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Introduction

Abstract

Aim: Clonidineis an o, adrenoceptor agonist that is frequently used to reduce
withdrawal symptoms during opioid detoxification in humans. Thelong-term
effects of clonidine on withdrawal symptoms and its effects on subsequent drug
exposure have not been thoroughly documented. The aim of the study was to
determineif clonidine administered during morphine withdrawal in rhesus mon-
keys produces |ong-lasting effects on withdrawal symptoms and alters the effects
of subsequently taken drugs of abuse. Methods: Adult male rhesus monkeys
weretreated with increasing doses of morphine for 90 d to induce opiate (narcotic)
dependence. Theimmediate and long-lasting effects of 1 week’ s administration of
clonidinewere measured via therecording of morphine withdrawal signsand the
subsequent effects of challenge injections of morphine or cocaine. Results:
Monkeys chronically treated with morphinedisplayed withdrawal sgnsthat lasted
2 weeks after cessation of morphine administration and displayed sensitized re-
sponses to subsequent morphine and cocaine injections. Clonidine significantly
reduced certain morphinewithdrawal signsand overall withdrawal score, but these
effects did not persist upon cessation of clonidinetreatment. Sensitization to the
effects of morphine and cocaine were significantly reduced in monkeys previ-
ously treated with clonidine. Conclusion: Our results suggest that in addition to
its short-term alleviating effect on morphinewithdrawa signs, conidine may re-
duce subsequent effects of drugs of abuse after prolonged abstinence.

the drug in dependent subjects induces aversive withdrawal
symptoms that are thought to contribute to the compulsive

Drug dependenceisachronic, rdlapsing disorder inwhich
compul sivedrug-seeking and drug-taking behavior persists
despite seriousnegative consequences™. Addictive sub-
stances, such as opioids, induce pleasant states or relieve
distress, effectsthat contributeto their recreational use. After
repeated exposure, adaptive changes occur in the central
nervoussystem that lead to drug dependencé™™. Although
theintrinsic rewarding properties of addictive drugssuch as
heroin are important in the acquisition of drug self-
administration, compulsive drug-seeking and drug-taking by
addictsisnot readily explained in terms of simplereward or
positive reinforcement processes aloné®. Abstinence from
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nature of drug self-administration in addiction.

The exact role of withdrawal in heroin addiction is
debatable. 1t hasbeen proposed that a drug addict may self-
administer heroin to escape from abstinence symptoms
(avoidance theory)™®, but alsothat withdrawal from heroin
functions as a motivational state that enhances the incen-
tive value of the drug (incentive-motivational theory)!*?.
Other integrative reward theories of addiction, such as the
incentive salience-sensitization theory!®, propose that drug-
addicts are sensitized to some motivational effects of drugs
of abuse. Indeed, it has been shown that repeated morphine
administration produces hypersensitivity to subsequent
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doses of morphine (“behavioral sensitization”) and to other
drugs of abuse (“cross-sensitization”). Sensitization and
cross-sendtization have been extensively studied in rodents® ™Y,
but thereislittle evidence for such phenomenon in primates.
Since drug priming effectively reinstates extinguished drug
self-adminigtration behavior in animal§*274, it islikely that
enhanced reactivity to the effects of drug of abuse may fa-
cilitaterelapse in drug addicts. The fact that low doses of
morphine or cocaine can cause hyperactivity or drug-seek-
ing in drug reinstatement rodent models supports this no-
tion™*, Therefore, thereisagreat interest in developing
medi cations that may block sensitization processesin order
to reduce relapse in humans.

It iswell established that noradrenergic pathways are
implicated in morphine withdrawal. Activity of central adr-
energic neuronsisinhibited by opiates™” and increased fir-
ing of the noradrenergic neuronsin the locus coeruleus has
been clearly demonstrated during opiate withdrawal*.
Clonidine, an o, adrenoreceptor agonist, reduces thisin-
creased firing in morphine-dependent rats*®, an effect that
isthought to mediate the drug’ s ahility to reduce morphine
withdrawal symptoms in animals and humans“?!. a,
adrenoceptor agonists, such asclonidine and lofexidine, are
used to reducewithdrawal syndromes during theinitial phase
of opioid abstinence in humans®2!, Typically, these o,
adrenoreceptor agonists are used to control opioid with-
drawal on a tapered dosing schedule for the first week of
drug abstinence. Most of the studies conducted in animals
have eval uated the effects of clonidine on opiate withdrawal
symptoms and little is known about the long-term effects of
o, adrenoceptor agonists after their administration.

Recent evidence suggests that noradrenergic pathways
areinvolved not only in withdrawal states, but also in other
aspects of drug dependence such as drug-seeking behavior®?
and behavioral sensitization®!. The o, adrenoceptor ago-
nist lofexidine attenuates stress-induced reinstatement of
alcohol-seeking and al so decreases al cohol self-administra-
tion'®, The o, adrenoceptor antagonist, yohimbine, induces
reinstatement in animal models of abuse of alcohal !, meth-
amphetamineg®’, cocaine®!, heroin'®!, and a mixture of co-
caine and heroin (speedbal )™, Thereisastrong correla-
tion between increasesin cortical extracellular norepineph-
rine levels and the expression of behavioral sensitization to
amphetamine®!; cortical ol-adrenergic receptors are criti-
cally involved in locomotor responses to amphetamine and
morphing®-*3, In spite of the widespread use of clonidine
during theinitial phase of opiate withdrawal in humans, the
long-term effects of clonidine on subsequent motivational
effects of drugs of abuse have not been explored.
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The present study was designed to evaluate the immedi-
ate and long-term effects of clonidine administered during
theinitial phase of morphine withdrawal in rhesus monkeys.
First, to induce dependence, rhesus monkeys received an
escal ading morphine dosage regimen over 90 d. To induce
morphine withdrawal, morphine treatment was abruptly
stopped. To evaluate the immediate and long-term effects of
clonidine on withdrawal signs, the monkeys received
clonidine for 1 week and the withdrawal signs were mea-
sured daily during a period of 21 d. Finally, the effects of
clonidine on the challenge injection of morphine or cocaine
were evaluated after prolonged morphine abstinence.

Materials and methods

Drugs Morphine hydrochloride and cocaine phosphate
were purchased from Qinghal Pharmaceutical Factory CoLtd
(Xi’ning, China). Solutions of morphine and cocaine were
prepared with saline (0.9% sodium chloride) and delivered
viascinjection. Clonidineisacommercia agent for human
use, givenig.

Animals Laboratory-reared, male rhesus monkeys
(Macaca mulatta), weight between 3.5 and 5.5 kg (2-3 years
old), were purchased from the Beijing Xierxing Institute of
Biological Resources (Beijing, China). The monkeys were
housed individually in 80 cm (height)x70 cm (width)x70 cm
(length) metal cages. The monkeyswere allowed free access
towater, and restricted food and fresh fruit accesswas avail -
ableat 09:00 h and 15:00 h. The animals were maintained
according to the Guide for the Care and Use of Laboratory
Animals(National Ingtituteof Health, 1996). Theexperimen-
tal protocol was approved by Ingtitutional Animal Care and
Use Committee of National Institute on Drug Dependence,
Peking University.

M or phine dependence induction The experiment con-
sisted of 3 phases. morphine dependence induction (90 d),
morphine withdrawal (21 d), and drug challenge (7 d). To
ensure consistent drug administration and to reduce stress
on and increase the cooperativeness of the monkeys, all
drug administrations were performed by the same experi-
menters, who were blind to the animals’ group assignment.

Duringthe90d period of morphine dependenceinduction,
the monkeys were housed in an environment similar to that
inwhichthey werereared. Eighteen monkeyswererandomly
divided into 3 groups of 6 monkeys per group (3 groups:
Sal-Sal, Mor-Sal, and Mor-Clo). Table 1 summarizes the
details of the experimental procedure. Morphine dependence
was induced by repeated administration of morphine at
increasing dosages for 90 d. Every day, the monkeys
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Table 1. Summary of experimental procedure.
Group Dependence induction Withdrawal intervention Challenge 1 Challenge 2
(sc, 3 times/d, 90 d) (ig, twice/d, d1 - d 7) (sc, morphine) (sc, cocaine)
Sal-Sal saline saline 5 mg/kg 5 mg/kg
Mor-Sal morphine (3-15 mg/kg) saline 5 mg/kg 5 mg/kg
Mor-Clo morphine (3-15 mg/kg) clonidine (0.02 mg/kg) 5 mg/kg 5 mg/kg

received scinjectionsin their back legs (08:00 h, 13:00 h, and
20:00 h). The Sal-Sal group was given 0.5 mL/kg of saline.
TheMor-Sal and Mor-Clo groups were given morphineon a
dose schedule of 3 mg/kg (d 1-7), 6 mg/kg (d 8-14), 9 mg/kg
(d 15-21), 12 mg/kg (d 22-28), 15 mg/kg (d 29-90). Each
monkey inthe Mor-Clo and Mor-Sal groups recelved a total
of 3420 mg/kg morphine over 90 d.

M or phinewithdrawal and clonidinetreatment During
the 21 d period of morphine withdrawal, none of the groups
were given morphine. In thefirst week of withdrawal, the
monkeys in the Mor-Clo group received 0.02 mg/kg (ig)
clonidine twice per day just prior to feeding (09:00 h, 15:00
h), while the monkeys in the Sal-Sal and Mor-Sal groups
received an equal volume of saline (ig). In the second and
third weeks of withdrawal, all themonkeysweregiven saline
injections twice per day just prior to feeding. Withdrawal
signs, including holding the abdomen, tremor, spasm,
grimacing, face flush, eye closing, dysphoric facial expres-
sions, and provoked screams, were assessed immediately
after each injection.

Drug challenge Duringthe 7 d period of drug challenge,
all the monkeysreceived asalineinjection daily in thefirst
3 d, achallengeinjection of 5 mg/kg morphine (sc) on the
fourth day, a salineinjection on the fifth and sixth days, and
achallengeinjection of 5 mg/kg cocaine (sc) on the seventh
day. The monkeys response activity, including locomotor
activity, irritability, vocalization and grooming, were as-
sessed immediately after the challenge injection.

Physiological recordingand behavioral scoring Onthe
last day of the 90 d morphine induction period, the body
temperature, breath rate, heart rate, and body weight of each
monkey were recorded just before each feeding (09:00 h,
15: 00 h), and the average of the 2 values of each parameter
was recorded as the pretest value. This measure was re-
peated on withdrawal day 1-21. While the measurements
weretaken, the monkeyswerelimited toasmall corner of the
cage by an apparatus designed by the experimenters. The
monkeys were allowed to rest for at least 10 min prior tothe
recording. Withdrawal signs were observed from 08:30—

09:00 and 14:30-13:00. If symptoms of withdrawal appeared
in the 30 min observation, the monkey was given a score of
1, and observation periods in which symptoms were not
shownweregiven 0. Theaveragescore (0, 0.5, or 1) of the2
daily observations of each monkey was taken astheir cur-
rent day scorevalue. On the challenge days (challenge d 4
and 7), the monkeys' behavioral changes were scored
according to thefollowing scale: -3 (apparently reduced), O
(no change), 3 (few observed), 6 (many observed), and 10
(extremely changed). The observation span was6 h after the
challenge injection (09:00 h). All therecording of physi-
ological signs and behavioral scoring were carried out by
the same experimenters who were kept blind to the group
assignment in order to ensure consistency.

Statistical analysis The data are expressed as mean+
SEM. and were analyzed with SPSS 13 software (SPSS Inc,
Chicago, Illinois, USA). Physiological signsand withdrawal
score were analyzed using a repeated measure ANOVA
followed by a mean comparison with the Bonferroni test.
Behavioral scores from the challenge tests were analyzed
with repeated measure ANOVA followed by amean compari-
son with the Bonferroni test.

Results

After the 90 d morphinetreatment, the monkeys exposed
to morphine (Mor-Sal and Mor-Clo groups) showed body
weight loss (3.88+0.14 kg before morphine treatment vs
3.61+0.11 kg thereafter, n=11) compared with the morphine-
naive monkeys (Sal-Sal group, 3.87+0.23 kg beforevs 4.08+
0.20 kg after, n=6, P<0.05). During the chronic morphine
treatment, 1 monkey in the Mor-Clo group died at d 69 after
receiving atotal dosage of 2430 mg/kg morphine.

Effectsof clonidine on mor phinewithdr awal sgns Dur-
ing the 21 d withdrawal period, different weight losstrends
was observed in the 3 groups (F, 1,,=3.341 P=0.074; Figure
1A). Most withdrawal signswere observed in thefirst week
after cessation of morphine treatment; thus, the effects of
clonidine on body weight were analyzed in the firgt, second,
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Figure 1. Effect of clonidine on physiological changes during 21 consecutive days following cessation of chronic morphine treatment. Rhesus
monkeys received morphine for 90 d to induce morphine dependence (Mor-Sal, n=5 and Mor-Clo, n=4-5) and the control group received
vehicle (Sal-Sal, n=6). On withdrawal d 1, the morphine treatment was stopped to induce withdrawal. Physiological parameters were measured
from withdrawal day 1 to 21. The monkeys of the Mor-Clo group received clonidine treatment from withdrawal d 1 to 7, while the monkeys
from the Sal-Sal and Mor-Sal groups received vehicle. Results were expressed as mean+SEM of change in bogy weight (in kg, A), body
temperature (in C, B), heart rate (in times/min, C), breath rate (in times/min, D) compared to the baseline measure at day before withdrawal.

and third week separately. A significant difference was
observed in the weight lossin the first (F, 1,;=12.146, P<
0.01), but not the second or the third withdrawal weeks.
However, clonidine had no effect on the body weight in the
first week of morphinewithdrawal (P>0.05).

During the 21 d withdrawal period, significant differences
werefound in the body temperatures (F, 1,,=16.381, P<0.01;
Figure 1B) of the 3 groups. As compared with the Sal-Sal
group, morphine withdrawal (Mor-Sal) produced a signifi-
cant decrease in body temperature (P<0.01), but clonidine
treatment had no effect on these withdrawal-induced body
temperature decreases. Significant differences were found
between the 3 groups for body temperature during the first
(F211=20.6, P<0.01), second (F 1,=11.8, P<0.005), and third
(Frz 17=4.8, P<0.05) weeksof thewithdrawal period.

During the 21 d withdrawal period, a significant differ-
ence in heart rate (F,,,=4.722, P<0.05; Figure 1C) was
observed in the 3 groups. Clonidinewas found to increase
the monkeys' heart rate in the first withdrawal week. No
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significant difference was found for breath rate (Figure 1D)
in the 3 groups.

Cessation of morphinetreatment produced obviouswith-
drawal signs, including holding the abdomen, tremor, spasm,
grimacing, face flush, eye closing, dysphoric facial expres-
sions, and provoked screams. During the first week of
withdrawal, 1 monkey in the Mor-Sal group died at with-
drawal d 7. A significant difference was only observed for
the overall withdrawal scoreduring thefirst 14 d withdrawal
period (F,13=19.9, P<0.01); most withdrawal signs disap-
peared after the fourteenth day (Figure2). Inthe 14 d obser-
vation, clonidine reduced the symptoms of withdrawal only
during thefirst 4 withdrawal days(P<0.01, Mor-Sal vsMal-
Clo). Clonidine had no further effects on withdrawal symp-
tomsafter 4 d (P>0.05). Themain behaviorsthat contributed
to the total withdrawal score were holding the abdomen,
tremor, spasm, grimacing, face flush, eye closing, dysphoric
facial expressions, and provoked screams (Figure 3).
Clonidine proved effective in controlling the withdrawal
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Figure 2. Effect of clonidine on morphine withdrawal signs during
21 consecutive days following cessation of chronic morphine
treatment. Rhesus monkeys received morphine for 90 d to induce
morphine dependence (Mor-Sal, n=5 and Mor-Clo, n=3-5) and the
control group received vehicle (Sal-Sal, n=6). At withdrawal d 1, the
morphine treatment was stopped to induce withdrawal. A composite
withdrawal signs were measured daily in each monkey. The monkeys
in the Mor-Clo group received clonidine treatment from withdrawal d
1 to 7, while the monkeys in the Sal-Sal and Mor-Sal groups received
vehicle. Results were expressed as mean+SEM of the morphine with-
drawal score.
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Figure 3. Effect of clonidine on specific withdrawal signs during 14 consecutive days following cessation of chronic morphine treatment.
Rhesus monkeys received morphine for 90 d to induce morphine dependence (Mor-Sal, n=5 and Mor-Clo, n=3-5) and the control group
received vehicle (Sal-Sal, n=6). At withdrawal d 1, the morphine treatment was stopped to induce withdrawal. Individual withdrawal scores were
measured daily in each monkey for various signs or symptoms that were noted in the figure. The monkeys in the Mor-Clo monkeys received
clonidine treatment from withdrawal d 1 to 7, while the monkeys from the Sal-Sal and Mor-Sal groups received vehicle. Results were expressed
as mean+SEM of the morphine withdrawal score. °P<0.05 in group comparisons.
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signs of abdomen holding, tremor, eye closing, and provoked
screamsin thefirgt 7 withdrawal days, but not all the sgnsof
morphinewithdrawal were eiminated by clonidine.

Effects of clonidine on the effect of cocaine and mor -
phine challenge injection Body weight, body temperature,
and heart and breath rate were also recorded 5 min before
and 1 and 5 h after the challenge injection of morphine or
cocaine. No apparent change was observed in the monkeys
receiving morphine priming. The responseactivitiestomor-
phineor cocaine, including locomotor activity, vocalization,
grooming, and irritability werereliably observed and used to
discern the sensitization of the monkeys to the challenge of
morphine and cocaine.

An injection of 5 mg/kg morphine caused a significant
increasein locomotor activity (Fp,14,=29.9, P<0.01) andirrita-
bility (Fy,157=24.8, P<0.01), but not in vocalization (Fp,1,=
1.445, P>0.05) and grooming (F,,,=1.445, P>0.05; Figure
4A). The monkeys naive to morphine (Sal-Sal) showed de-
ceased |ocomotor activity and irritability, which may reflect
the sedative effects of morphing®*=!. Compared with the
Sal-Sal group, the monkeyswith ahistory of morphine treat-
ment demonstrated increased |locomotor activity and irrita-
bility (P<0.01, Sal-Sal vs Mor-Sal), and these behavioral
responses were greatly attenuated in the monkeys that had
previously received clonidine during the first week of mor-
phinewithdrawal (P<0.01, Mor-ClovsMor-Sdl).

An injection of 5 mg/kg cocaine increased all the ob-
served behaviorsin the Mor-Sal group (Figure 4B): locomo-
tor activity (Fj,.11=8.941, P<0.01), vocalization (F,.,=7.364,
P<0.01), grooming (F,1,,=5.535, P<0.05), and irritability
(Fi217=5.914, P<0.05). Themonkeysthat received clonidine
treatment during the first week of morphine withdrawal
showed significantly decreased vocalization compared with
no clonidinetreatment after morphinewithdrawal (P<0.05,
Mor-Clo vs Mor-Sal), and enhanced grooming performance
compared with saline control (P<0.05, Sal-Clo vs Sal-Sal).
Onemonkey in theMor-Sal group demondtrated a dramatic
increasein locomotor activity (scored 10), irritability (scored
8), and vocalization (scored 6) 1 h after the cocaine injection.
After 4 h, all the above behaviors declined, and 1 monkey
died 13 h after the cocaine injection in the Mor-Sal group.

Discussion

In the present study, withdrawal symptomswere found
to persist for 14 d after cessation of the 90 d morphine admin-
istration in the rhesus monkeys. Clonidine administration
reduced morphine withdrawal symptoms. However, the
effects of clonidinewere not persi stent and di sappeared when
clonidine administration was stopped. After prolonged
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Figure 4. Effect of clonidine on the responses to challenge injec-
tion of morphine and cocaine after 21 d withdrawal. Rhesus mon-
keys received morphine for 90 d to induce morphine dependence
(Mor-Sal, n=5 and Mor-Clo, n=3-5) and the control group received
vehicle (Sal-Sal, n=6). The monkeys were given a challenge injec-
tion on different days with 5 mg/kg morphine (A) and 5 mg/kg co-
caine (B) after 21 d of morphine withdrawal. The behavioral signs
were measured after the challenge injection. Group Sal-Sal (n=6,
control monkeys), group Mor-Sal (n=5, monkeys with history of
morphine treatment), and group Mor-Clo (n=4-5, monkeys with
history of morphine treatment and 7 d clonidine treatment during
the first week of morphine withdrawal). °P<0.05, °P<0.01 using
Bonferroni test vs control group.

abstinence from morphine, the morphine-dependent mon-
keys displayed an enhanced response to a challenge injec-
tion of morphine (“behavioral sensitization”) and cocaine
(“cross-sengitization™). Clonidine administration during the
initial week of thewithdrawal phase produced attenuation of
subsequent behavioral sensitization and cross-sensitization.

After aperiod of chronic opiateadministration, failureto
continue periodic administration of the drug to an animal
resulted in severe physiological and behavioral disturbances
several hours after thelast dose of the drug. Thiscomplex of
signs and symptoms, termed opiate abstinence syndrome,
indicates that the organism has become physically depen-
dent on the opiate”™®. Here, the withdrawal symptoms were
measured daily for 21 d to determineprecisdy thetime-course
of appearance and disappearance of the symptomsin rhesus
monkeys as compared with the symptoms previoudly docu-
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mented®*. Few reports are available on the time-course of
the various opiate withdrawal symptoms following sponta-
neous abstinence in rhesus monkeys. Here we found the
peak of withdrawal signs at day 2 and 3 following the cessa-
tion of the morphineinjections (Figure 2). Morphine with-
drawal was associated with significant weight loss and
decrease of body temperature (Figure 1A, 1B), but therewas
no significant change in heart rate. Although breath rates
decreased in morphine-dependent monkeys compared to
control group, this difference was not significant (Figure
1D).

The various signs of morphine withdrawal that were
scored during the withdrawal phase were highly specific,
since control monkeys did not exhibit these signs (see how-
ever Figure 3 the presence of face flush in some control
monkeys). After 14 d of withdrawal, nearly all of the observ-
ed withdrawal signsdisappeared (Figures2, 3). It should be
noted that withdrawal in this study was not induced by
injections of opiate antagonist, but with the cessation of
morphine treatment, a situation that mimicsthat of human
addicts that stop taking drugs. In contrast, many previous
investigators have used opioids antagonists, such as nal ox-
one or nalorphine, toinduce morphinewithdrawal syndrome
in monkeys™ and rodents“® (seeref 47 for a comparison
of studies). The symptoms of withdrawal are often more
pronounced when provoked by an injection of an opioid
antagonist than provoked by cessation of morphine injec-
tions. Evidence suggeststhat the mativational signsof with-
drawal appear first in astuation of mild withdrawal, whereas
physical Signsare seen in asituation of severe withdrawal .,
However, somephysica signsof withdrawal werealsorela-
tively severe during the spontaneous withdrawal. This
present finding was strengthened by the fact that 1 monkey
died during the period of morphinewithdrawal (see Results).
Interestingly, the withdrawal syndrome created upon the
cessation of access to opioids in rats previoudy trained to
self-administer morphine caused many of the signs we
reported here in monkeys, such as weight loss, tremor,
hypersensitivity, agitation, soft stools, and increased respi-
rationt,

Adminigtration of clonidine, an o, adrenoceptor agoni <,
significantly decreased morphine withdrawal symptomsdur-
ing thefirst week of withdrawal. Thisfinding isin agreement
with previous reports on rhesus monkeys™®, rodentd*>-%8,
and humans®2 that clearly demonstrate that clonidine
effectively attenuates some opiate withdrawal signs and
symptoms. Here, clonidine was able to reduce some, but not
all, symptoms of morphinewithdrawal (Figure 3). Notably,
clonidinesignificantly reduced the overall withdrawal sgns

during thefirst week of withdrawal (Figure2). Somesigns,
such asthe provoked screams and hol ding of the abdomen
in the monkeys, were totally abolished by clonidine
administration. In contrast, clonidine had no or limited
effects on other symptoms such as face flush or grimacing.
Previous reports had shown that clonidine only affected a
subset of symptomsin monkeys®, ratd*, and humang®-29,
Theeffects of donidineon withdrawal symptomswere short-
lasting, Sncetheintensity of the morphine withdrawa signs
were even higher at the cessation of the clonidine treatment
(at week 2), suggesting arebound phenomenon (Figure 2).
It should be noted, that clonidine produced a significant
effect on weight lossinduced by withdrawal that was noted
at thethird week of morphinewithdrawal. However, most of
thewithdrawal symptoms disappeared at d 14, regardless of
the presence or absence of clonidine treatment during the
first week of withdrawal, indicating that clonidine did not
dramatically alter the time-course of the abstinence symp-
toms and isonly able to attenuate its acute manifestations.
Hypotension or sedation are 2 frequent side-effects induced
by clonidine treatment in opiate addictd®®. Theincrease
of heart rate found in the group of monkeys receiving
clonidine treatment may reflect acompensatory mechanism
to a hypotensive effect of clonidine. No particular sedation
was noticed in the monkeys receiving clonidine treatment.

We have also investigated the effects of priming injec-
tions of morphine and cocaine after prolonged abstinence of
morphine. The monkeys with a history of morphine treat-
ment displayed enhanced locomotor responses to 5 mg/kg
cocaine and to 5 mg/kg morphine, as compared with naive
control monkeys (Figure 4). These enhanced responses
likely reflect “behavioral sensitization” to morphine and
“cross-sensitization” to cocaine. It isalso possiblethat this
behavioral sensitization to morphine may have been facili-
tated by the development of tolerance to the sedative or
depressing effect of morphine, since morphine administra-
tion decreased |locomotor activity in naive monkeys.
However, since these experiments have been performed fol -
lowing prolonged withdrawal from morphine and it iswell
known that extended abstinence strongly decreases the tol-
erance to the effects of opiate, it islikely that theincreased
response to morphine in the monkey with a history of mor-
phine administration reflects the devel opment of behavioral
sengitization.

Although many investigators have demonstrated that
repeated administration of morphine can produce long-last-
ing behavioral sensitization in rodentd®, very limited evi-
dence has been published so far that this phenomenon is
also observed in humans or monkeys. Therefore, thisis (to
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our knowledge) the firgt evidence that monkeyswith history
of morphine treatment displayed both sensitized responses
to morphine and cross-sensitization to psychostimul ants.
These findingswerein agreement with previous experiments
performed on rodents which showed that heroin exposure
facilitates subsequent locomotor and drug-seeking responses
to cocainein rats®®, and enhanced locomotion to ethanol
inmicd®. In addition, animalswith ahigtory of heroin seif-
administration displayed locomotor sensitization to amphet-
aming™.,

It may seem surprising that a sensitized response to
cocaine administration has been observed on the locomotor
activity, but not grooming behavior following cocai neadmini-
stration, since grooming is also a behavior mediated by
dopamine transmission and notably by the stimulation of
the dopamine D, receptor in rodents®*¥. Since locomotor
activity is mediated by both the D, and D, receptor stimula-
tion, this dissociation may reflect a preferential activation of
the D, receptor. However, thefact that morphine administra-
tion does not produce vocalization or grooming behavior,
that are known to reflect stressin monkeys®, strongly sug-
gests that cocaine may have produced some aversive ef-
fects in these monkeys that morphine dose not produce. It
iswell known that cocaine, like other drugs of abuse®, pro-
duces both positive and aversive effectsd™. It appears
that opiates produce less aversive effects compared to co-
caind™"™, which may explain the absence of grooming and
vocalization induced by the morphine challenge in these
monkeys. Thishypothesis can betested in subsequent stud-
ies using doses of hormones that approximate the level of
stress in these monkeys following drug administration.

Interestingly, some responsesto a challenge injection of
cocaine and morphine were not affected by the previous
exposureto morphine (see Results). Notably, the cardiovas-
cular response to 5 mg/kg cocaine and 5 mg/kg morphine
wasidentical in all groups. Unfortunately, despitea consd-
erable research effort in the last 2 decades, the causes of
cardiovascular response to cocaine are still poorly under-
stood™. Many investigators are convinced that the cardio-
vascular changes are mediated by changesin catecholamines
levelsat the periphery!™, but thisinterpretation is debatable.
Opiates are mainly known to reduce heart rate and blood
pressureé™. However, an initial cardiovascular stimulating
effect of opiate has been noted in cats™, dogs™, and hu-
mand™. These effects may also involve catecholamine and
histamine releasé™. Here, we extended these findings to
rhesus monkeys, since we had found significant cardiovas-
cular activation 1 h following morphine and cocaine
administration. It was noteworthy that the monkeys were
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sensitized only to response mediated by the dopaminergic
system, whereas other responses that were likely to reflect
peripheral effects of drugs of abuse were not affected.

Early donidineintervention during thefirst week of with-
drawal reduced sensitized behavior responses. This effect
was significant for locomator activity and theirritation score
for morphine and for the vocalization scorefor cocaine. A
trend downward (a non-significant decrease) was also noted
for the locomotor activity and irritation behavior in the
monkeys. These findings suggest that clonidine treatment
during thefirst week of withdrawal serves not only to reduce
the acute withdrawal symptoms, but also to affect the sub-
sequent effects of drug challenge. Drug primingis able to
reinstate drug-seeking behavior in animalsin areinstate-
ment paradigm and can produce relapses in humans. Itis
possible that clonidine administration has blocked some
neurobiological adaptationsthat are involved in behavioral
sensitization processes (“incentive salience-sensitization
theory”) or that the reduction of the intensity of the with-
drawal symptoms accounts for the subsequent behavioral
responseto adrug priming injection (“incentive-mativational
theory”). Further experimentsare needed to delineatewhich
of these hypotheses underlie the effects of clonidine. Since
the noradrenergic sructure mediates the expression of opioid
abstinence, one possihility is that clonidine normalizes the
firing of locus coeruleus neurons during withdrawal to pro-
duce its effects®™. However, the recent and surprising
finding that total neurochemical lesion of noradrenergic neu-
rons of the locus coeruleus does not alter either naloxone-
precipitated or spontaneous opiate withdrawal, nor influ-
ence ability of clonidineto reverse opiate withdrawal'™ sug-
geststhat other brain sitesmay beinvolved. It isnotewor-
thy that a noradrenaline-rich subdivision has been recently
identified in the human nucleus accumbens™ and that
behavioral sensitization processesto psychostimulants and
opiates may involve sensitized responses of noradrenaline
in frontal areas that project to the nucleus accumbens®.
Recent evidence suggests that the blockade of noradrena-
line rd ease induced by cl onidine during opiate withdrawal ™"
may involve brain areas other than the locus coeruleus, and
may implicate brain areasinvolved in the motivational con-
trol of drug-seeking behavior.

In conclusion, the present study demonstrates that mor-
phine-dependent monkeys will not only present typical mor-
phine withdrawal symptoms at the cessation of morphine
administration, but will aso display enhanced behavioral
responses to challenge injections of both morphine and
cocaine, providing evidence for both “behavioral sensitiza-
tion” and “cross-sensitization” processes in non-human
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primates. 1n agreement with previous findingsin humans
and laboratory animals, clonidine served to decrease mor-
phine withdrawal symptoms. However, these effects were
short-lasting. Clonidine produces long-lasting effects on
subsequent morphine and cocaine challenge after prolonged
abstinence. While these experiments do not allow usto
determineif the effects of clonidine are mediated by an inter-
action with behavioral sensitization processes or with the
possible link between morphine withdrawal and subsequent
effectsof drugs, these experimentsindicate that active inter-
vention in thefirst stage of withdrawal using an o, adreno-
ceptor agonist has a positive effect on reducing drug rel apse
in the overall therapeutic strategy.
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