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Abstract

Despite significant progress in understanding of the potential of adenosine A, receptor-based therapies in treatment of
cerebral ischemia and stroke, very little is known about the effect of selective stimulation of adenosine A,, receptors on the
outcome of a cerebrovascular arrest. In view of a major role played by adenosine A, receptors in the regulation of cerebral blood
flow, we have investigated the effect of both acute and chronic administration of the selective adenosine receptor agonist
2-[(2-aminoethylamino)-carbonylethylphenylethylamino]-5'-N-ethylcarboxoamidoadenosine (APEC) and antagonist 8-(3-chloro-
styryDcaffeine (CSC) on the outcome of 10 min ischemia in gerbils. Acute treatment with APEC improved recovery of
postischemic blood flow and survival without affecting neuronal preservation in the hippocampus. Acute treatment with CSC had
no effect on the cerebral blood flow but resulted in a very significant protection of hippocampal neurons. Significant
improvement of survival was present during the initial 10 days postischemia. Due to subsequent deaths of animals treated acutely
with CSC, the end-point mortality (14 days postischemia) in this group did not differ statistically from that seen in the controls. It
is, however, possible that the late mortality in the acute CSC group was caused by the systemic effects of brain ischemia that are
not subject to the treatment with this drug. Chronic treatment with APEC resulted in a statistically significant improvement in all
studied measures. Although chronic treatment with CSC improved postischemic blood flow, its effect on neuronal preservation
was minimal and statistically insignificant. Mortality remained unaffected. The results indicate that the acute treatment with
adenosine A ,, receptor antagonists may have a limited value in treatment of global ischemia. However, since administered CSC
has no effect on the reestablishment of postischemic blood flow, treatment of stroke with adenosine A,, receptor antagonists
may not be advisable. Additional studies are necessary to elucidate whether chronically administered drugs acting at adenosine
A, receptors may be useful in treatment of stroke and other neurodegenerative disorders.
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1. Introduction

Treatment of cerebral ischemia with drugs acting at
adenosine receptors was proposed over 10 years ago
(Phillis and Wu, 1981). Experimental studies rapidly
validated the original concept (reviewed by Rudolphi
et al., 1992; Von Lubitz et al., 1995a) showing that both
pre-and postischemic administration of adenosine A,
receptor agonists results in a significant protection
against ischemic brain injury. Moreover, treatment with
these drugs resulted in a substantial improvement of
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survival and reduction of neurological deficits caused
by ischemia (Von Lubitz and Marangos, 1990; Von
Lubitz et al., 1994a).

Recently, a number of studies showed that contrary
to the protective effects of acute administration, chronic
exposure to highly selective adenosine A, receptor
agonists causes aggravation of ischemia-related neu-
ronal injury and reduction of survival (reviewed by Von
Lubitz et al., 1995a). Similar findings were also re-
ported in animal models of seizures (Adami et al.,
1995; Von Lubitz et al., 1994b). The phenomenon of
regimen-dependent reversal of the therapeutic effect
has been described for adenosine A, receptors as well
(Von Lubitz et al., 1994c, 1995b). In view of current
efforts aimed at the introduction of adenosine recep-
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tor-based therapies in treatment of several forms of
neurodegenerative disorders (Von Lubitz et al., 1995a),
further exploration of the effects of chronic exposure
to agents acting at adenosine receptors becomes in-
creasingly important.

The involvement of adenosine A, receptors in regu-
lation of the cerebral blood flow has been known for a
long time (reviewed by Phillis, 1989; Wei and Kontos,
1993). Yet, no reports have been published on the
efect of adenosine A, receptor stimulation in the
context of cerebral ischemia. Furthermore, only one
paper describes the effect of the acute preischemic
exposure to an A, receptor antagonist (Gao and Phillis,
1994). Therefore, in order to further explore the possi-
ble therapeutic role of adenosine A, receptors in
treatment of cerebral ischemia, we have investigated
the consequences of both acute and chronic preis-
chemic exposure of these receptors to either an agonist
or an antagonist.

2. Materials and methods
2.1. Animals

Female gerbils (70 g, Tumblebrook Farms, Brook-
field, MA, USA) were used. Prior to the experiments,
the method of Lee et al. (1984) was used to eliminate
animals prone to spontaneous convulsions. Eighty ger-
bils were randomly selected from the screened popula-
tion and divided into experimental groups. Each group
used in the studies of postischemic survival consisted of
10 animals, whereas groups of 5 animals were used for
the studies of postischemic cortical blood flow.

2.2. Drugs

The selective adenosine A,, receptor agonist 2-[(2-
aminoethylamino)-carbonylethylphenylethylamino]-5'-
N-ethylcarboxoamidoadenosine (APEC) and antago-
nist 8-(3-chlorostyryl)caffeine (CSC) were synthesized
at this laboratory (Jacobson et al., 1993). Drugs were
dissolved in a 20:80 v/v solution of Alkamuls
(Rhone-Poulenc, Cranbury, NJ, USA) and saline and
injected i.p. at 0.15 ml using a 25 gauge needle.

2.3. Treatment regimens

Controls

Controls were injected with the vehicle. The injec-
tions were made daily for 14 days, with the last injec-
tion taking place 15 min prior to ischemia.

Acute regimen
In the acute regimen, animals were injected with the
vehicle for 13 days. On the 14th day, they were given

either 0.1 mg/kg APEC or 1 mg/kg CSC administered
15 min prior to ischemia.

Chronic regimen

Chronic injections of either APEC (0.1 mg/kg) or
CSC (1 mg/kg) were given once daily for 13 days. On
day 14, animals were injected with the vehicle given 15
min preischemia.

2.4. Ischemia

Forebrain ischemia was induced for 10 min by si-
multaneous occlusion on both carotid arteries. During
ischemia, the body/brain temperature of the animals
was maintained within individual preischemic values by
means of an infrared heating lamp and a heating
blanket (Harvard Apparatus, South Natick, MA, USA).
The details of both ischemia induction and tempera-
ture control have been published previously (Von Lub-
itz et al., 1994c¢).

2.5. Cortical blood flow measurements

Relative changes in the cortical blood flow were
measured using a laser Doppler probe and monitor
(Perimed, Piscataway, NJ, USA). In order to establish
baseline values, blood flow monitoring was initiated 2
min prior to carotid occlusion. During the initial 2 min
of ischemia, blood flow changes were monitored every
30 s. Subsequent intraischemic measurements were
made at 5 min and immediately prior to the release of
the occluding sutures. After ischemia, the measure-
ments were made every 5 min for the initial 30, min
and then every 15 min for the subsequent 90 min.

Techniques employed in the placement of the probe
and the execution of blood flow measurements have
been described elsewhere (Lin et al., 1993).

2.6. Postischemic survival

Survival and non-quantitative neurological assess-
ment were determined each day for 14 days postis-
chemia. Neurological assessment consisted of noting
the presence of ptosis, hyperactivity and /or convulsive
behavior, locomotor impairment (circling), and coma.

2.7. Neuronal survival

Fifteen days after ischemia, survivors in all groups
were anesthetized with Nembutal (50 mg/kg). Tran-
scardiac perfusion was made using saline flush (30 s)
followed by 3.5% buffered paraformaldehyde (pH 7.4;
10 min). After removal, brains were sectioned on a
freeze microtome and the sections were processed for
light microscopy as described previously (Von Lubitz et
al., 1994¢). The extent of pathological changes in the



D.KJ.E. Von Lubitz et al. / European Journal of Pharmacology 287 (1995) 295-302 297

hippocampus was determined by an investigator un-
aware of the treatment protocol.

2.8. Statistical analysis

Fisher’s exact test was used to analyze the end-point
survival data, while statistical parameters of neuronal
survival were determined using the Student-Newman-
Keuls test. Due to the extensive exposure to anesthet-
ics during measurements, animals used in the studies
of the cortical blood flow were excluded from the
analysis of survival and morphological data. The Stu-
dent-Newman-Keuls test was also used for the analysis
of the blood flow data.

3. Results
3.1. Postischemic blood flow

Acute regimen

In all groups, occlusion of carotid arteries resulted
in a rapid (20 s) decrease of the cortical blood flow by
more than 97% (Fig. 1).

Following removal of the occluding sutures, the flow
increased transiently in both control and CSC group to
within 10% below the baseline, followed by a rapid
decrease by approximately 60% (CSC) to 70% (con-
trols) below the baseline (Fig. 1). Subsequent recovery
was slow and, at 2 h postischemia, the cortical blood
flow in both control and CSC groups was still lower
(P < 0.05) than prior to ischemia.

Contrary to the control and CSC groups, the cortical
blood flow in the APEC group rose steadily following
removal of the occluding sutures. At 30 min postis-
chemia, the values reached the level of preischemic
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Fig. 1. Postischemic cortical blocd flow in controls (black circles) and
in animals treated acutely with either APEC (open circles) or CSC
(open squares). Time measured from the moment of the occlusion
which ends 10 min later. Note the swift increase of flow in the APEC
group and virtually identical pattern of recovery in control and CSC
groups.
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Fig. 2. Postischemic cortical blood flow in animals treated chronically
with either APEC (open circles) or CSC. The recovery of flow in
both groups is significantly better (P < 0.03, Student-Newman-Keuls)
than in the controls (black circles). For most of its course, recovery in
the CSC group is also much better (P < 0.05, Student-Newman-Ke-
uls) than in the APEC group.

baseline and remained there during the rest of the
monitoring period.

Chronic regimen

Intraischemic depression of the cortical blood flow
in the chronically treated groups was identical to that
seen in animals treated acutely (Fig. 2).

Following ischemia, in both CSC and APEC groups
there was a transient elevation of the cortical blood
flow that reached the level of the preischemic baseline.

In the CSC group, the subsequent depression of
cortical blood flow did not exceed 30%. One hour after
ischemia the cortical flow in the animals treated chron-
ically with CSC attained its preischemic value. No
further changes were observed (Fig. 2).

At 15 min postischemia, the reduction of the corti-
cal blood flow in the APEC group was significantly
greater (P <0.05) than in the CSC group (Fig. 2).
Nonetheless, even at the peak of the postischemic
depression, the flow in the APEC group was very
significantly better (P < 0.01) than in the controls. Al-
though the subsequent recovery was slow and its pat-
tern resembled that of the control animals (Fig. 2), the
CBF values in the APEC group reached the preis-
chemic level at approximately 1.5 h after ischemia as
opposed to over 2 h in the control group.

3.2. Recovery

Controls

Control animals recovered from postischemic coma
within 30 min. Three hours later, all were fully mobile
but displaying hyperactive behavior (i.c., aimless run-
ning, jumping and convulsive scratching). Moreover, all
animals were prone to brief convulsing episodes in-
duced by external stimuli (e.g., sudden noise). In 7
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gerbils hyperactivity transformed into locomotor de-
pression within 12-24 h postischemia, followed subse-
quently by coma of varying length and death at 24-48 h
after ischemia. In the surviving controls, the hyperac-
tive behavior abated 3-4 days postischemia. Ptosis was
present in all survivors.

Acute treatment

Ptosis was absent in all animals treated acutely with
CSC. Hyperactive behavior (running either across or
along the periphery of the cage but no jumping or
scratching) was evident for up to 36 h. However, in
gerbils that were to die within the initial 5 days postis-
chemia, hyperactivity was rapidly (5-12 h) transformed
into locomotor depression lasting 12-72 h followed by
coma and subsequent death.

During the initial 24 h of postischemic recovery, the
behavior of the animals in the APEC group was strik-
ingly similar to that seen in the controls (i.e., persistent
hyperactivity, susceptibility to exogenously induced
seizures, ptosis in 50% of the animals). In three gerbils,
hyperactivity abated within 36 h. Following a brief
period of immobility, all of these animals entered into
coma and died within 48 h postischemia.

Chronic treatment

The course of neurological recovery of animals
treated chronically with CSC was indistinguishable from
that of the control animals (see Controls section above).

Apart from one gerbil which never regained con-
sciousness, animals treated chronically with APEC re-
covered from postischemic coma within 30 min. Con-
trary to other groups, the periods of hyperactivity were
intermittent with bursts of running or violent scratch-
ing of cage walls separated by periods of virtually
normal behavior (i.e., cage exploration, grooming, eat-
ing or sleep). During the first 24 h postischemia, hyper-
active periods lasted 15-30 min followed by up to 1 h
of quiescence. During the following 24 h the quiet
interval gradually increased until, at 48 h postischemia,
the behavior of the group treated chronically with
APEC was indistinguishable from that of normal, non-
ischemic gerbils.

3.3. Survival

Controls

All of control gerbils which were destined to die
expired within the initial 3 days postischemia and at 14
days postischemia 30% remained alive (Figs. 3 and 4).

Acute treatment

In the APEC group, all deaths occurred between 24
and 48 h postischemia (Fig. 3). At the end of the
monitoring period the survival in the APEC group was
significantly better than among control animals (70%
vs. 30%, P < 0.05).
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Fig. 3. Postischemic survival in controls (black circles) and animals
treated acutely with either APEC (open circles) or CSC (open
squares). Between day 5 and 10, survival in both APEC and CSC
groups is statistically better than in the control group (P <0.05,
Fisher’s test). However, at the end-point, the significance is lost in
the CSC group (see text for details).

Although there was no statistical significance, the
initial mortality rate in animals treated acutely with
CSC was numerically lower than in the two other
groups (Fig. 3). Thus, only one animal died during the
initial 2 days, and an additional three in the interval
between the 2nd and the 5th day postischemia. During
the period between day 2 and day 10, the survival of
CSC treated animals was significantly better (P < 0.05)
than in the control group. However, two additional
animals died unexpectedly between day 10 and day 14
postischemia. Neither of these two animals showed any
signs of a discernible neurological impairment and
their behavior prior to death remained completely un-
remarkable. End-point mortality in the CSC group was
50% (no statistical significance compared to the con-
trols).
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Fig. 4. Survival in animals treated chronically with either APEC
(open circles) or CSC (open squares). While survival in the APEC
group is significantly better than in the controls (black circles (P <
0.05)) beginning with day 4 postischemia, the difference between
CSC and control groups has no statistical significance.
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Fig. 5. Survival of the hippocampal neurons following vehicle (black
bar), and either acute CSC (shaded bar) or acute APEC (open bar).
Acute treatment with CSC results in a significant (P < 0.01,
Student-Newman-Keuls test) improvement of hippocampal morphol-
ogy.

Chronic treatment

As in the acute treatment, all deaths in the group
treated chronically with APEC occurred within the
initial 48 h postischemia (Fig. 4). However, in contrast
to the acute treatment, only two animals died during
that period, and the end-point survival was 80%.

Neither mortality rate nor the ultimate survival
among animals treated chronically with CSC differed
statistically from those of the control group (Fig. 4).

3.4. Histopathological changes in the hippocampus

At the end of the mcnitoring period (i.e. 14 days
postischemia), control animals showed only 45% of
hippocampal neurons with intact morphology (Fig. 5).

Acute treatment
The number of surviving neurons in the acute APEC
group (38%) did not differ statistically from that in the
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Fig. 6. Neuronal survival in the hippocampus following chronic
treatment with either CSC (shaded bar) or APEC (open bar). While
treatment with CSC results in a numerical improvement vs. controls
(black bar), there is no statistical significance. The number of mor-
phologically intact neurons in the APEC group is, however, signifi-
cantly better (P < 0.03, Student-Newman-Keuls test). Note that neu-
ronal preservation following chronic treatment with APEC is statisti-
cally indistinguishable from that seen after acute exposure to CSC
(Fig. 5).

control group (45%, P < 0.3, Fig. 5). In contrast, neu-
ronal preservation in the CSC group was very signifi-
cantly higher than that seen in the control animals
(90% vs. 45%, Fig. 5).

Chronic treatment

Compared to controls, animals treated chronically
with APEC showed a significant improvement of neu-
ronal preservation (Fig. 6 (85%, P <0.01)). On the
other hand, although in animals treated chronically
with CSC the number of neurons with intact morphol-
ogy was higher than in controls, the difference was
statistically insignificant (60% vs. 45%, P < 0.07).

4. Discussion

Excessive release of excitatory amino acids and hy-
perstimulation of their receptors during cerebrocircula-
tory arrest are among the chief causes of postischemic
neuronal death (Choi and Rothman, 1990). Therefore,
a wide range of therapies based on antagonism of
excitotoxic phenomena have been either proposed or
employed in experimental treatment of focal and global
ischemia (Krieglstein, 1990). Among them, the concept
of adenosine-based interventions is beginning to gain a
rapid acceptance (Rudolphi et al.,, 1992; Von Lubitz
and Marangos, 1992). Until recently, the conceptual
basis of treatment of cerebral ischemia with adenosine
rested solely on agents acting at adenosine A, recep-
tors whose acute stimulation has been shown to result
in diminished release of excitatory amino acids, attenu-
ation of NMDA receptor efficacy, and reduction of
neuronal of neuronal excitability (reviewed by Phillis,
1989; Von Lubitz et al., 1995a). Moreover, although
the neuroprotective effect of chronic exposure of the
recently discovered adenosine A; receptors (reviewed
by Linden, 1994) to their agonist has been explored as
well (Von Lubitz et al., 1994¢,1995b), virtually nothing
is known about the postischemic outcome following
stimulation of adenosine A, receptors. This lack of
knowledge is even more surprising in view of the
involvement of the latter receptor subclass in regula-
tion of the cerebral blood flow, i.e., a phenomenon
both known for many years (reviewed by Phillis, 1989)
and also of an unquestionable interest in treatment of
cerebral ischemias.

Apart from regulating cerebral blood flow, adeno-
sine A,, receptors appear to be involved in the excita-
tory phenomena in the hippocampus (Sebastiao and
Ribeiro, 1992; Sebastido et al., 1995) and in the intra-
ischemic release of glutamate and aspartate (O’Regan
et al., 1992). Facilitation of neurotransmitter release
appears to result from the interaction of adenosine A,
receptors and P-type calcium channels (Umemiya and
Berger, 1994). Utilizing the concept of adenosine A,
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receptor participation in excitatory neurotransmitter
release, Gao and Phillis (1994) demonstrated that acute
administration of a potent and weakly selective adeno-
sine A, receptor antagonist, CGS 15943, at 0.1 mg/kg
prior to 5 min ischemia in gerbils results in a substan-
tial attenuation of neural damage in the CA1l sector of
the hippocampus and in a marked reduction of postis-
chemic neurological deficit (hyperactivity).

Essentially, our present results confirm the findings
of Gao and Phillis (1994) and demonstrate that acute
treatment with 1 mg/kg of CSC, a highly selective A, ,
antagonist, leads to reduction of neurological impair-
ment and a significant reduction of neuronal death in
the hippocampus at 14 days following 10 min forebrain
ischemia. The treatment also results in a significant
attenuation of postischemic mortality during the initial
10 days of postischemic recovery but statistical signifi-
cance is lost at the end-point (i.e., 14 days postis-
chemia). It is, nonetheless, very likely that the late
deaths of animals treated acutely with CSC are not
related to the long-term failure of cerebroprotective
actions of the drug but to systemic phenomena which,
although evoked by ischemia, may not be directly re-
lated to the cerebral functions per se. The latter con-
clusion is supported by the fact that cerebral ischemia
induces a wide range of lasting functional changes in
several organ systems (e.g. liver, kidneys, adrenals,
lung, etc. (Wexler, 1972)) which possibly require thera-
peutic support other than that offered by adenosine
A, receptor-based drugs.

Interestingly, while acute treatment with APEC re-
sults in a very rapid reestablishment of cortical blood
perfusion at the preischemic level and in a significant
improvement of survival, neuronal damage in the hip-
pocampus does not differ statistically from that seen in
the control group. In contrast, the protective effects of
CSC were obtained despite the fact that the recovery
of postischemic cortical blood flow was virtually identi-
cal to that of the controls. Other authors have also
shown that the neuroprotective effects of agents acting
either at the NMDA receptor complex (e.g. dizolcipine
(MK-801), Stevens and Yaksh, 1990; Park et al., 1989;
kynurenic acid, Seylaz et al., 1990), adenosine A, re-
ceptors (Seylaz et al., 1990) or calcium channels
(Hakim, 1986)) may be independent of postischemic
blood flow in both focal (Hakim, 1986; Park et al.,
1989) and global (Stevens and Yaksh, 1990; Seylaz et
al., 1990) ischemia. It appears, therefore, that ‘hemo-
dynamic protection’ (Nakayama et al., 1988) during the
immediately postocclusive period may be less critical
than prevention of the metabolic derangement of the
ischemic brain tissue. Nonetheless, the importance of
rapid normalization of the postischemic blood flow
must not be underrated since several studies clearly
show that a meaningful tissue protection, particularly
in focal ischemia, can be obtained only when an ade-

quate blood perfusion is reestablished within 2-4 h
following the occlusive event (reviewed by Ginsberg,
1995).

In vitro and in vivo studies (Lupica et al., 1991;
Abbracchio et al., 1992; Shi et al., 1993; Adami et al.,
1995) indicate that chronic exposure of adenosine A ,,
receptors to agonists or antagonists does not result in
changes of either receptor density or their dissociation
constants. Moreover, contrary to a drastic reversal of
effect reported by us in cases where adenosine A, and
A, receptors were stimulated either acutely or chroni-
cally (Von Lubitz et al., 1994a,b,c), chronic exposure to
either an agonist or antagonist of the A, receptor
results in a much blunted response reversal. Thus,
although chronic treatment with CSC significantly im-
proves reestablishment of postischemic blood flow (i.e.,
reversal of the acute treatment), it also results in a
numerical (but not significant) improvement of neu-
ronal preservation and an entirely unaffected postis-
chemic mortality. On the other hand, and contrary to
our expectations, chronic treatment with APEC signifi-
cantly improves the outcome in all three of the studied
measures.

A possible source of the baffling results of chronic
treatment with APEC may rest with the very recently
reported affinity of APEC at not only adenosine A, ,
but at A, rat receptors as well (K; 50 nM, Kim et al.,
1994). We have previously shown that chronic stimula-
tion of adenosine A, receptors is highly protective in
the same model of cerebral ischemia as used in the
present study (Von Lubitz et al., 1994¢). Moreover,
chronic treatment with the adenosine A , receptor ago-
nist IB-MECA administered at doses as low as 5 ug/kg
results in a significant reduction of neurological deficits
and in a significantly improved survival of 10 min
ischemia in gerbils (manuscript in preparation). It is
therefore possible that the impressive protection ob-
tained with chronically administered APEC is the re-
sult of a protracted, low intensity chronic stimulation
of adenosine A ; rather than A, receptors alone. Sev-
eral observations support this conclusion. First, chronic
exposure to APEC produces a partial but statistically
significant elevation of postischemic cerebral blood flow
(as measured against controls) rather than its pro-
nounced depression, as might be expected if a fully
fledged regimen-dependent effect reversal mediated by
adenosine A,, receptors were taking place. Second,
the blood flow response induced by chronic treatment
with APEC is virtually identical to that seen after
chronic administration of an adenosine A, receptor
agonist (Von Lubitz et al., 1994c). Moreover, postis-
chemic recovery in other measures (i.e., survival and
neuronal preservation) are also indistinguishable when
present results are compared to those reported for
chronic administration of adenosine A, receptor ago-
nist prior to 10 min ischemia in gerbils (present study
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and Von Lubitz et al., 1994c). Unfortunately, direct
confirmation of possible stimulation of adenosine A,
receptors by chronically administered APEC must await
development of sufficiently selective adenosine A re-
ceptor antagonists.

As stated previously, compared to a striking regi-
men-dependent reversal of the therapeutic effect seen
during acute vs. chronic stimulation of adenosine A, or
A, receptors (Von Lubitz et al., 1994a,b,c), the diver-
gence between acute and chronic treatment with either
APEC or CSC is less clear. It is therefore probable
that the blunted character of the reversal effect in-
duced by chronic administration of either APEC or
CSC represents a sum of individual actions elicited by
stimulation or inhibition of receptors belonging both to
adenosine (A,,, A;). Moreover, involvement of com-
pensatory ‘downstream’ responses of non-adenosine
types as a part of the effects of chronic administration
of adenosine A,, receptor acting agents cannot be
excluded either. It has been shown that prolonged
exposure to the non-specific adenosine A, /A, antago-
nist caffeine causes marked density changes in both
adenosine A, as well as non-adenosine receptor sys-
tems (e.g., cholinergic, adrenergic and GABAergic (Shi
et al., 1993)). The likelihood of such complex interac-
tions is strengthened even further by the fact that both
the affinity and signal transduction at dopamine D,
receptors are modulated by the colocalized and coex-
pressed adenosine A ,, receptors (reviewed by Ferré et
al., 1992).

In conclusion, it appears that the acute treatment
with adenosine A, receptor antagonists may represent
a potential venue for therapies aimed at the treatment
of global cerebral ischemia as seen in cardiac arrest.
Treatment of focal ischemia, on the other hand, is
more questionable in view of its indifferent impact on
the postischemic blood flow. Whether, in similarity to
drugs acting at either adenosine A, or A; receptors,
chronic exposure of adenosine A,, receptors to their
ligands may offer a suitable treatment for other degen-
erative brain pathologies requires further studies.
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