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ROCHFORD, J., P. DAWES AND J. STEWART. Naloxone potentiation of novelty-induced hypoalgesia: Characteriza-
tion of the a-noradrenergic receptor subtype. PHARMACOL BIOCHEM BEHAV 44(2) 381-386, 1993. —Repeated daily
administration of the opiate receptor antagonist naloxone (10 mg/kg) attenuates the habituation of novelty-induced hypoalge-
sia. This effect can be reversed by the a,-noradrenergic receptor agonist clonidine and enhanced by the a,-antagonist yohim-
bine. The present experiments were conducted to provide further support for the importance of the o;-receptor and determine
the possible influence of the «;-receptor. Naloxone’s effect on novelty-induced hypoalgesia was not affected by pretreatment
with the specific a,-receptor antagonist prazosin (0.2-1.0 mg/kg, SC) or the nonselective alpha antagonist phentolamine
(2.0-10.0 mg/kg). In a second series of experiments, it was found that the potentiation of naloxone’s effect by yohimbine (2
mg/kg) was reversed by clonidine (0.1 mg/kg) but was not influenced by prazosin or phentolamine. These results suggest that
the «o\-noradrenergic receptor subtype does not mediate the effect of naloxone on novelty-induced hypoalgesia. They also
reinforce the importance of the a,-receptor subtype in the mediation of this effect.

Naloxone Novelty-induced hypoalgesia

a,-Receptor

a,-Receptor Noradrenaline Rat

ANIMALS exposed to a stimulus for the first time display
lowered reactivity to nociceptive stimulation relative to ani-
mals that have been extensively exposed to the stimulus (1,
5,13,30). This result suggests that novel stimuli are capable of
activating endogenous hypoalgesic substrates and the capacity
of a stimulus to induce hypoalgesia habituates with repeated
exposure to the stimulus. There is evidence to suggest that
the habituation of novelty-induced hypoalgesia (NIH) can be
attenuated by administration of the opiate receptor antagonist
naloxone (12,26,27). In these studies, one group of rats is
administered naloxone prior to exposure to a hot-plate appa-
ratus. Control animals are exposed to the apparatus following
saline administration; for these animals, naloxone is adminis-
tered 2-4 h after exposure. The paw-lick latencies (PLLs) in
control animals progressively decline over repeated exposures,
an effect that suggests the habituation of NIH. The latencies
in animals exposed following naloxone administration also
decline. However, the magnitude of this reduction is attenu-
ated relative to the decline observed in controls. Conse-
quently, by the fourth or fifth hot-plate test animals exposed
following naloxone administration display significantly longer
PLLs than controls.
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Because control animals receive the same quantity of nal-
oxone, the longer latencies observed in naloxone-exposed ani-
mals cannot be attributed to repeated opiate receptor blockade
alone. Rather, the effect is dependent upon opiate receptor
blockade at the time when animals are exposed to the plate
apparatus. Moreover, it has been shown that this effect occurs
if animals are repeatedly exposed to a nonfunctional, ambient
temperature plate and then tested once on the functional plate
(12,27). These results demonstrate that exposure to noxious
thermal stimulation is not necessary for the development of
the effect [but, cf. (15-17,35-37)].

The inhibitory effect of naloxone on the habituation of
NIH can be attenuated by pretreatment with the a,-noradren-
ergic receptor agonist clonidine and enhanced by the «;,-
receptor antagonist yohimbine (26). These ligands do not sig-
nificantly alter PLLs in controls. These results suggest that
naloxone’s inhibition of the habituation of NIH is at least in
part mediated through noradrenergic substrates. Moreover,
they suggest the importance of the a,-receptor subtype in the
mediation of this effect.

The present experiments were conducted to more fully
characterize the pharmacological substrate through which
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noradrenaline mediates the effect of naloxone on the habitua-
tion of NIH. Specifically, they were designed with two pri-
mary goals in mind: a) to provide further evidence implicating
the a,-receptor subtype; and b) to determine the possible influ-
ence of the «j-receptor subtype. 3-Noradrenergic receptors
were not considered because of their limited involvement in
antinociception (18). In the first series of experiments, we
assessed whether naloxone’s effect on NIH is affected by pre-
treatment with the selective «;-receptor antagonist prazosin
and the nonselective o-receptor antagonist phentolamine (29).
In the second series of experiments, we attempted to replicate
our previous demonstration (26) that yohimbine enhances the
longer PLLs observed in animals exposed to the plate follow-
ing naloxone administration. More importantly, we assessed
the ability of prazosin, phentolamine, and clonidine to reverse
this enhancement.

METHOD

Subjects

Experimentally naive, male Wistar rats (275-300 g) were
obtained from Charles River Breeding Farms (St. Constant,
Quebec). Rats were individually housed with free access to
food and water. The colony room was maintained on a 12
L:12 D cycle (light on 0800-2000 h). All procedures were
conducted during the light phase of the cycle.

Apparatus and Drugs

Pain reactivity was assessed by the hot-plate test. The hot
plate apparatus consisted of a 20.3 x 38.1 x 20.3 clear Plex-
iglas chamber mounted on a 0.6-cm thick piece of sheet metal.
A hinged, wire mesh top prevented animals from escaping.
Plate temperature was controlled by immersing the sheet metal
in a water bath heated by a Haake E2 Immersion/Open Bath
Circulator. The apparatus was located in a test room illumi-
nated by two 25-W red light bulbs. During the interval be-
tween injection in the test room and analgesic testing, animals
were isolated in separate 30 x 20 x 15-cm wooden boxes
lined with Beta-Chip and covered by steel grid tops.

Drugs used were: naloxone HCI (duPont de Nemours &
Co., Wilmington, DE), yohimbine HCI, clonidine HCl, pra-
zosin HCI (Research Biochemicals, Inc., Natick, MA), and
phentolamine mesylate (Ciba Geigy, Basel, Switzerland). Nal-
oxone and clonidine were dissolved in physiological saline; all
other ligands were dissolved in distilled water. The injection
volume for each ligand was 1 ml/kg.

Procedure

Series 1: Effects of prazosin and phentolamine.
Naloxone treatment phase. During the 8 days of the naloxone
treatment phase, rats in group NAL (# = 8 per experiment)
were administered 10 mg/kg naloxone in the test room. Rats
in group SAL (n = 8 per experiment) were administered sa-
line. Test room injections were administered SC in the dorsal
neck area. Thirty minutes following injection, each animal
was tested for pain sensitivity on the hot plate. The latency
to lick a hind paw-(PLL) was taken as the measure of pain
threshold. The water temperature of the hot-plate bath was
48.5°C. We found this temperature optimal for the expression
of NIH and effects of naloxone on NIH (27). If no response
was observed within 90 s, the test was terminated and a PLL
of 90 s was recorded. Following the hot-plate test, animals
were returned to the colony room where, 2-4 h later, group
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NAL rats were administered saline and group SAL rats 10
mg/kg naloxone.

Test phase. The test phase consisted of 2 days. Within each
experiment, half the animals in groups NAL and SAL were
preadministered (IP) drug (0.2 or 1.0 mg/kg prazosin; 2.0 or
10.0 mg/kg phentolamine) on the first test day and vehicle
(saline or distilled water) on the second. The other half re-
ceived the reverse sequence: Vehicle was administered on the
first test day and drug on the second. Thus, the sequence of
these injections was counterbalanced within groups.

These injections were administered in the colony room.
Fifteen minutes after injection, animals were transported to
the test room, where group NAL rats were injected with nalox-
one and those in group SAL received saline. Thirty minutes
later, hot-plate tests were administered. Animals were then
returned to the colony room, where posttest injections were
administered as described above.

Series 2: Effects of prazosin, phentolamine, and clonidine
on yohimbine’s potentiation of naloxone’s effect.

Naloxone treatment phase. This phase was identical to that in
the previous experiments with the exception that all animals
were allocated to group NAL. Group SAL animals were not
included on the basis of previous work demonstrating that
yohimbine does not alter PLLs in these animals (26).

Test phase. The test phase consisted of 2 days. On both test
days, animals were preadministered 2 mg/kg yohimbine (IP)
in the colony room. Immediately following this injection, half
the animals were administered (IP) a second injection of drug
(0.2 or 1.0 mg/kg prazosin; 0.05 or 0.1 mg/kg clonidine; 10
mg/kg phentolamine) on the first test day and vehicle on the
second test day. The remaining animals received the reverse
sequence. All other procedural details were identical to those
followed for the first series of experiments.

Statistical Analysis

Data from the experiments in Series 1 were analyzed by
analysis of variance (ANOVA). Significant interactions were
analyzed by F-tests for simple main effects (38). Data from
Series 2 experiments were analyzed by the Wilcoxon signed-
rank test (6) due to the fact that yohimbine administration
provoked the 90-s cutoff criterion in over 90% of animals.
Regardless of the type of analysis, the level of statistical signif-
icance adopted was p < 0.05.

RESULTS

Series 1

Figures 1A-1D portray the results from the experiments
assessing the effects of prazosin and phentolamine. The left
panel displays the results from the naloxone treatment phase.
In each experiment, the PLLs in group SAL declined mark-
edly over repeated hot-plate tests. Although the magnitude of
the effect tended to vary across experiments, in each case it
can be observed that the PLLs in group NAL did not decline
as dramatically as those in group SAL. This differential reduc-
tion was such that the mean PLLs for group NAL were signifi-
cantly longer than those for group SAL beginning on the
fourth or fifth day of the naloxone treatment phase.

The results from the test phase are shown in the right pan-
els of Fig. 1. The PLLs for group NAL continued to be signifi-
cantly longer than those for group SAL. Of more importance
was the finding that prazosin and phentolamine failed to influ-
ence PLLs in group NAL. These ligands also were without
effect in control animals.
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FIG. 1. Mean paw-lick latencies (PLLs) during the naloxone treatment phase (left) and the test phase (right) of the
experiments in Series 1. Figures 1A and 1B display the results from the experiments assessing the effects of prazosin (1.0
mg/kg in A, 0.2 mg/kg in B). Figures 1C and 1D portray the results from the phentolamine experiments (10 mg/kginC, 2
mg/kg in D). Error bars represent + SEM. Asterisks reflect significant differences from the respective mean PLL in the

SAL control group, *p < 0.05, **p < 0.01.
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Series 2

Figures 2A-2E present the results from the test phase of
the experiments in Series 2. To demonstrate the effects of
yohimbine, the PLLs observed following yohimbine pread-
ministration were contrasted with the mean PLLs calculated
over the last 2 days of the naloxone treatment phase (i.e.,
when naloxone was administered alone). Preadministration of
2 mg/kg yohimbine significantly prolonged PLLs in each case.
This enhancement was significantly reduced by administration
of 0.1 mg/kg clonidine. Administration of 0.05 mg/kg cloni-
dine also tended to reverse the enhancement, but this effect
was not significant. Prazosin and phentolamine did not influ-
ence the enhancement. This conclusion is supported by the
findings that: a) PLLs observed following concurrent adminis-
tration of yohimbine and either prazosin or phentolamine
were not significantly different from those observed following
administration of yohimbine; and b) PLLs observed following
yohimbine and either prazosin or phentolamine were signifi-
cantly longer than those displayed following administration
of naloxone alone.

DISCUSSION

The results from the naloxone treatment phase of the ex-
periments in Series 1 replicate those previously reported (26,
27). The PLLs of control animals declined markedly over re-
peated plate exposures, whereas the latencies of group NAL
animals remained relatively stable or declined less rapidly.
These results suggest that repeated plate exposures provoke
the habituation of NIH and naloxone retards this habituation.

The results from the test phase of the experiments in Series
2 also replicate our previous demonstration that yohimbine
augments PLLs in naloxone-treated animals (26). More im-
portantly, this augmentation was reversed by coadministra-
tion of clonidine but unaffected by either prazosin or phentol-
amine. These results, therefore, reinforce the hypothesis that
the a,-receptor is involved in the mediation of naloxone’s ef-
fect on the habituation of NIH.

One objection to this conclusion could be that clonidine
and yohimbine may have exerted their effects through the
recently discovered imidazoline binding site, which possesses
significant affinity for a variety of purported a,-specific li-
gands. While our data do not rule out this possibility, we
believe it unlikely. The imidazoline binding site possesses rela-
tively low affinity for yohimbine and related alkaloids (7-
9,18). Further, the affinity of clonidine for the «,-site is
greater than that for the imidazoline site (22). Thus, these
data suggest that the effects provoked by clonidine and yohim-
bine are most likely mediated through the o,-receptor.

The results of the present experiments failed to confirm a
role for the «,-receptor subtype in the mediation of naloxone’s
effect on the habituation of NIH. First, during the test phase
of the experiments in Series 1 the specific «,-receptor antago-
nist prazosin and the nonselective o-antagonist phentolamine
did not significantly influence PLLs in animals exposed to the
plate following naloxone administration. Moreover, in the test
phase of Series 2 experiments these ligands did not reverse the
enhancement of PLLs provoked by yohimbine.

It could be argued that the failure of prazosin and phentol-
amine to influence naloxone’s effect on NIH can be attributed
to the pharmacokinetic properties of these ligands. For in-
stance, prazosin does not readily cross the blood-brain barrier
(19). However, there is evidence to suggest that, within the
dose range employed in the present studies, penetration into
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the CNS does occur (34) and can provoke effects that are
centrally mediated (14,23).

Although the present results add to previous findings impli-
cating noradrenergic substrates in the effects of naloxone on
NIH, they do not allow us to make any firm conclusion as
to how noradrenaline is involved. Electrophysiological and
biochemical studies have demonstrated that naloxone en-
hances the stress-induced increase in firing rate and release in
noradrenergic neurons, suggesting that noradrenergic sub-
strates are under inhibitory opioid control (2,3,20,24,33). This
raises the possibility that naloxone may retard the habituation
of NIH by preventing opioid inhibition of noradrenergic neu-
rotransmission. Moreover, because noradrenergic firing rate
and release is augmented by a,-receptor blockade (3,10,20,25)
and inhibited by a,-receptor stimulation (4,21,31,32), this hy-
pothesis could also account for the observed effects of yohim-
bine and clonidine, that is, yohimbine may potentiate the ef-
fects of naloxone by enhancing naloxone’s facilitory effect on
noradrenergic neurotransmission. Clonidine would attenuate
the effect of naloxone, and reverse the potentiating effect of
yohimbine, by inhibiting noradrenergic neurotransmission.
The unifying theme of this hypothesis is that naloxone, yohim-
bine, and clonidine exert their effects by influencing the effi-
cacy of noradrenergic neurotransmission. If it is correct, then
the effects of each of these ligands should be abolished by
specific noradrenaline depletion. We are currently exploring
this possibility in our laboratory.

The present results contrast with those recently reported
by Foo and Westbrook (11), who reported that the longer
PLLs provoked by naloxone are insensitive to pretreatment
with clonidine or yohimbine and are enhanced by pretreat-
ment with 1 mg/kg prazosin. Thus, the pharmacological pro-
file obtained by Foo and Westbrook is completely at odds
with that reported here.

The resolution to this issue may come from considering the
differences in protocol between the present study and that of
Foo and Westbrook, who used a 50.5°C hot plate and exposed
animals to the plate for a full 60 s, independent of when
animals paw licked. Under these conditions, animals exposed
to the hot plate following naloxone administration displayed
a profound increase in PLLs over hot-plate exposures [see
also (15-17,35-37)]. This increase implies that naloxone is not
simply preventing the habituation of NIH. Rather, it suggests
that when animals are exposed to more intense levels of nox-
ious thermal stimulation naloxone augments the acquisition
of a hypoalgesic response via a Pavlovian conditioning mecha-
nism. The fact that this effect is observed when animals are
exposed to more intense noxious thermal stimulation is also
consistent with this hypothesis in that it has been shown that
the ability of noxious heat to promote Pavlovian conditioning
is proportional to its intensity (17,28,36).

Current evidence, therefore, suggests that naloxone can
affect pain reactivity by modulating two forms of learning:
Pavlovian conditioning and habituation. Evidence has also
implicated noradrenergic substrates in the mediation of each
effect. However, the disparate results obtained by us and by
Foo and Westbrook raise the intriguing possibility that nor-
adrenaline’s involvement in the mediation of these effects may
be distinct. The «,-receptor subtype may be of primary impor-
tance for Pavlovian conditioning, whereas the o,-subtype
preferentially mediates habituation.
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FIG. 2. Mean paw-lick latencies (PLLs) from the test phase of the experiments in Series 2. Solid bars reflect
the latencies observed following naloxone (10 mg/kg) administration alone. Diagonally lined bars represent
the effects of yohimbine (2 mg/kg) administered prior to naloxone. Stippled bars portray the latencies ob-
served following administration of naloxone, yohimbine, and either clonidine (0.1 mg/kg in A, 0.05 mg/kg in
B), prazosin (1.0 mg/kg in C, 0.2 mg/kg in D), or phentolamine (10 mg/kg, E). Error bars reflect 1 SEM.
The absence of error bars reflects the fact that all animals achieved the 90-s cutoff. Asterisks represent
significant differences from the mean PLL following naloxone administration alone, *p < 0.05, **p < 0.01.
Daggers represent significant differences from the mean PLL observed following naloxone and yohimbine

administration, Ttp < 0.01.
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