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Evidence indicate that adenosine A2A receptor subtype is of critical importance in stroke.

An overexpression of A2A adenosine receptors occurs at central level on neurons and

microglia of ischemic striatum and cortex after focal ischemia. Adenosine A2A receptor

subtype is localized not only at central level but also peripherally on blood cells, where it is

known to exert antiinflammatory effect. Purpose of the present work was to investigate the

putative neuroprotective effect of the adenosine A2A receptor agonist CGS21680 in a rat

model of transient medial cerebral artery occlusion (MCAo). Transient cerebral ischemia

was induced by 1 h occlusion of MCA. CGS21680 (0.01 and 0.1 mg/kg, i.p.) was administered

starting 4 h after ischemia according to a chronic protocol (twice/day for 7 days). CGS21680,

at the dose of 0.1 mg/kg transiently increased heart frequency but did not modify blood

pressure. At the dose of 0.01 mg/kg the drug did not modify either heart frequency or blood

pressure. Following transient MCAo, CGS21680 at both doses protected from neurological

deficit from the first day up to 7 days thereafter. At this time, it has reduced microgliosis,

astrogliosis and improved myelin organization in the striatum and cytoarchitecture of the

ischemic cortex and striatum. Two days after transient MCAo, CGS21680 has reduced the

number of infiltrated granulocytes into the ischemic tissue. Data indicate that CGS21680

systemically administered is protective by immunosuppressive effects.
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1. Introduction

Adenosine is a potent biological mediator whose concentra-
tion dramatically increases during brain ischemia (Melani
et al., 1999; Phillis, 2004). During ischemia the extracellular
adenosine reaches a concentration in a micromolar range
able to stimulate all the four adenosine receptor subtypes
(A1, A2A, A2B, A3). In recent years, evidence indicated that
adenosine A2A receptor subtype is of critical importance in
stroke (Chen et al., 2007). An overexpression of A2A adenosine
receptors occurs at central level on neurons and microglia of
ischemic striatum and cortex after focal ischemia induced by
permanent middle cerebral artery occlusion (pMCAo)
(Trincavelli et al., 2008). Adenosine A2A receptor subtype is
localized not only at central level on neurons, astrocytes and
microglia, but also peripherally on blood cells, platelets,
vasculatures, where it is known to reduce adhesion cell factor
production, platelet aggregation and neutrophil activation,
exerting therefore an antithrombotic, antioxidant and anti-
inflammatory effect (Sitkovsky et al., 2004).

Ischemia is a multifactorial pathology characterized by
different events evolving in time: an acute injury character-
ized by a massive increase of extracellular glutamate is
followed by activation of resident immune cells (i.e. microglia
and astrocytes), and production or activation of inflammation
mediators (Dirnagl et al., 1999). Proinflammatory cytokines,
that up-regulate cell adhesion molecules, exert an important
role in promoting blood cell infiltration and accumulation
into ischemic tissue (Huang et al., 2006; Stoll et al., 1998).
Although after ischemia, precocious activation of immune
cells may be neuroprotective and supportive for regeneration,
protracted neuroinflammation is now recognized as the
predominant mechanism of secondary brain injury (Dirnagl
et al., 1999). In agreement, A2A agonists, systemically admi-
nistered, protected from inflammation in various models of
autoimmune disease such as rheumatoid arthritis (Mazzon
et al., 2011; Szabo et al., 1998), colitis (Di Paola et al., 2010;
Odashima et al., 2005), and hepatitis (Choukèr et al., 2008) and
in models of spinal cord trauma (Li et al., 2006; Genovese
et al., 2009; Paterniti et al., 2011) and of traumatic brain injury
(Dai et al., 2010). To clarify the role of adenosine A2A receptor

in brain ischemia, purpose of the present work was to check
the putative neuroprotective effects of the adenosine A2A

agonist, CGS21680 in a rat model of transient (1 h) focal
cerebral ischemia. Since adenosine A2A agonists are vasodi-
lator drugs potentially hypotensive (Alberti et al., 1997), we
verified that the doses administered systemically after ische-
mia do not alter cardiovascular parameters.

2. Results

2.1. Blood pressure and heart rate

The effect of the selective A2A adenosine receptor agonist
(CGS21680, 0.01 and 0.1 mg/kg i.p.) on blood pressure and
heart rate was evaluated in a group of six rats (Table 1).

CGS21680 at the dose of 0.1 mg/kg, caused a transient, but
not statistically significant reduction, of blood pressure
15 min after administration. In the first hour after adminis-
tration it induced a small but significant increase of heart rate
(Table 1; po0.0001) that normalized after 1 h and 30 min.
At the lower dose of 0.01 mg/kg CGS21680 did not modify
either blood pressure or heart rate.

2.2. Effect of treatment with the adenosine A2A receptor
agonist on neurological deficit after tMCAo

After tMCAo (1 h), rats showed a clear neurological deficit that
was evaluated by a sensory motor test (mNSS), according to
Chen et al. (2001). Sham-operated rats did not show any
neurological deficit.

Fig. 1A shows that in the mNSS test, sham-operated rats
had a neurological score of 0.15–0.70 in the period from 1 to 7
days after tMCAo. Twenty-four hours after tMCAo, vehicle-
treated rats showed a neurological score of 12.670.5
(mean7S.E.M.) that defines a severe injury. The neurological
impairment spontaneously recovered over time, up to 7 days
after tMCAo. Five days after tMCAo the neurological score
was reduced to 8.270.7, 7 days after tMCAo, the neurological
score was further reduced to 7.070.6 that represents a
moderate injury. The chronic treatment with the A2A receptor
agonist, CGS21680, at both doses of 0.01 and 0.1 mg/kg,

Table 1 – Blood pressure and heart rate evaluation in rats treated with CGS21680 at the dose of 0.01 and 0.1 mg/kg (i.p.).

Systolic pressure
(mmHg)

Diastolic pressure
(mmHg)

Mean pressure
(mmHg)

Heart rate
(bpm)

CGS21680 0.01 mg/kg (i.p.) (n¼3)
Pre-treatment 131.577.1 93.2713.3 105.8711 374.4713.5
After 15 min 118.576.9 85.678.1 97.277.2 418.6714.1
After 30 min 123.876.5 85.1713.4 100.479.4 392.5710.8
After 60 min 137.376.1 99.573.7 110.875.1 393.4718.1

CGS21680 0.1 mg/kg (i.p.) (n¼3)
Pre-treatment 135.475.9 103.677.0 114.574.3 391.2711.9
After 15 min 107.1714.6 71.070.3 83.475.2 541.1712.3n

After 30 min 113.279.4 93.375.3 103.978.4 517.779.5*

After 60 min 120.277.0 90.273.8 100.170.9 440.1722.9*

After 90 min 129.176.1 91.873.1 105.973.8 403.8712.0

Student’s t test.
n po0.0001 vs pre-treatment.
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