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ABSTRACT

Asthma is a chronic inflammatory disease of airways characterized by sudden attacks of laboured breathing, chest
constriction, coughing and excess mucous production. Adenosine receptor was selected as a target as it displays
multiple actions i.e. leukotriene antagonist, decrease inflammation, mast cell stabilizer and inhibit release of
histamine. Xanthine was selected as a lead molecule as 1, 3, 8-substituted derivative have good selectivity but low to
moderate affinity on A>B and 1, 3, 7, 8-substituited derivative have good affinity on A>A and A;B receptor.
Selective activation of A»A AR has possible therapeutic approach for treatment of Asthma but have cardiovascular
side effect specially diminishing B.P. Selective antagonism of A;B may result adverse effect related to Cystic
fibrosis. The purpose of this research was to propose a compound which acts on both A>A and A>B adenosine
receptor. SAR, predictions using lipinski’s rule of five, PASS and OSIRIS proposed 1-Allyl-3-ethyl-7-methyl-8-(3, 4,
S-trimethoxyphenyl) xanthine (1). Docking Simulation study of 1 done on A»>A and then, A>A receptor was used to
prepare model of A>B receptor using Swiss pdb viewer and VMD software. Compound 1 showed all interactions on
both [A2A binding energy -6.29kcal/mol, binding affinity 14.11uM, on modified A2A (A2B receptor) binding energy
-5.16 kcal/mol and binding affinity 64.54 puM]. So, it is concluded that compound 1 is potential antiasthmatic acting
on both A>A and A;B and thus is expected to show minimal cardiovascular and cystic fibrosis side effects.
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adenosine receptor have multiple action i.e.
Leukotriene antagonist, decrease the inflammation,
Mast cell stabilizers and inhibition action on release
of histamine?.

Adenosine is an endogenous non-selective agonist,
which activates all four subtypes of adenosine
receptors (AR) ie. A, AA, AB and A3’
Adenosine receptors have been recognized as
playing an important role in chronic inflammatory
airway conditions like asthma, chronic obstructive
pulmonary disease and fibrosis*®. Experimental
evidence, such as the increase in the adenosine
concentration in hypoxia and cellular inflammation
in the bronchoalveolar fluids of asthmatics and in
plasma (upon contact with allergens), has
highlighted the key role that adenosine and its A>B
receptors play in asthma’®. At least half of the
population of the world wuses tea-containing
xanthine: caffeine, small amount of theophylline
and theobromine, prepared from the leaves of Thea
sinensis. First half of the last century confirmed that
methylxanthine share many pharmacological
actions and differ only in potency. They are CNS
stimulants ~ predominantly  caffeine, while
theophylline has some CNS-stimulant properties,
and theobromine possess only weak stimulant
activity’. All these well-known drugs are xanthine
(2, 6- dioxypurine) derivatives, easily chemically
transformed to uric acid (2, 6, 8-trioxopurine).
Theophylline is 1, 3-dimethyl xanthine,
theobromine 3, 7-dimethyl xanthine and caffeine 1,
3, 7-trimethyl xanthine respectively.

Mechanism of action of xanthine derivative

The naturally occurring xanthine derivative,
Caffeine and Theophylline are the classical
adenosine receptor  antagonists!!.  Adenosine
released under conditions of cellular stress as seen
in asthmatic airways may bind to one of its four
AR

A1 AR activation has been implicated in several
events including bronchoconstriction and mucus
hypersecretion!?. Activation of A2A AR on the
inflammatory cells mostly suppresses oxidative
stress and proinflammatory cytokines, and may also
inhibit the release of leukotrienes (LTs) and
histamine from the mast cells!. Activation of A,B
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AR leads to the release of LTs, histamine,
proinflammatory cytokines and enzymes such as
chymase and tryptase. LTs and histamine can
directly cause smooth muscle contraction, while
other mediators such as cytokines, LTs, tryptase and
chymase may be chemoattractant for infiltration of
leukocytes into the airway space, leading to airway
inflammation'*!>. A; AR activation may be
involved in vasopermeability changes, mucus
hypersecretion, elastase and superoxide anion
release, and recruitment of eosinophils to the
airways> 113,

Uses of xanthine other than asthma therapy
Xanthine derivatives are also therapeutically used as
antiparkinsonism!®, AntiAlzheimer®®, vasodilators,
antihypertensive®!,  Acute  Ischaemias??, in
diarrhea®®, in pathophysiological process (glaucoma
and ischaemia)®* and as anticancer”

Extensive studies have been performed on the 1, 3,
7, 8-substituted xanthine derivatives including
structure activity relationships (SAR) of ligands of
the A2A and A2B AR, we have screened a variety
of xanthine derivatives substituted at the 1-, 3-, 7-
and 8-positions. It was found that anellation at 1, 3,
7, 8-position of xanthine changed the profile of its
AR activity. The Pharmacological evaluation of the
series of novel xanthine derivatives with 1, 3, 7, 8-
substituted generally demonstrated their
antiasthmatic effect on AR.

Structure-activity studies have established that
structural modifications at 1- and 3-positions of the
xanthine nucleus do not greatly affect the binding
ability of the compounds for adenosine receptors.
Most N-7 substituents did not enhance affinity over
hydrogen, except for 7-(2-chloroethyl), which
enhanced the affinity of theophylline by 6.5-fold to
800nM?°. However the most dramatic alterations in
potency of the xanthine as antagonists of adenosine
receptors result from substitution in the 8-position
of this heterocyclic system?”?®. Introduction of
alkyl, cycloalkyl or a phenyl ring in the 8-position
of 1, 3-dipropylxanthi-nes generate variety of potent
and selective adenosine receptor antagonists>®2°,
Substitution of hydrogen at N-7 position favour
A>B AR selectivity’® and methyl group favour AxA
and A2B receptor affinity and decreases selectivity
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for A2B receptor’!. Substitution of large alkyl group
at N-1 than N-3, unsaturation in alkyl chain at N-1
position increase the affinity for A>B receptor’? and
8-phenyl analogue increase the affinity for A2A and
AsB receptor®®. Substitution of -H on N-7 position
and either polar group on benzene ring at meta
position on C-8 position of xanthine or this polar
group may be present at ortho position of methoxy
group on benzene ring on C-8 position of xanthine,
all these substituent favour A>A receptor affinity>*.
Selective activation of A2A AR could be a possible
therapeutic approach for the treatment of asthma,
but direct delivery to the lung will be required to
circumvent cardiovascular side effect especially
lowering of blood pressure™®.

Selective antagonism of A;B AR may lead to
adverse effects related to cystic fibrosis phenotype
and cardiac preconditioning?®.

8-Phenyltheophylline is the parent member of a
variety of potent adenosine receptor antagonists. It
has been reported that appropriate substituents on
the 8-phenyl ring not only affects the potency
towards adenosine receptors but also the solubility
properties®®. The incorporation of polar substituents
has been shown to improve the water solubility of
8-phenylxanthines and increase their usefulness as
potential therapeutic agents**2°,

In view of the above observation, it was decided to
study the impact of good affinity on A2A and A2B
receptor which is not selective at particular receptor.
The new adenosine analogues of xanthine have
structural ~ variations at position 1 (allyl
substituents), position 3 (ethyl substituents),
position 7 (methyl substituent) and position 8 (3, 4,
5-trimethoxy phenyl substituents) of the xanthine
nucleus. (Compound 1).

MATERIAL AND METHODS

Molecular docking simulation studies on A:2A
adenosine receptor and ligand XA C molecule
Molecular docking simulations studies on A2A
adenosine receptor and ligand XAC molecule
through software’s Auto Grid 4 and Auto Dock 4.
The crystal structure of A>A receptor associated
with bound ligand XAC was downloaded from
RCSB Protein Data Bank portal. All primary
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information regarding receptor and structure
(BREY.pdb) registered in the protein data bank was
used. The bound ligand XAC was found within the
receptor in its bioactive conformation. Figure No.4.
A2A receptor processing

AsA receptor processing was done through chimera
software the downloaded protein had one chain, A.
Chain A of downloaded protein consist of bound
ligand XAC, which was separated by using software
Chimera.

Ligand preparation

The ligand was separated from the receptor
3REY.pdb by means of Chimera software. [using
Chem Draw™ Ultra 8.0 (Chembridge Soft
Corporation, MA, USA). Figure No.5.

Grid box

Grid Box Formation using grid box (no.of grid
points: 32x, 38y, 64z; spacing: 0.375; grid center:
47.506x, 24.104y, 33.375z), utilizing Autogrid.

The regions of interest used by Autodock were
defined by considering grid area by making a grid
box around the active sites. Grid box plays a central
role in process of docking as it is made to cover all
the amino acids present in active sites necessary for
binding other than those present in receptor. Grid
box had 3 thumbwheel widgets which let us change
a number of points in X, y and z dimensions. The
spacing between grid points could be adjusted with
another thumbwheel, the value in the study taken
was 0.365 A%and No. of points considered were 32,
38 and 64 points in the X, y and z dimensions and
47.506, 24.104 and 33.375 as x, y, z centers. (Figure
No.6).

Manipulation in amino acid in A2A receptor
Manipulation in amino acid in A>A receptor was
done because crystallography structure of A>B
adenosine receptor are not available on pdb.org.
After modification in A2A receptor, this modified
receptor can be used as A>B adenosine receptor.
Mutation of amino acid

Amino acid ILE 80, LEU 249, MET 270 was
mutate by LEU 80, ALA 270, VAL 249
respectively in A2A receptor by using Swiss pdb
Viewer software. Now, LEU 80, ALA 270, VAL
249 amino acids are present in receptor. This
modified A2A receptor was used as AxB receptor.
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Mutation of amino acid in A>A receptor was done
by Swiss pdb Viewer software. (Table No.1).
Minimization of modified A2A receptor
Minimization using MM using Operating system
Windows XP], Receptor Preparation using Protein
Data  Bank  (http:  //www.rcsb.  org/pdb).
Minimization of protein is necessary because some
of the amino acid change their conformation after
modification of some of the amino acid in A2A
receptor. Software VMD is utilized for preparation
of all necessary files required for minimization of
protein.

Molecular docking simulation study of A:B
adenosine receptor

Crystal structure of A:2B receptor after
molecular docking simulation along with water
The crystal structure of protein A;B was prepared
by modification of some of the protein in A2A
receptor.

Ligand preparation

All 2-D chemical structures were sketched in Chem
Draw ™ Ultra 8.0 (Chembridge Soft Corporation,
MA, USA). These 2D structures were converted
into 3D by Chem3D ™ Ultra 8.0 (Chembridge Soft
Corporation, MA, USA). These chemical structures
were geometrically minimized through MM?2
method by taking default dynamics parameters (step
interval 2 fs, frame interval 10 fs) on a PC with
operating system Windows XP. Electrostatic
charges were assigned by Gastgeiger-Huckel
method. These conformations were then utilized as
starting conformations to perform molecular
docking.

Receptor Preparation

The crystal structure of A>B adenosine receptor was
obtained by modification of some of the amino acid
in A2A adenosine receptor.

Grid box Formation

The binding pocket in the receptor was defined by a
grid box (no.of grid points: 74x, 70y, 72z; spacing:
0.375; grid center: 31x, 25y, 19z). All extended
conformations of ligands fit in the box. This was
ensured by placing the grid box in the centre of the
ligand.
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Grid maps preparation

Valine 249 and Alanine 270 was selected as flexible
residue during formation of grid box. Autogrid
utility of the Auto Dock suite was run to prepare
map files for different atom types in ligands and
receptor viz. A, C, OA, N, NA, SA, HD. These map
files are in turn taken up by Auto Dock for carrying
docking simulations.

RESULTS AND DISCUSSION

Validation of molecular docking simulation
process

Validation of docking programme was done by 3
parameters

(a) Binding energy of complexed structure
Binding energy of docked ligand should be in the
range between -5 to -15Kcal/mol.

(b) Overlay of docked and crystallized ligands
The docked conformation of ligands should be
perfectly overlayed with the crystal structure
ligands of downloaded protein. This testing of the
Autodock docking algorithm with ligands (already
within receptor as complex) was completed
successfully and the docked conformation of
ligands were perfectly superimposed with reference
structure of respective ligands, i.e. its respective
crystal structures. The re-docking of this ligands
were successfully achieved to get final results.

(c) Ligand-Protein Interactions

Similar interactions between the docked ligand and
the receptor should be observed after d.

Table No.3 Result of interaction between XAC
ligand and A2A receptor

Figure No.12 a and b was compared, it was found
that polar and hydrophobic interactions were same
as shown in following Table No.3.

Table No.4 Result of interaction between
proposed molecule and A2A receptor

Figure No.12 and No.l13 was compared, it was
found that polar and hydrophobic interactions were
same as shown in following Table No.4.

Table No.5 Result of interaction between
proposed molecule (1) and A2B receptor
Following result were observed in docking studies
of AoB adenosine receptor with proposed molecule.
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Manipulation in amino acid in A2A receptor
Manipulation in amino acid in A>A receptor was
successfully prepared. This model was used for
further studies as A»B receptor.

Minimization of protein
Root-Mean-Square-Deviation

After the minimization of protein calculation are
terminated, results are recorded in the form of
rmsdin”.dcd file. After the minimization of protein
RMSD value was found to be 0.8 A°.

Table No.1: Amino acid present in A2A and A:B receptor

xanthine With A2B receptor

Amino acid in A2B Amino acid in | Distance b/w ligand
S.No . A Inference
receptor A2A receptor and amino acid
1 ASN 253 LEU 272 10.4 Not present in binding area
2 LEU 81 ILU 80 4.9 Present in binding area
3 LYS 170 GLU 169 9.1 Not Present in binding area
4 VAL 256 PHE 255 11.5 Not Present in binding area
5 ALA 271 MET 270 3.3 Present in binding area
6 ASN 267 ALA 265 7.4 Not Present in binding area
7 LYS 269 TRP 268 5.5 Not Present in binding area
8 LYS 267 PRO 266 8.2 Not Present in binding area
9 VAL 250 LEU 249 3.7 Present in binding area
Table No.2: Binding energy of various ligand after docking

S.No Complex Binding Energy (Kcal/mol)
1 Ligand XAC With A2A receptor -7.39
5 1-Allyl-3-ethyl-7-methyl-8-(3, 4, 5-trimethoxyphenyl) 6.29

xanthine With A2A receptor )

3 1-Allyl-3-ethyl-7-methyl-8-(3, 4, 5-trimethoxyphenyl) 516

Table No.3: Binding energy and result of interaction between XAC ligand and A:2A receptor

. Experimental | Docked Binding Polar Hydrophobic
S.No Ligand Energy . . . .
Ki Ki interaction interaction
(Kcal/mol)
[ /
\/\N N G
Z& o PHE168
1 & N
é 7-64 nM 430nM -7.39 ASN253 MET177
H ILE274
XAC
Available online: www.uptodateresearchpublication.com October — December 378




Shringi Monika. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 8(4), 2020, 374-385.

Table No.4: Result of interaction between proposed molecule and A2A receptor
Docked | Binding
Ki Energy
puM (Kcal/mol)

L/
NN ‘ N ASN253,
J\ / GLU169,
1 ) 14.11 -6.29 ALAS9, PHE168

1- ILE8O

Allyl-3-ethyl-7-methyl-8-(3, 4,
5-trimethoxyphenyl) xanthine
Table No.5: Result of interaction between proposed molecule (1) and A2B receptor

Ligand
Compound 1

Polar Hydrophobic

S.No . . . .
interaction interaction

Ligand Docked Binding Polar Hydrophobic
S-No Compound 1 Ki pyM Energy interaction interaction
P in (Kcal/mol)
\/\N N/
OJ\ ‘ N/ OCH,8
1 N
P 64.58 5.16 ASN284 PHE44
1-Allyl-3-ethyl-7-methyl-8-
(3, 4, 5-trimethoxyphenyl)
xanthine
o Ra
N /
R
| / S <
3 oS
Figure No.1: General structure of xanthine
OH 0 /H OH
6 7
R 5 N
\N
1 ‘ OCH
L7 |
072 4 N
T3 9
R

(b)
Figure No.2: Polar group on benzene ring on C-8 position (a) at meta position (b) at ortho position of
methoxy group
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Figure No.3: 1-Allyl-3-ethyl-7 -methyl-8-(3, 4, 5S-trimethoxyphenyl) xanthine

Figure No.5: Ligand XAC separated from A2A receptor
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Figure No.6: Grid box covering all active sites in receptor
Amino acid (Yellow Colour) = ASN253, MET177, PHE168 and ILE274
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Figure No.9: Grid box covering all activ site in receptor
Amino acid in grid box-Valine 249 and Alanine 270 (yellow colour)

Proposed molecule Synthesized
compounds

Figure No.10: Bioactive conformation of proposed molecule with reported synthesized compounds within
A2A receptor
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Figure No.11: Bioactive conformation of proposed molecule with reported synthesized compounds within
A2B receptor (Red colour - Proposed molecule and other - Reported synthesized compounds)

(a) (b)
Figure No.12: (a)-Two dimensional interaction of A2A with XAC by pdb and (b)-Three dimensional
binding mode of XA C within active site of receptor

Figure No.14: Three dimensional binding mode of proposed molecule within A2B receptor
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Figure No.15: Graph between RMSD and time
CONCLUSION ACKNOWLEDGEMENT

The aim of this article was to design potential
antiasthmatic agents. Compound was proposed on
the basis of SAR which act on both A2A and A>B
receptor. The proposed compound was not selective
for particular one receptor. This was beneficial for
decreasing the side effect related to CVS. A
docking simulation study for knowing binding
affinity of proposed molecule (1) was done on A>A
receptor and modified A>A receptor. Proposed
molecule (1) showed all interaction with binding
energy -6.29Kcal/mol and binding affinity 14.11uM
on AA receptor and with binding energy -
5.16Kcal/mol and binding affinity 64.58uM on
modified A>A receptor (AxB receptor). ArA
receptor was used for prepare model of A;B
receptor. This model was prepared by using Swiss
pdb viewer and VMD software. A>A based model
was used as AB receptor. Proposed compound (1)
was free from CVS related side effect because of 1,
3, 7, 8-substitution. Proposed compound was free
from unwanted side effects predicted by PASS and
oSiris like mutagenicity, carcinogenicity,
hepatotoxicity and teratogenicity.

FUTURE ASPECTS

We can design new molecule by using structure
activity relationship which act on adenosine
receptor. SAR based design molecule can docked
on adenosine receptor to treat asthma.

Available online: www.uptodateresearchpublication.com

The authors wish to express their sincere gratitude
to Department of Medicinal and Pharmaceutical
Chemistry, Sri Raghavendra College of Pharmacy,
Rajiv Gandhi University of Health Sciences,
Bangalore, Karnataka, India for providing necessary
facilities to carry out this research work.

CONFLICT OF INTEREST
We declare that we have no conflict of interest.
BIBLIOGRAPHY
1. Kazarinov V A. Theory of the diseases of
deep respiration, buteyko method, the

experience of implementation in medical
practice, Patri Pres Mosc, 15, 1990, 198-218.

2. Ahmed N, Jamal S, Mustafa. Adenosine
receptor antagonists and asthma. Drug
discovery today: Therapeutic strategies,
Respiratory diseases, 3(3), 2006, 269-275.

3. Fredholm B N, Ijzerman A P, Jacobson K A,
Klotz K N, Linden J. International Union of
Pharmacology, XXV: Nomenclature and
classification of adenosine  receptors,
Pharmacol Rev, 53(4), 2001, 527-552.

4. Berge M, Hylkeman M, Verslius M and
Pastma D S. Drugs R and D. Rev, 8, 2007, 13.

5. Jadwiga Zalewska-Kaszubska.
Neuroprotective mechanisms of adenosine
action on CNS neurons, Curr Top Med Chem,
36(2), 2002, 329-336.

October — December 383



10.

11

12.

13.

14.

15.

16.

Shringi Monika. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 8(4), 2020, 374-385.

Maryse Picher Richard C. Boucher.
Purinergic regulation of respiratory diseases,
Springer Netherlands, 1°' Edition, 2011, 282.
Rebecca E Cagnina, Susan I Ramos, Melissa
A Marshall, Guoquan Wang, C Renea Frazier,
Joel Linden. Adenosine A2B receptors are
highly expressed on murine type II alveolar
epithelial cells, Am J Physiol Lung Cell Mol
Physiol, 297(3), 2009, L467-474.

Holgate S T. The quintiles prize lecture 2004:
The identification of the adenosine A2B
receptor as a novel therapeutic target in
asthma, Br J Pharmacol, 145(8), 2005, 1009-
1015.

Stuttgart. Index Nominum, International Drug
Directory 92/93, Med Pharm Scientific
Publishers, 15™ Edition, 1992.

Kumar Y, Sharda Singh M. and Pandey R.
Electrochemical study of Zn+2- theophylline
complex, Inter J Chem, 3(1), 2011, 43-50.

. Fhid O, Zeglam T, Alag M and Almog T. Tri-

and tetra- cyclic theophylline derivatives as a
potential agents acting on CNS and CVS,
Inter J Pharmaceutic and Biological, 3(3),
2012, 507-512.

Brown R A. Immunolocalization of adenosine
A1l receptors in asthmatic bronchial biopsy
sections, American Thoracic  Society
International Conference, San Diego, CA,
USA, (Abstract A805), 2005.

Lappas C M. Adenosine A2A agonists in
development  for the  treatment  of
inflammation, Expert Opin Invest Drugs,
14(7), 2005, 797-806.

Zhong H. A2B adenosine receptors induce IL-
19 from bronchial epithelial cells and results
in TNF-{alpha} increase, Am J Respir Cell
Mol Biol, 35(5), 2006, 587-592.

Zhong H. A2B adenosine receptors increase
cytokine release by bronchial smooth muscle
cells, Am J Respir Cell Mol Biol, 30(1), 2004,
118-125.

Tilley S L. Identification of A3 receptor- and
mast cell dependent and -independent
components of adenosine-mediated airway

Available online: www.uptodateresearchpublication.com

17.

18.

19.

20.

21.

22.

23.

24.

25.

responsiveness in mice, JImmunol, 171(1),
2003, 331-337.

Fan M. Characterization of adenosine
receptor (s) involved in adenosine-induced
bronchoconstriction in an allergic mouse
model, Am J Physiol Lung Cell Mol Physiol,
284(6), 2003, 1012-1019.

Young H W. A3 adenosine receptor signaling
contributes to airway inflammation and
mucus production in adenosine deaminase
deficient mice, JImmunol, 173(2), 2004,
1380-1389.

Mojgan A, Stefaniab B and Pier G. 1, 3-
Dipropyl-8-(1-phenylacetamide- 1 H-pyrazol-
3-yl)-xanthine derivatives as highly potent
and selective human A2B adenosine receptor
antagonists, Bioorg Med Chem, 16(5), 2008,
2419-2430.

Anna D, Christa E and Anke S. N9-benzyl-
substituted-1, 3-dimethyl and 1, 3-dipropyl-
pyrimido [2, 1-f] purinediones: Synthesis and
structure activity relationships at adenosine
A1 and A>A receptor, Bioorg Med Chem,
15(14), 2007, 5003-5017.

Kyon P and Lien C. The pathophysiology of
asthma, General pharmacology: The vascular
system, New Holland, 35, 2000, 47-57.
Muller C E, Sandoval-Ramirez J, Schobert U,
Geis U, Frobenius W, Klotz K N. 8-
(sulfostryl) xanthenes: Water soluble A>A
selective adenosine receptor antagonists,
Bioorg Med Chem, 6(6), 1988, 707-719.
Angela S, Orazio N and Francesco L. 1, 3-
dialkyl-8-(hetero)aryl-9-hydroxyl-9-
deazaxanthines as potent A>B adenosine
receptor antagonists: Design, synthesis,
structure affinity and selectivity relationships,
Bioorg Med Chem, 16(22), 2008, 9780-9789.
Pier G, Romeo R and Giulia S. Structure
activity relationship studies of a new series of
imidazo [2, 1-f] purinones as potent and
selective Az adenosine receptor antagonists,
Bioorg Med Chem, 16(24), 2008, 10281-
10294.

Andrei A Ivanov,
Nikolai S  Zefirov.

Vladimir A Palyulin,
Computer  aided

October — December 384



26.

27.

28.

29.

30.

31

Shringi Monika. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 8(4), 2020, 374-385.

comparative analysis of the binding mode of
the adenosine receptor agonists for all known
subtypes of adenosine receptors, J Mol Graph
Model, 25(5), 2007, 740-754.

Bansal R, Kumar G, Gandhi D, Louise C.
Young and Alan L. Harvey. Synthesis of a
series of 8-(substituted-phenyl) xanthine and a
study on the effects of substitution pattern of
phenyl substituents on affinity for adenosine
A1l and A2A receptors, European Journal of
Medicinal Chemistry, 44(5), 2009, 2122-
2127.

Giudice, Borioni A, Mustazza C, Gatta F,
Dionisotti S, Zocchi C, Ongini E. (E)-1-
(Heterocyclyl or cyclohexyl)-2-[1, 3, 7-
trisubstituted (xanthin-8-yl)] ethenes as A2a
adenosine receptor antagonists, Eur J Med
Chem, 31(1), 1996, 59-63.

Katsushima T, Nieves L and Wells J N.
Structure-activity  relationships  of 8-
cycloalkyl-1,3-dipropylxanthines as
antagonists of adenosine receptors, J Med
Chem, 33(7), 1990, 1906-1910.

Shamim M T, Ukena D, Padgett W L, Hong
O and Daly J W. 8-Substituted xanthine as
antagonist at A1 and A2A adenosine receptor,
J Med Chem, 31(3), 1988, 613-617.

Jose R and Maria C B. Synthesis and
pharmacological evaluation of novel 1, 3, 8-
and 1, 3, 7, 8-substituted xanthenes as
adenosine receptor antagonists, Bioorg Med
Chem, 18(5), 2010, 2001-2009.

.Balo M C, Brea J, Caamano O, Fernandez F,

Garcia-Mera F, Lopez C, Loza M I and Nieto
M 1. Synthesis and pharmacological
evaluation of novel 1- and 8-substituted-3-
furfuryl xanthines as adenosine receptor
antagonists, E Bioorg Med Chem, 17(18),
2009, 6755-6759.

32.

33.

34.

35.

36.

Kim Y C, Ji X D, Melman N, Linden J and
Jacobson K A. Anilide derivatives of an 8-
phenylxanthine carboxylic congener are
highly potent and selective antagonists at
human A;B adenosine receptors, J Med
Chem, 43(6), 2008, 1165-1172.

Jacobson K A, [jzerman A P and Linden J. 1,
3-dialkylxanthine derivatives having high
potency as antagonists at human A>B
adenosine receptors, Drug Dev Res, 47(1),
1999, 45-53.

Hayallah A M, Sandoval-Ramirez J, Reith U,
Schobert B, Preiss B, Schumacher J W, Daly
C E. Synthesis of a series of 8-(substituted-
phenyl)xanthines and a study on the effects of
substitution pattern of phenyl substituents on
affinity for adenosine A and A>A receptors, J
Med Chem, 45(7), 2002, 1500-1510.

Huang P. Compartmentalized autocrine
signaling to cystic fibrosis transmembrane
conductance regulator at the apical membrane
of airway epithelial cells, Bioorg Med Chem,
98(24), 2001, 14120-14125.

Solenkova N V. Endogenous adenosine
protects preconditioned heart during early
minutes of reperfusion, J Heart Circu Physio,
290(1), 2006, 441-449.

Please cite this article in press as: Shringi Monika et al. Docking studies of 1, 3, 7, 8 substituted xanthine derivative
on A>A and A;B adenosine receptor, Asian Journal of Research in Chemistry and Pharmaceutical Sciences, 8(4),
2020, 374-385.

Available online: www.uptodateresearchpublication.com October — December 385




