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a b s t r a c t

Thermodynamic parameters DG8, DH8 and DS8 of the binding equilibrium of 12 ligands (six

agonists and six antagonists) to the A2B adenosine receptor subtype have been determined

by affinity measurements carried out on HEK 293 cells stably transfected with human A2B

adenosine receptors at six different temperatures (4, 10, 15, 20, 25, 30 8C) and van’t Hoff plot

analysis have been performed. Affinity constants were obtained from saturation experi-

ments of [3H]MRE 2029-F20 or by its displacement in inhibition assays for the other

compounds. van’t Hoff plots were essentially linear in the temperature range investigated,

showing that the DC�p of the binding equilibrium is nearly zero. Thermodynamic parameters

are in the range 7 � DH8 � 23 kJ mol�1and 123 � DS8 � 219 J K�1 mol�1 for agonists and

�40 � DH8 � �20 kJ mol�1 and 10 � DS8 � 91 J K�1 mol�1 for antagonists indicating that ago-

nistic binding is always totally entropy-driven while antagonistic binding is enthalpy and

entropy-driven. In the �TDS8 versus DH8 plot the thermodynamic data are clearly arranged

in separate clusters for agonists and antagonists, which, therefore, turn out to be thermo-

dynamically discriminated.
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1. Introduction

Thermodynamic studies of drug–receptor interactions have

aroused increasing interest in recent years, due to the

information that they can provide on molecular binding

mechanisms. In fact, a simple determination of association

binding constant make it possible to calculate the standard

free energy DG8 = �RT ln KA (T = 298.15 K) of the binding

equilibrium, but not its two components as defined by the

Gibbs equation DG8 = DH8 � TDS8. It can be assumed that

standard enthalpy (DH8) and standard entropy (DS8) values are

related, respectively, to the changes in intermolecular bond

energies and to the rearrangements undergone by water

molecules occurring during the binding. It has been verified

that in various membrane receptors, agonist and antagonist

behaviour can be distinguished in vitro on the basis of

thermodynamic parameters of the binding equilibrium. In

particular the binding of agonists may be entropy-driven and

that of antagonists enthalpy-driven, or vice versa. Such a

phenomenon has been defined ‘‘thermodynamic discrimina-

tion’’ and has been reported for b-adrenergic [1], glycine [2],

GABA-A [3], serotonin 5-HT3 [4], nicotinic [5] and adenosine A1,

A2A and A3 adenosine receptors [6–9].

Adenosine is an endogenous nucleoside that modulates a

number of physiological responses in all mammalian tissues

by binding to specific G-protein-associated A1, A2A, A2B and A3

cell surface receptors. The A1 and A3 receptors are coupled to

Gi protein and cause inhibition of adenylate cyclase (AC),

whereas A2A and A2B receptor subtypes are coupled to Gs

protein and cause an increase in AC activity. Adenosine

receptors can also activate K+ and inactivate Ca2+ channels,

affect the activity of phospholipases C, D, A2, regulate

mitogen-activated protein kinases and inflammatory cyto-

kines [10]. Adenosine levels increase under hypoxic, ischemic

or inflamed conditions and play a critical role in cardioprotec-

tion, tissue protection and in the modulation of inflammatory

processes. In addition the wide and abundant distribution of

adenosine receptors suggests that they may be potentially

useful therapeutic targets for drug development [11–13].

In particular the A2B is a low affinity adenosine receptor

that is highly expressed in the gastrointestinal tract, urinary

bladder, lung tissue and in different immune cells [12]. A

number of studies in literature demonstrated that it plays a

proinflammatory role by stimulating the release of several

inflammatory cytokines from mast cells, monocytes, airway

epithelial cells, fibroblasts, smooth muscle cells and intestinal

epithelial cells [14–18]. Indeed various A2B antagonists are in

development as anti-asthmatic drugs and are also of potential

value as antidiabetic, antidiarrheal, and for cardiovascular

disorders. Otherwise recent papers on A2B knock-out mice

suggested that this subtype may have also anti-inflammatory

effects suggesting an enigmatic role for A2B receptors in

inflammatory diseases [19,20].

In spite of the strong relevance emerged in the last 10 years

about the therapeutic role of the A2B receptor, it is the only

adenosine subtype that has not been studied yet from a

thermodynamic point of view. Therefore with the aim of

contributing to an evaluation of the molecular mechanisms

underlying ligand–receptor interactions, that are important

for drug development, this paper reports the results derived
from the study of binding thermodynamics of six agonists and

six antagonists to human A2B receptors transfected in HEK 293

cells (hHEK293-A2B). The results are compared with those

obtained for the related A1, A2A and A3 receptors, providing

useful information on the binding mechanisms of all

adenosine receptor subtypes.
2. Materials and methods

2.1. Materials

[3H]MRE 2029-F20 (specific activity 123 Ci/mmol) was synthe-

sized at Amersham International (Buckinghamshire, UK);

CHA, NECA, R-PIA, S-PIA, CGS 15943, ZM 241385, DPCPX were

obtained from Research Biochemical International (Natick,

MA, USA). MRE 2029-F20, Compounds 17b, 21b, 24 and 34 were

synthesized by Prof. P.G. Baraldi (Department of Pharmaceu-

tical Sciences, University of Ferrara, Italy) [21,22]. All other

reagents were of analytical grade and obtained from com-

mercial sources.

2.2. Stable transfection of HEK 293 cells

HEK 293 cells were transfected with cDNA encoding human

A2B receptors as recently described [23] by using the calcium

phosphate precipitation method [24]. Colonies were selected

by growth of cells on 0.8 mg/ml G-418. Stably transfected cells

were maintained in Dulbecco’s modified Eagle’s medium/

Ham’s F12 medium (DMEM/F12 medium) with 10% fetal calf

serum, 100 U/ml penicillin, 100 mg/ml streptomycin and

0.3 mg/ml G-418, at 378 in 5% CO2/95% air.

2.3. Membrane preparation

For membrane preparations the culture medium of hHEK293-

A2B cells was removed. The cells were washed with phosphate

buffered saline (PBS) and scraped off T75 flasks in ice-cold

hypotonic buffer (5 mM Tris–HCl, 2 mM EDTA, pH 7.4). The cell

suspension was homogenized using a Polytron and the

homogenate was spun for 30 min at 36,000 � g. The membrane

pellet was resuspended in 50 mM Tris–HCl buffer, containing

10 mM MgCl2, 1 mM EDTA, 0.1 mM benzamidine, pH 7.4 and

incubated with 2 UI/ml of adenosine deaminase for 30 min at

37 8C. The protein concentration was determined according to

a Bio-Rad method [25] with bovine albumin as reference

standard.

2.4. [3H]MRE 2029-F20 binding assays

Saturation binding experiments of [3H]MRE 2029-F20 to hA2B

HEK293 cell membranes were performed at 4, 10, 15, 20, 25 and

30 8C in a thermostatic bath assuring a temperature of�0.1 8C.

All buffer solutions were adjusted to maintain a constant pH of

7.4 at the desired temperature. Competition experiments of

3 nM [3H]MRE 2029-F20 were performed in duplicate in a final

volume of 250 ml in test tubes containing 50 mM Tris–HCl

buffer, 10 mM MgCl2, 1 mM EDTA, 0.1 mM benzamidine pH 7.4,

100 ml of membranes and at least 12–14 different concentra-

tions of typical adenosine receptor agonists and antagonists.



Table 1 – Affinities, expressed as KD (nM) for [3H]MRE 2029-F20 derived from saturation experiments to human A2B

transfected in HEK293 cells or Ki (nM) for selected adenosine receptor agonists and antagonists obtained by displacement
of 3 nM [3H]MRE 2029-F20 from the same receptors

Ligand T (K)

277.15 283.15 288.15 293.15 298.15 303.15

Agonists

Compound 24 64 � 8 53 � 7 46 � 5 41 � 6 36 � 5 25 � 4

Compound 34 88 � 10 75 � 8 70 � 8 65 � 7 58 � 6 37 � 5

NECA 283 � 24 255 � 22 230 � 21 210 � 18 202 � 18 190 � 20

R-PIA 3900 � 365 3750 � 352 3460 � 341 3300 � 335 3120 � 315 3002 � 308

S-PIA 8850 � 890 7700 � 690 7350 � 675 7290 � 650 7000 � 680 6450 � 610

CHA 4450 � 430 4100 � 400 4010 � 390 3900 � 380 3750 � 350 3100 � 300

Antagonists

[3H]MRE 2029-F20 2.8 � 0.2 3.2 � 0.3 3.7 � 0.4 3.9 � 0.4 5.2 � 0.5 5.9 � 0.5

ZM 241385 9 � 1 14 � 1 20 � 2 26 � 2 32 � 3 40 � 3

CGS 15943 11 � 1 20 � 2 26 � 3 32 � 3 40 � 4 50 � 4

DPCPX 35 � 3 42 � 4 53 � 4 65 � 5 87 � 6 95 � 8

Compound 17b 14 � 2 20 � 3 24 � 3 30 � 4 38 � 5 45 � 6

Compound 21b 19 � 3 28 � 3 35 � 4 43 � 5 51 � 6 60 � 7

Values are the mean � S.E.M. of four separate experiments performed in triplicate.
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Non-specific binding was defined as binding in the presence of

1 mM MRE 2029-F20 and, at the KD value of the radioligand, was

about 30–35% of total binding in HEK 293 cells. Similar results

were obtained in the presence of 1 mM ZM 241385 and 100 mM

NECA. Bound and free radioactivities were separated by

filtering the assay mixture through Whatman GF/B glass-fiber

filters using a Micro-Mate 196 cell harvester (Packard Instru-

ment Company). The filter bound radioactivity was counted

with a Top Count Microplate Scintillation Counter (efficiency

57%) with Micro-Scint 20. The protein concentration was

determined according to a Bio-Rad method with bovine

albumin as a standard reference. Incubation time ranged

from 90 min at 4 8C to 60 min at 30 8C according to the results

of previous time-course experiments. Ki values were calcu-

lated from IC50 values according to Cheng and Prusoff

equation Ki = IC50/(1 + [C*]/K�D), where [C*] is the concentration

of the radioligand and K�D its dissociation constant. A weighted

non-linear least-squares curve fitting program LIGAND [26]

was used for computer analysis of saturation and inhibition

experiments.

2.5. Thermodynamic data calculation

Evaluation of DG8, DH8 and DS8 values has been obtained by

measurements of KA (equilibrium association constant)

carried out at different temperatures, followed by van’t Hoff

analysis. Two cases are to be distinguished: (1) the standard

specific heat difference of the equilibrium (DC�p) is essentially

zero. In this case, the van’t Hoff equation ln KA = �DH8/

RT + DS8/R gives a linear plot ln KA versus 1/T. The standard

free energy can be calculated as DG8 = �RT ln KA at 298.15 K;

the standard enthalpy (DH8) and the standard entropy (DS8)

can be obtained from the slope (�DH8/R) and the intercept

(DS8/R) of the van’t Hoff plot ln KA versus 1/T, respectively,

with R = 8.314 J K�1 mol�1. The linearity of the van’t Hoff plot

is not common in reactions involving biomacromolecules in

solution but appears to be typical as far as membrane

receptor binding is concerned. (2) DC�p is different from zero:

in this case the plot DG8 versus T is often parabolic and other
mathematical methods [27] for calculating the thermody-

namic parameters of the equilibrium are available.

In the present case the van’t Hoff plots can be considered to

be essentially linear and the first method was applied.
3. Results

3.1. Agonists and antagonists at A2B adenosine receptors
are therefore thermodynamically discriminated

Table 1 reports the dissociation binding constants (KD)

values derived from the saturation experiments of [3H]MRE

2029-F20 performed at the six chosen temperatures; the KD

values for the other selected ligands, measured as inhibitory

binding constants (Ki) for the displacement of [3H]MRE 2029-

F20 in the same range of temperature are also reported.

While KD and Ki values changed with temperature, BMAX

values appear to be largely independent suggesting a same

population of receptors at all temperatures, with a range of

420–450 fmol/mg of protein at the temperatures investi-

gated. Fig. 1 shows the representative Scatchard plots

obtained at the six temperatures investigated for the

saturation equilibrium of [3H]MRE 2029-F20. The plots are

essentially linear at all the temperatures investigated and

computer analysis of the data failed to show a significantly

better fit to a two-site than to a one-site binding model,

indicating that only one class of high affinity binding sites is

present under our experimental conditions. Similar conclu-

sions can be drawn from the analysis of the displacement

curves concerning all other compounds in Table 1. The

temperature dependence of the affinity constants KA = 1/Ki,

is shown in the van’t Hoff plots, ln KA versus 1/T of Figs. 2

and 3, which report the results for the six agonists and the

six antagonists investigated, respectively. van’t Hoff plots

appear to be linear for all compounds in the complete range

of temperature (4–30 8C).

Fig. 4 summarizes the results in the form of a �TDS8 versus

DH8 scatter plot (T = 298.15 K). It becomes apparent that all



Fig. 1 – Representative Scatchard plots for [3H]MRE 2029-F20

binding to hA2B HEK293 cells at 4, 10, 15, 20, 25, 30 8C. The

linearity of the plots is indicative of the presence of a

single class of high affinity binding sites at all

temperatures investigated.

Fig. 2 – van’t Hoff plots showing the effect of temperature

on the equilibrium binding association constants, KA, for

six adenosine A2B receptor agonists studied. All plots are

essentially linear (r in the range 0.91–0.99) in the

temperature range of 4–30 8C.

Fig. 3 – van’t Hoff plots showing the effect of temperature

on the equilibrium binding association constants, KA, for

six adenosine A2B receptor antagonists studied. All plots

are essentially linear (r in the range 0.98–0.99) in the

temperature range of 4–30 8C.

Fig. 4 – Scatter plot of STDS8 vs. DH8 values for the

adenosine A2B receptor ligands studied. Full and open
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points are arranged on the same diagonal band encompassed

between the two dashed lines which represent the loci of

points defined by the limiting KD values of 100 mM and 100 pM.

This band is the expression of the enthalpy–entropy (E–E)

compensation phenomenon [28]. Final thermodynamic para-

meters of the different compounds investigated are reported

in Table 2. DG8 values range from �42.5 to �29.3 kJ mol�1 for

agonists and from �47.2 to �40.3 kJ mol�1 for antagonists.

Equilibrium standard enthalpy (DH8) and entropy (DS8) values

show that the binding of agonists is always totally entropy-

driven while is enthalpy and entropy-driven for antagonists,

DH8 values ranging from 7 to 23 and from �40 to �20 kJ mol�1

and DS8 values from 123 to 219 and from 10 to 91 J (K mol)�1 for

agonists and antagonists, respectively. Agonists and antago-

nists are therefore thermodynamically discriminated.
symbols indicate antagonists and agonists, respectively.

All points lie on a same regression line. The two dashed

lines indicate the loci of the points representing possible

combinations of DH8 and STDS8 values giving rise to the

two different equilibrium constants indicated (KA = 104

and KA = 1011).
4. Discussion

In the field of adenosine receptors, binding thermodynamic

analysis has been performed until now at A1, A2A and A3
adenosine subtypes. The only subtype lacking of this analysis

was the A2B for which, until few years ago, no high affinity

radioligands were available. Previously we have characterized

A2B adenosine receptors in stably transfected HEK 293 cells by

using the selective antagonist [3H]MRE 2029-F20 [23]. There-

fore with the aim to obtain new information concerning

molecular mechanisms underlying ligand–receptor interac-

tions, in this study, we have determined the thermodynamic

parameters related to the binding of 12 ligands (six agonists

and six antagonists) at human A2B adenosine receptors. The

most relevant results of this study concern the thermody-

namic discrimination of agonists from antagonists and the

recurrent phenomenon of E–E compensation.

All compounds studied display essentially linear van’t Hoff

plots indicating that the DC�p (standard specific heat difference

of the equilibrium) values of the drug–receptor binding

equilibrium is nearly zero or, in other words, that DH8 values



Table 2 – Thermodynamic parameters for displacement of [3H]MRE 2029-F20, by adenosine agonists and antagonists from
human A2B cloned receptors expressed in HEK 293 cells

Ligand DG8 (kJ mol�1) DH8 (kJ mol�1) DS8 (J K�1 mol�1)

Agonists

Compound 24 �42.5 � 0.2 23 � 2 219 � 9

Compound 34 �41.4 � 0.2 19 � 2 204 � 10

NECA �38.0 � 0.2 11 � 1 164 � 5

R-PIA �31.3 � 0.1 8 � 1 130 � 5

S-PIA �29.3 � 0.1 7 � 1 123 � 4

CHA �31.0 � 0.1 8 � 1 130 � 6

Antagonists

[3H]MRE 2029-F20 �47.2 � 0.2 �20 � 2 91 � 6

ZM 241385 �42.5 � 0.1 �40 � 4 10 � 1

CGS 15943 �42.0 � 0.2 �39 � 3 12 � 1

DPCPX �40.3 � 0.1 �28 � 3 40 � 2

Compound 17b �42.2 � 0.1 �31 � 3 39 � 2

Compound 21b �41.4 � 0.1 �30 � 3 38 � 2

Equilibrium DG8, DH8 and DS8 values are given at T = 298.15 K.
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are not significantly affected by temperature in the range

investigated (4–30 8C). Such linearity appears to be a typical

property of the drug–membrane receptor binding [28], unlike

most binding processes between molecules and biomacro-

molecules occurring in solution [29].

Fig. 4 summarizes in the form of a�TDS8 versus DH8plot the

results of the thermodynamic measurements given in Table 2.

All the compounds investigated appear to be arranged along a

same diagonal line, according to the equation �TDS8 (kJ mol�1

at 298.15 K) = �38 (�2) – 0.88 (�0.04) DH8 (kJ mol�1) (n = 12,

r = �0.974, P < 0.0001). This equation can be rewritten as

DH8 = b DS8, which is the form for a case of enthalpy-entropy

compensation [28,30] with a compensation temperature of

320 8K. This phenomenon seems to be a common feature in all

cases of drug–receptor binding [28] and its general implica-

tions have been discussed by different authors [30,31].

Recently, the enthalpy–entropy compensation phenom-

enon has been attributed, for drug–receptor interactions, to
Fig. 5 – Scatter plot of STDS8 vs. DH8 values for

representative adenosine receptor ligands at A1, A2A, A2B

and A3 adenosine receptors. All points lie on a same

regression line. The two dashed lines indicate the loci of

the points representing possible combinations of DH8 and

STDS8 values giving rise to the two different equilibrium

constants indicated (KA = 104 and KA = 1011).
the solvent reorganisation that accompanies the receptor

binding process in diluted solutions [30]. According to this

point of view, while DG8 values are most probably determined

by the features of the ligand–receptor binding process, DH8 and

�TDS8 values appear strongly affected by the rearrangements

occurring in the solvent [30]. Finally, we observed that the

binding equilibrium of A2B receptor ligands is entropy-driven

for agonists, but mostly enthalpy-driven for antagonists. In

fact the plot of�TDS8 versus DH8 indicates that agonists cluster

in a region of endothermicity and entropy increase, while

antagonists gather together in a different cluster of exother-

micity and less favoured entropy change. Accordingly,

agonists and antagonists are thermodynamically discrimi-

nated for all adenosine receptors studied so far [6–9]. An

overall analysis of thermodynamic data for representative

adenosine agonists and antagonists at A1, A2A, A2B and A3

adenosine receptors is reported in Fig. 5 and Tables 3A and 3B;

the correlation equation of the�TDS8 versus DH8 scatter plot is:

�TDS8 (kJ mol�1 at 298.15 K) = �41.39 (�0.9) � 1.02 (�0.04) DH8

(kJ mol�1) (n = 47, r = �0.97, P < 0.0001) suggesting that the DH8

and�TDS8 of the single adenosine subtypes are independently

correlated on the same straight line. In this light we suggest

that the similarity in thermodynamic parameters probably

reflects a common mechanism of ligand–receptor interaction

for all adenosine receptors subtypes and this may explain the

difficulty to obtain selective adenosine ligands. However the

development of therapeutic substances has been strongly

advanced by rational drug design, which involves achieving

full understanding of a given biomolecular interaction by

combining structural, kinetic and thermodynamic informa-

tion [32–35]. Therefore, the availability of thermodynamic data

adds important information to the decision-making process in

drug development [36,37]. In particular, when compounds

have similar affinities, their enthalpy (DH) values can be used

to select one as the preferred lead compound for optimisation.

A favourable DH term implies better complementarity of the

binding interfaces, because enthalpy corresponds to the

energy associated with the net change in non-covalent bonds

[36,37]. Some of the antagonists studied in this work such as

MRE 2029-F20 are in preclinical phase as anti-asthmatic

agents. Interestingly, a recent work by Vidal et al. [39] reports



Table 3A – Binding thermodynamic parameters of adenosine agonists at A1, A2A, A2B and A3 adenosine receptors included
in Fig. 5 (DG8, DH8 and DS8 values are given at T = 298.15 K)

Agonists DG8 (kJ mol�1) DH8 (kJ mol�1) DS8 (J (K mol)�1) References

A1 receptors

CHA �51.1 � 0.2 39 � 5 306 � 17 [7]

CPA �59.9 � 0.3 46 � 7 356 � 24 [7]

R-PIA �52.0 � 0.3 30 � 8 276 � 28 [7]

S-PIA �45.1 � 0.1 21 � 1 221 � 5 [7]

NECA �46.0 � 0.1 19 � 1 217 � 5 [7]

CGS 21680 �34.7 � 0.3 26 � 6 205 � 21 [8]

A2A receptors

CGS 21680 �44.9 � 0.1 27 � 3 241 � 9 [8]

NECA �45.8 � 0.2 7 � 5 177 � 19 [8]

R-PIA �35.3 � 0.1 41 � 6 258 � 20 [8]

S-PIA �27.2 � 0.1 50 � 5 259 � 18 [8]

CPA �36.2 � 0.2 44 � 5 269 � 18 [8]

CHA �34.9 � 0.3 48 � 7 278 � 23 [8]

A2B receptors

Compound 24 �42.5 � 0.2 23 � 2 219 � 9 Present work

Compound 34 �41.4 � 0.2 19 � 2 204 � 10 Present work

NECA �38.0 � 0.2 11 � 1 164 � 5 Present work

R-PIA �31.3 � 0.1 8 � 1 130 � 5 Present work

S-PIA �29.3 � 0.1 7 � 1 123 � 4 Present work

CHA �31.0 � 0.1 8 � 1 130 � 6 Present work

A3 receptors

IB-MECA �55.2 � 0.2 67 � 5 410 � 8 [9]

Cl-IB-MECA �53.8 � 0.1 46 � 3 335 � 5 [9]

AB-MECA �46.6 � 0.2 21 � 1 225 � 4 [9]

NECA �44.3 � 0.1 24 � 2 228 � 9 [9]

R-PIA �43.1 � 0.2 31 � 2 248 � 7 [9]

S-PIA �41.3 � 0.3 30 � 1 241 � 5 [9]

Table 3B – Binding thermodynamic parameters of adenosine antagonists at A1, A2A, A2B and A3 adenosine receptors
included in Fig. 5 (DG8, DH8 and DS8 values are given at T = 298.15 K)

Antagonists DG8 (kJ mol�1) DH8 (kJ mol�1) DS8 (J K�1 mol�1) References

A1 receptors

DPCPX �49.2 � 0.1 �32 � 1 58 � 4 [7]

CPT �45.1 � 0.2 �37 � 4 28 � 14 [7]

8-PT �40.2 � 0.1 �22 � 1 60 � 4 [7]

DPSPX �38.0 � 0.1 �20 � 2 59 � 6 [7]

IBMX �30.1 � 0.3 �36 � 9 �22 � 33 [7]

Theophylline �28.2 � 0.2 �30 � 5 �7 � 19 [7]

A2A receptors

DPCPX �35 � 0.2 �7 � 5 94 � 18 [8]

SCH 58261 �49.0 �45 14 [38]

SCH 63390 �46.5 �32 49 [38]

8-PT �32.6 � 0.1 �9 � 2 79 � 10 [8]

Theophylline �29.5 � 0.1 �25 � 3 14 � 11 [8]

IBMX �30.4 � 0.1 �25 � 3 18 � 9 [8]

A2B receptors

MRE 2029-F20 �47.2 � 0.2 �20 � 2 91 � 6 Present work

ZM 241385 �42.5 � 0.1 �40 � 4 10 � 1 Present work

CGS 15943 �42.0 � 0.2 �39 � 3 12 � 1 Present work

DPCPX �40.3 � 0.1 �28 � 3 40 � 2 Present work

Compound 17b �42.2 � 0.1 �31 � 3 39 � 2 Present work

Compound 21b �41.4 � 0.1 �30 � 3 38 � 2 Present work

A3 receptors

MRE 3008-F20 �48.7 � 0.2 �38 � 1 34 � 4 [9]

MRE 3020-F20 �46.2 � 0.1 �41 � 2 16 � 2 [9]

MRE 3005-F20 �44.8 � 0.2 �52 � 2 24 � 2 [9]

CGS 15943 �39.6 � 0.1 �15 � 1 81 � 6 [9]

DPCPX �32.6 � 0.2 �9 � 1 78 � 8 [9]
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the discovery and characterization of a novel potent, selective

and efficacious A2B antagonist (LAS38096). This compound

showed efficacy in functional in vitro and in vivo models of

allergy and inflammation further suggesting that blockade of

the A2B receptor may provide clinical benefits in the treatment

of chronic respiratory diseases [39].
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