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Effects of yohimbine on the antinociceptive and place conditioning

effects of opioid agonists in rodents
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1 The pharmacological modulation of opioid actions by drugs acting on heterologous mechanisms
could be useful to overcome some of the main problems associated with the use of opiate agonists.
Based on previous findings on the interactions between yohimbine and opioid drugs, we have further
studied the effects of yohimbine on the antinociceptive and positive-negative reinforcing effects of
morphine (u opioid receptor-preferring agonist), U-50,488 (x agonist) and SNC80 (6 agonist).

2 Pretreatment with yohimbine completely blocked the antinociception provided by the three
opioid agonists in the mouse tail-immersion test.

3 A similar blockade of SNC80 and U-50,488-induced antinociception was observed with
yohimbine in the mouse hot plate test at the same doses. In this paradigm, the effect of the x
agonist was very slight and the actions of yohimbine rather variable.

4 In place conditioning experiments with SD (Sprague—Dawley) male rats, yohimbine alone was
inactive but it limited the preference induced by morphine and SNC80 and the aversive effect of
U-50,488. Impaired novelty preference was also observed with the combination of yohimbine and
U-50,488.

5 It is concluded that yohimbine tends to limit opioid antinociception and the addictive potential
of 1 and J opioid agonists. More selective drugs could help to understand the mechanisms involved

in these actions.
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Introduction

It is widely accepted that the noradrenergic function is deeply
involved in opioid pharmacology. Many of the studies
performed on this subject have detected bidirectional
interactions between p-opioid and o,-adrenergic mechanisms
even from the development of these systems (Wang et al.,
1986; Alberti et al., 1999). Some of these interactions could
be of therapeutic interest: thus, it is accepted that o,-
adrenergic agonists have analgesic potential and also enhance
the antinociceptive effect of u-opioids (Wilcox et al., 1987),
which seems relevant for the clinical management of pain
(Eisenach et al., 1994). Conversely, ar-adrenoceptor antago-
nists such as yohimbine or idazoxan are hyperalgesic and
attenuate morphine analgesia in several pharmacological tests
(Browning et al., 1982; Iglesias et al., 1992; Herrero &
Solano, 1999). There is however some controversy on this last
subject: some authors have found that yohimbine could
provide antinociception in some experimental tests (Ageel et
al., 1987) and could enhance opioid analgesia in humans
(Gear et al., 1995); on the other hand, it has been proposed
that the modulation of u-opioid-induced antinociception by
or-adrenoceptor antagonists only occurs in hyperalgesic
conditions but not in normal animals (Herrero & Solano,
1999). Some of these differences could be explained by the
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experimental test and the drug or route of application chosen
by the authors.

The chronic adaptations that give rise to tolerance and
dependence to u-opioids also affect ap-adrenergic mechanisms
and can be modified by ligands of these receptors. Chronic
exposure to morphine generates tolerance to opioid analgesia
but also downregulation of oy-adrenoceptors (Smith et al.,
1989) and cross-tolerance with the antinociceptive actions of
or-agonists (Solomon & Gebhart, 1988). When opioid
tolerance and dependence has developed, o,-agonists are able
to control the expression of these adaptations since they inhibit
many of the signs of withdrawal both in animal models and in
humans (Gold er al., 1978). As expected, ay-adrenoceptor
antagonists work in the opposite direction: they prevent the
development of opioid dependence in several experimental
paradigms when administered concomitantly with the opioid
(Taylor et al., 1991; Iglesias et al., 1992; 1998; El-Kadi &
Sharif, 1997) but they increase opioid withdrawal signs when
acutely injected to abstinent subjects (Dwoskin et al., 1983);
the effect of these drugs on opioid tolerance are however more
controversial and seem to be highly dependent on the
experimental paradigm used (Alguacil ez al., 1987; Iglesias et
al., 1992; Boronat et al., 1998). According to experimental
data, Hameedi et al. (1997) have found that repeated
yohimbine use partially prevents opioid withdrawal signs in
methadone-maintained addicts, thus raising the possibility that
this drug could be introduced for therapy of opiate abusers.
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Besides physical dependence, the positive reinforcing
properties of p-opioid receptor agonists are deeply involved
in their abuse. Important interactions between o,-adrenergic
mechanisms and opioids have also been described concerning
this subject. Thus, recent studies have shown an illicit use of
the a,-agonist clonidine among opiate addicts that does not
seem to be exclusively directed to alleviate withdrawal
(Anderson et al., 1997; Beuger et al., 1998). This effect could
be related to a possible reinforcing effect of o,-agonists such
as clonidine, as shown in animal models of drug addiction
(Asin & Wirtshafter, 1985; Shearman et al., 1981). Concern-
ing o,-adrenoceptor antagonists, we have not found any
reference in the literature on the possible effects of these
drugs on the abuse potential of p-opioid agonists, despite the
fact that the preceding reports raise the possibility of a
significant interaction.

Bearing in mind the conflicting or sparse results commen-
ted above, we have designed several experiments to further
increase the knowledge of the interactions between yohimbine
and the prototypic opioid morphine concerning antinocicep-
tion and abuse potential. These studies have been extended
with a comparative analysis of the interaction of yohimbine
with 6 and x specific agonists in the same experimental
conditions, which is justified by previous results suggesting an
involvement of the a,-adrenergic system in the antinociceptive
effect of both kind of drugs (Bianchi ez al., 1989; Roerig &
Fujimoto, 1989; Rady et al., 1991; Gordon et al., 1992;
Harada et al., 1995; Grabow et al., 1999). Antinociception
was studied with the tail immersion and the hot plate tests
since they are widely used paradigms claimed to have good
predictive value of spinal and supraspinal mediated-anti-
nociception, respectively. The action of yohimbine on the
abuse potential of opioid agonists was studied by means of
place conditioning experiments, a widely used behavioural
model to study the reinforcing properties of drugs which
quantifies the incentive motivational properties of environ-
mental stimuli that become associated with the drug through
classical conditioning (Carr et al., 1989).

The i.p. and s.c. routes of administration have been chosen
for the experiments since these routes are closer to the
potential clinical application of these drugs than other
methods for drug delivery frequently used in similar studies;
it must be taken into account that previous discrepancies on
the effects of ay-adrenoceptor antagonists on opioid analgesia
have been attributed to the use of more specialized methods
for drug administration (Herrero & Solano, 1999). This
approach to the clinical scene has also been determinant to
choose the widely used analgesic morphine instead of other,
more specific p-opioid receptor agonists; this could also
permit comparisons with previous experiments performed in
our laboratory on morphine-yohimbine interactions. Pre-
liminary results of these experiments have been reported
(Morales et al., 1998; 1999; 2000).

Methods

Animals and drugs

Male OF1 mice (25-30 g; IFFA—CREDO, France) and
male SD rats (300—350 g, San Pablo CEU University
breeding) were used. Animals had free access to water and

standard diet and were maintained in a controlled environ-
ment (20—22°C, 12—12 h dark-light cycle) throughout the
experiments. The drugs used were: U-50,488 (trans-(4)-3,4-
dichloro-N-methyl-N-[2- (1-pyrrolidinyl) cyclohexyl] -benzene-
acetamide methane sulphonate) (x agonist; RBI, U.S.A.);
SNC80 ((+)-4-[(«-R*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1-pi-
perazinyl)-3-methoxybenzyl]-N,N-diethylbenzamide) (6 ago-
nists; RBI, U.S.A.) morphine sulphate (nonselective, pu-
receptor preferring agonist) and yohimbine hydrochloride
(Sigma, Spain); they were dissolved in either physiological
saline or 20% DMSO (dimethyl sulfoxide) for administra-
tion. The doses of the different opioid receptor agonists used
had previously shown antinociceptive effects (Iglesias et al.,
1992; Hayes et al., 1987; Bilsky et al., 1995) and were
reported to produce either preference or aversion in place
conditioning experiments (Randall ez al., 1998; Bals-Kubik et
al., 1989; Longoni et al., 1998). The doses of yohimbine were
able to block morphine analgesia and physical dependence in
previous studies performed by our team (Iglesias et al., 1992).

Effects of yohimbine on opioid-induced antinociception

Spinal analgesia (tail-immersion test) Antinociception was
assessed using the 55°C warm-water tail-flick assay. In this
test, the latency to the first sign of a rapid tail-flick was taken
as the behavioural end point (Heyman et al., 1986). Each
mouse was first tested for baseline latency by immersing its
tail in the water and recording the time to response. Mice not
responding within 5 s were excluded from further testing. Just
following baseline determination, animals were treated with
yohimbine (2 mg kg™, i.p.) or an equivalent volume of saline
(10 ml kg=") and 5 min later were injected with morphine
(5 mg kg™, i.p.), U-50,488 (6 mg kg~ ', s.c.), SNC80 (57 mg
kg™, i.p.), saline or 20% DMSO once more. Reaction times
to noxious stimulus were obtained at 15, 30, 60 and 120 min
postinjection. Cut-off time was 30 s.

Supraspinal analgesia (hot plate test) In the hot plate test
(Woolfe & MacDonald, 1944) mice were placed on a heated
surface (55°C) and either licking of the paws or jumping was
taken as the end point. Baseline was obtained 15 min before
drug administration, and only those animals with latency less
than 15s were further used. Animals were treated with
yohimbine (2 mg kg~', i.p.) or an equivalent volume of saline
(10 ml kg=") and 5 min later were injected with U-50,488
(6 mg kg~ ', s.c.), SNC80 (57 mg kg~ ', i.p.), saline or 20%
DMSO again. The time of latency was determined at 15, 30,
60 and 120 min postinjection, with a cut-off time of 30 s.

Effects of yohimbine on opioid-induced place conditioning

Apparatus  The apparatus consisted of three square Plexiglas
compartments of the same size (40 x 35 x 35 cm), situated at
120° angles from each other and separated by a triangular
passage area; each compartment was communicated with the
passage area by a guillotine door and had different floor and
wall drawings. The first compartment had cork floor and
black walls, the second had a black Plexiglas floor and walls
with white circles (7.5 cm diameter) and the third had
corncob bedding and black walls painted with white strips.
Experiments were based on the method of Rodriguez de
Fonseca et al. (1995) adapted to our experimental conditions
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(Pérez-Garcia et al., 1999). The procedure consisted of a 5-
day schedule with three phases: preconditioning, conditioning
and testing.

Preconditioning Animals were placed in the middle of the
apparatus and were allowed to freely explore the whole set
for 30 min. Animal behaviour was monitored by means of a
videotracking system (San Diego, CA, U.S.A.), which
enabled the calculation of the time spent in each compart-
ment. Rats that exhibited strong unconditioned aversion (less
than 10% of the session) and/or preference (more than 60%
of the session) for any of the compartments were discarded
from the study.

Conditioning This phase consisted of a 3-day schedule of
double conditioning sessions. The first one involved a morning
session in which animals received a single injection of saline
(10 ml kg~', i.p.) and were immediately confined to a
randomly paired compartment for 30 min. In the evening
session the animals received a drug treatment (10 ml kg',
1.p.) and were confined to another randomly paired compart-
ment for 30 min. There was a delay of at least 3 h between the
morning and the evening sessions. On the following 2 days,
the procedure used was the same, but the order of the
treatments (morning—evening) was changed to avoid the
influence of circadian variability. The drug treatment for any
given animal consisted in single injections of: (a) an opioid
agonist, (b) yohimbine, or (c) a combination of both; these
experimental groups are fully explained in Table 1.

Testing On the 5th day of the schedule the animals moved
freely throughout the apparatus, exactly as in the precondi-
tioning phase. The permanence in the saline-paired compart-
ment, the drug-paired compartment and the neutral
compartment (the one which was not used for conditioning)
was automatically registered and was expressed as the
percentage of the total time spent in any of the three
compartments of the apparatus (the time spent in the passage
area was not significantly modified by any drug treatment
and was not considered for calculations).

Statistics

Latencies in the antinociceptive studies and percentages of
time spent in the different compartments in place condition-
ing experiments were all analysed by ANOVA followed by
multiple comparison post hoc tests (least significant differ-
ences). Significance was considered at the 0.05 level.

Table 1 Drug treatments used in place conditioning

experiments
Group Drug treatment during conditioning
YOH Yohimbine (4 mg kg~ ")
MOR Morphine (5 mg kg~ ")
U-50,488 U-50-488 (1 mg kg™ 1)
SNC80 SNCS80 (1.25 mg kg™ ")
MOR + YOH Combination of morphine (5 mg kg~ ")

and yohimbine (2 mg kg~ ")
Combination of U-50-488 (1 mg kg™ ")
and yohimbine (2 mg kg~ ")
Combination of SNC80 (1.25 mg kg™ )
and yohimbine (2 mg kg~")

U-50,488 + YOH

SNC80+YOH

Results

Figures 1—3 show that the antinociceptive effect of the three
opioid agonists in the tail-immersion test was completely
prevented by yohimbine pretreatment; this reversal could not
be attributed to yohimbine hyperalgesia since this drug did
not modify animal response when compared with saline,
although the very low basal latencies could have prevented
further reductions after yohimbine injection.

In the hot plate test, U-50,488 only increased the time of
reaction 15 min after injection (Figure 4). Yohimbine also
elicited a transient increase of the reaction time at 15 min,
but this was followed by a more persistent hyperalgesic effect
(Figure 4). The concomitant use of yohimbine and U-50,488
did not elicit analgesia 15 min postinjection and produced an
effect very similar to that of yohimbine alone at longer
periods of time (Figure 4). It should be noted that control
animals exhibited increasing latencies upon repeated exposure
to the plate in these experiments; this effect reached statistical
significance 60 and 120 min postinjection (Figure 4). The
antinociceptive effect of SNC80 in the hot plate test appeared
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Figure 1 Latencies in the tail-immersion test in animals pretreated
i.p. with saline or yohimbine (Yoh) (2 mg kg~!) and treated 5 min
later i.p. with saline or morphine (MOR) (5 mg kg~"). Animals per
group were n=10. *P<0.05 vs saline. Data are presented as
mean +s.e.mean.
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Figure 2 Latencies in the tail-immersion test in animals pretreated
i.p. with saline or yohimbine (Yoh) (2 mg kg~!) and treated 5 min
later s.c. with saline or U-50,488 (6 mg kg~ '). Animals per group
were n=10. *P<0.05 vs saline. Data are presented as mean+
s.e.mean.
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before in the tail-immersion test and was also yohimbine-
sensitive; in these last experiments, yohimbine alone did not
produce any effect by itself and saline-treated animals
exhibited a stable response along the test (Figure 5).

In place conditioning experiments, yohimbine per se did
not elicit neither preference nor aversion (Figure 6). Figure 7
shows that morphine conditioning elicited a significant
preference for the opioid-paired chamber when compared
with neutral and saline-paired compartments; concomitantly,
the rats spent more time in the neutral compartment
compared with the saline-paired one. Morphine preference
was significantly reduced when the opioid was administered
together with yohimbine, whilst the tendency to prefer the
neutral compartment remained preserved.

U-50,488 conditioning produced a significant place aver-
sion for the opioid-paired compartment which was prevented
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Figure 3 Latencies in the tail-immersion test in animals pretreated
i.p. with saline or yohimbine (Yoh) (2 mg kg™') and treated 5 min
later i.p. with 20% DMSO or SNC80 (57 mg kg~"'). Animals per
group were n=10. *P<0.05 vs saline. Data are presented as
mean +s.e.mean.
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Figure 4 Paw-lick and jump latencies in the hot plate assay.
Animals were pretreated i.p. with saline or yohimbine (Yoh)
(2 mg kg™') and treated 5 min later s.c. with saline or U-50,488
(6 mg kg~ "). Animals per group were: saline n=27, U-50,488 n=29,
Yoh n=7 and Yoh+ U-50,488 n=7. *P<0.05 vs saline. Data are
presented as mean +s.e.mean.

by yohimbine co-treatment; the combination of yohimbine
with U-50,488 also abolished preference for the neutral
compartment (Figure 8).

Similarly to morphine, SNC80 conditioning resulted in a
robust preference for the opioid-paired compartment; when
yohimbine was added to the opioid during conditioning,
preference for the drug-paired compartment disappeared
whilst the tendency of the animals to the neutral compart-
ment persisted (Figure 9).

Discussion

The results obtained in the tail-immersion test clearly show the
ability of systemic yohimbine to block the spinal antinocicep-
tion mediated by the three main opioid receptor types.
Yohimbine reversal of the spinal component of morphine
antinociception has been repeatedly described in the literature
and was previously observed in our laboratory by using the rat
tail-flick test (Iglesias et al., 1992). Furthermore, the blockade
of o, adrenoceptors has been also claimed to reduce spinal
analgesia mediated by both é and «k opioid receptors (Roerig
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Figure 5 Paw-lick and jump latencies in the hot plate assay.
Animals were pretreated i.p. with saline or yohimbine (Yoh)
(2mgkg™ ") and treated 5min later ip. with 20% DMSO or
SNC80 (57 mg kg~ "). Animals per group were: saline n=10, SNC80
n=10, Yoh n=9 and Yoh+SNC80 n=10. *P<0.05 vs saline. Data
are presented as mean+s.e.mean.
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Figure 6 Effect of yohimbine (4 mg kg~', i.p.) on place preference
conditioning test. Bars represent mean +s.e.mean. (n=10).
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Figure 7 Effect of yohimbine (Yoh) on morphine-induced condi-
tioned place preference. Rats were treated i.p. with morphine
(5mgkg™', n=20) or with a mixture of morphine (5 mgkg™")
and yohimbine (2 mg kg~', n=9) Bars represent mean+s.e.mean.
*P<0.05 with respect to the drug-paired compartment.
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Figure 8 Effect of yohimbine (Yoh) on U-50,488-induced condi-
tioned place aversion. Rats were treated ip. with U-50,488
(1 mg kg™', n=20) or with a mixture of U-50,488 (1 mg kg~') and
yohimbine (2 mgkg~', n=11) Bars represent mean+s.e.mean.
*P<0.05 with respect to the drug-paired compartment.

et al., 1992; Roerig & Fujimoto, 1989). These results together
with many other available in the literature tend to show that a
combined systemic use of yohimbine and any other opioid
agonist is expected to reduce the acute spinal analgesic effect
of the opioid.

A similar conclusion could be achieved concerning
supraspinal analgesia as indicated by our interaction studies
in the hot plate test, since yohimbine reduced the analgesic
effect of U-50,488 and SNC80 as it was previously reported
in the case of morphine (Iglesias et al., 1991). However, the
actions of yohimbine per se in this test seem to be irregular
and highly dependent on slight experimental variations. Thus,
we have found that yohimbine provokes a transient increase
of hot plate latencies followed by hyperalgesia in a first set of
experiments, but not in a second one. This is not surprising:
analgesia, hyperalgesia, a biphasic effect or no effect at all
have been observed with yohimbine in the hot plate test,
which seems dependent on the dose, the plate temperature
and the basal response of the animals (Ageel et al., 1987,
Iglesias et al., 1991). Moreover, it is possible that the
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Figure 9 Effect of yohimbine (Yoh) on SNC80-induced conditioned
place preference. Rats were treated i.p. either with SNC80
(1.25 mg kg~', n=10) or with a mixture of SNC80 (1.25 mg kg™ ")
and yohimbine (2 mg kg™', #=9). Bars represent mean+s.e.mean.
*P<0.05 with respect to the drug-paired compartment.

experimental conditions could have varied from one experi-
ment to the other, since the response of control animals was
not exactly the same: thus, basal latencies were slightly
different and increasing times of reaction, probably related to
stress-induced antinociception, were only seen in the saline-
treated animals from the first experiment. In our experience,
the hot plate test is very sensitive to subtle changes of
environmental factors (temperature, humidity, light, animal
condition...) which are frequently undetected but can
influence quantitatively the results of the experiments.
Despite these considerations, the main conclusion that can
be achieved from these experiments together with others
previously conducted in our laboratory (Iglesias et al., 1991)
is that yohimbine consistently reduces the antinociceptive
effect of the agonists of the three opioid receptors in the hot
plate test. In the case of morphine, this is in agreement with
the results obtained in other models of supraspinal analgesia
(Izenwasser & Kornetsky, 1990). It is interesting to note that
the antinociceptive effect of U-50,488 was potent and
sustained in the tail immersion test, but it was slight and
short-lasting in the hot plate test. This last finding is
consistent with previous reports that showed significant
analgesia after U-50,488 treatment in the hot plate test only
at doses close to the threshold for motor impairment (Hayes
et al., 1987). These results suggest a reduced activity of U-
50,488 at supraspinal sites, at least when administered by
general routes; in fact, x-opioid agonists were once claimed to
provide analgesia only by spinal mechanisms, although the
intracerebroventricular administration of x-receptor ligands
and more recent experiments with x-opioid receptor knock-
out mice clearly show that k receptors are also involved in
supraspinal analgesia (see reviews by Millan, 1990 and
Kieffer, 1999). A high intensity of the noxious stimulus or
a rapid drug redistribution have been previously suggested to
explain the slight antinociceptive actions of k-agonists
(Leighton et al., 1988). Concerning the antinociceptive effects
of SNC80, our experiments suggest that the supraspinal effect
of this drug is more rapidly achieved than the spinal action
after systemic administration; this comparison could not be
established in previous studies on the antinociceptive effect of
SNC80 in the hot plate and the tail-flick tests since

British Journal of Pharmacology vol 133 (1)
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appropriate time response curves were not reported (Bilsky et
al., 1995). The fast activity of SNC80 in the hot plate test
that has been obtained in our study has a good
correspondence with the brain levels of the radiolabelled
form of this drug (termed SNCI21) that peaked at 20 min
after peripheral injection in previous studies (Schetz et al.,
1996); on the other hand, the causes leading to the slower
onset of the antinociceptive effect in the tail immersion test
remain to be determined.

Gear et al. (1995) have reported that systemic yohimbine
increases morphine analgesia in a study of dental post-
operatory pain in humans, which seems to be contradictory
with the above conclusions. However, they reported potentia-
tion of opioid analgesia after a 3 day treatment with three
daily doses of 5.4 mg yohimbine. The time of exposure to
yohimbine can explain this effect, since rodent studies have
shown that repeated yohimbine did not affect morphine
analgesia (Taylor et al., 1991) and even could potentiate it by
delaying the development of tolerance (Kihara & Kaneto,
1986). It seems therefore that yohimbine could interfere with
opioid analgesics in acute conditions, but repeated exposure
could have rather different effects since it could counteract
some of the neuroadaptations induced by long-term opioid
use. In agreement with this idea, yohimbine has been shown
to prevent the development of opioid physical dependence in
rodents (Taylor et al., 1991; Iglesias et al., 1992; 1998;
Ambrosio et al., 1997; El-Kadi & Sharif, 1997) and to reduce
the severity of methadone abstinence in humans after
repeated use (Hameedi et al., 1997).

The potential beneficial effects of yohimbine could be even
more interesting if we take into account that this drug seemed
to reduce the positive reinforcing effects of morphine and
SNC80 in the conditioned place preference paradigm.
Interestingly, yohimbine reduced the place preference induced
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