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x2-ADRENOCEPTORS MEDIATE CLONIDINE-INDUCED SEDATION IN
THE RAT

G.M. DREW, ALMA J. GOWER & A.S. MARRIOTT
Department of Pharmacology, Glaxo-Allenburys Research (Ware) Ltd., Ware, Hertfordshire SG 12 ODJ

1 The central oa-adrenoceptors responsible for mediating clonidine-induced sedation in rats have
been characterized according to their sensitivity to a-adrenoceptor agonists and antagonists.
2 Clonidine, injected intraperitoneally or intracerebroventricularly, caused dose-dependent sedation,
both in terms of a reduction in the time that rats could remain on an accelerating rotarod and
in terms of overt sedation assessed visually. Following intracerebroventricular injection, xylazine,
naphazoline and methoxamine, but not phenylephrine, produced similar effects.
3 The sedation caused by intraperitoneal injection of clonidine was antagonized by intracerebroven-
tricularly injected phentolamine, yohimbine, piperoxan and tolazoline but not by labetalol, thymoxa-
mine or prazosin.
4 The relative potencies of the agonists in causing sedation and of the antagonists in inhibiting
the sedative effect of clonidine clearly demonstrated that the central a-adrenoceptors mediating cloni-
dine-induced sedation are the same as the peripheral presynaptic OC2-adrenoceptors.
5 All the a-adrenoceptor agonists caused hypothermia after intracerebroventricular injection, but
their order of potency was different from that in producing sedation. The hypothermic effect of
intraperitoneally injected clonidine was little affected by any of the antagonists administered intra-
cerebroventricularly. No conclusions could be drawn concerning the type of receptor responsible
for mediating hypothermia.

Introduction

One of the most common side-effects of the treatment
of hypertension with clonidine is sedation which, like
the hypotensive action, results from the stimulation
of central a-adrenoceptors (Bruner & Klein, 1968; van
Zwieten, 1975). However, the central cx-adrenoceptors
mediating the sedative effect of clonidine are not iden-
tical with those in peripheral vascular smooth muscle
(Delbarre & Schmitt, 1971; 1973). It is now well
established that peripheral a-adrenoceptors fall into
two different types, which have been tentatively sub-
classified as al and a2 (Langer, 1974; 1977). The
aX2-adrenoceptors have been identified on the ter-
minals of the sympathetic nerves supplying the rabbit
and rat heart (Starke, 1972; Drew, 1976; Cavero,
Lefevre & Roach, 1977) and rabbit pulmonary artery
(Starke, Endo & Taube, 1975; Borowski, Starke, Ehrl
& Endo, 1977), the motor nerves to the rat vas
deferens (Drew, 1977; Doxey, Smith & Walker, 1977)
and the cholinergic nerves of the guinea-pig myenteric
plexus (Wikberg, 1978; Drew, 1978). They differ from
the a 1-adrenoceptors located postsynaptically, in
these and other tissues, in being much less sensitive
to the agonists phenylephrine and methoxamine, and
to the antagonists thymoxamine, labetalol and prazo-
sin.
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In the light of these findings, we have re-investi-
gated, in detail, the sensitivity towards a-agonists and
antagonists of the central a-adrenoceptors that
mediate clonidine-induced sedation, in order to deter-
mine whether they resemble a, or a2-adrenoceptors.
A preliminary account of these findings has been

presented to the British Pharmacological Society
(Drew, Gower & Marriott, 1977).

Methods

Experimentally naive, male hooded rats (AH/H
strain) were used. After transfer from the breeding
unit the rats were housed 10 per cage in cages 45 x
33 x 16 cm high for 6 days before use. Apart from
once daily replenishment of food (41B cube diet) and
water, the rats were left undisturbed during this
period. At the onset of experimentation the rats
weighed 40 to 70 g. Housing and laboratory tempera-
tures were maintained at 20 to 21°C.

Measurement of sedation and core temperature

Drug-induced sedation was first measured in terms
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of a reduction in the time that rats were able to
remain on an accelerating rotarod. Whilst this pro-
cedure provided an objective measure of sedation, it
was considered unlikely that it would be selective for
this type of drug action. Therefore, sedation was also
measured in terms of general behavioural depression
(overt sedation) which was assessed by direct observa-
tion using a behavioural check-list. It was further con-
sidered that sedation could be secondary to a hypo-
thermic action of the drugs and so their effects on
core temperature were also recorded. In case the sed-
ation was secondary to a fall in blood pressure, the
effects of hydralazine, a potent, peripherally-acting
hypotensive agent, were also determined in both sed-
ation tests.
The rotarod was based on that described by Jones

& Roberts (1968). It was 3.2 cm in diameter and ac-
celerated linearly from 0 rev/min at time 0 to a maxi-
mum of 50 rev/min at 5 min. The rod was compart-
mented so that 6 rats could be tested simultaneously.
The rats were removed from their home cages, in-
jected with drug or vehicle and returned to their cages
for the duration of the dose-test interval. The rats
were then placed on the rod facing the direction of
rotation. When the rotarod was set in motion, a digi-
tal timer for each compartment started and was
stopped automatically when the rat fell from the rod.
In all rotarod experiments dose-groups of 6 to 8 rats
were used.

Visual assessment of overt sedation and core tem-
perature measurement were carried out separately
from the rotarod experiments, with groups of 5 rats
per dose. The rats were removed from their home
cages, injected with drug or vehicle and returned to
their cages until the time of their testing. Each rat
was then removed from the cage, core temperature
recorded and overt sedation assessed. Core tempera-
ture was measured by insertion of a thermistor probe
(L. Light Labs. Ltd.) into the oesophagus for a few
seconds until a constant temperature reading was
obtained. Overt sedation was assessed by transferring
the rat to a 50 x 50 cm enclosure on the laboratory
bench and observing for gross differences from con-
trol rats. The following indices were used and were
scored on a 0 to 4 basis according to severity: ptosis,
lowered body posture, slow gait, depressed response
to light pressure between finger and thumb placed
on either side of body, depressed response to a rod
passed to and fro across the visual field, passivity
(assessed by whether or not the rat struggled when
picked up gently by the dorsal fold of loose skin of
neck, held gently on its back, held suspended by a
fore or hind limb) and impaired righting reflex
(assessed by the number of times the rat failed to
land on all 4 feet when dropped 4 times from an
inverted position on to a tray of sawdust). Scores for
all 7 indices were summed for each rat and mean

values calculated for each dose-group, the maximum
possible score being 28.

Intracerebroventricular injections

The rats were lightly anaesthetized with 2% fluothane
in a nitrous oxide and oxygen (4:3 v/v) mixture.
Drugs or saline (0.9% w/v NaCl solution) were in-
jected directly through the skull into the right lateral
ventricle with the aid of a steel template, as described
in detail by Popick (1976). The rats appeared fully
recovered from the anaesthetic within 2 min of the
injection.

Experimental protocol

In preliminary studies it was established that the peak
sedative effect of clonidine occurred 20 min after in-
traperitoneal injection and remained undiminished
for approximately a further 40 min. The peak hypo-
tensive effect of hydralazine in rats occurs 30 to 60
min after intraperitoneal injection (Stanton, 1971).
Thus, when these two drugs were compared their
effects were measured 30 min after administration.
The relative potencies of the a-adrenoceptor

agonists in causing sedation were determined after in-
tracerebroventricular injection; this route was chosen
to avoid differences in the abilities of the drugs to
penetrate the blood-brain barrier. By this route the
peak sedative effects of clonidine occurred approxi-
mately 15 min after injection, and so the effects of
the other agonists were determined using the same
interval. Each agonist was investigated in a separate
experiment.

In further studies in which the interactions between
clonidine and the oa-adrenoceptor antagonists were
examined, clonidine (0.1 mg,/kg) or saline (10 ml/kg)
was injected intraperitoneally 10 min after intracere-
broventricular injection of the antagonist or vehicle
and testing was carried out after a further 20 min.
Each antagonist was investigated in a separate series
of experiments.

In all experiments rats from the various drug and
control treatment groups were dosed and tested in
a random sequence and coded so that the observer
did not know the nature of the drug treatment.

Statistics

Comparisons between groups in the rotarod and
overt sedation experiments were made by the non-
parametric Mann Whitney U test (Siegel, 1956). Com-
parisons of core temperatures between groups were
made with Student's t test. Throughout all experi-
ments, for ease of comparison, means + s.e. are pres-
ented as the index of response. In the rotarod test
ED50 values were the doses of drugs producing a 50",,
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reduction in the time that rats could remain on the
rotarod compared with vehicle-treated controls.
These were determined from a linear curve fitted to
the log-effect data by the method of least squares.
The 95% confidence limits were estimated according
to Fieller's Theorem (Finney, 1971). Slopes of the log
dose effect regression curves were calculated as the
change in performance time per doubling of dose.

Drugs

The drugs used were: clonidine hydrochloride
(Boehringer Ingelheim), hydralazine (Ciba), labetalol
hydrochloride (AH 5158; Glaxo-Allenburys Research
(Ware) Ltd.), (±)-methoxamine hydrochloride (Bur-
roughs Wellcome), naphazoline nitrate (Ciba), oxyme-
tazoline hydrochloride (Merck), phentolamine mesy-
late (Ciba), (- -phenylephrine hydrochloride (Koch-
Light), piperoxan hydrochloride (May and Baker),
prazosin hydrochloride (Pfizer), thymoxamine hydro-
chloride (Warner), tolazoline hydrochloride (Ciba),
xylazine hydrochloride (BAY-1470; Bayer AG) and
yohimbine hydrochloride (Sigma). All drugs except
prazosin and yohimbine were dissolved in saline im-
mediately before use. Yohimbine was dissolved in dis-
tilled water. Prazosin was dissolved in a 10% solution
of 1,3-dioxalan; preliminary experiments showed that
this solvent alone produced no behavioural effects or

changes in core temperature. The drugs were adminis-
tered either intraperitoneally in a volume of 10 ml/kg
or intracerebroventricularly in a volume of 20 j1 per
rat. All drug doses refer to the free base. Non-drug-
treated control animals received an equivalent volume
of vehicle except in yohimbine experiments when con-

trol rats received saline.

Results

Sedative and hypothermic actions of intraperitoneally
administered clonidine and hydralazine

The effects of intraperitoneal injections of clonidine,
0.05 to 0.2 mg/kg, and hydralazine, 0.5 to 2 mg/kg,
in causing sedation and on core temperature are
shown in Figure 1. Clonidine caused sedation in both
tests and reduced core temperature. These effects were
dose-related. In contrast, hydralazine caused no sig-
nificant sedation, although hypothermia did occur at
the highest dose level. In our experience hydralazine
reduces blood pressure in DOCA hypertensive rats
to a similar or greater extent than clonidine at the
doses used in the present experiments.

Sedative and hypothermic actions of a-adrenoceptor
agonists injected intracerebroventricularly

The effects of a-adrenoceptor agonists, injected intra-
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Figure I Effects of clonidine and hydralazine, follow-
ing intraperitoneal injection, in causing sedation and
changes in core temperature. Sedation was measured
both in terms of a decrease in the length of time that
rats could remain on an accelerating rotarod and in
terms of overt sedation. Values plotted are means with
vertical bars indicating s.e. means; n values indicate
group sizes. *Significantly different from control rats
injected intraperitoneally with saline (P < 0.05,
2-tailed).

cerebroventricularly, in causing sedation and on core
temperature are shown in Figure 2. With the excep-

tion of phenylephrine, all of the drugs impaired
rotarod performance and produced overt sedation
and hypothermia. In most cases these effects were

dose-related. Unlike the other drugs tested, phenyl-
ephrine, although causing hypothermia, did not cause

significant sedation over the range of doses shown.
Higher doses of this drug proved lethal. ED50 values
for the a-adrenoceptor agonists in causing deficits in
rotarod performance are shown in Table 1. Also
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Figure 2 Effects of a-adrenoceptor agonists, following intracerebro-ventricular injection, in causing sedation
and changes in core temperature. Sedation was measured both in terms of a decrease in the length of time
that rats could remain on an accelerating rotarod and in terms of overt sedation. Values plotted are means
with vertical bars indicating s.e. means; n values indicate group sizes. *Significantly different from control rats
injected intracerebroventricularly with vehicle (P < 0.05, 2-tailed).

Table I ED50 values and slopes* for 2-adret.oceptor agonists in causing deficits in rotarod performance

EDS() (95% conif. limits)
Agonist pg/rat i.c.v. Slope

Clonidine 1.2 (0.9-1.4) -32.0
Xylazine 15.1 (10.7-24.5) -32.7
Naphazoline 15.4 (10.6-22.9) -30.2
Methoxamine 67.8 (51.6-94.7) -34.8
Phenylephrine Inactive up to 20

* ED50 values and slopes are defined in the statistics section of the Methods.
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Figure 3 (a) Effects of a-adrenoceptor antagonists on clonidine-induced decreases in the time that rats could
remain on an accelerating rotarod. The antagonists were injected intracerebroventricularly 10 min before an
intraperitoneal injection of clonidine, 0.1 mg/kg (stippled columns). Control rats were injected intracerebroventri-
cularly with vehicle and intraperitoneally with either clonidine (solid columns) or saline (open columns). (b)
Effects of a-adrenoceptor antagonists alone on the time that rats could remain on the rotarod. Rats were injected
intracerebroventricularly with a-antagonist (hatched columns) or with vehicle (open columns) 10 min before
an intraperitoneal injection of saline. All rats were tested on the rotarod 20 min after intraperitoneal injection.
Values plotted are means from groups of 6 rats. Vertical bars indicate s.e. means. *P < 0.05 (2-tailed) vs vehicle-
clonidine coptrol (a) or vs vehicle-saline control (b).
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Figure 4 Effects of a-adrenoceptor antagonists on overt sedation and hypothermia induced by clonidine in
rats. The antagonists were injected intracerebroventricularly 10 min before an intraperitoneal injection of cloni-
dine, 0.1 mg/kg (stippled columns). Control rats were injected intracerebroventricularly with vehicle and intraperi-
toneally with either clonidine (solid columns) or saline (open columns). All rats were tested for sedation and
changes in core temperature 20 min after intraperitoneal injection. Values plotted are means from groups of
5 rats. Vertical bars indicate s.e. means. Open columns are absent from overt sedation histograms because
no sedation occurred in the vehicle-saline controls. *Significantly different from vehicle-clonidine controls
(P < 0.05. 2-tailed).

shown are the slopes of the log dose effect regression
curves. The effects of oxymetazoline, 5 to 40 pg per
rat intracerebroventricularly, were also examined. It
produced sedation at 5 but not at 15 min after injec-
tion. At 10 and 15 min after injection oxymetazoline
caused exophthalmus and piloerection. This suggested
that the drug was being rapidly removed from the
brain. In view of these findings no further experiments
were carried out with oxymetazoline.

Effects of a-adrenoceptor antagonists on clon?idinie-
induced impairment of rotarod performance

The effects of a-adrenoceptor antagonists, injected in-
.tracerebroventricularly 10 min before intraperitoneal

clonidine, on clonidine-induced deficits in rotarod
performance are shown in Figure 3a. It can be seen

that phentolamine, piperoxan, yohimbine and tolazo-
line inhibited the sedative action of clonidine as

measured by rotarod performance. In contrast, labe-
talol, prazosin and thymoxamine did not inhibit the
effects of clonidine; thymoxamine, in fact, increased
the effect of clonidine.

The effects of the antagonists, given alone, on

rotarod performance are shown in Figure 3b. Phento-
lamine, piperoxan and labetalol were without effect
on rotarod performance. Yohimbine and prazosin
generally had little effect although one dose of each
drug increased performance. Tolazoline and thymoxa-
mine both reduced rotarod performance. Thus, it is
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clear that the ability of the antagonists to inhibit
clonidine-induced changes in rotarod performance is
independent of their own effects in this test.

Effects of a-adrenioceptor anitagonists oni overt sedation
and hypothermia induced by clonidine

The effects of Lx-adrenoceptor antagonists, injected in-
tracerebroventricularly 10 min before intraperitoneal
clonidine, on overt sedation and hypothermia induced
by clonidine are shown in Figure 4. The effects of
tolazoline were not investigated in these experiments.
Phentolamine, piperoxan and yohimbine antagonized
clonidine-induced sedation. Labetalol did not antag-
onize clonidine-induced sedation; thymoxamine and
prazosin increased it. These results were therefore
closely similar to the results obtained in the rotarod
experiments. When the a-antagonists were tested
alone only thymoxamine, 100 and 200 jg per rat,
caused significant overt sedation and none caused be-
havioural excitation.

Unlike the clonidine-induced sedation, hypo-
thermia was not antagonized by piperoxan or yohim-
bine and was not consistently antagonized by phento-
lamine (Figure 4). Clonidine-induced hypothermia
was increased by prazosin and thymoxamine but was
unaffected by labetalol. No significant changes in core
temperature occurred following yohimbine, labetalol
or prazosin alone; phentolamine, 4 and 8 jig/rat,
piperoxan 200 jig/rat and thymoxamine, 200 jg/rat,
caused significant hypothermia.

Discussion

The present results confirm earlier reports that cloni-
dine causes sedation in animals (Laverty, 1970; Hol-
man, Shillito & Vogt, 1971; Delbarre & Schmitt,
1971; 1973). This effect was seen when clonidine was
administered intraperitoneally or intracerebroven-
tricularly. The results also confirm that clonidine
reduces body temperature (Laverty & Taylor, 1969;
Tsoucaris-Kupfer & Schmidt, 1972). The sedative
effect of clonidine is unlikely to be a result of the
fall in body temperature, because phenylephrine,
although causing hypothermia, did not cause sedation
and other drugs which antagonized the sedative
effects of clonidine, did not antagonize clonidine-
induced hypothermia. Neither is the sedation likely
to be linked to a fall in blood pressure because hydra-
lazine did not cause sedation.

a-Agonists other than clonidine also caused seda-
tion; the rank order of the agonists was clonidine >
xylazine _ naphazoline > methoxamine > phenyleph-
rine. The similarity in the log dose effect regression
curves suggests that all the agonists exerted their
effects via a common mechanism. Their relative

potencies, assigning clonidine the value of unity, were
1:12.6:12.8:56.5: > 16 respectively. This is almost
identical with the relative potencies previously
reported with the same agonists at the presynaptic
ax2-adrenoceptors in the rat heart (Drew, 1976), which
were 1:20.5:12.7:141.6: > 13 respectively. Thus, the
present results strongly suggest that x2-adrenoceptors
mediate the sedative effects of clonidine, a view that
is supported by the results obtained with the antagon-
ists. Only those antagonists previously found to anta-
gonize the effects of clonidine at peripheral a2-adreno-
ceptors (Drew. 1976; 1977; 1978; Cavero et al., 1977;
Doxey & Easingwood, 1978) antagonized the sedative
effects of clonidine. Very similar results have been
reported recently from experiments carried out with
chicks (Cavero & Roach, 1978; Roach, Lefevre-Borg
& Cavero, 1978).

Although the CX2-adrenoceptors so far identified in
the periphery are all located presynaptically it does
not necessarily follow that the central x2-adrenocep-
tors mediating the clonidine-induced sedation are also
located presynaptically. However, there is some evi-
dence that they might be: it has been shown
(Zebrowska-Lupina, Przegalinski, Sloniec & Klein-
rok, 1977) that clonidine reduces locomotor activity
in normal rats but greatly increases it in rats in which
central catecholamine and indoleamine stores have
been depleted. The increased locomotor activity was
believed to be mediated via postsynaptic ax-adrenocep-
tors. The sensitivity of these receptors to antagonists,
allowing for differences in pretreatment times and
access to the central nervous system, suggests that
they resemble the postsynaptic al-adrenoceptors
found in rabbit pulmonary artery (Borowski et al.,
1977) and rat vascular smooth muscle (Drew, 1976).
Thus it seems likely that the a2-adrenoceptors that
mediate clonidine-induced sedation in normal rats are
located presynaptically.

If the Ca2-adrenoceptors identified in the present
study are located presynaptically the slight, but sig-
nificant, effect of yohimbine alone in facilitating
rotarod performance could be explained on the basis
of its greater potency in blocking the O2 than the
cxl-adrenoceptors (Borowski et al., 1971; Starke, Bor-
owski & Endo, 1975; Doxey et al., 1977). This would
lead to a greater release of transmitter and thus to
effects similar to those produced by clonidine at the
postsynaptic a-adrenoceptors. It is unlikely that the
deficit in rotarod performance produced by the high-
est doses of tolazoline and thymoxamine are attribu-
table to selective postsynaptic blockade because labe-
talol and prazosin, which are also selective antagon-
ists at al-adrenoceptors do not reduce rotarod per-
formance. Thus, we have no explanation for these
effects of tolazoline and thymoxamine, or for the
small increase in rotarod performance seen with one
dose of prazosin.
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There is also evidence that the a2-receptors might
be located postsynaptically. The cell bodies of the
locus coeruleus are believed to receive an input from
adrenaline containing nerves; activity in the coerulo-
cortical pathway maintains wakefulness (Fuxe, Bolme,
Hockfelt & Goldstein, 1975). Cedarbaum & Agha-
janian (1977) have shown that microiontophoretic ap-
plication of a-agonists into this region inhibits the
spontaneous firing of locus coeruleus neurones by
stimulating a2-adrenoceptors, which the authors con-
cluded were located on, or near, the cell bodies of
the locus coeruleus neurones. An alternative interpre-
tation of these findings is that the a-agonists inhibited
cell discharge not by an action on the cell bodies
themselves, but by stimulating X2-adrenoceptors on
the terminals of the nerves innervating the cell bodies
of the locus coeruleus thereby reducing spontaneous
transmitter release.
The results of the present experiments confirm

those of Tsoucaris-Kupfer & Schmitt (1972) who
demonstrated that intraperitoneal injection of cloni-
dine caused a dose-related reduction in body tem-
perature. In contrast to these authors, we found that
clonidine also reduced body temperature after intra-
cerebroventricular injection, as did all the other
agonists. However, the order of potency of the
agonists in causing hypothermia was different from
that in causing sedation. It also differs from orders
of potency obtained at peripheral postsynaptic
aL -adrenoceptors and presynaptic 22-adrenoceptors in
pithed rats (Drew, 1976). In addition some, but not
all of the antagonists reduced body temperature after
intracerebroventricular injection, but this effect did
not appear to be related to the antagonists' ability

to block al- or a2-adrenoceptors. Finally, the hypo-
thermic effect of intraperitoneally injected clonidine
was little affected by any of the antagonists even in
doses that antagonized its sedative effects. Thus we
are unable to draw any conclusions concerning the
receptors that mediate hypothermia, but they are
clearly different from those mediating sedation.
An interesting point that arises from the experi-

ments described here is that it may prove difficult
to separate the sedative and hypotensive properties
of clonidine-like drugs because the clonidine-induced
fall in blood pressure also seems to be mediated pri-
marily via central aC2-adrenoceptors (Hersom, Finch
& Metcalf, 1978). We have obtained results (unpub-
lished) with guanfacine (BS 100-141) that support this
view. Guanfacine is a centrally acting anti-hyperten-
sive agent that is about 10 times less potent than
clonidine, but which is reputed to cause little or no
sedation in animals (Scholtysik, Lauener, Eichen-
berger, Burki, Salzmann, Muller-Schweinitzer &
Waite, 1975; Kleinlogel, Scholtysik & Sayers, 1975;
Saameli, Scholtysik & Waite, 1977). However, we
have found that guanfacine is 20-25 times less potent
than clonidine in causing sedation and hypothermia
following intraperitoneal injection. These findings
confirm recent clinical experience (Jiiattelii, 1976a, b)
and suggest that the test procedures used in these
experiments may predict the sedative effects of such
drugs in man.

The authors gratefully acknowledge Mr S.P. Close, Miss
S.M. Leigh and Miss V.A. Stokes for skilful technical as-
sistance, and the various companies for their generous gifts
of clonidine, prazosin, thymoxamine and xylazine.
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