NaCl, 5.0 mM glucose, 1.5 mM
MgCl2 and 15 mM Tris-HCl buffer, pH 7.4.
The enzyme reaction was started by the addi-
tion of AMP to a final concentration of 2.0
mM. Incubation times (60 min for ATP di-
phosphohydrolase and 120 min for 5'-nucle-
otidase) and protein concentration (0.1-0.15
mg/ml) were chosen in order to ensure the
linearity of the enzyme reactions. The reac-
tions were stopped by the addition of trichlo-
roacetic acid to a final concentration of 5%
(w/v). Controls with the enzyme preparation
after the addition of trichloroacetic acid were
used to correct for nonenzymatic hydrolysis
of the substrate. All assays were run in dupli-
cate with appropriate controls. Released
phosphate (Pi) was measured by the method
of Chan et al. (26). A unit of activity (U) is
expressed as 1.0 nmol of Pi released/min at
37oC. Specific activities are defined as U/mg
protein (nmol Pi released min-1 mg protein-1).
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Only one platelet preparation from each rat
was used for the enzymatic assays described
below.

Protein determination

Protein was determined by the Coomassie
blue method (27) with bovine serum albu-
min used as standard.

Statistical analysis

Data were analyzed by one-way and two-
way analysis of variance. Post-hoc tests in-
cluded the Duncan procedure for multiple
intergroup comparisons. P values lower than
0.05 were considered to be significant.

Results

Effect of single episodes of brain ischemia
on platelet ATP diphosphohydrolase and
5'-nucleotidase activities

Control ATPase and ADPase specific

activities of ATP diphosphohydrolase and
5'-nucleotidase (AMPase) activity, that cor-
respond to 100%, were 11.2 ± 0.71 (mean ±
SEM, N = 8), 5.9 ± 0.36 (mean ± SEM, N =
8) and 1.8 ± 0.10 (mean ± SEM, N = 8) nmol
Pi released min-1 mg protein-1, respectively.
ATP and ADP hydrolysis by ATP diphos-
phohydrolase was significantly decreased by
40-50% immediately after 2 or 10 min of
ischemia when compared to sham and con-
trol groups (Figures 1 and 2). On the other
hand, AMP hydrolysis by 5'-nucleotidase
was significantly increased by 30% after 2
min of ischemia when compared to the cor-
responding sham and control groups, but
was similar to control levels after 10 min of
ischemia (Figure 3). When recirculation was
allowed, 60 min of reperfusion after the 2-
min ischemic episode was enough to bring
ATP, ADP and AMP hydrolysis to control
levels (Figures 1-3). However, rats submit-
ted to 10 min of ischemia showed impaired
enzymatic activities after both 60 min and 1
day of reperfusion (Figures 1-3). Table 1
shows impairment up to 30 days.

In an attempt to determine the time for
recovery of activity, we studied animals 2, 5,
10 and 30 days after 10 min of ischemia. As
shown in Table 1, we noticed a sustained
decrease in ATP diphosphohydrolase activ-
ity (ATPase and ADPase) up to 30 days after
the event. AMP hydrolysis was significantly
increased by 30 and 60% after 2- and 5-day
reperfusion, respectively. Interestingly, is-
chemic animals submitted to 10 and 30 days
of recirculation presented 5'-nucleotidase
activity comparable to control rats (Table 1).

Effects of preconditioning to brain ischemia
on platelet ATP diphosphohydrolase and
5'-nucleotidase activities

We next examined the effect of ischemia
on the enzyme activities in preconditioned
rats. These animals were subjected to a brief
ischemic episode (2 min) inflicted 1 day
before 10 min of ischemia, i.e., they were
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Figure 1 - Activity of platelet ATP
diphosphohydrolase (ATPase ac-
tivity) after brain ischemia (2 and
10 min) and ischemic precondi-
tioning (2' + 10') followed by
reperfusion. Results are ex-
pressed as percentage of con-
trol activity. Data are reported as
means ± SEM for 6 to 8 differ-
ent platelet preparations as-
sayed in duplicate. Sham value
for ATPase activity was 103.2 ±
6.4% (N = 8). *P<0.05 compared
to control group. +P<0.05 com-
pared to the 2' + 10' group
without reperfusion (analysis of
variance and Duncan test).
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made tolerant to neuronal death caused by
the longer ischemic insult. As shown in Fig-
ures 1 and 2, there was a 40-50% increase in
ATP and ADP hydrolysis in the precondi-
tioned group (2' + 10') when compared to
sham and control groups, in contrast with
groups submitted to 2 or 10 min of ischemia
alone. There was a marked activation (about
100%) of AMP hydrolysis (Figure 3) after
the double-ischemic episode.

Interestingly, at 60-min reperfusion after
the double-ischemic episode, ATP, ADP and
AMP hydrolysis rates (Figures 1-3) were
significantly lower than in the respective
controls. After one day of reperfusion, the
inhibitory effects on ADP and AMP hy-
drolysis were cancelled. Although ATP hy-
drolysis was higher when compared to con-
trols at 1 day (Figure 1), preconditioned rats
submitted to 2 days of reperfusion showed
control levels of activity (enzyme activity -
% of control = 106.9 ± 7.8%, mean ± SEM,
N = 8). Confirming the trend shown in Fig-
ures 2 and 3, ADP and AMP hydrolysis rates
in the preconditioned rats were still similar
to controls after 2 days of reperfusion (84.6
± 4.5%, N = 7, and 109.7 ± 8.6%, N = 8,
respectively).

Discussion

The main results of the present study are:
i) brain ischemia (2 or 10 min) inhibited
ATP diphosphohydrolase activity from rat
blood platelets (Figures 1 and 2), whereas 5'-
nucleotidase was activated after 2 min of
ischemia and this effect did not occur after a
10-min ischemic episode (Figure 3). In con-
trast, preconditioned rats (2' + 10' ischemic
episode) showed an increase in both enzyme
activities (Figures 1-3). ii) Enzymatic activi-
ties changed when recirculation was allowed.
Reperfusion of 60 min after 2 min of ische-
mia caused a return of activities to control
levels. However, the inhibition of ATP di-
phosphohydrolase activity following 10 min
of ischemia was still present after 30 days of
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Figure 2 - Activity of platelet ATP
diphosphohydrolase (ADPase
activity) after brain ischemia (2
and 10 min) and ischemic pre-
conditioning (2' + 10') followed
by reperfusion. Results are ex-
pressed as percentage of con-
trol activity. Data are reported as
means ± SEM for 6 to 8 differ-
ent platelet preparations as-
sayed in duplicate. Sham value
for ADPase activity was 97.4 ±
10% (N = 6). *P<0.05 compared
to control group. +P<0.05 com-
pared to the 2' + 10' group
without reperfusion (analysis of
variance and Duncan test).

E
nz

ym
e 

ac
tiv

ity
 (%

 o
f 

co
nt

ro
l)

250

200

100

50

0
Control

Reperfusion time

0 60 min 1 day

10-min ischemia2-min ischemia

2' + 10' ischemia

Figure 3 - Activity of platelet 5'-
nucleotidase (AMPase activity)
after brain ischemia (2 and 10
min) and ischemic precondition-
ing (2' + 10') followed by reper-
fusion. Results are expressed as
percentage of control activity.
Data are reported as means ±
SEM for 6 to 8 different platelet
preparations assayed in dupli-
cate. Sham value for AMPase
activity was 99.5 ± 9.5% (N = 6).
*P<0.05 compared to control
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2' + 10' group without reperfu-
sion. #P<0.05 compared to the
10-min ischemia group without
reperfusion (analysis of variance
and Duncan test).
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reperfusion (Table 1). 5'-Nucleotidase activ-
ity was changed by reperfusion after a single
10-min ischemic episode when compared to
ischemia without reperfusion (Figure 3 and
Table 1). iii) The preconditioned ischemic
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group (2' + 10') showed recovery of both
enzymatic activities after 2 days of reperfu-
sion, in marked contrast to the altered activ-
ity after the single 10 min of ischemia. Since
brain ischemia alters ATP, ADP and AMP
hydrolysis by platelets, these results suggest
that changes in ATP diphosphohydrolase
and 5'-nucleotidase activities should be as-
sociated with molecular events that follow
ischemia. Nevertheless, since platelet turn-
over time is approximately 5-9 days (28), the
sustained inhibition of ATP diphosphohy-
drolase activity after 10 min of ischemia,
lasting for 30 days (Table 1), suggests a
possible inhibition of enzyme synthesis in
the megakaryocytes. However, this interpre-
tation cannot be considered for 5'-nucleoti-
dase activity since it returns to basal values
between 5 and 10 days after ischemia.

The fact that preconditioned rats showed
activation of both enzyme activities suggests
that induced tolerance to brain ischemia might
be related to enzymatic modulation for the
inhibition of microthrombus formation in
the peripheral circulation. In the central ner-
vous system, it has been suggested that up-
regulation of the enzyme chain hydrolyzing
extracellular ATP after transient forebrain
ischemia in the rat could play a role in the
postischemic control of nucleotide-mediated
cellular responses (29). Since platelets are
anucleate (28), the possibility of upregula-
tion of the enzymes is excluded. Considering

the results of reperfusion after ischemic pre-
conditioning (Figures 1 and 2), and remem-
bering that 10 min of ischemia caused long-
term (30 days) inhibition of ATP diphospho-
hydrolase activity (Table 1), we suggest that
protective mechanisms induced by precon-
ditioning might be associated with the return
of enzymatic activity to control levels after 2
days of reperfusion. With respect to 5'-nucle-
otidase activity, AMP hydrolysis returned to
control levels after 2' + 10' ischemia (precon-
ditioning) followed by 1 day of reperfusion
(Figure 3) while 10 min of ischemia altered
enzyme activity up to 5 days of reperfusion.
To our knowledge, this is the first demon-
stration of a peripheral effect of brain ische-
mia and ischemic preconditioning involving
platelet ecto-enzymes related to adenosine
formation.

Preconditioning involves brief periods of
ischemia that confer protection against a
prolonged ischemic challenge. It is known
that 10 min of transient forebrain ischemia
causes massive cell death in the CA1 subfield
of the rat hippocampus, while 2 min of ische-
mia causes no lesion; however, precondi-
tioning results in 50-60% protection against
cell necrosis (16,20). Athough these studies
have clearly demonstrated the effects of pre-
conditioning on the nervous system, the
mechanisms underlying such effects have
not yet been established. Ytrehus and co-
workers (30) have shown that adenosine

Table 1 - Activity of platelet ATP diphosphohydrolase (ATPase and ADPase activities) and 5'-nucleotidase
(AMPase activity) after 10 min of brain ischemia followed by 0 min, and 2, 5, 10 and 30 days of reperfusion.

Results are reported as percentage of control activity (ATPase: 11.2 ± 0.71; ADPase: 5.9 ± 0.36; AMPase: 1.8
± 0.10 nmol Pi released min-1 mg protein-1). Data are reported as means ± SEM for 7 to 9 different platelet
preparations assayed in duplicate. *P<0.05 compared to control group (analysis of variance).

Control Enzyme activity (% of control)

0 min 2 days 5 days 10 days 30 days

ATPase 97.2 ± 5.3 62.4 ± 5.6* 77.1 ± 5.1* 60.7 ± 2.7* 60.8 ± 5.6* 42.4 ± 3.8*

ADPase 103.1 ± 6.9 53.9 ± 4.3* 65.5 ± 3.6* 64.1 ± 3.9* 53.4 ± 3.7* 61.9 ± 5.6*

AMPase 100.2 ± 7.5 103.4 ± 10.0 129.7 ± 4.6* 158.5 ± 7.3* 116.7 ± 5.5 87.9 ± 5.6
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receptors are involved in the beneficial ef-
fects of myocardial preconditioning. The
observation that platelet 5'-nucleotidase was
highly activated after ischemic precondition-
ing (2' + 10') (Figure 3) suggests that adeno-
sine is possibly being formed to bind to its
receptors to protect against ischemic inju-
ries. Interestingly, ATP and ADP hydrolysis
by ATP diphosphohydrolase was increased
after the ischemic preconditioning (Figures
1 and 2). These data suggest that during
brain ischemic preconditioning, platelet ATP
diphosphohydrolase and 5'-nucleotidase are
probably modulated to inhibit platelet aggre-
gation and microthrombus formation when
ADP is hydrolyzed and adenosine is gener-
ated. Furthermore, data from animals
reperfused after ischemic preconditioning
suggest an interaction between enzyme ac-
tivities and the protective effect of brain
preconditioning against a longer period of
ischemia (10 min) and reperfusion. As re-
ported, ATP diphosphohydrolase activity was
not inhibited after ischemic preconditioning
followed by 1 or 2 days of reperfusion as it
was after 10 min of ischemia. In the precon-
ditioned group (2' + 10') submitted to 1 or 2
days of reperfusion, 5'-nucleotidase activity
was not altered when compared to controls,
but was altered at the onset of reperfusion.
Thus, changes in these enzyme activities
associated with brain ischemia and reperfu-
sion were prevented by preconditioning.

The concentration of brain extracellular
adenosine increases during ischemia, and
this is believed to confer cytoprotection (31).
Functions mediated by adenosine receptors
such as vasodilation (32), inhibition of Ca2+

influx in cells populating the ischemic area
(33), inhibition of the release of neurotrans-
mitters such as glutamate (33) and inhibition
of platelet aggregation (15) may account for
the beneficial effect of adenosine. The
nucleoside also affords protection against
ischemic reperfusion injuries associated with
significant increases in reactive oxygen spe-
cies (30).

The activation of 5'-nucleotidase activity
after 2 min of ischemia (Figure 3), after the
ischemic preconditioning (2' + 10') (Figure
3) and after 10 min of ischemia followed by
2- and 5-day reperfusion (Table 1) may cor-
respond to a mechanism that leads to an
increase of adenosine levels in the platelet
microenvironment. Interestingly, in these
situations, except for the ischemic precondi-
tioning group, ATP and ADP hydrolysis by
ATP diphosphohydrolase was decreased.
These results may indicate that when ATP
diphosphohydrolase is inhibited after brain
ischemia, ADP is present at sufficient con-
centrations to induce platelet aggregation
even when adenosine is produced. One might
propose that the inhibition of ATP diphos-
phohydrolase after brain ischemia would fa-
cilitate ischemic injury. Our results are in
agreement with studies that have shown plate-
let aggregability and in vivo platelet deposi-
tion in the circulation of patients with is-
chemic cerebrovascular disease (21) and
thromboembolic events after transient glo-
bal ischemia in rats (34) and sheep (35).
These effects have been interpreted as a
consequence of platelet exposure to an is-
chemic microvascular bed subsequent to an
early and evolving endothelial injury (35).
Probably, the phenomenon of precondition-
ing to brain ischemia may correspond to a
protective mechanism when both ATP di-
phosphohydrolase and 5'-nucleotidase ac-
tivities are increased (Figures 1-3). As re-
gards the effect of 10 min of ischemia fol-
lowed by 10 or 30 days of reperfusion, AMP
hydrolysis was not altered when compared
to controls (Table 1), suggesting that it also
occurs to maintain adenosine levels.

In view of such clear effects, we are
tempted to offer possible interpretations for
the peripheral modulation of platelet enzy-
matic activities induced by brain ischemia
and ischemic preconditioning. The first pos-
sibility is a change in the characteristics of
the active site or in its conformation by a
modulatory factor not yet known, that may
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be related to ischemic preconditioning or
brief ischemic stages. The second involves
environmental changes caused by degrada-
tion of membrane phospholipids surround-
ing enzyme molecules, generating free radi-
cal species during ischemia. We have re-
cently demonstrated that free radicals cause
in vitro inhibition of ATP diphosphohydro-
lase activity from rat platelets (36) and syn-
aptic plasma membrane (37). Furthermore,
nitrosylation or phosphorylation through an
interaction with nitric oxide was recently
reported to affect the activity of membrane-
bound proteins (38,39). Node et al. (40)
have shown the activation of ecto-5'-nucle-
otidase by phosphorylation and its role in
ischemic tolerance in the canine heart. Con-
sidering our results, the relevance of these
suggestions should be examined in future
experiments.

The fact that brain ischemia, reperfusion
and preconditioning can induce peripheral
alterations in ecto-enzymes involved in nucle-
otide metabolism, similarly to what occurs
in the nervous system (20), is the most im-
portant feature of our results. We are tempted
to speculate that mechanisms operating in
the modulation of ATP diphosphohydrolase
activity in the ischemic hippocampus (20)

may be similar to those operating in plate-
lets. Our understanding is that changes in
platelet ecto-enzyme modulation and en-
hanced production of adenosine are physi-
ological responses aimed at the regulation of
microthrombus formation, an after-effect of
brain ischemia (21,34,35).

In summary, we have shown that brain
ischemia alters ATP diphosphohydrolase and
5'-nucleotidase activities from rat blood plate-
lets. The present findings support the hypo-
thesis that protection by ischemic precondi-
tioning is probably mediated by enhanced
hydrolysis of ATP, ADP and AMP and pro-
duction of adenosine through the activation
of these ecto-enzymes. Since all enzymatic
activities studied and adenosine receptors
are located on the platelet membrane, the
adenosine putatively produced would act in
the same environment. In any case, we be-
lieve that modulation of such enzymes and
the consequent changes of platelet ATP, ADP
and AMP hydrolysis as a peripheral effect of
brain ischemia, reperfusion and precondi-
tioning should be related to the regulation of
microthrombus formation and vascular tis-
sue oxygen supply since ADP aggregates
platelets (13) and adenosine is an inhibitor
of platelet aggregation (15).
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