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The effects of clonidine and yohimbine
on novelty-induced hypoalgesia

JOSEPH ROCHFORD
Concordia University, Montreal, Quebec, Canada

Exposure to novel stimuli has been shown to provoke hypoalgesia. The present experiment was
conducted to determine whether this hypoalgesia can be influenced by preadministration of the
alpha-2 noradrenergic receptor agonist clonidine and the alpha-2 receptor antagonist yohimbine.
One group of male Wistar rats (275-300 g) was exposed to a nonfunctional hot-plate apparatus
for 90 sec, once a day for 8 days. A second group was not exposed to the apparatus. Both groups
were subsequently assessed for pain sensitivity on the functional (48.5°C) hot plate. Animals not
previously exposed to the hot plate displayed significantly longer paw-lick latencies than did ex-
posed animals. Preadministration of clonidine (2 xg/kg i.p.) was found to reverse this hypoalgesia,
whereas pretreatment with yohimbine (2 mg/kg i.p.) enhanced the effect. These results suggest
the importance of noradrenergic substrates in the mediation of novelty-induced hypoalgesia.

It is now well demonstrated that exposure to novel en-
vironmental stimuli, such as the apparatus to which ani-
mals are exposed when tested for pain sensitivity, alters
pain threshold (Abbott, Franklin, & Connell, 1986; Bardo
& Hughes, 1979; Gamble & Milne, 1989; Rochford &
Stewart, 1987; Sherman, 1979). Specifically, animals
exposed to a stimulus for the first time are hypoalgesic
relative to animals previously familiarized with the stim-
ulus. Novelty-induced hypoalgesia is resistant to pretreat-
ment with the opiate receptor antagonist naloxone, which
suggests that the effect may be mediated by nonopioid an-
tinociceptive substrates (Rochford & Stewart, 1987).

Research investigating the neurochemical substrates that
mediate novelty-induced hypoalgesia has been relatively
sparse. To date, research has focused exclusively on
serotonergic substrates in the mediation of the effect (Ab-
bott et al., 1986; Gamble & Milne, 1989). The present
experiment was conducted to determine the possible con-
tribution of noradrenergic mechanisms. Noradrenalin was
considered a likely candidate on the basis of studies that
demonstrated its involvement in a number of behaviors
evoked by novelty (Britton, Ksir, Britton, Young, &
Koob, 1984; Delini-Stula, Mogilnicka, Hunn, & Dooley,
1984) as well as its importance in the mediation of a va-
riety of nonopioid forms of environmentally induced
hypoalgesia (Bodnar, Mann, & Stone, 1985; Chance &
Schechter, 1979; Coderre & Rollman, 1984; Minor et al.,
1988). Moreover, current evidence suggests that these
nonopioid forms of hypoalgesia are more sensitive to
alpha-2 noradrenergic receptor ligands than to ligands that
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are less selective for this receptor subtype (Bodnar, Mer-
rigan, & Sperber, 1983; Chance, 1986; Kepler & Bod-
nar, 1988; Lewis, Terman, Nelson, & Liebeskind, 1984;
Rochford, Dubé, & Dawes, in press). Consequently, the
present experiment assessed the effects of clonidine and
yohimbine on novelty-induced hypoalgesia. These ligands
are selective agonists and antagonists, respectively, for
the alpha-2 receptor (Ruffolo, DeMarinis, Wise, & Hie-
ble, 1988).

METHOD

Subjects

The subjects were 32 experimentally naive, male Wistar rats ob-
tained from Charles River Breeding Farms, St. Constant, Quebec.
The rats weighed between 275 and 300 g upon arrival. They were
individually housed and provided with free access to both food and
water. The colony room was maintained on a 12:12-h light:dark
cycle (lights on 0800-2000 h). All procedures were conducted dur-
ing the light phase of the cycle.

Apparatus and Drugs

Pain sensitivity was assessed by the hot-plate test. The hot-plate
apparatus consisted of a 20 xX20x 38 cm clear Plexiglas chamber
mounted on a piece of sheet metal. The hot-plate temperature was
controlled by immersing the sheet metal in a water bath heated by
a Haake E3 immersion/open bath circulator. The apparatus was lo-
cated in a test room illuminated by two 25-W red light bulbs and
maintained at a constant 22° C temperature. Clonidine HCI and yo-
himbine HC] were obtained from Research Biochemicals, Inc., Nat-
tick, MA. Clonidine was dissolved in 0.9% saline, yohimbine in
distilled water. The injection volume in each case was 1 mi/kg.

Procedure

The rats were randomly allocated to one of two exposure condi-
tions (n = 16 per condition). The animals in the exposure condi-
tion were transported to the test room and 30 min later were placed
in the hot-plate chamber for 90 sec. The bath circulator was not
functional during these exposures; thus, the floor of the chamber
was at room temperature. Exposures took place once per day for
8 consecutive days. The animals in the no-exposure condition re-
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mained in their home cages throughout this phase of the experi-

ment and were handled for approximately 1 min per day in the

colony room.

Following completion of the exposure phase of the experiment,
the rats within each condition were randomly assigned to two groups
(n = 8). The test phase of the experiment consisted of 2 days. On
each day, all rats received an i.p. injection in the colony room 15 min
prior to being transported to the test room. Thirty minutes after
being transported, the rats received a hot-plate (48.5° +0.5° C) test.
The latency to lick a hind paw was manually recorded. If no re-
sponse occurred within 90 sec, the test was terminated (to prevent
tissue damage) and a paw-lick latency of 90 sec was assigned.

The groups differed with respect to the drug administered in the
colony room. One group within each exposure condition was ad-
ministered 2 ug/kg clonidine; the other received 2 mg/kg yohim-
bine. These doses were selected on the basis of previous data from
my laboratory that demonstrated that they modulate nonopioid
hypoalgesia (Rochford & Dawes, in press). Half of the animals
within each group received the respective drug on Day 1 of the test
phase and ‘were administered saline on Day 2. For the other haif
of the animals, the sequence was reversed.

RESULTS

Because preliminary analysis of the data failed to re-
veal a significant main effect for, or interaction includ-
ing, counterbalancing of the colony-room injection se-
quence (i.e., drug-saline vs. saline-drug), the data were
collapsed over this factor and analyzed with a split-plot
exposure condition (exposure vs. no exposure) X drug
(clonidine vs. yohimbine) X colony-room injection (drug
vs. saline) analysis of variance (ANOVA). The results
from the test phase are presented in Table 1. The ANOVA
revealed a significant exposure X drug X colony-room
injection interaction [F(1,29) = 11.93, p < .002}. F tests
for simple main effects (Winer, 1971, pp. 529-532) re-
vealed that when saline was preadministered in the colony
room, the animals in both no-exposure groups exhibited
significantly longer paw-lick latencies than did those in
the exposure groups [Fs(1,43) = 9.29, ps < .005],
which indicates the hypoalgesic effect of novelty. The la-
tencies observed when nonexposed animals were ad-
ministered clonidine were significantly shorter than the
latencies displayed when these animals were administered
saline [F(1,28) = 12.45, p < .005]. Yohimbine adminis-
tration augmented latencies in nonexposed animals rela-
tive to saline administration [F(1,28) = 20.58, p < .001].
Clonidine and yohimbine did not significantly alter laten-

Table 1
Mean Paw-Lick Latencies (11 SE) as a Function of
Exposure Condition, Drug, and Colony-Room Injection

Colony-Room Injection

Exposure Drug Saline

Condition M SE M SE
Exposure

Clonidine 22.61 3.23 25.69 2.54

Yohimbine 20.94 2.16 18.61 3.63
No exposure

Clonidine 31.80 4.73 48.29 5.48

Yohimbine 64.25 8.05 43.05 6.75

cies in animals previously exposed to the hot-plate appara-
tus (Fs < 1.0).

DISCUSSION

The results from the present experiment demonstrate that
clonidine and yohimbine attenuate and augment novelty-
induced hypoalgesia. These ligands were without effect
in animals previousy exposed to the hot-plate apparatus.
This pattern of results suggests that noradrenergic sub-
strates mediate novelty-induced hypoalgesia.

Inhibition of serotonergic neurotransmission also attenu-
ates novelty-induced hypoalgesia (Abbott et al., 1986;
Gamble & Milne, 1989). Since clonidine and yohimbine
have been shown to influence serotonergic substrates, it
is possible that the effects of these ligands were mediated
through their serotonergic actions. However, yohimbine’s
effects on serotonergic substrates are also inhibitory
(Dwoskin, Neal, & Sparber, 1988; Feuerstein, Hertting,
& Jackisch, 1985; Pettibone, Pfleuger, & Totaro, 1985).
Consequently, if yohimbine modulated novelty-induced
hypoalgesia through its serotonergic action, this drug
should have inhibited, rather than enhanced, novelty-
induced hypoalgesia. Furthermore, clonidine’s effects on
serotonergic neurotransmission are observed with doses
higher than the dose employed here (Geyer & Lee, 1984;
Svensson, Bunney, & Aghajanian, 1975); doses in the
low-microgram range provoke predominantly noradrener-
gic effects (Karege & Gaillard, 1990).

The results of the present experiment, therefore, sug-
gest that exposure to novelty induces hypoalgesia, at least
in part, by activating noradrenergic substrates. The in-
hibitory effect of clonidine on novelty-induced hypoalgesia
may be attributed to a reduction of noradrenergic neuro-
transmission provoked by this drug through its actions on
inhibitory presynaptic alpha-2 receptors (Anden et al.,
1970; Karege & Gaillard, 1990). The enhancement of the
effect provoked by yohimbine suggests an augmentation
in noradrenergic neurotransmission mediated through the
pharmacological blockade of these same receptors (Dubo-
covich, 1984; Starke, Borowski, & Endo, 1975). The lack
of effect of clonidine and yohimbine in control animals
suggests that repeated exposure to the hot-plate appara-
tus reduced the ability of this stimulus to activate nor-
adrenergic substrates, thereby rendering the ligands
ineffective.

Previous results have demonstrated that novelty-induced
hypoalgesia is resistant to naloxone pretreatment (Roch-
ford & Stewart, 1987). Indeed, naloxone administration
retards the reduction of novelty-induced hypoalgesia pro-
voked by repeated exposure. Animals administered nalox-
one prior to each hot-plate exposure display paw-lick la-
tencies comparable in magnitude to nonexposed animals,
and the latencies in these groups are significantly longer
than are those in animals exposed to the hot plate without
naloxone.

These results suggest that opioid substrates may be
responsible for the reduction in noradrenergic transmis-



sion that results from repeated exposure to the hot-plate
apparatus. Two lines of evidence are consistent with this
hypothesis. First, electrophysiological and biochemical
studies have demonstrated the existence of inhibitory opi-
ate receptors located on noradrenergic neurons (Aber-
crombie & Jacobs, 1988; Illes & Norenberg, 1990; Mon-
tel, Starke, & Weber, 1974; Tanaka et al., 1982). Second,
clonidine and yohimbine also attenuate and augment the
longer paw-lick latencies observed in animals exposed to
the hot-plate apparatus under the influence of naloxone
(Rochford & Dawes, in press). Thus, these ligands exert
the same effects in animals exposed to the hot plate for
the first time and in animals repeatedly exposed to the
hot plate following naloxone administration, but are with-
out effect in animals repeatedly exposed to the hot plate
without naloxone. This is consistent with the suggestion
that opiate-receptor blockade prevents the diminution of
noradrenergic activity provoked by repeated exposure to
the hot-plate apparatus.
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