
1996 Stockton Press All rights reserved 0007-1188/96 $12.00 M

a-Adrenoceptor and opioid receptor modulation of clonidine-
induced antinociception
'F. Sierralta, D. Naquira, G. Pinardi & H.F. Miranda

Department of Pharmacology, Faculty of Medicine, University of Chile, P.O. Box 70.000, Santiago 7, Chile

1 The antinociceptive action of clonidine (Clon) and the interactions with a,, a2 adrenoceptor and
opioid receptor antagonists was evaluated in mice by use of chemical algesiometric test (acetic acid
writhing test).
2 Clon produced a dose-dependent antinociceptive action and the ED50 for intracerebroventricular
(i.c.v.) was lower than for intraperitoneal (i.p.) administration (1 ng kg-' vs 300 ng kg-'). The
parallelism of the dose-response curves indicates activation of a common receptor subtype.
3 Systemic administration of prazosin and terazosin displayed antinociceptive activity. Pretreatment
with prazosin produced a dual action: i.c.v. Clon effect did not change, and i.p. Clon effect was
enhanced. Yohimbine i.c.v. or i.p. did not induce antinonciception, but antagonized Clon-induced
activity. These results suggest that al- and a2-adrenoceptors, either located at the pre- and/or post-
synaptic level, are involved in the control of spinal antinociception.
4 Naloxone (NX) and naltrexone (NTX) induced antinociceptive effects at low doses (pg kg-' range)
and a lower antinociceptive effect at higher doses (mg kg-' range). Low doses of NX or NTX
antagonized Clon antinociception, possibly in relation to a preferential p opioid receptor antagonism. In
contrast, high doses of NX or NTX increased the antinociceptive activity of Clon, which could be due to
an enhanced inhibition of the release of substance P.
5 The results obtained in the present work suggest the involvement of al-, x2-adrenoceptor and opioid
receptors in the modulation of the antinociceptive activity of clonidine, which seems to be exerted either
at spinal and/or supraspinal level.
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Introduction

Clonidine (Clon), an a2-adrenoceptor agonist clinically useful
as an antihypertensive drug, has a number of other pharma-
cological properties due to effects in the CNS (sedation, my-
driasis, xerostomia, anti-convulsant effect, increase in growth
hormone secretion). In addition, it has been reported that Clon
exhibits strong antinociceptive activity. This effect has been
observed in animal models (Schmitt et al., 1974; Ossipov et al.,
1990) and in clinical studies (Mendez et al., 1990; Bernard et
al., 1991). In laboratory animals, Clon has been reported to be
as potent as morphine (Fielding et al., 1978), acting both at
supraspinal and spinal levels (McCleary & Leander, 1981;
Yaksh & Reddy, 1981; Ossipov et al., 1990).

The antinociceptive effect of Clon has been studied mainly
in relation to its a2-adrenoceptor agonist activity, but the in-
teraction with other adrenoceptors has not been fully eval-
uated. In addition, the interactions of Clon with opioid
receptors are complex and controversial, since supra-additive
effects between Clon and morphine have been reported
(Spaulding et al., 1979; Gurtu et al., 1994) and a reduction of
the antinociceptive action of clonidine and morphine following
prolonged administration of Clon or morphine has also been
observed (Suematsu et al., 1993). In addition, reports on the
interaction of opioid systems and Clon are confusing and in-
consistent. In some, naloxone, a known opioid antagonist, was
not able to antagonize the antinociceptive activity of Clon
(Yaksh & Reddy, 1981; Yaksh, 1985). However, naloxone at
low doses significantly antagonized the Clon-induced analgesia
in the rat tail-flick test (Kumar et al., 1993). Furthermore, Clon
suppressed the noxiously evoked activity of single wide dy-
namic range neurones of the spinal dorsal horn, an effect re-
versed by naloxone (Omote et al., 1991). The hypoalgesia
observed during prolonged naloxone administration was in-
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hibited by Clon (Rochford & Dawes, 1993). In addition,
naxolone did not change the increase produced by Clon in the
threshold for vocalization (Paalzow & Paalzow, 1976).

The purpose of this work was to evaluate the anti-
nociceptive action of Clon administered by the i.c.v. and i.p.
routes in mice by use of a chemical algesiometric test (acetic
acid writhing test), and to examine the interactions between
Clon and al- and a2-adrenoceptor and opioid receptor an-
tagonists.

Methods

Animals

CF-I mice, weighing 20-25 g, were used for the experiments.
The animals were acclimatized to the laboratory environment
for at least 2 h before being used, the ethical standards
guidelines of the LASP (1983) were followed and the experi-
mental protocols were approved by the local Animal Experi-
mentation Ethics Committee. In particular, the duration of
experiments was as short as possible, the number of animal
involved was kept to a minimum and the animals were killed
immediately after the recording period by the administration
of an anaesthetic overdose (urethane 10 g kg-'). Each animal
was used only once and received only one dose of the drugs
tested. All observations during the assay were performed by
the authors in a randomized and 'blind' manner.

Antinociceptive assay

Evaluation of antinociceptive activity was carried out as pre-
viously reported (Sierralta & Miranda, 1993). Thirty min after
i.c.v. or i.p. injection of drugs, mice were injected i.p. with
10 ml kg-' of 0.6% acetic acid. The number of writhes was
counted during a 5 min period, starting 5 min after the ad-
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ministration of acetic acid solution. A writhe was defined as a
contraction of the abdominal muscles accompanied by an ex-
tension of the forelimbs and elongation of the body. Control
animals (saline) were run interspersed concurrently with the
drug-related animals, which prevented all of the controls being
run on a single group of mice at one time during the course of
the investigation.

The antinociceptive activity of Clon was measured by a
dose-response curve. Then, the dose that produced 50% of
antinociception (ED50) was selected and tested in conjunction
with different opioid and/or agents acting on adrenoceptors.
Antinociceptive activity was expressed as % inhibition of the
usual number of writhes observed in i.c.v. (24.7 + 2.3, n = 10) or
i.p. saline control animals (27.2 + 1.7, n = 32).

Drugs and routes of administration

Drugs and saline control solutions were administered i.p.
(10 ml kg-') or i.c.v. (5 yl per mice) 30 min before the alge-
siometric test. The i.c.v. administration was made under light
ethyl ether anaesthesia as previously described (Sierralta &
Miranda, 1993). Clon and yohimbine (Yoh) were injected i.c.v.
or i.p. Naloxone (NX), naltrexone (NTX), prazosin (Pra) and
terazosin (Ter) were administered i.p.

Clonidine hydrochloride, naloxone hydrochloride, naltrex-
one hydrochloride and yohimbine hydrochloride were all
purchased from Sigma Chemical Co., St. Louis, MO, U.S.A.
Prazosin hydrochloride was purchased from RBI, Natick, MA,
U.S.A. Terazosin monohydrochloride was a gift from Labor-
atorios Abbott de Chile.

Analysis of results

Results are presented as mean values + s.e.mean. Student's two
tailed t test with Bonferroni correction was used to compare
results between groups. The 0.05 level of probability was ac-
cepted as significant. All tests were performed with a computer
programme (GB-Stat Professional Statistics & Graphics soft-
ware).

Results

Dose-dependent antinociception of clonidine

Clon administered either i.c.v. or i.p. produced a dose-depen-
dent antinociceptive effect in the mouse writhing test (Figure
1). The ED50 for i.c.v. was lower than for i.p. administration
(1 ng kg-' vs 300 ng kg-'). Furthermore, the dose-response
curves obtained with i.c.v. and i.p. administration did not
deviate significantly from parallelism.
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Figure 1 Dose-response curves for the antinociceptive activity of
clonidine in the writhing test in mice: (0) i.c.v. and (0) ip.
administration. Each point represents mean value+s.e.mean of data
obtained from 6 to 19 mice.

Effect of a,-adrenoceptor antagonists on Clon
antinociceptive activity

The i.p. administration of Pra or Ter induced a dose-depen-
dent antinociception in the writhing test, with ED50 values of
1.3 and 3.0 mg kg-1, respectively. The dose-response curves
were parallel, as can be seen in Figure 2.

The pretreatment of mice with 0.1-10 mg kg-', i.p. of Pra
had no effect on the antinociceptive activity of i.c.v. adminis-
tered Clon. By contrast, Pra 1 and 10 mg kg-l i.p. significantly
increased the antinociception induced by i.p. injection of Clon
(Table 1).

Effect of X2-adrenoceptor antagonists on clonidine
antinociceptive activity

The i.p. administration of Yoh (0.3 -10 mg kg-') was not able
to induce antinociception in the algesiometric test used in the
present work. Similarly, i.c.v. administration of 0.1, 1 and
10 ig kg-I of Yoh did not produce any effect in the writhing
test. The pretreatment of mice with Yoh administered either
i.c.v. or i.p. antagonized the antinociceptive activity induced by
i.c.v. Clon. The results are summarized in Table 2.

Effect of opioid receptor antagonists on clonidine
antinociceptive activity

The effect of the opioid antagonists NX and NTX on the an-
tinociceptive activity of i.c.v. administered Clon was different
depending on the dose. The i.p. administration of 1 jIg kg- 1 of
NX or NTX, which possess antinociceptive properties, sig-
nificantly antagonized the effect of Clon, while the same opioid
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Figure 2 Dose-response curves for the antinociceptive activity of
prazosin and terazosin in the writhing test in mice: (0) prazosin and
(0) terazosin. Each point represents mean value+s.e.mean of data
obtained from 6 to 11 mice.

Table 1 Effect of prazosin (Pra) on the antinociceptive
activity of clonidine (Clon) in the mouse writhing test

Treatment (dose kg-)

Clon 1 ng, i.c.v
Plus Pra 0.1 mg, i.p

1.0 mg, i.p.
10.0 mg, i.p.

Clon 300 ng, i.p.
Plus Pra 0.1 mg, i.p

1.0 mg, i.p.
10.0 mg, i.p.

% antinociception

50.9+ 8.5
60.3+13.5
67.6+ 16.0
36.4 + 6.6
52.3 + 6.8
46.0+ 8.1
90.4+ 14.2*
94.5 + 16.5*

n

19
9
6

11
18
6

11
10

Data are expressed as mean+ s.e.mean of the number of
experiments (n). *P<0.05 with respect to Clon i.p.
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Table 2 Effect of yohimbine (Yoh) on the antinociception
induced by clonidine (Clon) in the writhing test in mice

Treatment (dose kg-)

Clon 1 ng, i.c.v.
Plus Yoh 0.3 mg, i.p.

1.0 mg, i.p.
10.0 mg, i.p.

Plus Yoh 0.1 mg, i.c.v.
10.0 mg, i.c.v.

% antinociception n

50.9+ 8.5
16.3 + 1.9*
13.5 + 2.0*
23.0 + 2.8*

-19.2+ 10.1*
21.6 + 3.0*

19
8
6
8
6
6

Data are expressed as mean + s.e.mean of the number of
experiments (n). *P<0.05 with respect to Clon.

Table 3 Effect of naloxone (NX) and naltrexone (NTX) on
the antinociception induced by clonidine (Clon) in the
writhing test in mice

Treatment (dose kg-)

NX 1.0 ,ig, i.p.
10.0 mg, i.p.

NTX 1.0 pg, i.p.
10.0 mg, i.p.

Clon 1 ng, i.c.v
Plus NX 1.0 jug, i.p.

10.0 mg, i.p.
Plus NTX 1.0 jg, i.p.

10.0 mg, i.p.

% antinociception

52.6+9.9
25.0 + 4.4*
32.5+ 3.6
6.5 + 2.1*

50.9 + 8.5
27.4+ 1.1**
93.3+ 17.0**
17.8+ 1.8**
90.4+ 18.7**

n

6
8
6
6
19
12
6
12
6

Data are expressed as mean + s.e.mean of the number of

experiments (n). *P<0.05 with respect to the low dose.
**P<0.05 with respect to Clon.

antagonists at 10 mg kg-' i.p., doses which are less active than
1 jug kg- , significantly increased the Clon-induced anti-

nociception (Table 3).

Discussion

The administration of Clon either i.p. or i.c.v. induced a dose-
dependent antinociceptive effect in the mouse writhing test.
These findings are in agreement with previous reports of similar
Clon-induced antinociception observed in the formalin test in
rats (Gurtu et al., 1994), Haffner test in mice and tail-flick in
rats (Ossipov et al., 1988), tail-flick in mice (Fujimoto & Arts,
1990), formaline test in mice (Kanui et al., 1993), vocalization
threshold to paw pressure in normal and arthritic rats (Kayser
et al., 1992), carrageenan-induced inflammation/hyperalgesia
in rats (Hylden et al., 1991), writhing test in amphibians
(Brenner et al., 1994) and radiant heat-evoked hind paw with-
drawal in rats (Naguib & Yaksh, 1994). However, the anti-
nociceptive activity displayed by Clon administered i.c.v. differs
from the findings of Fujimoto & Arts (1990), who reported that
Clon administered by this route was unable to produce anti-
nociception in the tail flick test in mice. The differences might be
explained on the basis of the type of algesiometric test used and
the experimental protocol. In addition, it has been suggested
that Clon may not have analgesic properties, but merely impair
the ability of the animal to respond to the nociceptive stimu-
lation (Izenwasser & Kornetsky, 1990).

The parallelism of the dose-response curves for i.c.v. and
i.p. Clon administration indicates a common receptor subtype
activation, even if the antinociceptive effect might be exerted
both at central (Ossipov et al., 1985) and spinal level (Yaksh &
Reddy, 198 1).

The antinociceptive activity displayed by Pra in the writhing
test of mice is in agreement with a previous report by Kanui et
al. (1993), but not with the finding obtained in the rat hot-plate
test (Carter, 1991). The pretreatment of mice with Ter, also

produced an antinociceptive activity and the potency (calcu-
lated by transforming doses to molar concentration) compared
with Pra was 2.14. These findings suggest that a,-adrenocep-
tors are involved in the antinociception, since both drugs are
effective o, antagonists and it has been postulated that al-
adrenoceptors are activated during the antinociceptive process
(Howe et al., 1983). However, the pretreatment of mice with
Pra produced a dual effect on Clon-induced antinociception
depending on the route of administration. Thus, antinocicep-
tion induced by i.c.v. administration did not change, and fol-
lowing i.p. administration, antinociception activity increased.
These findings are difficult to explain, but previous works have
demonstrated that Pra had no effect (Solomon et al., 1989),
antagonized (Ono et al., 1991; Danzebrink & Gebhart, 1990)
or increased (Brenner et al., 1994) the Clon induced anti-
nociception.

The i.c.v. or i.p. administration of Yoh did not induce an-
tinociception in the writhing test of mice, but antagonized
Clon-induced activity, a result that is concordant with those
obtained by McCleary & Leander, 1981; Howe et al., 1983;
Murata et al., 1989; Ossipov et al., 1988; Danzebrink & Geb-
hart, 1990; Kumar et al., 1993; Naguib & Yaksh, 1994.

The results obtained with Pra and Yoh in the chemical
acetic acid nociceptive test, independent of their pharmacolo-
gical profile, suggest that a,- and a2-adrenoceptors, either lo-
cated at pre- and/or post-synaptic level, are involved in the
control of spinal antinociception.

The pretreatment of mice with the opioid antagonists, NX
and NTX, induced a biphasic effect, characterized by a sig-
nificant antinociceptive response at low doses (pg kg-' range)
and a lower antinociception effect at higher doses (mg kg-'
range). These results are in agreement with previous reports
(Wheeler-Aceto & Cowan, 1993; Hamann & Martin, 1994;
Noble et al., 1994). In addition, hypoalgesia has been reported
following NX treatment (Foo & Westbrook, 1993; Rochford &
Dawes, 1993). The interaction of NX and NTX with i.c.v.
administered Clon suggests the coexistence of opioid receptor
subtypes at the noradrenergic terminals of CNS fibres, where
Clon is modulating antinociception transmission. Thus, the
antagonism of the antinociception of Clon induced by the
lower doses ofNX or NTX could be related to a preferential ,u
opioid receptor antagonism (Illes, 1989). In contrast, higher
doses of NX or NTX increased the antinociceptive activity of
Clon, which could be due to an enhanced inhibition of the
release of substance P, since it has been reported that Clon and
opioids inhibit the release of the peptide (Kuraishi et al., 1985;
Illes, 1989; Hama et al., 1981). The interaction between opioids
and x2-adrenoceptors has been suggested previously as a me-
chanism of inhibition of nociceptive input at the spinal level
(Ossipov et al., 1989). Nevertheless, it has been reported that
analgesia produced by Clon is independent of the endogenous
opioid system and is not antagonized by NX, but is antag-
onized by Yoh (Yaksh & Reddy, 1981; Howe et al., 1983;
Yaksh, 1985).

The action of NX is not related exclusively to opioid re-
ceptors, since it has been reported to antagonize the anti-
nociceptive activity of tricyclic and atypical antidepressants
(Biegon & Samuel, 1980; Reichenberg et al., 1985). A bi-
phasic effect of NX has been demonstrated in the anti-
nociception induced by nitrous, oxide, since pretreatment with
high (mg kg-') doses of NX produced antagonism and lower
doses (pg kg-') potentiation (Quock et al., 1993). Further-
more, NX induced hypoalgesia which is not related to the
GABA-benzodiazepine receptor complex (Rochford & Stew-
art, 1992).

The results obtained in the present work suggest the in-
volvement of several neuronal systems in the modulation of the
antinociceptive activity of Clon in the chemical algesiometric
test used (acetic acid writhing test in mice). This modulation by
Oa-, LX2-adrenoceptor antagonists and by opioid receptor an-
tagonists seems to be exerted either at spinal and supraspinal
levels, since it was observed both after i.c.v. and systemic ad-
ministration of Clon.
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