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Abstract

We studied the possibility that presynaptic inhibition of transmitter release from postganglionic sympathetic neurons
contributes to the overall reduction of sympathetic tone produced by moxonidine, rilmenidine and 5-bromo-6-(2-imidazolin-2-
ylamino)-quinoxaline tartrate (UK 14304). In pithed rabbits without electric stimulation, moxonidine, rilmenidine and UK 14304
caused a long-lasting, > 10 min, increase in arterial pressure. Heart rate was not changed. In pithed rabbits in which sympathetic
tone was created by electric stimulation through the pithing rod (2 Hz), the same doses of moxonidine, rilmenidine and UK
14304 caused only a brief, < 10 min, blood pressure rise. Heart rate was decreased, as were the plasma concentrations of
noradrenaline and adrenaline. Dose-response curves for the effects on the plasma noradrenaline concentration (stimulated
pithed rabbits) were compared with previously obtained dose-response curves for depression of renal sympathetic nerve activity
(conscious rabbits). For each drug, the curve describing peripheral presynaptic inhibition and the curve describing central
sympathoinhibition were very similar. Both the power and the dose dependence of the peripheral inhibitory effect support its
contribution to the overall decrease in sympathetic tone produced by clonidine-like drugs in intact animals. The peripheral effect
in all likelihood consists in activation of presynaptic a,-autoreceptors. The agreement of the dose-response curves for the
peripheral and for the central effect supports the view that the central effect, like the peripheral one, is mediated through
«,-adrenoceptors.
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1. Introduction tion of presynaptic «,-autoreceptors; and direct activa-
tion of postsynaptic a,-and «,-adrenoceptors. The first
two mechanisms tend to reduce cardiac output, total
peripheral resistance and, hence, blood pressure; the
third mechanism tends to increase total peripheral
resistance and, hence, blood pressure.

In most discussions on clonidine-like drugs, only the
reduction of central sympathetic outflow is held re-
sponsible for the fall in blood pressure, and the drugs
therefore are classified as centrally acting antihyper-
tensives (Schmitt, 1977; Kobinger and Pichler, 1990;
moxonidine and rilmenidine: Armah et al., 1988; Ver-
beuren et al., 1990; Chrisp and Faulds, 1992; Erns-
berger et al., 1993). The nature of their central recep-
tors is debated. The original idea that they act as
agonists on central a,-adrenoceptors (Schmitt, 1977;
Kobinger and Pichler, 1990; moxonidine: Armah et al.,
 * Corresponding author. Tel. +49/761,203-5312, fax +49/ 1988; rilmenidine: Van Zwieten, 1988) has recently
761 /203-5318. been strengthened (Hieble and Kolpak, 1993; Allen

Clonidine and clonidine-like drugs such as moxoni-
dine and rilmenidine are lipophilic a,-adrenoceptor
agonists that lower blood pressure. The blood pressure
decrease is due to a decrease of sympathetic tone and
an increase in vagal tone (see Schmitt, 1977; Kobinger,
1986; Kobinger and Pichler, 1990). Sympathetic tone of
cardiovascular effector tissues may be defined as the
degree of postsynaptic adrenoceptor activation. Cloni-
dine-like drugs can change this tone by at least three
mechanisms: reduction of sympathetic outflow from
the central nervous system (CNS), i.e. of action poten-
tial frequency in preganglionic sympathetic fibres; re-
duction of the average release of noradrenaline and its
cotransmitters per action potential by means of activa-
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and Guyenet, 1993; Szabo et al., 1993; Guyenet et al.,
1994; Urban et al., 1994, 1995). Alternatively, they may
lower central sympathetic outflow through the so-called
imidazoline receptors, specifically I, receptors
(Bousquet et al., 1984; Verbeuren et al., 1990; Chrisp
and Faulds, 1992; Ernsberger et al., 1993). Clonidine,
moxonidine and rilmenidine possess a higher affinity
for 1, than for a, binding sites (Ernsberger et al., 1993;
but for moxonidine see Bricca et al., 1994).

Despite the universal operation of presynaptic «,-
autoreceptors in cardiovascular tissues (see Starke,
1977, 1987; Westfall, 1977; Langer, 1981; Starke et al.,
1989), the possibility that they contribute to the de-
crease in sympathetic tone caused by clonidine-like
drugs has received little attention and even less sup-
port (Haeusler, 1976; Pichler and Kobinger, 1978; Garty
et al., 1990; Kobinger and Pichier, 1990). One reason
may be that the direct experimental test, selective
peripheral «a,-autoreceptor activation or blockade, is
not practicable: even if an a,-adrenoceptor ligand does
not cross the blood-brain barrier it will reach both the
(tone-decreasing) autoreceptors and the (tone-increas-
ing) smooth muscle a-adrenoceptors. Disregard of this
inevitable duality may lead to error. From the finding
that only those a,-adrenoceptor agonists that pene-
trate into the brain lower blood pressure it has been
concluded that peripheral presynaptic inhibition is neg-
ligible (Pichler and Kobinger, 1978; Kobinger and Pich-
ler, 1990). However, the direct postsynaptic vasocon-
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strictor action may have balanced the presynaptic inhi-
bition in these experiments. A second reason for ne-
glect of the peripheral inhibition may be the success of
direct tests for CNS involvement. For example, selec-
tive CNS application of «,-adrenoceptor antagonists
prevents the hypotension caused by clonidine-like
drugs, and selective CNS application of a,-adrenocep-
tor agonists produces hypotension (Kobinger, 1967;
Armabh et al., 1988; Feldman et al., 1990; Sannajust and
Head, 1994; Urban et al., 1995; and see Schmitt, 1977,
Kobinger and Pichler, 1990). However, the latter find-
ing does not imply that the CNS action alone produces
hypotension when clonidine-like drugs are given sys-
temically : systemic application brings them into contact
with the (tone-increasing) vascular postsynaptic a-re-
ceptors, and in this — therapeutically relevant — situa-
tion the (tone-decreasing) peripheral presynaptic ac-
tion may be a second necessary condition for the
hypotension. A specific reason for failures to detect
presynaptic inhibition by clonidine-like drugs may be
high rates of sympathetic impulse traffic: the higher
the rate, the narrower is the scope for this inhibition
(Starke, 1977, 1987). For example, clonidine did not
presynaptically inhibit the renal release of noradrena-
line in anaesthetized rats (Garty et al., 1990). However,
the arterial plasma noradrenaline level in that study,
> 1 ng ml™', indicates a high sympathetic firing rate.
We investigated the possibility of a peripheral pre-
synaptic contribution to the depression of sympathetic
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Fig. 1. Mean arterial pressure in single experiments with moxonidine (MOX), rilmenidine (RIL) and UK 14304 (UK) in pithed rabbits without
electric stimulation. Blood withdrawal at the 7 measurement points, first point at ¢t = 0 min and subsequent points at intervals of about 12 min
(bars below curves), caused mean arterial pressure falls. The 0-and 12-min measurement points were averaged in each experiment to give the
PRE values (dashed horizontal lines). The drugs were injected i.v. after the 2nd to 6th measurement point as indicated.
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tone produced by moxonidine and rilmenidine in rab-
bits. The direct test mentioned not being practicable,
postsynaptic vasoconstrictor effects were tested in
pithed rabbits. The presynaptic effect was examined in
pithed rabbits in which an artificial sympathetic tone
was created by electric stimulation through the pithing
rod. The dose-response curves thus obtained were
compared with dose-response curves, taken from our
previous studies (Urban et al., 1994, 1995), for inhibi-
tion of the firing rate of renal sympathetic nerves in
conscious rabbits. The effect of 5-bromo-6-(2-imidazo-
lin-2-ylamino)-quinoxaline tartrate (UK 14304), an a,-
adrenoceptor agonist with very low affinity for imidazo-
line I, receptors (Ernsberger et al., 1992), was studied
for comparison.

2. Materials and methods

Thirty-seven rabbits of mixed breed and either sex
were used (1.8-2.5 kg). The preparation has been
described previously (Szabo et al., 1987; see also Ma-
jewski et al., 1983a). Briefly, the rabbits were anaes-
thetized with sodium pentobarbitone 75 mg kg~ ! i.v.
and artificial respiration with air enriched with O, was
applied. Both carotid arteries and jugular veins were
cannulated. One artery served for blood pressure mea-
surement, the other for blood sampling. Heart rate was
integrated from the pressure pulse. Veins served for
drug administration. After muscle relaxation by gal-
lamine triethiodide 5 mg kg~! iv., a non-insulated
steel rod was advanced through a hole in the parietal
bone approximately 25 cm down the spinal canal. The
rod destroyed the central nervous system.

Two kinds of experiments were carried out: on
pithed rabbits without electric stimulation (‘non-
stimulated’), and on pithed rabbits in which the pre-
ganglionic sympathetic nerves were continuously stimu-
lated through the pithing rod by square wave pulses of
0.5 ms width, 140 mA current strength and a frequency
of 2 Hz (‘stimulated’).

There were 7 (non-stimulated) or 5 (stimulated)
measurement points, the first one about 90 min after

Table 1

surgery (+ = 0 min) and the following ones at intervals
of about 12 min. Carotid blood, 2 ml, was withdrawn at
each measurement point; re-suspended erythrocytes
from the preceding withdrawal were injected as substi-
tution; the sampling procedure took about 2 min. Al-
though blood should be almost catecholamine-free in
non-stimulated rabbits, samples were also taken from
these animals to make experiments comparable. Blood
pressure and heart rate were read immediately before
blood sampling in order to avoid artifacts (see Fig. 1
and Fig. 3). Saline or increasing doses of moxonidine,
rilmenidine or UK 14304 were injected i.v. briefly after
the erythrocyte re-injections of the 2nd to the penulti-
mate measurement points, so that the 3rd to the last
measurement points represent values about 10 min
after the preceding injection.

Noradrenaline and adrenaline were determined in
the 2-ml blood samples (only 0- and 12-min samples in
non-stimulated rabbits). Catecholamines were mea-
sured by alumina chromatography followed by high
pressure liquid chromatography with electrochemical
detection (Szabo and Schultheiss, 1990); dihydroxyben-
zylamine 5 ng was added to each sample as internal
standard. When the concentration was below the de-
tection limit (twice baseline noise; 9.5 + 3.2 pg ml !
plasma for noradrenaline and 10.6 +3.5 pg ml™!
plasma for adrenaline; n = 21), the detection limit was
taken as the catecholamine value (stimulated rabbits: 1
from 105 noradrenaline measurements and 3 from 105
adrenaline measurements).

In each experiment, the blood pressure, heart rate
and catecholamine values of the 1st and 2nd measure-
ment points, ¢t = 0 and 12 min, before saline or drugs,
were averaged to yield the PRE value; all values are
expressed as percentages of PRE. Means + S.E.M. are
given throughout. Groups were compared by means of
the Mann-Whitney test. P < 0.05 was taken as the limit
of significance, and only this level is indicated even
where P < 0.01. Logistic curves were fitted to dose-re-
sponse data (means) using equation No. 25 of Waud
(1976) (Fig. 5).

Drugs were moxonidine (Beiersdorf, Hamburg, Ger-
many), rilmenidine dihydrogenphosphate (Servier,

Mean arterial pressure, heart rate and plasma catecholamine concentration

Non-stimulated
pithed rabbits

Stimulated
pithed rabbits

(n =16) (n=21)
Mean arterial pressure (mm Hg) 488+ 2.0 681+ 35*
Heart rate (min ') 267 +9 250 + 7
Plasma noradrenaline concentration (pg ml 1) Not detectable in 25 of 32 samples 435 +32
Plasma adrenaline concentration (pg ml~!) Not detectable in 29 of 32 samples 159 +18

In one group there was no electric stimulation, in the other the preganglionic sympathetic nerves were stimulated electrically (2 Hz). Values are
the PRE values, i.e. averages of the values determined at £ = 0 and 12 min. * Significant difference from non-stimulated rabbits (P < 0.05).
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Courbevoie, France) and UK 14304 tartrate (Pfizer,
Sandwich, UK). They were dissolved in saline. Doses
refer to the salts. Intravenous injection volumes were 1
ml kg™ .

3. Results
3.1. Pithed rabbits without electric stimulation

Averages of the blood pressure and heart rate val-
ues at the first two measurement points, ¢ =0 and 12
min, before administration of saline or drugs, are pre-
sented in Table 1. As expected, noradrenaline and
adrenaline were rarely detectable in blood from these
animals.

In rabbits which received 5 injections of saline,
mean arterial pressure and heart rate remained ap-
proximately constant or decreased very slightly (see
triangles in Fig. 2). Moxonidine 3-300 wg kg~!, ril-
menidine 30-3000 pg kg™! and UK 14304 1-90 ug
kg™! all caused an immediate blood pressure rise.
Representative experiments are shown in Fig. 1. Mean
arterial pressure then declined from the peak but was
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Fig. 2. Effect of saline (SAL), moxonidine (MOX), rilmenidine (RIL)
and UK 14304 (UK) on A, mean arterial pressure, and B, heart rate
in pithed rabbits without electrical stimulation. Protocol is illustrated
in Fig. 1. There were 7 measurement points. After the 2nd to 6th
measurement points, the rabbits received i.v. injections (arrows) of
either saline (triangles) or increasing doses of MOX (3, 10, 30, 100
and 300 pg kg~ !'; diamonds) or increasing doses of RIL (30, 100,
300, 1000 and 3000 wg kg~ '; squares) or increasing doses of UK (1,
3, 10, 30 and 90 ug kg circles). Post-injection measurements
represent values at about 10 min after the preceding injection. All
values are expressed as percentages of PRE (ordinates). Means +
S.E.M., n=4-6 each. " Significant difference from SAL (P < 0.05).
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Fig. 3. Mean arterial pressure in single experiments with moxonidine
(MOX), rilmenidine (RIL) and UK 14304 (UK) in pithed rabbits
with electrically stimulated sympathetic outflow (2 Hz). Blood with-
drawal at the 5 measurement points, first point at 1 =0 min and
subsequent points at intervals of about 12 min (bars below curves),
caused mean arterial pressure falls. The 0-and 12-min measurement
points were averaged in each experiment to give the PRE values
(dashed horizontal lines). The drugs were injected i.v. after the 2nd
to 4th measurement point as indicated.

still higher than after saline 10 min later (Fig. 1 and
Fig. 2A). Heart rate was not changed (Fig. 2B) except
for occasional small transient decreases following injec-
tions of high doses of the drugs (not shown).

3.2. Pithed rabbits with electrically stimulated sympa-
thetic outflow

The 0-and 12-min values (Table 1) indicate that
mean arterial pressure was higher than without electric
stimulation but the heart rate was not higher on aver-
age, although in individual experiments the stimulation
caused cardioacceleration. Noradrenaline and ad-
renaline were always detectable. The values resemble
those measured previously under similar conditions
(Szabo et al., 1987).

In rabbits receiving 3 injections of saline, blood
pressure fell during the experiments, by 11% at the last
measurement point (see triangles in Fig. 4A). Heart
rate and the plasma noradrenaline and adrenaline con-
centration remained approximately constant or de-
creased very slightly (see Fig. 4B—D). Moxonidine 10—
100 wg kg™!, rilmenidine 100-1000 ug kg~ ! and UK
14304 3-30 ug kg™ ! again caused a sharp initial blood
pressure rise. Representative experiments are shown in
Fig. 3. The pressure peaks tended to be lower than in
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Fig. 4. Effect of saline (SAL), moxonidine (MOX), rilmenidine (RIL) and UK 14304 (UK) on A, mean arterial pressure, B, heart rate, C, plasma
noradrenaline concentration and D, plasma adrenaline concentration in pithed rabbits with electrically stimulated sympathetic outflow (2 Hz).
Protocol is illustrated in Fig. 3. There were 5 measurement points. After the 2nd to 4th measurement points, the rabbits received i.v. injections
(arrows) of either saline (triangles) or increasing doses of MOX (10, 30 and 100 ug kg~!; diamonds) or increasing doses of RIL (100, 300 and

1000 ug kg™ '; squares) or increasing doses of UK (3, 10 and 30 pg kg~

; circles). Post-injection measurements represent values at about 10 min

after the preceding injection. All values are expressed as percentages of PRE (ordinates). Means + S.E.MM., n=4-6 each. * Significant

difference from SAL (P < 0.05).

non-stimulated pithed rabbits (compare Fig. 1 and Fig.
3). After the peaks, the blood pressure fell much more
steeply than in animals without electric stimulation
(compare Fig. 1 and Fig. 3) and reached a level no
higher than, or even (non-significantly) below, that with
saline after 10 min (Fig. 3 and Fig. 4A). Again, in
contrast to the effect in non-stimulated rabbits, mox-
onidine, rilmenidine and UK 14304 significantly low-
ered heart rate, by up to about 10% maximally (Fig.
4B). The plasma noradrenaline concentration was re-
duced to almost zero at the highest doses (Fig. 4C).
The plasma adrenaline concentration was also re-
duced, by 33, 23 and 38% at the highest doses of
moxonidine, rilmenidine and UK 14304, respectively
(Fig. 4D).

4. Discussion

Moxonidine (Armah, 1988), rilmenidine (Laubie et
al., 1985; Van Zwieten et al., 1986) and UK 14304 (Van
Meel et al., 1981) have previously been shown to in-
crease arterial pressure in pithed rats. Our experiments
demonstrated the same in pithed rabbits. The increase,
typical for clonidine-like drugs, results from activation
of vascular postsynaptic a-adrenoceptors.

Moxonidine (Armah, 1988; Schlicker et al., 1990;
Gothert and Molderings, 1991; Bohmann et al., 1994),

rilmenidine (Verbeuren et al., 1986) and UK 14304
(Levitt and Hieble, 1986) decrease the overflow of
noradrenaline evoked from isolated tissues. They also
reduce effector cell responses to sympathetic nerve
stimulation in whole animal preparations (Van Meel et
al., 1981; Laubie et al., 1985; Van Zwieten et al., 1986;
Armah, 1988). We applied the chemical approach to
pithed rabbits with electrically stimulated sympathetic
outflow: all three drugs reduced the plasma noradrena-
line level. The mode of action, although not examined
here, surely is presynaptic a,-adrenergic inhibition:
clonidine also reduces the release of noradrenaline in
stimulated pithed rabbits, as does the «a,-selective ago-
nist (Starke et al., 1975b) a-methyl-noradrenaline, and
the effect of both drugs is blocked by the a,-selective
antagonist (Starke et al., 1975a) yohimbine (Majewski
et al., 1983a; Ensinger et al., 1985). Inhibition of sym-
pathetic ganglia seems unlikely because clonidine, the
prototype, lacks ganglionic action (Kobinger, 1967).
UK 14304 has been shown to inhibit noradrenaline
release in rabbit isolated tissues through the a,, sub-
type to which presynaptic a,-autoreceptors belong in
this species (Limberger et al., 1991,1995; Trendelen-
burg et al., 1993; Starke et al., 1995). For moxonidine
and rilmenidine, an action at presynaptic imidazoline
receptors, which have been demonstrated in rabbit
tissues (Gothert and Molderings, 1991; Molderings et
al., 1991), might be an alternative; however, moxoni-
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dine does not act on the presynaptic imidazoline recep-
tors (Molderings et al., 1991).

The decrease of the plasma adrenaline level in the
stimulated rabbits is another feature that moxonidine,
rilmenidine and UK 14304 share with clonidine
(Majewski et al., 1983a). The mechanism is not clear
(see Majewski et al., 1983a).

Does peripheral presynaptic inhibition, shown here
directly as a fall in plasma noradrenaline, contribute to
the overall inhibition by moxonidine, rilmenidine and
UK 14304 of sympathetic tone in animals with an intact
CNS? Two observations suggest an affirmative answer:
the depression of cardiovascular neuroeffector trans-
mission resulting from the presynaptic effect, and the
occurrence of the presynaptic effect at appropriate
doses.

In non-stimulated rabbits, in which the postgan-
glionic sympathetic neurons were silent (note absence
of noradrenaline from blood), moxonidine, rilmenidine
and UK 14304 increased blood pressure and did not
change the heart rate. In the stimulated preparations,
in which presynaptic inhibition became possible, their
effect was greatly changed. They decreased the heart
rate, demonstrating inhibition of cardiac sympathetic
neuroeffector transmission. The decrease was small,
perhaps because few cardioaccelerator fibres were ex-
cited: PRE heart rate was not higher in stimulated
than non-stimulated animals (Table 1). The decrease
supports the idea that peripheral presynaptic inhibition
contributes to the fall in cardiac sympathetic tone
produced by clonidine-like drugs in intact animals. The
initial blood pressure peak became smaller and briefer
in the stimulated rabbits, and 10 min after injection the
blood pressure had returned to its control levels,
whereas it was still above the control in the non-stimu-
lated preparations. The change of the blood pressure
response demonstrates inhibition of vascular neuroef-
fector transmission and supports the idea that periph-
eral presynaptic inhibition contributes to the fall in
vascular sympathetic tone produced by clonidine-like
drugs in intact animals (compare the analysis in rabbit
isolated pulmonary artery: Starke et al., 1974).

Dose-response curves of moxonidine, rilmenidine
and UK 14304 for their peripheral presynaptic effect
(decrease of plasma noradrenaline in stimulated pithed
rabbits) are compared with dose-response curves for
their central effect (decrease of renal sympathetic nerve
activity in conscious rabbits) in Fig. 5. It is obvious -
and this is a new finding for clonidine-like drugs as far
as we are aware — that each of the three drugs exerts
its peripheral and its central effect over the same dose
range. Both central and peripheral sympathoinhibition
develop after administration of sympathoinhibitory
doses of clonidine-like drugs. Similarly, dose-response
curves for the peripheral presynaptic effect of moxoni-
dine, rilmenidine and UK 14304 (in stimulated pithed
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Fig. 5. Comparison of effects of A, moxonidine, B, rilmenidine and
C, UK 14304 on the plasma noradrenaline concentration in pithed
rabbits with electrically stimulated sympathetic outflow (left-hand
ordinates) and renal sympathetic nerve activity in conscious rabbits
(right-hand ordinates). Pithed rabbit data are from Fig. 4C. Con-
scious rabbit data are from Urban et al. (1994,1995). Drugs were
injected i.v. in increasing doses at intervals of 12—-13 min. Abscissae
show cumulative doses. All values were obtained about 10 min after
the respective dose and are expressed as percentages of initial values
(PRE). Means + S.E.M., n = 4-7 each. Logistic curves were fitted to
mean values.

rabbits) can also be compared with curves for their
hypotensive effect (in conscious rabbits; from Urban et
al., 1994, 1995). The result is the same: each of the
three compounds produces peripheral presynaptic inhi-
bition and hypotension over the same dose range (not
shown).

Some limitations of the study must be pointed out.
It was necessary to stimulate the sympathetic outflow
artifically to study peripheral presynaptic inhibition.
We cannot rule out the possibility that transmitter
release elicited by the natural irregular sympathetic
firing is more resistant to presynaptic a,-adrenoceptor
inhibition, although this inhibition of course also oper-
ates during normal impulse flow (Majewski et al., 1983b;
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Szabo et al., 1989; Grossman et al., 1991). Also, we
compared peripheral activity to central inhibition of
renal sympathetic firing (Fig. 5). Clonidine-like drugs
may inhibit central sympathetic outflow to other organs
more potently than that to the kidney (Ramage and
Wilkinson, 1989). However, this does not seem to be
the case in rabbits, at least for cardiac sympathetic
fibres: higher, not lower doses of moxonidine, rilmeni-
dine and UK 14304 are required for a decrease in
heart rate than for renal sympathoinhibition (Urban et
al., 1994, 1995). Another limitation is the duration of
our observations: only 10 min after injection of a given
dose. The impact of peripheral as compared to central
inhibition may decline later. On the positive side, other
studies are also compatible with, or have suggested, a
peripheral contribution (De Jonge et al., 1981; Brown
and Harland, 1984; Laubie et al., 1985; Van Zwicten et
al., 1986; Warren et al., 1991; Sannajust et al., 1992;
Urban et al., 1995). For example, in conscious rabbits,
elimination of the central sympathoinhibition by
yohimbine given into the cisterna magna blocked the
hypotensive effect of systemically administered mox-
onidine and UK 14304 but blocked neither the brady-
cardia nor the fall in the plasma noradrenaline level
(Urban et al., 1995).

The comparison of the dose-response curves for
central and peripheral inhijbition (Fig. 5) supplies an
argument for the involvement of a,-adrenoceptors in
the central effect. Moxonidine and rilmenidine have
higher affinity for I, than «, binding sites whereas the
reverse holds true for UK 14304 (see Introduction). If
I, receptors were responsible for the central inhibition
and «,-adrenoceptors for the peripheral inhibition,
then rilmenidine and moxonidine should be more po-
tent centrally than peripherally; the reverse should
hold true for UK 14304. This was not found: the
central and peripheral curves were closely similar for
each drug, supporting the identity of the central with
the peripheral receptor and, hence, «, identity of the
former.

In conclusion, peripheral inhibition of sympathetic
transmitter release by moxonidine, rilmenidine and UK
14304 alone is able to decrease heart rate and to
entirely compensate for their postsynaptic vasocon-
strictor effect. The dose-response curves for the pe-
ripheral presynaptic and the central sympathoin-
hibitory effect of these drugs can almost be superim-
posed. Both the power and the dose dependence of the
peripheral effect support its contribution to the overall
decrease in sympathetic tone. The designation ‘cen-
trally acting antihypertensives’ for clonidine-like drugs
refers to only part of their mechanism of action: the
central action is necessary, but perhaps not sufficient,
for the blood pressure fall. The results also support the
view that, in the CNS, clonidine-like drugs act through
a,-adrenoceptors.
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