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Abstract 

The hemodynamic effects of the novel, selective adenosine A 3 receptor agonist 2-chloro-N6-(3-iodobenzyl)adenosine-5'-N-methyl - 
carboxamide (2-CI-IB-MECA) were investigated in conscious rats. Intravenous administration of 200 Ixg/kg 2-CI-IB-MECA resulted in 
a short-lasting hypotension, which was accompanied by a 50-100-fold increase in plasma histamine concentrations. Administration of a 
second dose of 2-CI-IB-MECA did not elicit any hemodynamic effects. Also no histamine release was observed after the second dose. 
The observation of rapid tachyphylaxis in combination with histamine release suggests that mast cell mediator release plays a key role in 
the hemodynamic effects of adenosine A 3 receptor agonists. 
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1. Introduction 

Adenosine is an impo:rtant regulatory metabolite that 
exerts pronounced biological effects in the cardiovascular 
and central nervous system. The actions of  adenosine are 
mediated through cell-surface adenosine receptors. At pre- 
sent, adenosine A 1, A 2A, A 2B and A 3 receptors have been 
identified based on structure-activity relationships of  ago- 
nist and antagonists and cloning of  the four receptor 
subtypes from various species (for review, see Olah and 
Stiles, 1995). 

The adenosine A 3 receptor has only recently been 
discovered, with the cloning from rat, sheep and human 
sources (for review, see Linden, 1994). In vitro stimulation 
of  this adenosine receptor subtype has been shown to 
inhibit adenylyl cyclase (Zhou et al., 1992) and to stimu- 
late phospholipase C followed by formation of  inositol- 
1,4,5-triphosphate (IP 3) (Ramkumar et al., 1993; Abbrac- 
chio et al., 1995). In vivo activation of  the A 3 receptor has 
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been shown to mediate heart rate-independent hypotension 
in rats (Fozard and Carruthers, 1993), vasoconstriction 
(Doyle et al., 1994) and depression of  locomotor activity 
in mice (Jacobson et al., 1993). 

Although selective agonists for the A I and A2A recep- 
tors have been available for several years, highly selective 
A 3 receptor agonists have been synthesized only recently. 
2 - C h l o r o - N  6 - ( 3 - i o d o b e n z y l ) a d e n o s i n e - 5 ' - N - m  e thy l -  
carboxamide (2-CI-IB-MECA) is the first highly selective 
adenosine A 3 receptor agonist (Kim et al., 1994). In vitro 
2-CI-IB-MECA has been shown to be a potent adenosine 
m 3 receptor agonist with a 2500- and 1400-fold selectivity 
for A 3 vs. A~ and A2A adenosine receptors, respectively. 

In the present study the hemodynamic effects of  2-CI- 
IB-MECA were investigated in conscious normotensive 
rats. The high selectivity of  2-CI-IB-MECA enabled us to 
study A 3 receptor-mediated effects in vivo, without the 
interference or blockade of  the effects of  other adenosine 
receptor subtypes. The role of  mast cell mediator release in 
the cardiovascular response was investigated by measure- 
ment of  free histamine concentrations in the blood and by 
assessment of  the effectiveness of  2-CI-IB-MECA upon 
repeated administration in the same rat. 
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2. Materials and methods 

2.1. Animals and surgical procedures 

Male Wistar rats (Crl:(WI)WU BR, Broekman Instituut, 
Someren, The Netherlands), weighing 300-350 g, were 
used. The animals were housed in plastic cages with a 
normal 12-h light-dark cycle and fed on laboratory chow 
(Standard Laboratory Chow, SRM-A, Hope Farms, Woer- 
den, The Netherlands) and water ad libitum. 

Four days before experimentation, indwelling cannulas 
were implanted into the right jugular vein (polythene, 13.5 
cm, 0.6 mm i.d.) and the left and right femoral artery 
(Polythene, 18 cm, 0.58 mm i.d. +4.5 cm, 0.28 mm i.d.) 
under light ether anaesthesia. The cannula in the femoral 
artery was gently pushed through the artery until it reached 
the aorta abdominalis. The cannulas were used for drug 
administration, blood sample collection and recording of 
arterial blood pressure, respectively. The three cannulas 
were tunnelled subcutaneously to the back of the neck and 
exteriorized. After the operation the cannulas were filled 
with a 25% ( g / v )  solution of polyvinylpyrrolidone (PVP) 
(Brocacef, Maarssen, The Netherlands) in 0.9% ( g / v )  
sodium chloride containing 50 IU heparin/ml (Hospital 
Pharmacy, Leiden, The Netherlands) to prevent clotting. 

On the day of the experiment the PVP solution was 
removed and the canulas were flushed with saline (0.9% 
(g /v )  sodium chloride solution) containing 20 I U / m l  
heparin. All experiments were performed in conscious and 
freely moving rats. 

2.2. Study design 

pressure was measured from the cannula in the left femoral 
artery using a miniature strain gauge P10EZ transducer 
(Viggo-Spectramed, Bilthoven, The Netherlands), equipped 
with a plastic diaphragm dome (TA1017, Disposable Criti- 
flo Dome, Viggo-Spectramed). The pressure transducer 
was connected to a polygraph amplifier console (RMP6018, 
Nihon Kohden Corporation, Tokyo, Japan). Heart rate was 
captured from the blood pressure signal. The signals were 
passed through a CED 1401 interface (Cambridge Elec- 
tronic Design, Cambridge, UK) into a 80486 computer 
using the data acquisition program Spike 2 (Spike 2 Soft- 
ware, Version 3.1, Cambridge, UK) and stored on diskette. 

During the experiments the catheter connected to the 
pressure transducer was continuously flushed with saline 
containing 20 I U / m l  heparin at a flow rate of 500 Ixl/h 
(Syringe infusion pump 22, Harvard apparatus; Plato, 
Diemen, The Netherlands) to ensure a continuous record- 
ing of the pharmacodynamic effect. 

2.4. Determination o f  histamine levels 

At predefined time points 20 or 50 Ixl arterial blood 
samples were drawn, added to 50 lxl of a chilled 
EDTA/sal ine solution (5% ( g / v )  EDTA in 0.9% NaC1) 
and kept on ice. After centrifugation at 5000 rpm for 10 
min, 50 Ixl plasma was carefully pipetted and transferred 
to a clean eppendorf tube. Depending on the expected 
histamine concentrations some samples were diluted with 
millepore water. The samples were stored at - 2 0 ° C  until 
analysis. Histamine concentrations in plasma were deter- 
mined by a radioimmunoassay developed by Immunotech 
(Marseille, France) (Morel and Delaage, 1988). 

Rats were randomly assigned to two treatment groups 
of 6 animals, which received either two subsequent intra- 
venous (i.v.) infusions of 200 i~g/kg 2-chloro-Nr-(3 - 
iodobenzyl)adenosine-5'-N-methylcarboxamide (2-CI-IB- 
MECA) during 15 min or two subsequent infusions of the 
vehicle during 15 min. 2-CI-IB-MECA was dissolved i n  
dimethylsulfoxide (DMSO) and diluted with a sodium 
chloride solution to a final 30% ( v / v )  DMSO solution (a 
total volume of 765 I~1). Fresh solutions were prepared 
prior to each experiment. 

The effect measurements were started at least 45 min 
prior to the first drug infusion and lasted until 4.5 h after 
this infusion. Heart rate and blood pressure were recorded 
continuously and serial arterial blood samples were drawn 
for determination of plasma histamine concentrations. 2 h 
after the first administration the second dose of 2-CI-IB- 
MECA (or vehicle) was administered. 

2.3. Cardiovascular measurements 

To minimize the contribution of diurnal rhythm in the 
hemodynamic parameters all experiments were started be- 
tween 09:00 and 10:00 h in the morning. Arterial blood 

2.5. Statistical analysis 

Student's t-tests were used to compare the different 
treatments and the two infusions. The corresponding non- 
parametric tests were used in case of non-homogeneity of 
the data. A significance level of 5% was selected. All data 
are reported as mean + S.E., unless indicated otherwise. 

3. Results 

The time profiles of mean arterial pressure and heart 
rate after administration of 200 p~g/kg 2-CI-IB-MECA to 
conscious rats are depicted in Fig. 1. The first infusion of 
2-CI-IB-MECA resulted in a rapid fall of the blood pres- 
sure to a value which was about 50% of the pre-adminis- 
tration level. The hypotension was short-lasting. After 
approximately 15 min the blood pressure started to recover 
and rapidly returned to stable values, which were signifi- 
cantly lower than the blood pressure values in the control 
group. Administration of the second dose of 2-CI-IB- 
MECA, at 150 min after the first infusion, did not produce 
any hypotension at all. The slight increase in the mean 
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arterial pressure during the second infusion was not spe- 
cific for 2-CI-IB-MECA and was observed after adminis- 
tration of  the vehicle as well. 

The effect of  2-CI-IB-MECA on heart rate was more 
complex. Infusion of  200 p .g /kg  2-CI-IB-MECA resulted 
in an increase in heart rate, which was independent of  the 
blood pressure. Near the e~d of  the infusion a short-lasting 
decrease in heart rate was observed in some of  the animals. 
However, as soon as the blood pressure started to normal- 
ize heart rate markedly increased again. The tachycardia 
was maintained over a long period of  time and returned to 
baseline values slowly. Again, no increase in heart rate 
was observed upon the second infusion of  the A 3 agonist. 

The time course of  the plasma histamine concentrations 
is shown in Fig. 2. Following administration of  2-CI-IB- 
MECA a massive release of  histamine was observed. This 
release resulted in a 50-1,30-fold increase in plasma his- 
tamine concentrations, whJ~ch reached a maximum at ap- 
proximately 35 min and slowly decreased to normal plasma 
levels. In line with the cardiovascular effects, the second 
infusion of  2-CI-IB-MECA did not result in release of 
histamine. Administration of  the vehicle did not affect 
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Fig. 2. Plasma histamine concentration vs. time profile for rats which 
received two subsequent i.v. infusions of 200 ixg/kg 2-CI-IB-MECA in 
15 min; the filled bars represent the two infusion periods. In the vehicle- 
treated group plasma histamine concentrations remained stable (324-3.2 
nM); data are presented as mean + S.E. (n = 6). 

plasma histamine concentrations. During the entire control 
experiment histamine levels remained stable at a concen- 
tration of  32 + 3.2 nM (mean 4- S.E., n = 6). 
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Fig. 1. Averaged time profiles of  mean arterial pressure (upper panel) and 
heart rate (lower panel); consci,aus rats received two subsequent i.v. 
infusions of 200 v~g/kg 2-CI-IB-MECA in 15 min (O)  or vehicle in 15 
min (A) ;  the filled bars represent the two infusion periods; data are 
presented as mean + S.E. (n = 6). 

4. Discuss ion 

In the present study we have investigated the cardio- 
vascular effects of  the highly selective adenosine A 3 ago- 
nist 2-chloro-N 6-(3-iodobenzyl)adenosine-5'-N-methyl - 
carboxamide (2-CI-IB-MECA). So far, in most in vivo 
studies non-selective ligands have been used, because se- 
lective adenosine A 3 agonists have not been readily avail- 
able. In several studies in rats, therefore, the A 3 effect has 
been isolated by blockade of  the A 1 and A2A effects with 
antagonists (Fozard and Carruthers, 1993; Hannon et al., 
1995). Due to its high selectivity, 2-CI-IB-MECA is partic- 
ularly useful in in vivo studies, for it allows to study 
adenosine A3-mediated responses without the need of  
co-administration of  antagonists to block other adenosine 
receptors subtypes. 

I.v. administration of  200 Ixg /kg  2-CI-IB-MECA to 
conscious rats resulted in a decrease in blood pressure, 
which was - in contrast to A I receptor-mediated hypoten- 
sion - independent of  heart rate (Math6t et al., 1994) (Fig. 
1). Interestingly, we observed a rather short-lasting hy- 
potension, which was not consistent with the pharmacoki- 
netic profile of  2-CI-IB-MECA. Blood pressure values 
returned to baseline fast, while blood concentrations of  
2-CI-IB-MECA declined slowly with a half-life of  approxi- 
mately 30 min (unpublished observations). In addition to 
the hypotension, we observed an increase in heart rate. 
This was not a reflex tachycardia, because the heart rate 
effect developed prior to the decrease in blood pressure. 
Furthermore, heart rate remained significantly increased 
for a long time and returned to baseline values slowly. 
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Upon repetition of the i.v. infusion, given 150 min after 
the first infusion, 2-CI-IB-MECA was completely devoid 
of any cardiovascular actions. The small changes in blood 
pressure and heart rate after the second dose were presum- 
ably the result of irritation by the DMSO containing 
vehicle solution and were observed in the vehicle-treated 
animals as well. 

The observations of the relatively short-lasting hypoten- 
sion and the complete disappearance of the hemodynamic 

effects upon repeated administration suggested that the 
effects were not direct effects of the A 3 agonist but 

indirect through an intermediate. In this respect mediator 

release from mast cells was likely to play a role (Linden, 

1994). One of the mediators released upon activation of 
mast cells is histamine. After administration of the adeno- 
sine A 3 agonist 2-CI-IB-MECA plasma histamine concen- 
trations increased substantially (Fig. 2). In the vehicle- 
treated animals histamine levels remained stable during the 

entire experiment (32 __+ 3.2 nM), whereas after i.v. infu- 
sion of 2-CI-IB-MECA histamine concentrations increased 

approximately 50-100-fold.  Complete degranulation of 
mast cells occurred, since no release of histamine was 

observed during the second infusion of 2-CI-IB-MECA. 
These data are consistent with recent observations, in 

which administration of the non-selective adenosine ago- 
nist N6-2-(4-aminophenyl)ethyladenosine (APNEA) to 
anaesthetized rats resulted in an increase in histamine 
levels. Furthermore, APNEA was devoid of any cardio- 
vascular effects after pretreatment of rats with the degranu- 
lating agent compound 4 8 / 8 0  (Hannon et al., 1995). Al- 
though adenosine A2B receptors may be involved in mast 
cell degranulation (Marquardt et al., 1994) as well, it is 
unlikely that these receptors contribute to the histamine 

release. At the cloned human A 2a receptor 2-CI-IB-MECA 
has been shown to be nearly inactive at 100 I.LM concen- 

trations (A.P. IJzerman, unpublished observations). 

After administration of 2-CI-IB-MECA a long-lasting 
increase in histamine concentrations was observed, which 
declined slowly with a half-life of approximately 30 min. 
This kinetic profile suggests a gradual release of histamine 
from mast cells, since histamine itself has a half-life of 
seconds in the rat (for review, see Beaven, 1982). The 

hypotensive effect did not correspond to the time course of 
the histamine concentrations. At the time point of the 

maximal histamine concentrations blood pressure values 
were already more or less back to normal baseline levels. 
These observations may indicate that there is either rapid 
desensitisation of histamine receptors or that other media- 
tors are involved in the response. Rat mast cells contain 
many other mediators, among which serotonin and leuko- 
trienes. It may well be that the observed hypotension is 
elicited by other mediators and not by histamine alone. 

In conclusion, activation of the adenosine A 3 receptor 
in vivo with the selective adenosine A 3 receptor agonist 
2-CI-IB-MECA resulted in a short-lasting hypotension, 
which was accompanied by histamine release from mast 
cells. The complete tachyphylaxis suggested that the A 3 
receptor-mediated cardiovascular responses were depen- 
dent on the release of mediators from mast cells. It re- 
mains, however, to be established which mediator is re- 
sponsible for the hypotensive effect. 
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