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Clonidine Blocks Acquisition But not
Expression of Conditioned Opiate

Withdrawal in Rats

Gery Schulteis, Ph.D., Luis Stinus, Ph.D., Victoria B. Risbrough, B.A., and George F. Koob, Ph.D.

Previous studies in rodents have reported that clonidine, an
a,-adrenergic receptor agonist, attenuated conditioned
aversions to naloxone-precipitated opiate withdrawal when
administered prior to each withdrawal conditioning
episode. The current study was designed to determine
whether clonidine could modify the expression of
previously established conditioned place aversions
and conditioned suppression of operant responding.
Dose- and time-dependent effects of clonidine on activity
and suppression of operant responding for food identified
appropriate treatment parameters for subsequent studies in
which rats rendered dependent on opiates through
implantation of morphine pellets were tested for: (1)

conditioned place aversion; and (2) conditioned suppression
of operant responding for food (fixed ratio-15 schedule), in a
paradigm wherein rats received four pairings of naloxone
with a distinct tone and odor stimulus. Clonidine dose-
dependently blocked the acquisition of both conditioned
behaviors when administered prior to naloxone on each
conditioning trial, but was ineffective in blocking the
expression of these conditioned withdrawal signs when
administered prior to the test session.
[Neuropsychopharmacology 19:406-416, 1998] © 1998
American College of Neuropsychopharmacology. Published
by Elsevier Science Inc.
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Addiction can be defined as a “behavioral pattern of
drug use, characterized by overwhelming involvement
with the use of a drug (compulsive use), the securing of
its supply, and a high tendency to relapse after with-
drawal” (Jaffe 1990). Among the factors that may con-
tribute to loss of control over drug intake and relapse
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after periods of abstinence are conditioned associations
that are formed over a course of repeated drug experi-
ence. Within the domain of opiate withdrawal symp-
tomatology, it is now recognized that somatic/auto-
nomic signs and affective or emotional signs (e.g.,
anxiety, depression, dysphoria), each with their own
unique underlying neurophysiological substrates (re-
viewed by Maldonado et al. 1996; Schulteis and Koob
1996), may differentially motivate continued drug use,
with the affective signs hypothesized to be of greater
motivational significance than the somatic signs.

A considerable body of both clinical and preclinical
literature suggests that positive (drug reward) and neg-
ative (drug withdrawal) affective states can become as-
sociated with stimuli in the drug-taking environment
and that these conditioned stimuli themselves acquire
motivational significance in maintaining compulsive use
and in precipitating relapse after periods of abstention
(Baldwin and Koob 1993; Childress et al. 1994; O’Brien
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et al. 1976, 1993; Ramsay and Woods 1997; Schulteis
and Koob 1996; Schulteis et al. 1997a; Wikler 1973).

Successful implementation of treatment strategies
that will facilitate detoxification and reduce the proba-
bility of relapse must recognize the individual elements
that contribute to the addiction process and the degree
to which a given treatment strategy is able to address
those individual elements, both unconditioned and
conditioned. For example, clonidine, a noradrenergic
alpha, agonist, has been found in both clinical (Charney
et al. 1981; Cuthill et al. 1990; Dawe and Gray 1995;
Gold et al. 1978; Janiri et al. 1994; Jasinski et al. 1985;
Kasvikis et al. 1990) and preclinical animal studies
(Coupar 1992; Katz 1986; Kelsey et al. 1990; Sparber and
Meyer 1978; Taylor et al. 1988) to ameliorate some of the
effects of opiate withdrawal. Treatment strategies based
upon clonidine therapy are aimed primarily at facilitat-
ing opiate detoxification through suppression of so-
matic opiate withdrawal symptoms. However, in many
of these same studies, it was reported that subjective
signs of such withdrawal discomfort as dysphoria, anx-
iety, irritability, restlessness, and drug craving were at-
tenuated only partially, or not at all, when clonidine
was substituted for opiates in addicts. Moreover, there
are reports that addicts will relapse to drug intake even
during the period of clonidine therapy (Cuthill et al.
1990). Therefore, based upon the existing clinical litera-
ture, it seems apparent that there are potentially signifi-
cant limitations to the efficacy of clonidine therapy to
facilitate detoxification, to suppress withdrawal, and to
decrease the probability of relapse to opiate use. Data
from the preclinical literature may provide some clues
to understanding these limitations.

Preclinical studies have verified the efficacy of cloni-
dine in blocking a number of somatic and autonomic
signs produced by spontaneous or naloxone-precipi-
tated opiate withdrawal in rodents and monkeys (Brit-
ton et al., 1984; Coupar 1992; Kantak and Miczek 1988;
Katz 1986; Sparber and Meyer 1978; Taylor et al. 1988).
In addition, recent studies with conditioned place aver-
sion, a behavioral paradigm that serves as a sensitive
animal model of affective opiate withdrawal (Hand et
al. 1988; Schulteis et al. 1994), suggested that clonidine
administered prior to each conditioning trial could
block the acquisition of a conditioned aversion to a dis-
tinct environment paired with naloxone-precipitated
withdrawal (Kosten 1994; Nader and van der Kooy
1996). Conditioned place aversions can be elicited by
administration of opiate antagonists directly into the
nucleus accumbens and central nucleus of the amygdala
(Stinus et al. 1990), critical elements of the brain’s re-
ward circuitry that mediate the acute hedonic (reward-
ing) effects of opiates and other drugs of abuse (see
Schulteis and Koob 1996; Schulteis et al. 1997a). There-
fore, conditioned place aversions seem to be a specific
manifestation of neuroadaptation within the affective

Clonidine and Conditioned Opiate Withdrawal 407

(emotional) domain. Accordingly, results indicating that
clonidine could prevent the acquisition of conditioned
place aversions were interpreted as suggesting that af-
fective components of opiate withdrawal were sensitive to
clonidine, at least under some conditions (Kosten 1994).

Untested, however, was whether clonidine adminis-
tered once the conditioned aversion was established
could prevent the expression of conditioned with-
drawal. This situation would more closely approximate
the clinical condition wherein any conditioned associa-
tions between opiate reinforcement or opiate with-
drawal and environmental stimuli would have been
formed long before onset of clonidine therapy. Therefore,
the current set of studies was undertaken to examine
the relative ability of clonidine to attenuate the acquisi-
tion and expression of conditioned opiate withdrawal.
In addition to employing conditioned place aversions
as an index of conditioned affective opiate withdrawal,
we also included conditioned suppression of operant
responding for food (Baldwin and Koob 1993). Sup-
pression of operant responding for food is a sensitive
index of antagonist precipitated opiate withdrawal that
is attenuated by clonidine pretreatment (Sparber and
Meyer 1978). Its validity as an animal model of affective
withdrawal again is supported by the ability to precipi-
tate suppression of operant responding by direct appli-
cation of opiate antagonists to the nucleus accumbens
(Koob et al. 1989; see Schulteis et al. 1997a for further
discussion).

GENERAL METHODS

All procedures employed in the studies described
herein were reviewed and approved by appropriate In-
stitutional Animal Care and Use Committees, and were
carried out in accordance with the guidelines estab-
lished in the Guide for the Care and Use of Laboratory
Animals (National Research Council and National Insti-
tutes of Health).

Subjects

For studies conducted at INSERM Unit 259 in Bor-
deaux, France (Experiments 1 and 4), male Sprague—
Dawley rats (IFFA CREDO, Lyon, France) weighing 280
to 300 g at the beginning of the experiment were used.
For studies conducted at The Scripps Research Institute
in La Jolla, California (Experiments 2 and 3), male Wistar
rats (Charles River, Kingston, NY) weighing 280 to 300 g
at the start of each experiment were used. All rats were
group housed (2-3/cage) in temperature- and humid-
ity-controlled rooms with a 12-hour light/12-hour dark
cycle. All rats except those trained to level press for
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food (Experiments 2 and 3) had ad libitum access to food,
and all rats had ad libitum access to water. Rats trained
to lever press for food were maintained on 15 g of rat
chow per day in addition to the food pellets earned in
the operant boxes (total food intake was approximately
22 g/rat/day). All training and testing took place dur-
ing the active (lights out) portion of the rats” daily activ-

ity cycle.

Drugs

Morphine pellets (75 mg base per pellet) were obtained
from the National Institute on Drug Abuse (NIDA).
Naloxone HCI and clonidine HCI were purchased from
Sigma (St. Louis, MO) and dissolved in 0.9% saline for
injection. All injections were made subcutaneously (5C)
in a volume of 0.1 ml/100 g body weight.

Dependence Induction. Rats were made dependent
on morphine through SC implantation of morphine pel-
lets. The rats were anesthetized with halothane (1.5-
2.0% v/v in air), and two pellets each containing 75 mg
of morphine base were implanted SC in the upper back.
A minimum of 3 days elapsed between pellet implanta-
tion and any further behavioral testing of the animals.
Earlier studies have shown stable plasma levels of mor-
phine between 3 and 12 days after SC implant of two
morphine pellets (Gold et al. 1994). Therefore, all be-
havioral testing in the current study was limited to 3 to
12 days postpellet implantation.

Spontaneous Locomotion in Photocell Cages. Locomo-
tor activity was measured in 32 wire cages (25 cm high X
25 cm wide X 36 cm long), each of which had two hori-
zontal infrared beams across the long axis of the cage 3
cm above the floor and 14 cm apart. Total photocell
beam interruptions were recorded by a computer in 10-
or 60-min intervals depending on the experiment.

Operant Responding for Food. As described in detail
elsewhere (Schulteis et al. 1994), rats initially were
trained for 30 min a day in Coulbourn (Allentown, PA)
operant chambers to lever press for 45-mg food pellets.
The training started with continuous reinforcement
(FR1), gradually increasing to a fixed ratio schedule of
15. Rats were then trained until a stable baseline re-
sponse rate was reached (+10% of mean for 3 consecu-
tive days). Once stable baselines were achieved, rats
were acclimated for 3 days to a split schedule in which
a 10-min baseline session was followed by a timeout pe-
riod of 15 min followed by a 20-min test session. This
schedule permitted an assessment of daily stable base-
lines (10-min session) prior to any drug administration.
There was no limit to the number of pellets that could
be earned in either the 10- or 20-min sessions.
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Conditioned Place Aversion. The apparatus and pro-
cedure have been described in detail previously (Hand
et al. 1988; Schulteis et al. 1994). Briefly, the apparatus
consisted of three rectangular boxes (40 X 33 X 34 cm)
spaced at 120° angles and all accessible from a triangu-
lar central compartment. Distinctive visual and tactile
cues distinguished the three compartments (for details,
see Stinus et al. 1990). Each compartment was equipped
with photocells to allow automatic detection and re-
cording of an animal’s position at all times with a com-
puter. The apparatus was located in a sound-attenuated
testing room, with white noise (75 dB) to further mask
external noise, and illuminated by three 15 W red lights
located 1.5 m above each compartment.

The experimental protocol consisted of three distinct
phases: a preconditioning phase, a conditioning phase,
and a testing phase. In the preconditioning phase (3
days post-pellet implantation), animals were placed in
the central triangular compartment and allowed to ex-
plore the apparatus freely for 20 min. For each rat, the
two compartments with the most similar time allot-
ments were randomly paired either with a dose of
naloxone (7.5-120 pg/kg) or vehicle. The third com-
partment was not paired with an injection. The unas-
signed compartment could be either the most or least
preferred of the three. This selection and pairing proce-
dure allowed for a minimization of the imbalance in time
spent in the naloxone- versus vehicle-paired compart-
ments. Importantly, after the compartment assignments
were completed, there were no significant differences
between time spent in the naloxone-paired, vehicle-
paired, or neutral compartments during the precondi-
tioning phase for any group in any experiment.

In the conditioning phase, rats received injections of
vehicle on days 4, 6, and 8 post-pellet implantation
prior to being confined to their preselected vehicle-
paired compartment for 20 min. On days 5, 7, and 9
post-pellet implantation, rats received one of several
doses of naloxone (7.5-120 pg/kg) immediately prior to
confinement in the naloxone-paired compartment for
20 min. The testing phase consisted of a 20-min free ex-
ploration of the entire apparatus on day 10 post-pellet
implantation. The difference in time spent on the nalox-
one-paired side during the testing phase and the time
spent in the same compartment during the precondi-
tioning phase served as an index of place aversion
(aversion score = postconditioning minus precondi-
tioning time spent in naloxone-paired compartment).

Data Analysis. Data for all experiments were ana-
lyzed by analysis of variance (ANOVA), using either a
single-factor (Experiment 2) or a mixed design two-fac-
tor (Experiments 1,3,4) model as appropriate. Post-hoc
analyses consisted of comparisons of simple main ef-
fects using the Bonferroni correction to maintain a con-
stant p-value of p < .05 for all comparisons.
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Experiment 1: Clonidine Effects on Spontaneous
Locomotion in Opiate-Naive Rats

Clonidine is known to have motoric and sedative ef-
fects that could influence performance in the condi-
tioned place aversion and conditioned suppression of
responding models of opiate withdrawal. To under-
stand the dose-effect profile and time course of this
effect of clonidine and to guide design of subsequent
studies with these parameters in mind, locomotor ac-
tivity was assessed in standard photocell activity
cages.

Experimental Design and Procedure.  Rats (total 92) were
given an injection of clonidine or vehicle and placed
into the photocell cages for a 2-h period to assess spon-
taneous locomotion in a novel environment. All testing
took place at the very beginning of the dark phase to
ensure a high level of baseline activity in the control
groups. Each rat received only one dose of vehicle or
clonidine (3, 6, 12, 25, 50, 100, 200, 400, or 1,000 wg/kg).
Data were summarized and analyzed in 30-min blocks
using a mixed design ANOVA with dose of clonidine
as a between-subjects factor and time block as a within-
subjects factor.

In a follow-up study, a time course of clonidine ac-
tion was conducted using a clonidine dose of 200 pg/
kg (this dose was used in place aversion studies).
Rats (total 62) were treated with this dose of cloni-
dine either 20 min or 1, 3, 6, 9, or 12 h prior to a 3-h
session in the activity cages. A control group receiv-
ing vehicle was tested 20 min after injection. Testing
again took place at the beginning of the dark phase
for all groups. Each rat was tested in only one condi-
tion. Data were summarized and analyzed in 1-h
blocks using a mixed design ANOVA with time of
clonidine pretreatment as a between-subjects factor
and time block as a within-subjects factor.

Results. As shown in Table 1, clonidine dose-depen-
dently suppressed spontaneous locomotion in opiate-
naive rats. The dose-dependent nature of clonidine’s ef-
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fect was supported by a significant main effect of
clonidine dose (F[9,82] = 18.90, p < .0001), and a sig-
nificant dose X time block interaction (F[27,246] =
9.18, p < .0001). Post-hoc comparisons indicated that
25 ng/kg was the minimal effective dose of clonidine
to suppress locomotion, but the effect lasted only 30
to 60 min at this dose. Profound suppression of activity
for the entire 120-min observation period was noted at
doses of 200 wg/kg and above.

As shown in Table 2, a dose of 200 wg/kg of cloni-
dine suppressed locomotion in a time-dependent man-
ner. The time-dependent nature of this effect was
supported by a significant main effect of pretreat-
ment time (F[6,55] = 2791, p < .0001) as well as a
significant pretreatment time by time block interac-
tion (F[12,110] = 6.82, p < .0001). Post-hoc compari-
sons indicated that clonidine had significant effects
on locomotion with pretreatment intervals up to 6 h,
but that the effect of clonidine had dissipated by 9 h
after administration.

Experiment 2: Effect of Clonidine on Operant
Responding for Food in Opiate-Naive and
Morphine-Dependent Rats

Experimental Design and Procedure. To determine the
effects of clonidine alone on operant responding for
food, one group of rats (n = 9) was tested following ve-
hicle and 5, 10, and 20 pg/kg doses of clonidine in a
within-subjects Latin square design, with one dose be-
ing administered on each of 4 consecutive days. These
doses were selected based upon previous work (Spar-
ber and Meyer 1978) using a similar operant paradigm
to assess opiate withdrawal. After a 10-min baseline,
each rat received one of the four doses on a given day,
then were returned to the home cage for 15 min. They
were then given a SC injection of saline, and resumed a
20-min session in the operant boxes.

To evaluate the effects of clonidine on uncondi-
tioned suppression of operant responding by naloxone,

Table 1. Effects of Clonidine on Spontaneous Locomotor Activity as a Function of Dose

n Min 0-30 Min 30-60 Min 60-90 Min 90-120 Total Activity

Vehicle 10 505.1 = 65.6 191.3 = 28.3 239.3 = 42.6 192.0 £ 37.4 1128 *+ 148
3 ng/kg 9 532.6 £ 40.5 248.3 = 35.0 223.0 = 28.0 1944 + 26.0 1198 = 98

6 pg/kg 10 470.0 = 26.1 251.3 £ 21.8 250.3 = 29.1 179.2 £ 359 1151 = 85

12 ng/kg 10 379.0 = 23.0 1754 £ 18.7 207.0 = 25.0 219.4 =395 981 £ 65

25 pg/kg 10 248.8 =304 157.7 £ 18.7 188.5 + 33.1 178.5 = 21.0 773 + 83*
50 pg/kg 10 172.2 = 18.5 107.8 = 16.5 138.7 £ 21.3 136.0 £ 19.9 555 + 58*
100 ng/kg 11 118.9 = 18.5 107.9 + 28.6 1229 £ 25.6 153.5 £ 28.7 503 * 87*
200 pg/kg 7 775 £17.8 39.0+95 321 £57 459+70 194 + 21*
400 pg/kg 7 71.1 £10.7 104.1 =279 784 +272 214 £6.3 275 * 57*
1000 pg/kg 8 169.8 = 24.5 60.8 = 21.3 378 =127 22977 291 =+ 44*

Data represent mean = SE number of photocell counts.
*p < .05 vs. vehicle control using Bonferroni correction.
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Table 2. Effects of Clonidine (200 ng/kg) on Spontaneous Locomotor Activity as a

Function of Pretreatment Time

n Min 0-60 Min 60-120 Min 120-180 Total Activity
No clonidine 11 758.5 + 50.4 4105 =495 409.2 = 76.3 1578 *= 140
Clonidine
pretreatment:

20 min 6 87.8 £40.5 49.3 =133 102.2 = 13.5 239 * 35%

1h 8 114.5 + 28.3 922 =184 123.6 = 16.3 330 * 43*

3h 8 158.4 = 31.9 123.8 = 21.7 184.3 = 28.5 466 *+ 48*

6h 10 389.7 = 56.2 2015 =241 1909 = 19.6 782 * 86*

9h 9 702.3 = 57.8 301.4 = 36.3 2264 = 47.2 1230 *= 102

12h 10 656.6 = 47.8 385.5 = 50.3 418.0=77.1 1460 = 123

Data represent mean = SE number of photocell counts.
*p < .01 vs. vehicle control using Bonferroni correction.

a separate group of rats (n = 8) was trained to stable
baseline criteria as described above, then implanted
with morphine pellets and allowed to recover for 3 days.
Beginning 3 days after pellet implantation, rats were ac-
climated to the 10 min/20 min split schedule procedure
described above. Beginning on day 6 post-pellet im-
plantation, rats were given a 10-min session, followed
immediately by an injection of vehicle or clonidine (5,
10, or 20 ng/kg). Fifteen min after this first injection,
rats were treated with a 25 pg/kg dose of naloxone and
then immediately placed back in the operant chambers
for a 20-min test session. Once again, vehicle and cloni-
dine doses were administered using a within-subjects
Latin square design, with one dose being administered
on each of 4 consecutive days.

All operant data were summarized as the percent-
age of baseline, with responding during the 20-min
test session expressed as a percentage of the response
rate during the 10-min baseline session on that same
day. Data were analyzed using a one-factor within-
subjects ANOVA design.

Results. As shown in Figure 1a, clonidine dose-depen-
dently disrupted responding by itself in opiate-naive
rats (F[3, 24] = 13.95, p < .0001). Both the 10 and 20 pg/kg
doses of clonidine modestly, but significantly, sup-
pressed responding. Importantly, analysis of the 10-min
baseline data revealed no significant carry-over effects
of any dose of clonidine administered on the prior day
(data not shown).

As shown in Figure 1b, clonidine dose-dependently
alleviated the suppression of responding produced by
naloxone-precipitated withdrawal (F[3, 21] 4.905,
p < .01). Doses of 5 and 10 pg/kg of clonidine signifi-
cantly increased responding in naloxone-treated rats.
This was seen despite the fact that 10 pg/kg of cloni-
dine could suppress responding on its own (Figure 1a).
However, a clonidine dose of 20 pug/kg did not signif-
icantly attenuate withdrawal, most likely because
of the more pronounced response-suppressing effects of
this dose by itself (Figure la). Based upon these re-

sults, a dose of 10 ng/kg was chosen as the most effi-
cacious dose for alleviating naloxone-precipitated
withdrawal, and this dose was used in the subsequent
conditioning studies.

Experiment 3: Effects of Clonidine on Acquisition
and Expression of Conditioned Suppression of
Operant Responding During Opiate Withdrawal

Experimental Design and Procedure. Rats (total 27) were
trained to respond on an FR-15 schedule for food re-
ward, implanted with morphine pellets, allowed to
recover for 3 days and then acclimated to the 10-min/
20-min split schedule described above. Beginning on
day 6 post-pellet implantation, rats were randomly as-
signed to one of three groups (control, acquisition,
expression) and began conditioning trials. Following a
10-min baseline session, rats received either an SC injec-
tion of saline (control and expression groups) or 10 pg/
kg clonidine (acquisition group) and placed back in the
home cage for 15 min. All rats then received a 25 pg/kg
SC injection of naloxone, and were placed in the oper-
ant box for a 20-min conditioning session in which a
compound conditioned stimulus (CS) consisting of a
tone (7 kHz, 85 dB) and an odor (anise extract) were
paired with naloxone-precipitated withdrawal. Rats re-
ceived two such conditioning sessions on consecutive
days, followed by a baseline day in which all rats re-
ceived only saline injections in place of both clonidine
and naloxone, followed by two more consecutive condi-
tioning sessions.

Twenty-four h after the final conditioning session,
the control and acquisition groups both received a SC
saline injection after their 10-min baseline session. After
waiting 15 min in the home cage, they were given an-
other SC injection of saline and put back into the boxes
for 20 min with the tone and odor being presented as in
the conditioning phase. The expression group received
a 10 pg/kg dose of clonidine, 15 min in home cage, and
a 20-min session with the presentation of the CS just as
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Figure 1. Clonidine administered subcutane-
ously (SC) dose-dependently suppresses operant
responding for food (panel A) in opiate-naive
rats, but nonetheless attenuates naloxone-pre-

cipitated (25 pg/kg) suppression of respond-
ing in opiate-dependent rats. (*p < .05 vs.
corresponding vehicle control condition).
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the other two groups. Each animal received a postcon-
ditioning baseline day 24 h after the CS test day.

The average of the baseline day between the second
and third conditioning trials and the postconditioning
baseline served as a drug-free, CS-Free baseline re-
sponse rate against which response rates during the CS
test session could be compared. Data were analyzed as
a mixed design ANOVA with treatment group (control,
acquisition, expression) as a between-subjects factor
and session (preconditioning baseline vs. postcondi-
tioning test) as a within-subjects factor.

Results. The overall ANOVA revealed a significant
effect of group (F[2, 20] = 13.388, p < .001), day (F[1, 20] =
113.195, p < .0001), and group by day interaction (F[1,
20] = 14.169, p < .0001). As shown in Figure 2, the con-
trol group showed a significant difference between
baseline days and the CS test day, indicating the devel-
opment of conditioned suppression of responding (con-

ditioned withdrawal). The acquisition group, which re-
ceived clonidine prior to each conditioning session and
saline prior to the test session, showed no incidence of
conditioned withdrawal. In contrast, the expression
group, which received clonidine only prior to the test
session, continued to demonstrate a significant condi-
tioned withdrawal.

Experiment 4: Effect of Clonidine on Conditioned
Place Aversion Produced by Naloxone in Morphine-
Dependent Rats

Experimental Design and Procedure. In an initial study
to determine the clonidine dose-effect function, all rats
(total 92) received a dose of 7.5 ug/kg of naloxone on
the days of withdrawal. Separate groups of rats re-
ceived either vehicle or one dose of clonidine (6, 12.5,
25, 50, 100, 200, or 400 ng/kg) 20 min prior to each
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Figure 2. Clonidine (10 pg/kg) administered subcutaneously (SC) blocks the acquisition but not expression of conditioned
suppression of operant responding. Animals treated with vehicle during acquisition (prior to each naloxone-precipitated with-
drawal [25 pg/kg SC] conditioning session) and expression (prior to the postconditioning test session) of conditioned opiate
withdrawal showed a significant reduction in response rates upon presentation of the naloxone-paired tone/odor stimulus
by itself. This conditioned withdrawal response was eliminated in animals treated with clonidine during acquisition. By con-
trast, animals treated with clonidine only prior to the postconditioning session (expression) continued to show a significant
conditioned withdrawal response (*p < .05 vs. corresponding preconditioning baseline).

naloxone injection; each rat received the same dose of
clonidine on each naloxone-conditioning day. Data
were analyzed by mixed design ANOVA, with cloni-
dine dose as a between-subjects factor and conditioning
phase (pre or postconditioning) as the within-subjects
factor.

A follow-up study was designed to determine whether
clonidine was as effective in blocking the expression of
an established conditioned place aversion as it was in
blocking acquisition of the aversion. Rats (n = 50) were
divided into three groups: (1) vehicle controls receiving
saline injections prior to each conditioning session and
the postconditioning test session; (2) the acquisition
group receiving clonidine (200 pg/kg) 3 h prior to each
naloxone-paired (7.5 pg/kg) conditioning session and
saline prior to the postconditioning test session; and (3)
the expression group receiving saline prior to each con-
ditioning session but clonidine 3 h prior to the test ses-
sion. The 200 wg/kg dose was chosen as the minimum
dose which completely reversed the acquisition of con-
ditioned place aversion (see Figure 3). The 3 h time
point was chosen to limit the overt activity-suppressing
effects of clonidine at this high dose (see Experiment 1),
but it was deemed acceptable, because prior work
(Schulteis et al. 1997b; Stinus, unpublished observations)
had indicated that 200 pg/kg of clonidine administered
as long as 6-h prior to each conditioning session
blocked the acquisition of conditioned place aversions.
To confirm this in the present report, rats in the acquisi-
tion group also were treated with clonidine 3 h prior to

the conditioning sessions. Data were analyzed by
mixed design ANOVA with drug condition as the be-
tween-subjects factor and conditioning phase (pre or
postconditioning) as the within-subjects factor.

Results. As shown in Figure 3, clonidine adminis-
tered prior to each naloxone administration during con-
ditioning dose-dependently attenuated the condi-
tioned place aversion precipitated by naloxone in
morphine-dependent rats. The dose-dependent nature
of the effect was supported by a significant main effect
of clonidine dose (F[7,84] = 3.04, p < .01), and a signifi-
cant clonidine dose X conditioning phase interaction
(F[7,84] = 5.12, p < .0001). Visual inspection of the data
(Figure 3) suggested a partial attenuation of place aver-
sion at doses of 25 to 100 pg/kg of clonidine, with a
complete reversal at doses of 200 to 400 pg/kg. This im-
pression was supported by post-hoc comparisons that
indicated significant differences in time spent in the
naloxone-paired compartment pre and postcondition-
ing only for groups treated with vehicle, 6 pg/kg or 12.5
ng/kg of clonidine, indicating a significant reduction in
place aversion by doses of clonidine as low as 25 pg/kg.

The data on clonidine effects on acquisition and ex-
pression of conditioned place aversions are presented
graphically in Figure 4. The overall ANOVA revealed a
significant main effect of drug condition (F[2,47] =
23.72, p < .0001) and a significant drug conditioning by
conditioning phase interaction (F[1,47] = 32.66, p <
.0001). Follow-up comparison of the vehicle and acqui-
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sition groups revealed a complete reversal of place earlier results (Schulteis et al. 1997b; Stinus, unpub-
aversion in the acquisition group as supported by a sig-  lished observations).

nificant main effect of drug condition (F[1,37] = 21.71, Follow-up comparison of the vehicle and expression
p < .0001) and a significant condition X conditioning groups also revealed a significant main effect of drug
phase interaction (F[1,37] = 26.40, p < .0001). Thus, condition (F[1,38] = 9.91, p < .005) and a significant
clonidine was completely effective in attenuating acqui- drug X conditioning phase interaction (F[1,38] = 20.91,
sition of conditioned place aversion when administered p < .0001); however, as shown in Figure 4, these signifi-
3 h prior to each conditioning session, confirming our cant overall effects were accounted for not by an attenu-
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Figure 4. Clonidine (200 pg/kg) administered subcutaneously (SC) blocks the acquisition but not expression of condi-
tioned place aversion produced by naloxone-precipitated (7.5 pg/kg SC) opiate withdrawal. Animals treated with vehicle
during acquisition (prior to each conditioning session) and expression (prior to the postconditioning test session) showed a
significant place aversion, and this aversion was eliminated in animals treated with clonidine during acquisition. By contrast,
animals treated with clonidine only prior to the postconditioning session (expression) showed a significant potentiation of
place aversion (*p < .05 vs. corresponding preconditioning baseline; tp < .05 vs. vehicle-vehicle condition).
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ation of place aversion by clonidine, but by a significant
increase in the place aversion observed in the expression
group relative to vehicle controls.

DISCUSSION

The principal finding of the current set of studies is that
clonidine is effective in attenuating conditioned opiate
withdrawal only when administered prior to each con-
ditioning trial. When clonidine was administered prior
to the test session, after conditioning had already taken
place, it was found to be ineffective in altering the con-
ditioned withdrawal response. It is well known that
manipulation of noradrenergic systems by a variety of
agents, including clonidine, can modulate learning and
memory storage processes to produce either enhance-
ment or impairment of memory, depending upon
strength of training, dose of drug administered, and
their interaction (for example, see Martinez et al. 1991;
McGaugh 1992). Thus, it is unclear whether the efficacy
of clonidine in blocking acquisition of the conditioned
responses was as a result of its ability to attenuate with-
drawal symptomatology directly, or attributable to the
modulation of associative learning processes by the
drug. Regardless, the main conclusion that clonidine
cannot effectively attenuate previously established con-
ditioned responses is unaltered.

Low doses (10-50 pg/kg) of clonidine were effective in
attenuating both the conditioned suppression of respond-
ing and conditioned place aversions produced by nalox-
one in morphine pellet-implanted rats. Importantly,
previous work in our laboratory has established that
three pairings of naloxone (8-60 wg/kg SC) with a dis-
tinct environment does not produce a conditioned place
aversion in opiate-naive rats under experimental condi-
tions identical to those employed herein (Schulteis et al.
1994). Therefore, the effects of clonidine in the current
study can be interpreted as an interaction with the abil-
ity of naloxone to induce aversive stimulus effects in
opiate-dependent rats, and not a nonspecific interaction
between clonidine and naloxone on place conditioning
behavior independent of morphine exposure history.

Kosten (1994) has suggested that the intrinsic rein-
forcing properties of clonidine itself may be required to
overcome the aversive consequences of opiate with-
drawal as measured in the place aversion paradigm.
The minimal doses of clonidine found to be effective in
the current study, however, are below those reported to
produce a conditioned place preference (Cervo et al.
1993; Tierney et al. 1988). Our findings are in agreement
with those of Nader and van der Kooy (1996), who
found that 50 wg/kg of clonidine could attenuate condi-
tioned place aversions produced by naloxone-precipitated
opiate withdrawal without producing any conditioned
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preferences by itself in opiate-dependent, nonwith-
drawn rats. Nonetheless, it is possible that the complete
reversal of place aversion seen with 100 to 400 pg/kg
doses of clonidine was dependent, at least in part, on
the ability of these doses to produce a place preference
(Cervo et al. 1993; Nader and van der Kooy 1996; Tier-
ney et al. 1988).

The results of the current study also confirm a well-
known side effect of clonidine and other «, agonists:
suppression of activity. In experiments 1 and 2, cloni-
dine was found to dose-dependently suppress both
spontaneous locomotion and operant responding for
food in opiate-naive animals with relatively equal po-
tency (1025 pg/kg in both studies). The dose—effect
function obtained using the operant paradigm is in
close agreement with earlier reports (McCleary and Le-
ander 1981; Sparber and Meyer 1978). We could argue,
therefore, that clonidine was ineffective in attenuating
expression of conditioned opiate withdrawal when ad-
ministered prior to the test sessions because of its in-
trinsic sedative and response-disruptive effects. How-
ever, arguing against this interpretation is the finding
that the same dose of clonidine that fails to alter expres-
sion of conditioned suppression of operant responding in
experiment 3 (10 pg/kg) was able to attenuate uncondi-
tioned suppression of responding produced by naloxone
in morphine-dependent rats in experiment 2. Animals
treated with 10 pg/kg of clonidine and 25 wg/kg of
naloxone were able to respond at 70% of their baseline
rate, a rate equivalent to that seen following administra-
tion of clonidine by itself to opiate-naive rats. These
data suggest the more likely interpretation that cloni-
dine is ineffective in blocking expression of conditioned
withdrawal not because of its inherent sedative proper-
ties, but because of its inability to alter a conditioned re-
sponse once it has been established.

The activity-suppressing effects of clonidine may
have contributed, however, to the enhanced place aver-
sion seen when this drug was administered 3 h prior to
the test for expression of conditioned withdrawal. As
shown in experiment 1, clonidine (200 wg/kg) adminis-
tered 3 h prior to assessment of locomotor activity in-
duced a robust, although far from complete, suppres-
sion of locomotion (see Table 2). Thus, reduced activity
may have contributed to a greater apparent aversion of
the naloxone-paired compartment, because the rats
were less likely to locomote into the aversive compart-
ment from their preferred compartments. However, the
effects on locomotion cannot account for the failure to
reverse the previously established conditioned aver-
sion. A nonspecific motoric deficit would not be ex-
pected to reduce activity selectively in a single compart-
ment in the absence of some motivational impetus to
avoid that compartment. An alternative explanation for
the enhanced aversion seen when clonidine was admin-
istered prior to the test for expression may be a facili-
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tated retrieval of the conditioned association produced
by clonidine through action on noradrenergic systems
that modulate memory storage processes (e.g., Mar-
tinez et al. 1991; McGaugh 1992).

The current data in rats confirm earlier preclinical re-
ports of Kosten (1994) and Nader and van der Kooy
(1996) in suggesting that affective signs of opiate with-
drawal can be blocked by clonidine, as can acquisition
of conditioned opiate withdrawal. However, as dis-
cussed earlier, although data from the clinical literature
support some reductions in subjective/affective com-
ponents of withdrawal, these symptoms seem less ef-
fectively blocked by clonidine than somatic signs. Many
current theories of addiction favor a role of affective
withdrawal symptomatology and conditioned rein-
forcement processes in maintaining addiction and pro-
moting relapse after periods of abstention (Childress et
al. 1994; Jasinski et al. 1985; O’Brien et al. 1976, 1993;
Ramsay and Woods 1997; Schulteis and Koob 1996;
Schulteis et al. 1997a; Wikler 1973). The inability of cloni-
dine to attenuate effectively either unconditioned or con-
ditioned affective withdrawal symptoms emphasizes a
potentially significant limitation in the clinical utility of
this and related a,-compounds (e.g., lofexidine, Kahn et
al. 1997, Washton et al. 1983) in facilitating complete
detoxification and preventing relapse.

However, this problem may not be unique to o,-nor-
adrenergic agents, but would likely apply to most pharma-
cotherapeutic treatments. For example, the dopaminergic
receptor blocker pimozide can alter the motivational prop-
erties of food and cocaine as reinforcers in the acquisi-
tion of conditioned behaviors, but fails to affect expres-
sion of conditioned responses to cocaine or food once
established (e.g., Beninger and Herz 1986; Horvitz and
Ettenberg 1991). Within the context of opiate with-
drawal, if a drug lessens the impact of the unconditioned
stimulus (UCS, removal of opiates from the receptors)
and consequently the emergence of the unconditioned
response (UCR, somatic and affective signs of with-
drawal), it would be expected to impair the ability of
environmental cues to become associated with the UCS
through processes of classical conditioning (O’Brien et
al. 1976, 1993; Ramsay and Woods 1997). Therefore, it
could be efficacious in preventing acquisition of condi-
tioned drug withdrawal (conditioned response, CR).
However, once the associative process has taken place,
the conditioned stimuli (CS) may evoke the CR inde-
pendent of the UCS-UCR pathway, and thereby, ex-
pression of conditioned withdrawal may be resistant to
the same drugs that can block the unconditioned with-
drawal response. Thus, in developing effective treat-
ment strategies, it is important to recognize that the ex-
pression of the conditioned response may involve a
separate neurobiological substrate more closely tied to
memory processing systems than systems directly sub-
serving opiate withdrawal.
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