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Introduction
Adenosine (Fig. 1) is an endogenous nucleoside 

composed of an adenine ring attached to a ribose moi-
ety via a β-N9-glycosidic bond. It plays a vital role in 
various physiological functions both in periphery and 
in the central nervous system [1]. The basal physiolog-
ical level of extracellular adenosine has been estimated 
to be in the range of 30-200 nM [2]. Under conditions 
of metabolic stress (ischaemia, hypoxia, inflammation, 
trauma) its concentration dramatically increases [3-5] 
and generates tissue responses mainly focused on or-
gan protection [6]. Currently, four classes adenosine 
receptors (ARs) are identified: A1, A2A, A2B and A3. The 
focus of this review is on A2A ARs.

The adenosine A2A receptor (A2AAR) belongs to 
a small family of G-protein coupled receptors (GP-
CRs), named after their natural ligand [7]. The crys-
tal structure of A2AAR, published in 2008 by Jaakola 
et al. confirmed that the receptor shares the common 
topology and architecture of all the GPCRs [8]. They 
consist of a bundle of seven transmembrane α-helices 
(TM1 ÷ 7), linked by three extra- (ECL1 ÷ 3) and 
three intracellular (ICL1 ÷ 3) loops with amino-ter-
minus in the extracellular and carboxyl terminus in 
the intracellular space. The receptor can be regarded 
as composed of two modules – ligand binding and 
a signaling module. The first one accommodates the 

binding site of the receptor where interactions with 
extracellular ligands take place. The signaling mod-
ule is responsible for transmitting the signals inside 
the cell. Ligand-receptor interactions in the binding 
cavity induce substantial conformational rearrange-
ments in the signaling module that underlay the 
mechanism of receptor activation [9].

At present, almost all known agonists of the 
A2AAR are derivatives of the natural ligand adenos-
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Fig. 1. Chemical structure of adenosine
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ine. Several series of agonists were developed by 
chemical modifications at different positions in the 
purine ring and the ribose moiety. Structure-activity 
relationship studies enabled to detect the structural 
requirements for high affinity and selectivity of ag-
onists. As a result, selective compounds with high 
affinity to human A2AAR were synthesized, such as 
CV-3146 (10, regadenoson), CGS21680 (11), ATL-
146e (12, apadenoson) (Fig. 4 and Table 1). The 
crystallographic structure of A2AAR, resolved in an 
inactive [8] and active [10, 11] state, shed light on 
the agonist-receptor interactions at molecular level 
and assisted identification of structural features of 
agonists, essential for their activity. This information 
supports the structure-activity relationship studies in 
the search of agonists with improved affinity and/or 
selectivity profiles.

The therapeutic value of adenosine was first con-
sidered and investigated in the late 1980s [12]. Since 
then, A2AAR agonists were developed and clinically 
evaluated for their potential as vasodilatory agents in 
cardiac imaging [13], in the treatment of inflamma-
tion [14], allergy [15], neuropathic pain [16], diabetic 
foot ulcers [17], ileitis [18], B-cell malignancies [19]. 

This review presents structure-activity relation-
ships of A2AAR agonists in the light of crystallo-
graphic information about agonist-receptor complex-
es. Current and possible therapeutic applications of 
A2AAR agonists are also discussed. 

Binding site of the adenosine A2A receptor 
The binding site of the receptor is located near the 

extracellular loops [20]. A number of disulfide and 
salt bridges exist between the extracellular loops as 
well as a disulfide bond between ECL2 and the ex-
tracellular end of TM3 [21, 22]. Thus the entrance of 
the binding pocket is shaped as a relatively rigid wide 
channel positioned vertically toward the extracellular 
region and allowing relatively unhindered access of 
ligands [23] (Fig.2). 

The available crystallographic data [8, 10, 11] re-
veal the presence of several sub-regions in the bind-
ing site. With the support of site-directed mutagene-
sis [24], homology modeling [25] and docking stud-
ies [26-28] have been identified residues important 
for binding to agonists.

The nucleoside core of agonists is bound in a pock-
et formed by the TM3, TM6 and TM7 in the trans-
membrane region of the receptor. Adenine ring is ori-
ented vertically in the cavity and fixed by π-π stacking 
interactions with Phe168 (ECL2) and favorable van 
der Waals contacts with Leu6.51 and Ile7.39. Asn6.55 

plays a role of an acceptor/donor in hydrogen bonding 
to the exocyclic amino group at the 6-position (-NH2

6) 
and N7-atom of purine, respectively. Glu169 (ECL2) 
is also H-acceptor with respect to the unsubstituted 
-NH2

6. The ribose is located deeper in the pocket 
where hydrophobic interactions between the furan 
ring and Val3.32, Leu3.33 and Ile7.39 occur. His7.43 
is an acceptor, respectively donor, of a hydrogen bond 
in the interaction with hydroxyl groups at the 2‘ and 
3‘ position. Ser7.42 also participates in a hydrogen 
bond with the 3‘ OH group. The interactions between 
the agonists and the residues in this subpocket are ex-
pected to be conserved for all the agonists sharing the 
adenosine moiety.

Substituents at the 5’ position occupy a separate 
sub-region located in the bottom of the cavity that 
adjusts to substituents of varying size and nature. 
His6.52 forms a hydrogen bond with the carbonyl 
oxygen atom at 5’position in 5’-N-carboxamide de-
rivatives (Fig.3.). In the case of 5’-unsubstituted de-
rivatives a hydrogen-bond between the 5’-hydroxyl 
group and His6.52 is mediated by a water molecule 
(not shown). Larger substituents at 5’ (ethyl- and 
cyclopropylcarboxamide, and tetrazole groups) are 
locked in the sub-pocket by H-bonds with His6.52 
and Thr3.36. The main van der Waals contribution 
to the binding energy is due to the interactions of 
Leu3.33 and Trp6.48 with 5’-substituents. The 5’ 
subpocket is a potential site for development of new 
agonists with improved affinity/selectivity.

The subpocket that accommodates exocyclic ami-
no group, respectively N6 substituents is located be-
tween ECL2, ECL3 and the extracellular segments 

Fig. 2. Overall view of the ligand-binding pocket of adeno-
sine A2A receptor with agonist and antagonist bound (from 
reference 11)
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of TM6 and TM7. The region is quite flexible and 
wide open in the presence of bulky N6 substituents 
but obstructed for agonists with unsubstituted NH2

6 
group. It is formed predominantly by hydrophobic 
residues, among which Met7.35 has a key role, when 
bulky N6-substituents are introduced in the molecule. 
Met7.35 is specific for adenosine A2A receptor and is 
considered to be important for selectivity of N6 sub-
stituted agonists.

The area that binds substituents at C2 position in 
the purine is formed between TM7 and ECL2. A key 
residue in this region is Tyr7.36 (with polar and aro-
matic nature), which is involved in van der Waals in-
teractions or hydrogen bonds with agonists. Leu7.32, 
Met7.35, Leu167 (ECL2) favor hydrophobic chains 
at C2. Longer C2 side chains occupy a groove be-
tween ECL2 and ECL3 and interact with Glu169, 
Lys150, Lys153. This region of the receptor is the 
most flexible and variable in amino acid residues 
among the adenosine receptors and may contribute to 
selectivity of agonists. 

structure-activity relationships (sAR) of adenos-
ine A2A receptor agonists

Studies of the structure-activity relationships of 
A2A adenosine receptor agonists reveal that adenosine 
scaffold is an essential structural element for agonist 
activity [29]. The three H-bond donor/acceptor cen-
ters in the ribose moiety are critical for the receptor 
activation, but are targeted by a number of enzymes. 
The extensive metabolism and the re-uptake from 

cells are the reasons for the short half-life of adenos-
ine. Efforts in the medicinal chemistry are aimed at 
searching potent, selective and metabolically stable 
A2A agonists by performing chemical modifications 
in the ribose and/or the purine ring.

Ribose modifications
The structural modifications of the ribose ring 

have been explored and have revealed that the most 
alterations of either the structure or its conformation 
in respect to the purine result in loss of affinity at 
A2A receptor. Thus an intact ribose is usually main-
tained in the agonist structures. Carbonucleoside 
derivatives (furan ring is replaced by cyclopentane) 
are more metabolically stable but possess very week 
affinity [30]. The replacement of the endocyclic oxy-
gen atom in the furan by a sulfur atom improves the 
affinity (compounds 1 and 2 in Fig.4. and Table 1) 
[31]. The presence of unsubstituted hydroxyl groups 
at 2 ‘and 3’ positions is fundamental for the full ago-
nist activity [32]. 

The 5’ position in the ribose is one of the main 
three positions for chemical modification in the ag-
onist’s structures. N-alkylcarboxamide substitutu-
ents at 5’ position enhance affinity and maintain or 
improve the selectivity to the receptor [33]. Ethyl 
(3, NECA), methyl and cyclopropyl substituents 
connected to the nitrogen are well tolerated while 
cyclopentyl or benzyl reduce A2A affinity [34]. Alk-
ylthiocarboxamides are also agonists but possess less 
activity [35]. An exchange of 4’-hydroxymethylene 
group for a tetrazolyl residue (in combination with 
C2 substituent as is in 4, GW328267X) increases 
binding affinity and selectivity to the receptor [36]. 
An inverse amide structure in the 4’ position (togeth-
er with C2 and N6 substitutions and a ribose-analo-
gous cyclopentane ring, 5) is also well tolerated by 
the receptor [37]. The removal of 5’-hydroxyl group 
remarkably reduces the affinity to A2A [32].
 
Purine modifications

Modifications in the purine ring lead, in general, 
to decreased A2A affinity [38]. The only exception is 
the 2-chloro-1-deazaadenosin (6), which possess-
es affinity similar to 2-chloroadenosine (1) and in-
creased A2A selectivity (vs A1AR). The presence of 
nitrogen at the 3rd (N3) and 7th (N7) position in the 
purine is essential for the affinity [31]. 

Substitutions in the purine ring are favored the 
most at C2 position. Various modifications are report-
ed, representing hydrazine (7, WRC-0470, Binode-
noson) [39], aryl/alkyloxy (8, MRE-0094, Soned-
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enoson) [17], aryl/alkylthio (9) [41], pyrazolyl (10, 
CV-3146, Regadenoson) [42], aryl/alkylamino (11, 
CGS21680) [43], alkynyl (12, ATL146e, Apadenos-
on) [43] derivatives of adenosine. Compounds bear-
ing phenylethyl or cyclohexylethyl group, directly 
linked to the heteroatom or triple bond, show A2A 
affinity in the low nanomolar range [44, 45]. Some 
2-aryl/alkyloxyadenosine derivatives were reported 

with important affinity and selectivity at the human 
A2A receptor [45]. The insertion of para-substituents 
(extended chains, hetero atoms etc.) in the terminal 
phenyl/cycloalkyl rings at C2 position, also increase 
affinity and selectivity to the receptor (8, 11, 12). 

Substituents at C8 decrease the affinity, most prob-
ably due to the change of ribose conformation from 
“anti” to “syn” in respect to the purine moiety [42].

Fig. 4. Agonists of A2A adenosine receptor. Compounds 1 – 5 are representatives of the ribose modified agonists. Com-
pound 6 represents a modification at 1st position in the purine moiety. Compounds 7 – 10 are C2-substituted derivatives. 
Compounds 11 and 12 bear C2 and 5’-substitutuents. In the structure 13, C2, 5’ and N6 modifications are present.
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The introduction of substituents solely in the 
exocyclic amino group (N6) of purine decreases A2A 
potency [46]. Simultaneous modifications at C2, 5’ 
and N6 have been found to increase the affinity (13, 
UK432097) [47].

The majority of A2A selective agonists are C2 sub-
stituted 5’-alkylcarboxamide derivatives. Most of 
the clinically evaluated A2A agonists are C2 and/or 5’ 
substituted compounds (Fig. 4. and Table 1).

The C2 substituents are accommodated in the 
most conformationally flexible and most variable 
in amino acids’ nature region of the receptor. The 
5’ subpocket of the receptor is spacious and easily 
adaptable to accept substituents of different size and 
nature [48].

therapeutic potential of adenosine A2A receptor 
agonists

Molecular mechanisms of activation of adenosine 
A2A receptor and signaling

The available biochemical, biophysical and struc-
tural data suggests that the receptor exists in a dy-
namic equilibrium between inactive and active states 
[49]. Agonists participate in specific ligand-recep-
tor interactions, or “triggers”, in the binding pocket 
that shifts the equilibrium toward the activated state. 

Main “triggers” in the activation process are hydro-
gen bond interactions between 2’, 3’, 5’ hydroxyl 
groups from the ribose moiety and Thr3.36, Ser7.42 
и His7.43. In the intracellular part of the receptor 
they cause conformational changes, common among 
all GPCRs, which are the basis of the receptor activa-
tion. These are outward “swinging” motion of TM6, 
together with a movement of TM5 toward TM6 (17) 
(“global toggle switch” mechanism) [50]; upward 
shift of TM3 along its axis and movement of TM7 
toward the middle axis of helical bundle. The global 
rearrangement of helices is accompanied by rotamer 
changes in local “microswitches” (amino acid resi-
dues highly conserved among all th GPCRs) which 
are found in substantially different conformations 
and make different interactions in the active in re-
spect to inactive state of the receptor [51]. They sta-
bilize the helical movements and facilitate formation 
of the binding site for intracellular G-proteins.

The endogenous adenosine binds to the A2AAR 
with a high affinity (~ 700 nM) and governs the cell 
functions by coupling to G-proteins [17]. The A2A re-
ceptors mediate their effects mainly by stimulatory 
G-proteins (Gs in the periphery, Golf in the striatum) 
[52], which induce the canonical signaling pathway 
adenylate cyclase–cAMP–protein kinase A. Activa-
tion of protein phosphatase, as a second messenger, 

compound Ki (A2AAR) selectivity

Adenosine* 700(h)
1 63(r) A1/A2A(r) – 0.15
2 20(r) A1/A2A(r) – 20

3, NECA 16(r), 20(h) A1/A2A(r) – 4, A1/A2A(h) – 0.7
4*, GW328267X 2.3(h) A1/A2A(h) – 383, A2B/A2A(h) – 22

5 5.4(h) A1/A2A(h), A2B/A2A(h) ~ 1840, A3/A2A(h) – 304
6 163(r) A1/A2A(r) – 1.5

7*, WRC-0470, Binodenoson 270(h) A1/A2A(h) – 177, A2B/A2A(h) – 1590, A3/A2A(h) – 3
8*, MRE-0094, Sonedenoson 490(h) A1/A2A(h) – 20, A2B/A2A(h) – 20

9 22(r) A1/A2A(r) – 530
10*, CV-3146, Regadenoson 290(h) A1/A2A(h), A2B/A2A(h), A3/A2A(h) – 30

11, CGS21680 19(r), 27(h) A1/A2A(r) – 74, A1/A2A(h) – 10, A3/A2A(h) – 2.5
12*, ATL146e, Apadenoson 4.5(r), 0.2(h) A1/A2A(r) – 6, A1/A2A(h) – 154, A3/A2A(h) – 90

13*, UK432097 4(h) nd
r - rats, h – human, nd – not defined, * - clinically evaluated A2AAR agonists

Table 1. Affinities (Ki in nM) of A2AAR agonists (Fig. 4.), in radioligand binding assays at A2AARs. Selectivity versus re-
ceptors from the same family is calculated according to the available literature data.



PHARMACIA, vol. 61, No. 4/2014 37Adenosine A2A receptor and its agonists...

inhibits neutrophil superoxide production [53]. Recent 
results indicate that the transcriptional factor CEB-
Pβ (CCAAT-enhancer-binding protein) mediates the 
stimulatory effect of A2AAR on interleukin 10 (IL10) 
production by macrophages [54]. In cultured melano-
ma cells A2AARs induce an apoptotic signaling path-
way that involve mitogen-activated protein kinases 
(MAPKs) and protein kinase C [55]. Signaling by 
MAP kinases is also responsible for increased collagen 
production [56]. These molecular mechanisms are in-
volved in regulation of physiological and pathological 
processes in different tissues and organs.

Therapeutic applications of adenosine A2A receptor 
agonists

Adenosine A2A receptors are found in neurons in 
the central and peripheral nervous system, blood, en-
dothelial, immune, smooth and skeletal muscle cells. 
The cellular response to adenosine and A2AAR li-
gands greatly depends on the expression of the recep-
tor in the tissues. It is highly expressed in striatopall-
idal GABA-ergic neurons and dopaminerich regions 
in the brain as well as in the immune organs and cells 
in the periphery - spleen, thymus, leukocytes [57-60]. 
The receptor is also present at intermediate levels in 
blood vessels, heart, lung, platelets, cerebral and vas-
cular endothelium [61]. 

Adenosine A2A receptors in the brain are involved 
in the regulation of motor activity, sleep and wake-
fulness and neuronal cell death. In the peripheral tis-
sues A2AARs have a crucial role in the modulation 
of inflammation, myocardial oxygen consumption, 
coronary blood flow, angiogenesis and the control of 
cancer pathogenesis [1] 

During the last decades, A2AAR agonists have 
been investigated for their potential in treatment of 
glaucoma [62], sleep disorders [63], thrombosis [64], 
hypertension [65], multiple sclerosis [66], malignan-
cies [67], Clostridium difficile infections [68]. Clini-
cal trials, which estimate their potential as vasodilat-
ing and anti-inflammatory agents, have always been 
the in the main focus.

Application of A2AAR agonists as vasodilators in 
Myocardial Perfusion Imaging

Myocardial Perfusion Imaging (MPI) is a cardiac 
stress test widely used in the diagnostics of coronary 
artery disease. It is aimed at visualizing the stenosis 
using radio-active labeled tracer. To ensure the opti-
mal distribution of the tracer, a maximal myocardial 
hyperemia is needed. It is achieved by physical ex-
ercises or by pharmacological vasodilating “stress” 

agent [69]. Adenosine and its analogs exert vasodilat-
ing effect on the coronary arteries due to activation of 
A2AAR followed by an increase in the levels cAMP.

Adenosine (under the trade name Adenoscan) is 
the first drug, approved for clinical application as 
MPI vasodilator [70]. It is nonselective agonist for 
all the adenosine receptor subtypes and possesses 
an extremely short half-life in vivo. The last is dis-
advantageous for complete tracer distribution, but 
minimizes dangerous side effects as hypotension, 
bradycardia, bronchospasm, atrioventricular block. 
Further research is directed towards the development 
of stress agents with higher selectivity and fewer un-
wanted side effects [71]. A bolus instead of infusion 
administration (as is the case with adenosine) would 
also be preferable to achieve a rapid onset and short 
duration of action. 

Binodenoson (7) is a C2-hydrazine derivative of 
adenosine (E-state configuration of the hydrazine 
double bond) with  moderate binding affinity (270 
nM) and high selectivity for A2AAR (vs A2B and A1) 
(Table 1). It has completed phase III clinical trials 
and positive results have been published. Binodeno-
son showed fewer and less severe side effects (chest 
pain, shortness of breath and flushing) and no cases 
of atrioventricular block were reported [72]. The pos-
sibility to administer binodenoson as a single bolus 
dose is an advantage [73]. Because of inaccuracies 
regarding clinical trial results FDA has not approved 
binodenoson.

Apadenoson (12), is a C2-propynylcyclohex-
anemethylester derivative of adenosine with high po-
tency and selectivity (vs A1 and A3 receptors). After 
phase III clinical trial in myocardial perfusion imag-
ing (MPI) the development was discontinued, and no 
clinical data were reported [74].

Regadenoson (10, Lexiscan®) is an adenosine de-
rivative bearing a N-pyrazole at its 2-position. The 
N-pyrazole is designed as a constrained mimetic 
of the E-hydrazine moiety in binodenoson. It is the 
first FDA-approved A2AAR agonist that is currently 
in clinical use as MPI vasodilator [75]. In Europe it 
is approved by European Medicines Agency (EMA) 
under the trade name Rapiscan. Regadenoson has 
binding affinity, similar to Binodenosone, and 30-
fold selectivity versus the rest adenosine receptors. 
After peripheral intravenous infusion its efficacy is 
comparable to that of adenosine. After fixed-dose 
bolus administration, regadenoson maintains hy-
peremia for about 4-7 minutes, time long enough to 
ensure the proper distribution of the radiotracer and 
short enough to allow good control of the application 
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[76]. The moderate affinity to A2AAR and the inter-
mediate expression of the receptor in the coronary 
arteries allow for optimal vasodilation without se-
vere side effects. Commonly reported headache and 
abdominal pain are quickly resolved. Bronchospasm 
and AV-block have not been reported [69]. 

Application of A2AAR agonists in the treatment of 
inflamation 

Nowadays it is proved that the activation of 
A2AAR, found in almost all immune cells, lympho-
cytes, monocytes, macrophages and dendritic cells, 
attenuates inflammation. The activated receptor in-
creases the release of antiinflammatory cytokine IL-
10 by monocytes and at the same time inhibits the 
release of pro-inflammatory cytokines - tumour ne-
crosis factor-α, IL-6, IL-8 and IL-12 [77-79]. A2AAR 
activation also reduces the degranulation of neutro-
phils, respectively the production of reactive oxygen 
species and inhibits neutrophil infiltration and neu-
trophil adherence to endothelial cells [80, 81]. These 
effects underlay the crucial role that A2AAR plays in 
the control of inflammatory processes. A number of 
evidences are reported in the literature about the pro-
tection afforded by A2AR agonists in allergic airway 
inflammation, in skin ulcer formation [82, 83], in the 
ischemia-reperfusion injury in kidneys, lung, heart 
and liver [84-86, 78]. Inhibition of inflammation is 
achieved at lower doses, which produce weaker or no 
cardiovascular side effects [57]. However, because 
of the widespread distribution of the receptor, topical 
applications are considered with preference.

CGS21680 (11) is a 5’-N-ethylcarboxamide de-
rivative of adenosine with a secondary amine substit-
uent at C2 position in the purine ring. It has shown a 
high selectivity towards the A2AAR in rats (74-fold vs 
A1AR) and has undergone extensive biological eval-
uation. The compound produced broad-spectrum an-
ti-inflammatory effects in a model of allergic asthma, 
suggesting an alternative to the glucocorticosteroid 
treatment of the disease [82]. During the reperfusion 
following ischemia it inhibits neutrophil accumu-
lation and protects the heart from injury [81]. After 
cloning of the human A2AAR it was screened but un-
fortunately showed lower affinity and selectivity at 
the human than at the rat receptor. 

GW328267X (4) is an adenosine derivative with 
5’-ethyltetrazol moiety and an arylalkylamino alcho-
hol at C2 position. It is highly potent and selective 
A2AAR agonist. Studies showed that the compound 
improved lung function after acute lung injury in rats 
[87]. It was designed as an inhaled form for intranasal 

application in order to prevent side effects after sys-
temic administration [88]. GW328267X was evalu-
ated in phase II clinical trials for upper respiratory 
inflammatory disease, chronic obstructive pulmonary 
disease (COPD) and asthma. The results at the dose 
used were unsatisfactory and the compound has been 
withdrawn from clinical testing [89].

The C2 and N6 substituted analog UK-432097 
(13) is a highly potent A2AAR agonist. It has im-
proved lung functions of anaesthetised guinea pigs 
without any significant cardiovascular side-effects. 
It was designed as a dry powder for inhalation and 
reached phase II clinical trials as an agent for the 
treatment of COPD. The development and the clini-
cal investigations were discontinued because of poor 
efficacy results [90].

Apadenoson (12) have shown a protective ability 
against reperfusion injury in kidneys and liver [91]. 
In animal models of colitis it decreases both leuko-
cyte infiltration and the production of inflammatory 
cytokines, suggesting a potential for treating of in-
flammatory bowel diseases [92]. Combination with 
antibiotics in a bacterial sepsis model of E. coli re-
duces mortality from 40% to 100% [93]. It is pos-
sibly due to suppressing the inflammatory response 
that can result from the rapid death of a large number 
of bacteria. It is also of interest for the treatment of 
ulcer formation, wound healing and for inclusion in 
drug-eluting stents to prevent restenosis after angio-
plasty [83, 94, 43].

Sonedenoson (8) is an adenosine derivative, with 
4-chlorophenylethoxy substituent at C2 position, 
which shows moderate affinity and 20-fold selectivi-
ty (vs A2B and A1). It was evaluated in phase I clinical 
trials for treatment of diabetic foot ulcers due to its 
anti-inflammatory and wound healing effects. The 
development was discontinued because the desired 
clinical efficacy was not achieved [95].

conclusion
In the last decades a great number of A2AAR ago-

nists have been synthesized, tested and the relation-
ships between chemical structure and activity were 
investigated. The known crystallographic structures 
of different agonist-receptor complexes, strongly 
support and give new opportunities to the search of 
selective agonists with high affinity to human A2AAR.

The therapeutic potential of adenosine itself and the 
synthetic A2AAR agonists has been extensively studied 
for different medicinal indications but at present only 
the vasodilatating effect of A2AAR agonists is vali-
dated. The only two approved and marketed A2AAR 
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agonists, adenosine (Adenoscan®) and regadenoson 
(Lexiscan®, Rapiscan®), are in use as diagnostic va-
sodilators for MPI. Now A2AAR agonists are under-
going clinical trials (at different phases) for treatment 
of asthma, chronic obstructive pulmonary disease 
(COPD), neuropathic pain and diabetic foot ulcers.

Some trials of selective A2AAR agonists have 
been discontinued since the cinical evaluation have 
presented serious problems: potentially severe side 
effects due to the wide distribution of the receptor; 
short half-life of compounds; a lack of an effect in 
some cases. For these reasons the development of 
new A2AAR agonists is still a challenge and a hot re-
search topic.
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