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SUMMARY 

1. The present study was carried out to determine whether rilmenidine, a recently 
introduced antihypertensive agent which acts on a2-adrenoceptors, has partial agonist 
activity on prejunctional a2-adrenoceptors in guinea-pig atria. 

2. Isolated preparations of guinea-pig atria were incubated with [3H]- 
noradrenaline and the efflux of radioactivity induced by stimulation of intramural 
sympathetic nerves was used as an index of release of transmitter noradrenaline. 

3. Rilmenidine (1 pmol/l) inhibited noradrenaline release evoked by short trains 
(five, 20 and 50 pulses) of sympathetic nerve stimulation and this inhibitory effect of 
rilmenidine was antagonized by the a2-adrenoceptor antagonists, idazoxan (0.1 and 
0.3 pmol/l) and rauwolscine (0.3 pmol/l) whereas it was not affected by the al- 
adrenoceptor antagonist prazosin (0. l pmol/l). 

4. On the other hand, rilmenidine ( 1  pmol/l) enhanced noradrenaline release 
evoked by long trains (150 and 300 pulses) of stimulation and this effect was also 
abolished by idazoxan (0.1 pmo1A). 

5. These findings suggest that the effects of rilmenidine on transmitter release 
depend on the degree of auto-inhibition: when the concentration of noradrenaline in 
the biophase of the prejunctional a2-adrenoceptors is low, rilmenidine acts as an 
agonist, but when the concentration is high it acts as an antagonist. Thus, rilmenidine, 
like clonidine, is a partial agonist on prejunctional a2-adrenoceptors in guinea-pig 
atria. 

Key words: noradrenaline release, partial agonist activity, prejunctional a2-adreno- 
ceptors, rilmenidine. 

INTRODUCTION 

Rilmenidine (formerly called oxaminozoline, S334 I )  is a recently introduced antihypertensive 
agent with agonistic activity on a2-adrenoceptors (Van Zwieten 1988). Radioligand studies 
suggest it is more selective than clonidine foraz-adrenoceptors (Guicheney & Meyer 198 1). It acts 
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on prejunctional a2-adrenoceptors in rabbit pulmonary artery to inhibit stimulation-induced (SI) 
release of noradrenaline, having about 7% of the potency of clonidine (Verbeuren et al. 1986). The 
aim of the present study was to determine whether rilmenidine acts as a partial agonist on 
prejunctional a2-adrenoceptors, as has been shown for clonidine (Medgett & Rand 198 1). 

METHODS 

Guinea-pigs of either sex (300-500 g) were stunned by a blow to the head and exsanguinated. The 
hearts were rapidly removed and the atria were dissected free and mounted in an organ bath 
containing 5 ml of Krebs-Henseleit solution of the following composition (mmol/l): NaCl 1 18; 
KCl 4.7; NaHC03 25; MgS04 0.45; KH2P04 1.03; CaC12 2.5; D-(+)-glucose 11.1; disodium 
edetate 0.067; and ascorbic acid 0.14. The solution in the organ bath and in the reservoirs 
supplying the organ bath was treated with a mixture of 95% 0 2  in C02 and maintained at a 
temperature of 37°C. The force and rate of spontaneous atrial contractions were continually 
monitored on a Grass pen recorder. The atria were subjected to an initial tension of about 1 g. 
After an equilibration period of 40 min, the atria were incubated with [3H]-nora~renaline (1 5 
Ci/mmol; 0.2 @mol/l) for 20 min. The solution in the organ bath was then exchanged repeatedly 
with noradrenaline-free Krebs-Henseleit solution for 60 min. 

The atrial intramural nerves were electrically stimulated through two platinum wire 
electrodes with monophasic square waves of 1 ms duration and supramaximal voltage. In single 
experiments, two or three successive periods of stimulation were given at 30 rnin intervals with 
five pulses at 1 Hz, 20 pulses at 2 Hz, 50 pulses delivered at 1 Hz, 2 Hz, 5 Hz or 10 Hz, 150 pulses 
at 5 Hz or 300 pulses at 10 Hz. For each period of stimulation, eight consecutive collections of the 
bathing solution were taken. The collections were taken every 30 s for the experiments in which 
the train of electrical stimulation was less than 10 s, and every 1 rnin for the experiments in which 
the train of electrical stimulation was more than 10 s. Three resting samples were taken 
immediately before electrical stimulation and five during and after electrical stimulation. The 
resting efflux of radioactivity (dlmin) preceding each period of stimulation was calculated as the 
mean amount of radioactivity present in the three pre-stimulation collections. The SI efflux of 
radioactivity was calculated by subtracting the mean resting efflux of radioactivity from the 
amount of radioactivity in each of the collections during and after stimulation was applied, and 
adding the differences. When the effect of a drug on the resting and SI efflux was to be determined, 
it was added to the atrial bathing solution 15 rnin before the second and in some experiments 
removed 15 rnin before the third period of stimulation. In order to assess the effect of one drug in 
the presence of the other, the latter drug was added 30 rnin before the first stimulation period and 
was present for the remainder of the experiment. 

The amount of radioactivity present in the Krebs-Henseleit solution was measured by liquid 
scintillation counting. Corrections for counting efficiency were made using an automatic external 
standard. 

Drugs 

The following drugs were used: idazoxan hydrochloride (Reckitt & Colman); prazosin 
hydrochloride (Pfizer); rauwolscine hydrochloride (Carl Roth); rilmenidine phosphate (Servier). 
The ( -)-7,8-[3H]-noradrenaline hydrochloride (specific activity 15 Ci/mmol) was obtained from 
the Radiochemical Centre, Amersham, UK. 
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Statistical analysis 

Data are presented as mean and standard error ofthe mean (s.e.m.). Means were compared by 
the unpaired 2-tailed Student’s t-test. PC 0.05 was considered to be statistically significant. 

RESULTS 

Dual efect of rilmenidine on SI e f l u  

Rilmenidine ( 1  pmol/l) had no significant effect on resting efflux of radioactivity (results not 
shown) and it did not significantly change the rate and force of contraction of the atria. The effects 
of rilmenidine (1 pmol/l) on SI efflux of radioactivity were assessed using a range of stimulation 
parameters. When stirnulation was with five pulses at 1 Hz or 20 pulses at 2 Hz, rilmenidine 
significantly decreased the SI efflux compared with control (Fig. 1). The inotropic response of the 
atria to field stimulation of intramural nerves was abolished and the chronotropic response was 
reduced by rilmenidine, as illustrated for a single experiment with five pulses at 1 Hz (Fig. 2). The 
effects of rilmenidine were reversible: when it was removed from the system, the SI efflux and 
mechanical responses to electrical stimulation returned to the control levels (Figs 1, 2). 

The negative feedback control of noradrenaline release in the guinea-pig atria is a function of 
both the frequency and the number of pulses of stimulation (Langer & Shepperson 1982; Rand & 
Story 1988); therefore, further experiments were carried out with stimulation of 50 pulses 
delivered at 1,2,5 or 10 Hz. Rilmenidine still significantly decreased the SI efflux, but the extent 
of the decrease became smaller as the frequency was increased (Fig. 3). 

When stimulation was with 150 pulses at 5 Hz or 300 pulses at 10 Hz, rilmenidine ( 1  pmol/l) 
significantly increased the SI efflux of radioactivity (Fig. 4), and the inotropic and chronotropic 
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Fig. 1. Effect of rilmenidine (RIL, I pmol/l) on SI efflux of 
radioactivity from guinea-pig atria pre-incubated with 
[3H]-noradrenaline when stimulated with five pulses (P) at 
I Hz and 20 pulses at 2 Hz. Three periods of stimulation 
were applied. The SI efflux of radioactivity in the second 
stimulation periods (S2) or the third (S3) were expressed as 
percentages of those in the first (Sl). Rilmenidine was added 
15 min before S2 and removed I5 min before S3. * Significant 

difference from the control group (Pt0.01, n=5) .  
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Fig. 2. Effects of rilmenidine (RIL, I pmol/l) on the chronotropic (upper trace) and 
inotropic (lower trace) responses to stimulation with five pulses at 1 Hz in guinea-pig 
atria. Three successive periods of stimulation (Sl, S2, S3, indicated by dots) were 
applied. Rilmenidine was added I 5  min before S2 and removed 15 min before S3. 
Note that rilmenidine (1 pmol/l) decreased the chronotropic and abolished the 
inotropic response of the atria. The vertical marks in the lower trace are artefacts 

resulting from collection of the bathing fluid at 30 s intervals. 
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Fig. 3. Effect of rilmenidine (RIL, 1 pmol/l) on S1 efflux of 
radioactivity from guinea-pig atria pre-incubated with 
[3H]-noradrenaline when stimulated with 50 pulses 
delivered at 1,2,5 and 10 Hz. Two periods of stimulation 
were given. The SI effluxes of radioactivity in the second 
stimulation periods (S2) were expressed as percentages of 
those in the first (SI). Comparison of controls, no drug 
present in Sz(0) and presence of rilmenidine, added I5  min 
before Sz(e). *Significant difference from the control group 

(P<O.Ol, n=4). 

responses to stimulation were not affected significantly. The facilitatory effect of rilmenidine on 
Sl efflux was reversible when it was removed from the system (results not shown). 

Eflects of aradrenoceptor antagonists on inhibitory and facilitatory effects of rilmenidine 

The inhibitory effect of rilmenidine on SI efflux evoked by short trains of stimulation (< 50 
pulses) was significantly reduced by the a2-adrenoceptor antagonists idazoxan (0.1 pmol/l and 0.3 
pmol/l) and rauwolscine (0.3 pmol/l), whereas it was not affected by the al-adrenoceptor 
antagonist prazosin (0.1 pmol/l; Fig. 5). Furthermore, the facilitatory effect of rilmenidine on SI 
efflux evoked by 150 pulses at 5 Hz or 300 pulses at 10 Hz was also abolished by idazoxan (0.1 
pmol/l; Fig. 4); in fact, the effect of rilmenidine in the presence of idazoxan in these experiments 
was a significant reduction in Sl efflux compared with control. 
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Fig. 4. Effect of rilmenidine (RIL, 1 pmol/l) on the SI efflux of radioactivity from 
guinea-pig atria pre-incubated with [3H]-noradrenaline when stimulated with 
I50 pulses (P) at 5 Hz and 300 pulses at 10 Hz and in the absence and in the 
presence of idazoxan. Two periods of stimulation were given. The SI effluxes of 
radioactivity in the second stimulation periods (Sz) were expressed as percentages 
of those in the first (Sl). Rilmenidine was added 15 min before S2. Idazoxan 
(IDAZ, 0.1 pmol/l) was added 30 min before Si and remained throughout the 
experiments. *Significant difference from the control group (Px0.05, n=4-8). 
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Fig. 5. Effects ofal-  or az-adrenoceptor antagonists on the inhibition by rilmenidine (RIL) of the 
SI efflux of radioactivity from guinea-pig atria pre-incubated with [3H]-noradrenaline when 
stimulated with 50 pulses at 1 Hz. Two periods of stimulation were applied. The SI effluxes of 
radioactivity in the second stimulation periods (S2) were expressed as percentages ofthose in the 
first (Sl). Idazoxan (IDAZ, 0.1 and 0.3 Fmol/l), rauwolscine (RALJW, 0.3 pmol/l) and prazosin 
(PRAZ, 0.1 pmol/l) were added 30 min before SI  and remained throughout the experiments. 
Rilmenidine (RIL, I pmol/l) was added 15 min before S2. *Significant difference from the 
control group ofeach pair (Pt0.05, n = 4-8). **Significant difference from the RIL group with no 

blocking drug present (Pc0.05). 
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Table 1. SI efflux of radioactivity from guinea-pig atria pre-incubated with ['HI-noradrenaline. 

Stimulation parameters Control* Idazoxan* 
No. of Frequencies (d/min) (d/min) 
pulses (Hz) 

5 I 1118+99 914*76 
20 2 2482 * 176 8350,3185t 
50 I 7408 f 609 145332 1027t 
50 2 7717 * 604 
50 10 8436 + 584 
50 5 8773 k 394 

100 10 I7087 f 9875 
I50 5 35827 k2231 75283 +4520t 
300 10 56980 2 38 13 166242 + 13 136t 

Results expressed as mean ? s.e.m. *Absolute efflux of radioactivity in the first stimulation period. 
Idazoxan was added 30 min before the stimulation was given. t Significant difference from the control group. * n=2  (individual values); 5 n=4;  otherwise n=8-12. 

Table 1 shows the effect of idazoxan (0.1 pmol/l) itself on SI efflux of radioactivity. Idazoxan 
(0.1 pmol/l) did not affect the SI efflux with stimulation at five pulses at 1 Hz, whereas it 
significantly increased the SI efflux when stimulation was with 50, 150 and 300 pulses. 

DISCUSSION 

The amount of noradrenaline released by stimulating postganglionic sympathetic nerves can be 
modulated by agents acting on prejunctional (presynaptic) receptors. Activation of prejunctional 
a2-adrenoceptors by noradrenaline released as a transmitter results in inhibition of subsequent 
noradrenaline release, giving rise to the phenomenon of auto-inhibition (Starke 1977, 1987; 
Westfall 1977; Langer 1981; Gillespie 1980; Rand et af.  198Ob). 

One feature of auto-inhibition is that the biophase concentration of released noradrenaline is 
critical for the effects of exogenous drugs, especially when the exogenous agonist is a partial 
agonist (Starke 1987; Rand & Story 1988). A partial agonist on prejunctional a2-adrenoceptors 
should decrease release when noradrenaline concentrations are low and increase release when 
noradrenaline is present in concentrations producing an inhibition greater than that induced by a 
maximally effective concentration of the partial agonist (Rand et al. 1980a; Starke 1987). This 
was first pointed out by Medgett et al. (1 978) when they observed that clonidine decreased the 
release of noradrenaline elicited by five pulses at 1 Hz from guinea-pig atria and increased the 
release elicited by 150 pulses at 5 Hz. Similar results were obtained by Cichini ef al. (1 986) using 
slices of rat brain. These findings demonstrate the pivotal role of the biophase concentration of a 
released transmitter which produces auto-inhibition for the action of a partial agonist on the 
prejunctional receptors subserving auto-inhibition. 

In the present study, rilmenidine, an a2-adrenoceptor agonist, decreased the noradrenaline 
release elicited by five, 20, and 50 pulses at various frequencies, whereas it increased the release 
elicited by 150 at 5 Hz and 300 pulses at 10 Hz. Since both the inhibitory and facilitatory effects of 
rilmenidine on noradrenaline release were blocked by az-adrenoceptor antagonists, they both 
involved the prejunctional receptors subserving noradrenergic auto-inhibition. The effects of 
idazoxan in increasing S1 noradrenaline release provide a guide to the degree of auto-inhibition 
occurring during various regimens of stimulation: the greater the increase, the greater auto- 
inhibition (Rand & Story 1988). 
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The findings indicate that rilmenidine, like clonidine, is a partial agonist on prejunctional 
a2-adrenoceptors in guinea-pig atria. That is, when auto-inhibition is absent or weak (at low 
frequencies of stimulation for short periods with low biophase concentration of noradrenaline), it 
acts as an agonist on the prejunctional az-adrenoceptors. When auto-inhibition is pronounced (at 
high frequencies of stimulation for long periods with high biophase concentration of nor- 
adrenaline), it manifests itself as an antagonist of endogenously released noradrenaline, decreas- 
ing auto-inhibition. 

The antihypertensive effect of rilmenidine, like that of clonidine, is due to a central action on 
a2-adrenoceptors in medullary centres which results in a decrease in the rate of firing of the 
sympathetic nerves concerned with cardiovascular control, hence there is a fall in blood pressure 
and slowing ofthe heart rate (Van Zwieten et al. 1986). The decrease in sympathetic nerve activity 
will result in a fall in the concentration of noradrenaline in the biophase of the prejunctional 
a2-adrenoceptors of cardiac and vascular neuro-effector junctions. Thus, the predominant 
consequence of the peripheral action of rilmenidine will be to reinforce its central anti- 
hypertensive action, by further reducing noradrenaline release. 
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