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Abstract:

The mechanism of relaxation in the rat tail artery induced by the adenosine A� receptor-selective agonist N�-cyclohexyladenosine

(CHA, 10 nM–300 µM) and the adenosine A1/A�� receptor agonist 5’-N-ethylcarboxamidoadenosine (NECA, 10 nM–300 µM) has

been characterized. To do this, we used ��-receptor agonist phenylephrine to evoke contraction (10 µM), and inhibitors of nitric ox-

ide synthase (L-NAME, 10 µM), ATP-sensitive K� channels (glibenclamide, 10 µM) and prostaglandin synthesis (indomethacin,

10 µM). CHA and NECA induced relaxation of rat-tail artery by 80% and 70% in a concentration-dependent manner, respectively.

The relaxation effect of NECA was completely abolished in the presence of L-NAME, while glibenclamide and indomethacin pre-

vented CHA-induced relaxation of the rat tail artery by approximately 25% and 40%, respectively. Our results indicate that non-

specific effects such nitric oxide and prostaglandins release or the activation of potassium channels significantly contributed to the

effects of CHA and NECA.
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Introduction

The role of adenosine in the regulation of smooth

muscle contractility has been extensively studied [2].

Special attention has been paid to the role of specific

adenosine receptor subtypes A1, A2a and A2b. in the

context of noradrenaline release at the synaptic and

postsynaptic levels, calcium changes and the contrac-

tion of venous and/or arterial smooth muscles [3, 10].

The majority of studies to date have used selective

adenosine receptor agonists to determine the potential

contribution of particular receptor subtypes in the

regulation of different physiological processes [5, 11,

17]. However, little attention was paid to the non-

specific effects of adenosine-receptors ligands [6].

Therefore, in this study, we employed inhibitors of

nitric oxide synthase, cyclooxygenase enzyme and

ATP-sensitive K+ channels to determine whether

these proteins were involved in the action of N6-cycl-

ohexyladenosine (CHA) and 5’-N-ethylcarboxamido-

adenosine (NECA) substances, often used to stimulate

the A1 and A2 receptors.

Materials and Methods

Animals and housing

Three-month old male Wistar rats, weighing 190–260 g

were used. Animals were maintained at 24°C in a 12-h
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light-dark cycle with free access to food and water for

seven days prior to experimentation. The experimen-

tal protocol was approved by the Local Ethic Com-

mittee of Medical University of Gdañsk, Poland.

Tissue preparation

After pentobarbital (60 mg/kg b.w. ip in pre-hepari-

nized animals) administration, the tail artery was ex-

cised and cleaned, according to previously described

methods [15]. The proximal region was cut into 3-mm

segments that were mounted on two wires placed

through the lumen. The mounted arterial segment was

then submerged in a tissue bath filled with oxygen-

ated Krebs’ solution at 37°C, pH = 7.4. The composi-

tion of the Krebs’ solution was (mM): NaCl, 6.9; KCl,

0.35; CaCl2, 0.28; MgSO4, 0.29; glucose, 2.0; KH2PO4,

0.16; NaHCO3, 2.1; and dextrose, 2.0. Tissue seg-

ments were equilibrated for 75 min, stretched using

a preload of 0.5 g of weight and the flow was estab-

lished at 1.6 ml/min with a perfusion pressure of

7.99 kPa. The solution was constantly aerated by car-

bogen and circulated using the peristaltic pump PP1

(Zalimp, Poland)

Measurement of vasoconstricting and vasore-

laxing responses

Tissue contraction was recorded using Statham P23P6

force transducers (Statham Laboratories, USA) and an

Electromanometer EK4 (Farum, Poland) was used to

transfer data to the on line recorder TZ 4200 (Labora-

torium Pristroje, Praha, Czech Republic). To study the

contraction response in the rat tail artery, control

concentration-response curves were constructed by

adding phenylephrine (10 µM), and depending on the

experimental setting, adenosine receptor agonists

CHA or NECA were added in increasing concentra-

tions ranging from 0.01 µM to 300 µM. Following the

addition of the greatest concentration of adenosine re-

ceptor agonists, tissues were washed three times with

Krebs’ solution. After the tissues had reached a steady-

state resting level, one of the following compounds

was added: 10 µM glibenclamide or 10 µM L-NAME,

or 10 µM indomethacin. After equilibration for

30–45 min, tissue contraction was induced using

phenylephrine and another concentration-response

curve to CHA and NECA was measured. Only one

pair of compounds was tested with any given arterial

segment. Additionally, the effects of glibenclamide,

L-NAME and indomethacin on resting tension and on

phenylephrine-induced contraction of the rat tail ar-

tery were examined in a separate series of experi-

ments.

Drugs used

All substances were supplied by Sigma (St. Louis,

MO, USA) and dissolved in distilled water.

Data analysis

The results were expressed as the per cent of contrac-

tion amplitude induced by phenylephrine. The means

± SEM are reported and n values indicate the number

of animals in each sample group. To quantify pharma-

cological drug potencies in the presence of different

compounds, IC50 values (effective concentration of

CHA or NECA to produce 50% of the maximal effect

of relaxation or inhibition of contraction induced by

phenylephrine) were determined. The relaxation or in-

hibition effects were compared among groups using

one-way analysis of variance (ANOVA) and New-

man- Keuls post-hoc test; p < 0.05 was considered

significant.

Results and Discussion

Generally, it is difficult to draw reliable conclusions

about the physiological or pathological roles of recep-

tors based solely on pharmacological receptor stimu-

lation or inhibition. According to the IUPHAR classi-

fication, there are four subtypes of adenosine recep-

tors, A1, A2a, A2b and A3 [5], and many ligands have

different affinities for different receptor subtypes. In

addition to issues associated with receptor subtype se-

lectivity, most agents have additional non-specific

off-target effects making the interpretation of results

extremely complicated. CHA and NECA have tradi-

tionally been used as stimulatory agents for adenosine

receptors. Therefore, we examined their non-specific

effects on phenylephrine-induced contraction of rat

tail artery. To evaluate the participation of nitric oxide

(NO), prostaglandins (PG) and ATP-sensitive K+

channels (KATP) in the CHA and NECA-induced

relaxation of the rat tail artery smooth muscle, we

used L-NAME (inhibitor of nitric oxide synthase),
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indomethacin (inhibitor of synthesis of PG) and

glibenclamide (blocker of KATP). Among these sub-

stances, only L-NAME had a direct effect on

phenylephrine-induced contraction of rat tail artery,

resulting in a 40% increase in the amplitude of con-

traction (Fig. 1). In the absence of other drugs, pheny-

lephrine (10 µM) induced tail artery contraction,

which was diminished through the addition of in-

creasing concentrations of CHA and NECA (Fig. 2).

CHA was a more potent inhibitor, with significantly

stronger relaxation effects at concentrations from 3 to

100 µM and a higher pD2 (–log IC50) (Tab. 1). In the

presence of 10 µM L-NAME, NECA, which is non-
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IC�� (µM) –logIC�� ± SEM Number of
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NECA 21.00 4.68 ± 0.15 6

CHA 3.50 5.46 ± 0.12� 6

CHA + indomethacin 7000 2.15 ± 0.15�� 4

CHA + glibenclamide 210 3.68 ± 0.14�� 6
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specific agonist of A1 and A2a receptors [5], did not

exhibit any relaxation effects on the phenylephrine-

contracted tail artery. Moreover, maximal contraction

amplitude was increased above the baseline level by

about 40% (the same effect as with L-NAME alone).

Interestingly, glibenclamide, an inhibitor of ATP-

sensitive K+ channels, significantly decreased the

maximal relaxation effect of NECA (Fig. 2). On the

other hand, the relaxing effect of CHA on the rat tail

artery was strongly diminished by 10 µM indometha-

cin, a potent cyclooxygenase-1 (COX-1) inhibitor, re-

ducing the maximal relaxation effect by approxi-

mately 40% (Fig. 2). Glibenclamide also decreased

CHA-induced relaxation, but to a lesser extent than

indomethacin. Our results indicate that NECA owes

its relaxation effect to nitric oxide. Notably, inhibition

of NOS also increased the phenylephrine-induced

contractile efficacy, which indicates that nitric oxide

participates in the regulation of rat tail artery tonus at

rest (Fig. 1). A slight reduction in the maximal relaxa-

tion effect of NECA by glibenclamide could be ex-

plained by the direct activation of ATP-sensitive K+

channels at a concentration of 100 µM, which is in ac-

cordance with previously published data suggesting

that the stimulation of A1 receptors can activate KATP

channels [14]. However, it is most likely that a certain

level of nitric oxide induces the activation of the of

ATP-sensitive K+ channels, since we have demon-

strated that nitric oxide is responsible for the full re-

laxing action of NECA. On the other hand, it seems

that CHA induces relaxation of the rat tail artery by

partial stimulation of the adenosine receptors, as

indomethacin decreased the CHA-induced relaxation

effect by approximately 40% (suggesting the partici-

pation of prostaglandins in relaxation response) and

glibenclamide by 20%.

This study confirms previous observations that ni-

tric oxide contributes to the vasodilatory effect of

adenosine receptor agonists [4, 7, 8, 13, 16]. Also, the

results related to indomethacin and CHA interaction

are consistent with data that demonstrated a negative

effect of indomethacin on CHA-induced negative ino-

tropic action in guinea pig papillary muscle [9].

However, under the present experimental conditions,

the non-specific A1/A2a-receptor agonist, NECA,

caused relaxation of the rat tail artery exclusively by

a nitric oxide-dependent mechanism. This observation

is in accordance with other studies that have demon-

strated endothelial-dependence for NECA-induced re-

laxation of porcine coronary artery [1]. These data

suggest that the previously reported effects of NECA

thought to be mediated by the stimulation of adeno-

sine A2 receptors (as hypothermia and hypotension in

rabbits) are likely due to nitric oxide release [12].

In summary, the present study provides evidence

that CHA and NECA possess non-specific mechanism

of actions, such as the activation of NOS, COX-1 and

ATP-sensitive K+ channels. These effects should be

considered when the examined ligands of adenosine

receptors are used in different experimental settings.
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