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Abstract

Adenosine is a ubiquitous endogenous autacoid whose goods are touched off through the registration of four
G proteincoupled receptors Al, A2A, A2B, and A3. Due to the rapid-fire generation of adenosine from
cellular metabolism, and the wide distribution of its receptor subtypes in nearly all organs and apkins, this
nucleoside induces a multitude of physiopathological goods, regulating central nervous, cardiovascular,
supplemental, and vulnerable systems. It's getting clear that the expression patterns of adenosine receptors
vary among cell types, advancing weight to the idea that they may be both labels of pathologies and useful
targets for new medicines. This review offers an overview of current knowledge on adenosine receptors,
molecular relations and cellular functions, distribution, physiology and signal transduction. Eventually, we
punctuate the rearmost findings on motes able of targeting adenosine receptors and report which stage of
medicine development they've reached.
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Introduction

The first substantiation of a part for adenosine in cellular physiology dates back to 1927, when the presence
of an adenine emulsion suitable to decelerate the heart meter and rate was discovered in excerpts from cardiac
apkins. Fifty times Latterly, this finding led to the preface of adenosine in the opinion and treatment of
supraventricular tachycardia. Since also, scientists from different areas — gauging physiology, biochemistry,
pharmacology, chemistry and immunology — have been fastening their sweats on probing adenosine’s
numerous places in health and complaint, thereby generating a new field of exploration [1,2,3].

Adenosine receptors( ARs) are G protein- coupled receptors( GPCRs) that smell an imbalance of demand and
force of energy/ oxygen/ nutrients. Extracellular adenosine attention rise in response to hypoxia and other
stress, to act upon four subtypes of ARs( ALAR, A2AAR, A2BAR, and A3AR). As shown with mice lacking
all four AR subtypes, extracellular adenosine is substantially a detector of towel damage or peril, rather than
a homeostatic controller under birth conditions. Elevated adenosine can correct an energy imbalance during
torture of an organ, for illustration by decelerating the heart rate by ALAR activation or adding the blood force
to heart muscle by the A2AAR [4,5]. Still, there are conditions in which habitual adenosine overproduction
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can be dangerous, leading to increased inflammation, fibrosis, cytokine release, brain dopamine reduction,
and order damage. also, exogenous AR agonists, antagonists, or allosteric modulators can be applied for
remedial benefit, and thousands of similar agents have been reported by medicinal druggists working toward
that thing [7,8]. Clinically important goods of adenosine also include repression of the vulnerable response,
glomerular filtration, seizures and pain. Adenosine 50- triphosphate are released outof the cells under stress
conditions or damage is the source of important of the extracellular adenosine. There's generally a rudimentary
position of AR stimulation, that is for ALAR, A2AAR and A3AR at minimum nM attention, while A2BAR
activation generally occurs at advanced (mM) adenosine attention. thus, AR antagonists have distinct natural
goods in vivo. Purinergic signaling is also to be considered in the larger environment of ligand (ATP)-
reopened P2X receptors or G protein- coupled P2Y receptors that respond to extracellular mono- and di-
nucleotides [9,10,11].

The endogenous purine nucleoside adenosine is an integral element of ATP which regulates colorful
pathophysiological functions of the body. The conflation of adenosine substantially depends on the metabolic
conditions of a cell. In normal physiological conditions, the attention of extracellular adenosine remains low(
20- 300 nM), whereas its attention increases to micromolar situations( up to 30 uM) under colorful metabolic
stress/ demand similar as exercise, hypoxia, inflammation, including colorful complaint countries like
epilepsy and cancer among others. before, adenosine was recognised as a hormone or secondary metabolite,
but its capability to restore the imbalance between energy

demand and vacuity under several pathophysiological conditions has earned it a new term “ retaliatory
metabolite ”. Adenosine also prevents ischaemic damage by preconditioning of cells and promotesanti-
inflammatory response and angiogenesis [12,13,14].

<

Adenosine: Origin and Metabolism

In 1981, when excreted adenosine was linked as a cell density signal suitable to induce the conformation of
regenerating bodies, following starvation, in the bacterium Myxococcus xanthus. latterly, its product was
linked to energy metabolism, thanks to physiological substantiation of an increase of adenosine in leukocytes
and heart cells during ATP catabolism. Indeed, adenosine has been observed to play a “ coadjutor ” part in
the protection of working cells, like neurons and cardiomyocytes, against stressful conditions by enabling
them to acclimate their energy input and acclimatize their exertion to reduce ATP demand. This effect is
substantially brought about by reducing energy- consuming Conditioning, similar as the heart inotropic effect,
and by adding nutrients oxygen support through vasodilation. This rebutted the being thesis of its origin as a
alternate runner from the cCAMP pathway, and latterly urged the preface of the term “ retaliatory metabolite ”
to describe this useful nucleoside. Under normal physiological conditions, extracellular adenosine situations
are in the range of 20 and 300 nM, rising to a low level micromolar range under extreme physiological
situations like ferocious exercise or low atmospheric oxygen situations(e.g., at high altitude) — and high
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micromolar situations( 30 M) in pathological conditions similar as ischemia [15,16].
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Figure 1. The Metabolism of Adenosine Schematic diagram to represent the intracellular and extracellular metabolism of adenosine. ADA %
adenosine deaminase (deamination); ADP ¥ adenosine 50- diphosphate; AK ¥ adenosine kinase (phosphorylation); AMP ¥, adenosine 50-
monophosphate; ATP Y adenosine 5o-triphosphate; cAMP ¥ cyclic adenosine 30,50- monophosphate; ENPP2 % ecto-nucleotide
pyrophosphatase/phosphodiesterase; ENTPDase ¥ ecto-nucleoside triphosphate diphosphohydrolase; ENTs ¥ equilibrative nucleoside
transporters; HGPRT ¥ hypoxanthine phosphoribosyl transferase; IMP ¥4 inosine 50-monophosphate; NDP ¥ nucleoside diphosphate; 50-NT ¥4
50-nucleotidase (dephosphorylation); PDE ¥ phosphodiesterase; PNP ¥4 purine nucleoside phosphorylase; SAH %2 S-adenosylhomocysteine; XO
Y, xanthine oxidase.

The top medium responsible for the extracellular production of adenosine is dephosphorylation of precursor
realities ATP, ADP, and AMP. These are released by cell types under stressful circumstance via specific
hydrolyzing enzymes nominated ectonucleoside triphosphate diphosphohydrolase (CD39) with the ecto- 5 =
- nucleotidase CD73), without which nucleotide attention would be fairly stable. still, under physiological
conditions, adenosine is basically began intracellularly, from hydrolysis of AMP and S-
adenosylhomocysteine SAH) via the endo- 5 = - nucleotidase, with the SAH hydrolase, independently [17,18].
Once generated, extracellular adenosine is captured at the intracellular position via the SLC28 family of
cation- linked concentrative nucleoside transporters( CNTs) and the SLC29 family of energy-independent,
equilibrative ENTS, this makes free passage of adenosine across the cell membrane. The direction of
adenosine release from cells is stated by the attention difference across the membrane. The part of ENTs in
this transfer is tough than that of CNTSs. Indeed, the four isoforms of ENT transport nucleosides into or out of
cell membranes on the base of adenosine attention, while the three isoforms of CNT( 1 — 3) grease adenosine
affluence against a attention grade, using the sodium ion Grade as a source of energy. typically the flux is
from extracellular to intracellular terrain, while during hypoxia, it is reversed, as nicely reported [19,20,21].

Distribution, Physiological effects and Signal Transduction

ARs are setup throughout the nervous, cardiovascular, respiratory, gastrointestinal, urogenital,
and vulnerable systems as well as in bone, joints, eyes, and skin — a pattern of distribution that
denotes their significant control of neuronal, cardiac, metabolic, and renal conditioning. Each AR
is  characterized Dby unique cell and distribution, secondary signaling transductors, and
physiological goods. A1AR and A3AR signals are intermediated through Gi and Go members of the
G protein family, through which they reduce AC exertion and cAMP situations, while A2AARs and
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A2BARs are coupled to Gs proteins, through which they stimulate AC and
increase cAMP situations, thereby leading to the activation of a plethora of
intercerors, depending on the signaling sent by cAMP in specific cells [22,23].

A. Al1AR and A3AR Gi and Go-Coupled Receptors

The A1AR subtype is present in the central nervous system CNS), substantially in the brain cortex,
cerebellum, hippocampus, autonomic whim-whams outstations, spinal cord, and glial cells. This broad
distribution reflects the wide range of physiological functions regulated by A1AR, gauging neurotransmitter
release, dampening of neuronal excitability, control of sleep/ insomnia, pain reduction, as well as opiate,
anticonvulsant, anxiolytic, and locomotor depressant goods [24,25]. This subtype is also present at high
situations in the heart gallerias, order, adipose towel, and pancreas, where it stimulates negative chronotropic,
inotropic, and dromotropic goods, reduces renal blood inflow and renin release, and inhibits lipolysis and
insulin stashing, independently. It is also present on airway epithelial and smooth muscle cells, where it
stimulates a bronchoconstrictor effect, and in several vulnerable cells similar as neutrophils, eosinophils,
macrophages, and monocytes, where it promotes basically proinflammatory goods [26,27].

Al1AR also induces phospholipase C( PLC)- activation, thereby adding inositol- trisphosphate( IP3) and
intracellular Ca2 situations, which stimulate calcium-dependent protein kinases( PKC). At the neuronal and
myocardial position, A1AR stimulates potassium ( K) pertussis poison-sensitive and KATP channels, while
reducing Q-, P-, and N- type Ca2 channels. likewise, the involvement of ALAR in the intracellular
phosphorylate waterfall of the mitogen- actuated protein kinase ( MAPK) family — including extracellular
signal has been reported. Pharmacological agents that increase the activation of ALAR would be useful for
the treatment of CNS, cardiovascular, and seditious pathologies. A1AR debit goods, due to their wide
distribution, broad diapason of physiological goods, and miscellaneous signaling pathway transduction, can
fortunately be eased through allosteric enhancers, which stabilize the complex formed by agonist- ALAR- G
protein motes. This enhances the agonist action only at the point affected by injury, where adenosine attention
is increased [28,29,30].

PIP, ) ' . B
g)) o AT o ATP CAMP
IP5 o
+ l ©

1

o™ _ S P
@ - (PKED  (P3s) ERK1/2) (INK) CPrAD

Figure: Overview of ALAR intracellular signaling pathways.

A3ARs spark a variety of intracellular signaling by preferentially coupling to Gi proteins, by which they
reduce CAMP situations, and, at high attention of A3AR agonists, to Gq proteins or G subunits, thereby
converting an increase in both PLC and calcium. A reduction in cAMP results in PKA inhibition, which leads
to rise in glycogen synthase kinase- 3( GSK- 3); downregulation of beta- catenin, cyclin D1; and reduction of
nuclear factor( NF)- B DNA- binding capability. Another pathway from GPCR signaling — including
monomeric G protein RhoA and phospholipase D is important for A3AR- intermediated neuro- and cardio
protection. A3ARs are also known to regulate MAPK, PI3K/ Akt, and NF- B signaling pathways, by which
they plyanti-inflammatory goods. Stimulation or inhibition of HIF- 1 has been also observed to have
protumoral and neuromodulator goods in cancer cells and astrocytes, independently [31].
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B. A2AAR and A2BAR Gs-Coupled Receptors

The A2AAR subtype occurs in the centrally as well as peripherally, but its topmost expression is in the
striatum, the olfactory excrescence, and the vulnerable system, while lower situations are found in the cerebral
cortex, hippocampus, heart, lung, and blood vessels. A2AAR is expressed on both preened postsynaptic
neurons — astrocytes, microglia, and oligodendrocytes where it orchestrates a number of functions affiliated
to excitotoxicity, gauging neuronal glutamate release, glial reactivity, blood- brain hedge( BBB) permeability,
and supplemental vulnerable cell migration. In the supplemental vulnerable system, A2AARs are particularly
greatly expressed in leukocytes, platelets, and the vasculature, where they intervene multitudinous-
inflammatory, antiaggregatory, and vasodilatory goods, independently [32,33].

The A2BAR is greatly expressed basically in the fringe, where they're set up in the bowel, bladder, lung, vas
deferens, and different cell types including fibroblasts, smooth muscle, endothelial, vulnerable, alveolar
epithelial, chromaffin, taste cells, and platelets. At the central position they are set up in astrocytes, neurons,
and microglia, and adding substantiation indicates a part for this subtype in the modulation of inflammation
and vulnerable responses in named pathologies like cancer, diabetes, as well as renal, lung, and vascular
conditions. This contrasts preliminarily held hypotheticals attributing poor physiological applicability to
A2BAR, due to its low affinity for adenosine in comparison with the other ARs. In support of a pathological
part for A2BAR, its expression is upregulated in different pernicious conditions similar as hypoxia,
inflammation, and cell stress. In fact, a hypoxia- responsive region, which includes a functional list point for
hypoxia- inducible factor ( HIF), has been detected within the A2BAR protagonist, explaining its
transcriptional regulation from HIF- 1, the master controller of cellular responses to hypoxia [34,35,36].
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Figure: Overview of A2AAR intracellular signaling pathways.

A2BAR signaling pathways involve AC activation through Gs proteins, leading to PKA phosphorylation and
registration of different cCAMP-dependent effectors like exchange proteins, which are directly actuated by
CAMP( Epac). Interestingly, a part for A2BARs in enhancing gap junction coupling through the cAMP
pathway has been observed in cerebral microvascular endothelial cells. In addition, A2BARs can stimulate
PLC through the Gq protein, performing in Ca2 rallying, and can regulate ion channels through their subunits.
also, this subtype acts as precursor of MAPK activation in several cell models in both central and supplemental
systems [37].
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Figure: Overview of A2BAR intracellular signaling pathways.

In addition, A2BARs have multiple binding mates that modulate A2BAR responses and functions; these
include netrin- 1, E3KARPP- EZRIN- PKA, SNARE, NF- B1/ P105, and- actinin- 1. Netrin- 1, the neuronal
guidance Patch, convinced during hypoxia, reduces inflammation by cranking A2BAR, which inhibit
neutrophils migration. SNARE protein interacting with A2BAR, substantially that located inside the cell,
recruits the receptor to the tube membrane following agonist list. After this commerce, a multiprotein complex
with E3KARP( NHERF2) and ezrin stabilizes A2BAR in the tube membrane. Interestingly, list of A2BAR to
P105 inhibits NF- B exertion, thereby explaining its anti-inflammatory goods. likewise,- actinin- might favor
A2AAR and A2BAR dimerization, therefore converting A2BAR expression on the cell face [38-41].

Therapeutic Potentials

ARs are distributed nowhere throughout the body in the form of homomers, heteromers or oligomers, and are
being delved as implicit medicine targets in several pathological conditions for the treatment of colorful
conditions. expansive exploration sweats from pharmaceutical diligence and academia lead to the design and
discovery of multitudinous promising agonists partial agonists, antagonists and allosteric modulators of ARs
with wide diapason of remedial operations. still, only limited number of medicines targeting ARs could reach
the request [42,43]. This is substantially due to the complexity of signaling as well as ubiquitous distribution
of ARs in both the healthy organs and in diseased apkins, which has assessed a great challenge to the
experimenters for the development of medicines with specific remedial action, while climaxing side goods.
Adenosine itself has been used for the treatment of ferocious supraventricular tachycardia( PSVT) as an Al
AR agonist, including its use in myocardial perfusion imaging as an A2A AR agonist. Istradefylline, the A2A
AR antagonist is available only in Japan for the treatment of Parkinson’s complaint. The A1 AR antagonists
like Theophylline, Doxofylline and Bamifylline are available in the request for the treatment of asthma. A list
of clinically available medicines targeting ARs for colorful remedial interventions is presented [44,45].
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This thematic issue highlights the current state of the art in the development of implicit agonists partial
agonists, antagonists and allosteric modulators of ARs in different stages of preclinical and clinical trials,
substantially fastening on their essential places in cancer, central nervous system( CNS) diseases, pain,
inflammation, rheumatoid arthritis, and other autoimmune conditions [46]. Borah etal., bandied the progress
and probable future of P1 receptor ligands that are under clinical trials as promising new remedial agents.
Choudhry etal., compactly stressed the pathophysiological places of adenosine on ARs in the modulation of
different CNS diseases. In particular, modulation of A1 and A2A ARs has shown to affect different CNS
diseases similar as cognitive diseases, psychiatric conditions, and neurodegenerative conditions [47]. Gorain
etal., and Pratap etal., bandied the natural medium of ARs in interceding colorful types of cancers and stressed
the progress in the development of both agonists and antagonists as implicit anticancer chemotherapeutic
agents. Authors further emphasized that A2A and A3 ARs are the most promising targets as compared to
other subtypes for the cancer chemotherapy. Pal etal., exfoliate light on the remedial eventuality of A2A and
A3 ARs as promising targets for the treatment of rheumatoid arthritis( RA), as these two receptors have been
set up to be overexpressed in the seditious towel and lymphocytes of RA cases. motes that are under
development in colorful phases of clinical trials have been also bandied. Particularly A3 AR agonists like
CF502,CF101 and A2A AR agonists like CGS 21680 and LASS Bio- 1359 have been set up to be promising
for the treatment of RA. Shakya etal., bandied the development of colorful new chemical realities targeting
ARs for the treatment of conditions like Inflammation, neuroinflammation, autoimmune and affiliated
diseases [48,49,50].

Conclusion

Adenosine is an endogenous modulator with several implicit remedial operations, due to its ubiquitous
presence and capability to interact with major physiological processes. In the CNS, for illustration, activation
of A1ARs could be Salutary in different pathologies similar as epilepsy and acute, habitual, and neuropathic
pain. likewise, although data regarding the part of A3ARs in cerebral ischemia, the inhibitory effect of A1ARS
on glutamate release is abecedarian for protection from ischemic damage. also, A2ZAAR antagonists are
promising remedial agents for PD, due to their commerce with D2R. Istradefylline has been accepted in
combination with levodopa and is accessible in Japan. Other remedial targets for A2AAR in the CNS include
announcement, HD, epilepsy, acute and habitual stress, and sweat memory. Interestingly, caffeine, the most
extensively medicine used in the world, seems to be defensive in a number of neurological and psychiatric
pathologies that involve ARs. In the cardiovascular system, otherwise adenosine via A1ARs is formerly
commercially available as Adenocard, a remedial agent for supraventricular tachycardia. Partial agonists of
AlARs are also witnessing clinical trials prepared to access their cardioprotective action and lack of side
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goods. As of A2AARs, they are involved in vasodilation, through their expression in smooth muscle and
endothelial cells, while A2BARs and A3ARs have remedial implicit in the heart, for cardiac fibrosis and
infarct, independently. In addition, substantiation from several sources indicates that adenosine and its
receptors are targets for cancer remedy. In particular, A2ZAAR antagonists may represent a new approach to
adding the wvulnerable response against Excrescences by neutralizing adenosine- intermediated

immunosuppression, especially in hypoxic conditions, in which the attention of adenosine rises dramatically.

Reference

1. Drury AN, Szent-Gyorgyi A. The physiological activity of adenine compounds with special reference
to their action wupon the mammalian heart. J Physiol 68: 213-237, 1929.
doi:10.1113/jphysiol.1929.sp002608

2. Delacretaz E. Clinical practice. Supraventricular tachycardia. N Engl J Med 354: 1039-1051, 2006.
doi:10.1056/NEJMcp051145

3. Belhassen B, Pelleg A. Electrophysiologic effects of adenosine triphosphate and adenosine on the
mammalian heart: clinical and experimental aspects. J Am Coll Cardiol 4:414-424, 1984.
d0i:10.1016/S0735-1097(84)80233-8.

4. Borea, P. A, Gessi, S., Merighi, S., and Varani, K. (2016). Adenosine as a multisignalling guardian
angel in human diseases: When, where and how does it

5. exert its protective effects? Trends Pharmacol. Sci. 37, 419-434. doi: 10.1016/j.tips.2016.02.006

6. Borea, P. A, Gessi, S., Merighi, S., Vincenzi, F., and Varani, K. (2017). Pathological overproduction:
the bad side of adenosine. Br. J. Pharmacol. 174, 1945-1960.doi: 10.1111/bph.13763

7. Chen, J. F., Eltzschig, H. K., and Fredholm, B. B. (2013). Adenosine receptors as drug targets - What
are the challenges? Nat. Rev. Drug Discov. 12, 265-286.doi: 10.1038/nrd3955

8. Fredholm, B. B., lJzerman, A. P., Jacobson, K. A., Klotz, K. N., and Linden, J. (2001). International
Union of Pharmacology. XXV. Nomenclature and classification of adenosine receptors. Pharmacol.
Rev. 53, 527-552.

9. Jacobson, K. A., and Gao, Z. G. (2006). Adenosine receptors as therapeutic targets. Nat. Rev. Drug
Discov. 5, 247-264. doi: 10.1038/nrd1983

10. Kiesman, W. F., Elzein, E., and Zablocki, J. (2009). A1 Adenosine receptor antagonists, agonists, and
allosteric enhancers. Handb. Exp. Pharmacol. 193, 25-58. doi: 10.1007/978-3-540-89615-9 2

11. Xiao, C., Liu, N., Jacobson, K. A., Gavrilova, O., and Reitman, M. L. (2019). Physiology and effects
of nucleosides in mice lacking all four adenosine receptors. PLoS Biol. 17:€3000161. doi:
10.1371/journal.pbio.3000161

12. Borea PA, Gessi S, Merighi S, Vincenzi F, Varani K. Pharmacology of adenosine receptors: The state
of the art. Physiol Rev 2018; 98: 1591-1625.

13. Newby AC. Adenosine and the concept of ‘retaliatory metabolites’. Trends Biochem Sci 1984; 9: 42-
4.

14. Linden J. Adenosine in tissue protection and tissue regeneration. Mol pharmacol 2005; 67: 1385-87.

15. Shimkets LJ, Dworkin M. Excreted adenosine is a cell density signal for the initiation of fruiting body
formation in Myxococcus xanthus. Dev Biol 84: 51-60, 1981. doi:10.1016/0012-1606(81)90369-9.

16. Newby AC. Adenosine and the concept of “retaliatory metabolites.” Trends Biochem Sci 9: 42—44,
1984. doi:10.1016/0968-0004(84)90176-2.

17. Fredholm BB, IJzerman AP, Jacobson KA, Linden J, Miller CE. International Union of Basic and
Clinical Pharmacology. LXXXI. Nomenclature and classification of adenosine receptors—an update.
Pharmacol Rev 63: 1-34, 2011. doi:10.1124/pr.110.003285

18. Zimmermann H. Extracellular metabolism of ATP and other nucleotides. Naunyn Schmiedebergs
Arch Pharmacol 362: 299-309, 2000. doi:10.1007/s002100000309

19. Deussen A. Metabolic flux rates of adenosine in the heart. Naunyn Schmiedebergs Arch Pharmacol
362: 351-363, 2000. doi:10.1007/s002100000318.

20. Deussen A, Bading B, Kelm M, Schrader J. Formation and salvage of adenosine by macrovascular
endothelial cells. Am J Physiol Heart Circ Physiol 264: H692—H700, 1993.

IINRD2211242 International Journal of Novel Research and Development (www.ijnrd.orq)



http://www.ijnrd.org/

© 2022 IJNRD | Volume 7, Issue 11 November 2022 | ISSN: 2456-4184 | ]NRD.ORG

21. Deussen A, Stappert M, Schéfer S, Kelm M. Quantification of extracellular and intracellular adenosine
production: understanding the transmembranous concentration gradient. Circulation 99: 2041-2047,
1999. doi:10.1161/01.CIR.99.15.2041

22. Fredholm BB, 1Jzerman AP, Jacobson KA, Klotz KN, Linden J. International Union of Pharmacology.
XXV. Nomenclature and classification of adenosine receptors. Pharmacol Rev 53: 527-552, 2001.

23. Peleli M, Fredholm BB, Sobrevia L, Carlstrom M. Pharmacological targeting of adenosine receptor
signaling. Mol Aspects Med 55: 4-8, 2017. doi:10.1016/j.mam.2016.12.002.

24. Gessi S, Merighi S, Fazzi D, Stefanelli A, Varani K, Borea PA. Adenosine receptor targeting in health
and disease. Expert Opin Investig Drugs 20: 1591-1609, 2011. doi:10.1517/13543784.2011.627853

25. Sawynok J. Adenosine receptor targets for pain. Neuroscience 338: 1-18, 2016.
doi:10.1016/j.neuroscience.2015.10.031.

26. Stenberg D, Litonius E, Halldner L, Johansson B, Fredholm BB, Porkka-Heiskanen T.Sleep and its
homeostatic regulation in mice lacking the adenosine Al receptor. J Sleep Res 12: 283-290, 2003.
doi:10.1046/j.0962-1105.2003.00367.X.

27. Sun D, Samuelson LC, Yang T, Huang Y, Paliege A, Saunders T, Briggs J, Schnermann. J. Mediation
of tubuloglomerular feedback by adenosine: evidence from mice lacking adenosine 1 receptors. Proc
Natl Acad Sci USA 98: 9983-9988, 2001. doi:10.1073/pnas.171317998.

28. Romagnoli R, Baraldi PG, Tabrizi MA, Gessi S, Borea PA, Merighi S. Allosteric enhancers of Al
adenosine receptors: state of the art and new horizons for drug development. Curr Med Chem 17:
3488-3502, 2010. doi:10.2174/092986710792927831.

29. Schulte G, Fredholm BB. Human adenosine A(1), A(2A), A(2B), and A(3) receptorsexpressed in
Chinese hamster ovary cells all mediate the phosphorylation of extracellular-regulated kinase 1/2. Mol
Pharmacol 58: 477-482, 2000. doi:10.1124/mol.58.3.477.

30. Schulte G, Fredholm BB. Signalling from adenosine receptors to mitogen-activated protein Kinases.
Cell Signal 15: 813-827, 2003. doi:10.1016/S0898-6568(03)00058-5.

31. Borea PA, Varani K, Vincenzi F, Baraldi PG, Tabrizi MA, Merighi S, Gessi S. The A3 adenosine
receptor: history and perspectives. Pharmacol Rev 67: 74-102, 2015. doi:10.1124/pr.113.008540.

32. Ferre S, von Euler G, Johansson B, Fredholm BB, Fuxe K. Stimulation of high-affinity adenosine A2
receptors decreases the affinity of dopamine D2 receptors in rat striatal membranes. Proc Natl Acad
Sci USA 88: 7238-7241, 1991. doi:10.1073/pnas.88.16.7238.

33. Koupenova M, Johnston-Cox H, Vezeridis A, Gavras H, Yang D, Zannis V, Ravid K. A2b adenosine
receptor regulates hyperlipidemia and atherosclerosis. Circulation125: 354-363, 2012.
doi:10.1161/CIRCULATIONAHA.111.057596.

34. Eckle T, Kewley EM, Brodsky KS, Tak E, Bonney S, Gobel M, Anderson D, Glover LE, Riegel AK,
Colgan SP, Eltzschig HK. Identification of hypoxia-inducible factor HIF-1A as transcriptional
regulator of the A2B adenosine receptor during acute lung injury. J Immunol 192: 1249-1256, 2014.
doi:10.4049/jimmunol.1100593.

35. Kong T, Westerman KA, Faigle M, Eltzschig HK, Colgan SP. HIF-dependent induction of adenosine
A2B receptor in hypoxia. FASEB J 20: 2242-2250, 2006. doi:10.1096/f].06-6419com.

36. Pedata F, Dettori I, Coppi E, Melani A, Fusco |, Corradetti R, Pugliese AM. Purinergic signalling in
brain ischemia. Neuropharmacology 104: 105-130, 2016. doi:10.1016/j.neuropharm.2015.11.007.
37. Bader A, Bintig W, Begandt D, Klett A, Siller 1G, Gregor C, Schaarschmidt F, Weksler B, Romero |,
Couraud P-O, Hell SW, Ngezahayo A. Adenosine receptors regulate gap junction coupling of the
human cerebral microvascular endothelial cells \CMEC/D3 by Ca2+ influx through cyclic nucleotide-

gated channels. J Physiol 595: 2497-2517,2017. d0i:10.1113/JP273150.

38. Moriyama K, Sitkovsky MV. Adenosine A2A receptor is involved in cell surface expression of A2B
receptor. J Biol Chem 285: 3927139288, 2010. doi:10.1074/jbc.M109.098293.

39. Sitaraman SV, Wang L, Wong M, Bruewer M, Hobert M, Yun C-H, Merlin D, Madara JL. The
adenosine 2b receptor is recruited to the plasma membrane and associates with E3KARP and Ezrin
upon agonist stimulation. J Biol Chem 277: 33188-33195,2002. doi:10.1074/jbc.M202522200.

IINRD2211242 International Journal of Novel Research and Development (www.ijnrd.orq)



http://www.ijnrd.org/

© 2022 IJNRD | Volume 7, Issue 11 November 2022 | ISSN: 2456-4184 | ]NRD.ORG

40. Sun Y, Duan Y, Eisenstein AS, Hu W, Quintana A, Lam WK, Wang Y, Wu Z, Ravid K, Huang P. A
novel mechanism of control of NFB activation and inflammation involving A2B adenosine receptors.
J Cell Sci 125: 4507-4517, 2012. d0i:10.1242/jcs.105023

41. Wang L, Kolachala V, Walia B, Balasubramanian S, Hall RA, Merlin D, Sitaraman SV. Agonist-
induced polarized trafficking and surface expression of the adenosine 2b receptor in intestinal
epithelial cells: role of SNARE proteins. Am J Physiol Gastrointest Liver Physiol 287: G1100-G1107,
2004. doi:10.1152/ajpgi.00164.2004.

42. Deb PK, Deka S, Borah P, Abed SN, Klotz K-N. Medicinal chemistry and therapeutic potential of
agonists, antagonists and allosteric modulators of Al adenosine receptor: Current status and
perspectives. Curr Pharm Des 2019; 25(25): 2697-715.

43. Al-Attragchi O, Attimarad M, Venugopala K, Nair A, Al-Attraqchi N. Adenosine A2A receptor as a
potential drug target-current status and future perspectives. Curr Pharm Des 2019; 25(25): 2716-40.

44. Chandrasekaran B, Samarneh S, Jaber AMY, Kassab G, Agrawal N. Therapeutic potentials of A2B
adenosine receptor ligands: Current status and perspectives. Curr Pharm Des 2019; 25(25): 2741-71.

45. Mailavaram RP, Al-Attragchi O, Kar S, Ghosh S. Current status in the design and development of
agonists and antagonists of adenosine A3 receptor as potential therapeutic agents. Curr Pharm Des
2019; 25(25): 2772-87.

46. Baraldi PG, Tabrizi MA, Gessi S, Borea PA. Adenosine receptor antagonists: Translating medicinal
chemistry and pharmacology into clinical utility. Chem Rev 2008; 108: 238-63.

47. Deb PK, Balakumar C, Rao AR, Roy PP, Roy K. QSAR of adenosine receptor antagonists: Exploring
physicochemical requirements for binding of pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine
derivatives with human adenosine A3 receptor subtype. Bioorg Med Chem Lett 2011; 21: 818-23.

48. Deb PK, Chandrasekaran B, Mailavaram R, Tekade RK, Jaber AMY. Molecular modeling approaches
for the discovery of adenosine A2B receptor antagonists: Current status and future perspectives. Drug
Discov Today 20109.

49. Deb PK. Recent updates in the computer aided drug design strategies for the discovery of agonists and
antagonists of adenosine receptors. In: ed.Bentham Science, 2019; pp. 747-749.

50. Shaik K, Deb PK, Mailavaram RP, et al. 7-Amino-2-aryl/heteroaryl-5-0xo-5,8-
dihydro[1,2,4]triazolo[ 1,5-a]pyridine-6-carbonitriles: Synthesis and adenosine receptor binding
studies. Chem Biol Drug Des 2019; 94: 1568-73.

IINRD2211242 International Journal of Novel Research and Development (www.ijnrd.orq)



http://www.ijnrd.org/

