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WOOD, D. M., H. LAL, S. YADEN AND M. W. EMMETT-OGLESBY. One-way generalization of clonidine to the
discriminative stimulus produced by cocaine. PHARMACOL BIOCHEM BEHAYV 23(4) 529-533, 1985.—Rats were
trained to discriminate the stimulus properties of either cocaine or clonidine using a food reinforced two-lever choice
paradigm. After training, cocaine was generalized to the cocaine lever in a dose-dependent manner, and clonidine was
generalized to the clonidine lever in a dose-dependent manner. Yohimbine, an alpha-2 antagonist, blocked the clonidine
stimulus but not the cocaine stimulus. Cocaine was not generalized to the clonidine stimulus; however, clonidine was
generalized to the cocaine stimulus, and this generalization was blocked by yohimbine. The one-way generalization
of clonidine to cocaine suggests that clonidine has at least two discrete stimulus components: a major component that
is not cocaine-like, and a minor component that can be detected by cocaine-trained subjects. In addition, the yohimbine
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blockade data suggest that both components of the clonidine stimulus are mediated via alpha-2 receptors.

Cocaine Discriminative stimulus Clonidine

Alpha-2 receptors

Yohimbine

BOTH cocaine and clonidine can serve as discriminative
stimuli [2, 3, 8, 11, 22]. That is, rats can be trained to emit
one response when injected under drug conditions (i.e.,
cocaine or clonidine) and another response when injected
with saline. In generalization tests, dopamine releasing
compounds produce discriminative stimuli similar to cocaine
[3,9, 16, 22], whereas alpha-2 agonists produce discrim-
inative stimuli similar to clonidine [2]. Further, the behav-
ioral effects of cocaine have been linked primarily to brain
dopamine actions (for review see [23]), whereas, many
behavioral effects of clonidine have been tied to its alpha-
2 mechanism [5, 6, 7, 14, 18]. These findings are consistent
with the observation that drugs can be classified according
to their disciminative stimulus properties [1].

The evidence that brain dopamine mediates the discrim-
inative stimulus properties of psychomotor stimulants such
as cocaine is substantial [3, 16, 17]. For example, apo-
morphine and other dopamine receptor agonists are gen-
eralized to cocaine and amphetamine [4, 12, 16]; dopamine
receptor blockers antagonize the cocaine and amphetamine
discriminative stimulus [4,16]; and catecholamine synthesis
inhibitors block the discriminative stimulus produced by
amphetamine [12]. Similarly, the evidence that alpha-2 re-
ceptors mediate the discriminative stimulus properties of
clonidine is also well established. For example, alpha-2
agonists are generalized to clonidine [2], and alpha-2 an-
tagonists block the clonidine stimulus [2,8].
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The role of dopamine mechanisms in the mediation of
the clonidine stimulus has not been well established. Like-
wise, the role of alpha-2 receptors in the mediation of the
cocaine stimulus is unclear. In a test of the role of alpha
adrenergic receptors in the mediation of the amphetamine
cue, D’Mello [8] reported that clonidine generalized to d-
amphetamine, but d-amphetamine did not generalize to the
discriminative stimulus properties of clonidine. However,
the role of alpha-2 receptor stimulation in the partial gen-
eralization of clonidine to d-amphetamine was not tested.
In the present experiment, the cross-generalization of cocaine
and clonidine was investigated. In addition, the role of
alpha-2 receptors in mediating the cocaine and clonidine
stimuli was tested by determining whether yohimbine, an
alpha-2 antagonist, would block the generalization of cocaine
or clonidine.

METHOD
Subjects

Ten male Long-Evans hooded strain rats (Charles River
Breeding Laboratories, Willmington, MA) were used for
cocaine discrimination training, and twenty male sponta-
neously hypertensive (SH) rats (Taconic Farms, German-
town, NY) were used for clonidine discrimination training.
SH rats were used for the discrimination of clonidine because
this discrimination has been linked to the reduction of blood
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FIG. 1. Generalization of clonidine and clonidine in combination
with yohimbine to the clonidine stimulus. Abscissa: dose of clon-
idine. Ordinate: percentage of rats completing 10 responses on the
clonidine lever prior to reinforcement. Rats were trained to detect
0.02 mg/kg of clonidine. Data show clonidine-lever selection ob-
tained for clonidine (©). and clonidine plus yohimbine (A). N=38
at all points tested.

pressure [2,14], and SH rats are more sensitive in the de-
tection of this cue. The subjects were housed individually
in a large colony room of constant temperature (21 + 1°C),
and body weights were maintained at 320+ 5 g by limiting
food availablity.

Apparatus

Discrimination training was carried out in sixteen standard
operant behavioral chambers (Coulbourn Instruments). Each
chamber was housed in a light and sound attenuating box
that was fan ventilated. A houselight was mounted centrally
above a food cup, which was located between two response
levers. Food reward (45 mg pellets Noyes Co.) was delivered
by a pellet dispenser. Recording of lever responses and
scheduling of reinforcement contingencies was performed
through TRS-80 Model III microcomputers (Radio Shack)
and printers connected to the chambers through LVB inter-
faces (Med Associates) using a modification of a program
developed in this laboratory {10,19].

Discrimination Training

Using food as a reinforcer, subjects were trained to press
a lever, and their behavior was shaped progressively until
10 bar-press responses (FR10) were required to obtain each
reinforcement. For the cocaine group, the subjects were
trained to press one of the levers 15 minutes following
cocaine (10.0 mg/kg) intraperitoneal (IP) injection and the
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FIG. 2. Generalization of cocaine to the clonidine stimulus. Ab-
scissa: Saline (SAL) or dose of cocaine. Ordinate: percentage of
rats completing 10 responses on the clonidine lever prior to re-
inforcement. N = 8 at all points tested.

other lever following saline (1 ml/kg) injection. Following
cocaine injection, only FR10 responses on one of the levers
(the drug lever) were reinforced; responses on the saline
lever were recorded but not reinforced. Similarly, following
injection of saline, only FR10 responses on the saline lever
were reinforced, and responses on the cocaine lever were
recorded but not reinforced. Cocaine/saline injections were
given in an irregular sequence, and no cue other than the
effects of the drug was available to guide appropriate lever
selection. For the clonidine group a similar procedure was
used to train the discrimination of clonidine (0.02 mg/kg)
except that clonidine or saline was administered 30 minutes
pre-session.

For both training and testing, only responses emitted
prior to obtaining the first reinforcement were used to record
which lever was selected. To insure accurate discrimination,
during training the correct lever (saline following saline
injection or drug following drug injection) had to be selected
for 10 successive sessions before subjects were considered
ready for testing. Subsequently, drug testing occurred only
after 4 consecutive sessions in which the correct lever was
selected with fewer than 4 incorrect responses.

Generalization tests were conducted for cocaine, clon-
idine, and yohimbine in rats trained to discriminate cocaine
from saline. Generalization tests were also conducted for
clonidine and cocaine in SH rats trained to discriminate
clonidine. In the cocaine trained rats, yohimbine (2.5 mg/
kg) in combination with several doses of cocaine (2.5-10.0
mg/kg) or clonidine (0.005-0.02 mg/kg) were tested. Sim-
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FIG. 3. Generalization of cocaine and cocaine in combination with
yohimbine to the cocaine stimulus. Abscissa: Saline (SAL) or dose
of cocaine. Ordinate: percentage of rats completing 10 responses
on the cocaine lever prior to reinforcement. Rats were trained to
detect 10.0 mg/kg of cocaine. Data show cocaine-lever selection
obtained for cocaine (O) and cocaine plus yohimbine (A). N=10
for all cocaine determinations; N =7 for all points tested.
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Sal

ilarly, in the clonidine trained SH rats, yohimbine (2.5
mg/kg) in combination with clonidine (0.005-0.02 mg/kg)
was tested. Yohimbine was administered 5 minutes prior
to the cocaine or clonidine injection.

Drugs

Cocaine hydrochloride was obtained from Merck Phar-
maceutical. Clonidine hydrochloride was obtained from
Boehringer Ingelheim Ltd. Yohimbine hydrochloride was
obtained from Sigma Chemical Co. Cocaine and clonidine
were dissolved in 0.9% saline; yohimbine was homogenized
in a suspension of 86% isotonic saline, 13% propylene glycol
and 1% Tween 80. Drugs were injected intraperitoneally
in a volume of 1 ml/kg.

RESULTS

Acquisition of the cocaine and clonidine discrimination
took approximately 70-80 sessions. Both groups of subjects
were under strong stimulus control. In the clonidine trained
group, the interoceptive stimulus produced by clonidine
was dose dependent (Fig. 1) with an approximate ED50 of
0.0075 mg/kg. The training dose of clonidine produced
100% clonidine-lever selection and saline produced 100%
saline-lever selection. The generalization of clonidine was
blocked by the alpha-2 antagonist yohimbine (Fig. 1), with
2.5 mg/kg yohimbine completely antagonizing the clonidine
stimulus. Doses larger than 2.5 mg/kg yohimbine produced
significant behavioral toxicity resulting in no lever selection
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FIG. 4. Generalization of clonidine and clonidine in combination
with yohimbine to the cocaine stimulus. Abscissa: dose of clonidine.
Ordinate: percentage of rats completing 10 responses on the cocaine
lever prior to reinforcement. Data show cocaine-lever selection
obtained for clonidine (C) and clonidine plus yohimbine (A). N=8
for all clonidine tests; N =10 for all clonidine plus yohimbine
tests.

during the test session. Cocaine was not generalized to the
clonidine lever (Fig. 2).

In the cocaine trained group, the interoceptive stimulus
produced by cocaine was dose-dependent with an approx-
imate EDSO of 3.5 mg/kg. The training dose of cocaine
produced 100% cocaine-lever selection and saline produced
100% saline-lever selection (Fig. 3). Generalization of co-
caine was not blocked by yohimbine (Fig. 3). Yohimbine
did not generalize to the cocaine discriminative stimulus
over a range of doses tested (2.5-10.0 mg/kg). Cocaine-
lever selection at any dose was 10%, and disruption of lever
responding was observed in 3 of 9 rats tested at 10.0 mg/
kg. Clonidine generalized to the cocaine discriminative
stimulus with the highest generalization occurring at 0.01
mg/kg clonidine (Fig. 4). The next higher dose of clonidine
produced reduced generalization of clonidine to the cocaine
discriminative stimulus. Clonidine in a dose of 0.04 mg/
kg clonidine produced behavioral toxicity with 7 of 8 rats
not responding. Yohimbine (2.5 mg/kg) antagonized the
generalization of clonidine to cocaine (Fig. 4).

DISCUSSION

The present experiment confirms that cocaine and clon-
idine can serve as discriminative stimuli. A high degree of
stimulus control was obtained for each drug in approximately
70-80 sessions of training. In generalization tests, clonidine
was generalized to cocaine, but cocaine was not generalized
to clonidine. These results are in contrast to those obtained
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by McKenna and Ho [16], who found no generalization of
clonidine to the discriminative stimulus properties of co-
caine. However, McKenna and Ho only tested a single dose
(0.1 mg/kg) of clonidine, and as shown in the present ex-
periment, doses of clonidine higher than 0.02 mg/kg pro-
duced a decreased generalization to the cocaine stimulus
(Fig. 4). Because the discriminative stimulus properties
produced by amphetamine and cocaine are similar [3, 9,
11, 12, 20, 22] drugs generalizing to one of these compounds
should generalize to the other. Thus, the present data support
those of D’Mello [8] who obtained a one-way generalization
of clonidine to d-amphetamine. Further, the partial gen-
eralization of clonidine to the cocaine discriminative stimulus
is similar to the partial generalization of clonidine to the
amphetamine stimulus obtained by D’Mello.

One-way generalizations between drugs is a relatively
less common finding in drug discrimination research. Al-
though no well established principles can be used to explain
such a finding, in exteroceptive discrimination paradigms
subjects typically attend to only the major component of a
compound stimulus [15]. If clonidine produces two dis-
criminative stimuli, then it is possible that a major component
may be due to its sedative [2,8] effects, and when trained
on clonidine, this becomes the only component of the stim-
ulus that is used as a cue. However, there may be a minor
component of clonidine which is cocaine-like in character
and can be detected by cocaine-trained rats. Because cocaine
does not have sedative or antihypertensive effects, it does
not resemble the major component of clonidine; therefore,
itis not detected as clonidine-like by clonidine-trained rats.
This hypothesis would account for the one-way generali-
zation obtained in the present experiment. Mechanistically,
these data could be explained by proposing that clonidine,
through initial alpha-2 receptor action, activates a multi-
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component pathway in the production of the cocaine cue;
a one way generalization would then be possible if cocaine
produced its stimulus by directly affecting a site in the
pathway beyond the alpha-2 receptor.

In rats trained to discriminate clonidine, the alpha-2 an-
tagonist yohimbine blocked the clonidine stimulus. Previ-
ously, we have demonstrated that this effect is attributable
to yohimbine, and not to the yohimbine-vehicle [14]. These
data support the findings of Bennett and Lal [2] and are in
agreement with D’Mello [8], who used the alpha-2 antag-
onist, piperoxane, to block the clonidine stimulus. In rats
trained to discriminate cocaine in the present experiment,
yohimbine also blocked the generalization of clonidine to
the cocaine stimulus. These data indicate that the cocaine-
like stimulus properties of clonidine are mediated by alpha-
2 adrenergic receptors. In the periphery, alpha-2 receptors
have been well established as noradrenergic pre-synaptic
autoreceptors [21]. However, it is unlikely that central
modulation of norepinephrine metabolism is the primary
mechanism that accounts for the generalization of clonidine
to cocaine. For example, neither alpha- nor beta-receptor
blockers alter the discriminative stimulus properties of am-
phetamine [12, 13, 16, 17].

Thus, it is likely that brain alpha-2 receptors are not the
primary mechanism responsible for the cocaine cue, and
clonidine may produce its cocaine-like cue by activating
alpha-2 receptors which in turn activate pathways directly
involved in the production of the cocaine stimulus.
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