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Conditioned Opioid Withdrawal Decreases 
Nociceptin/Orphanin FQ Levels in the Frontal 
Cortex and Olfactory Tubercle

 

John R. Walker, Ph.D., Lars Terenius, Ph.D., and George F. Koob, Ph.D.

 

Clinical evidence suggests that individuals experiencing 
drug withdrawal can become conditioned to environmental 
situations, whereby previously neutral stimuli can produce 
symptoms of withdrawal. It is believed that this 
“conditioned withdrawal” can have motivational 
significance, but the neurobiological basis for conditioned 
withdrawal is unknown. The goal of this study was to 
determine adaptations in endogenous opioid systems that 
may be responsible for expression of conditioned 
withdrawal. Opioid-dependent rats trained to lever press for 
food were exposed to tone and scent cues in the presence of 
naloxone or saline. Naloxone but not saline predictably 
suppressed responding for food. One month later and in a 
post-dependent state, all rats again were exposed to the cues 
but not naloxone. The conditioned cues alone suppressed 
responding for food in the rats previously paired with 
naloxone, but no suppression was seen in rats previously 

paired with saline. Radioimmunoassay (RIA) analysis for 
nociceptin/orphanin FQ (nociceptin), met-enkephalin-Arg-
Phe (MEAP), and dynorphin A (dyn A) was performed 
from dissections of various brain regions of the rats 
undergoing conditioned withdrawal. Significant reductions 
in nociceptin peptide levels were seen in the frontal cortex 
and olfactory tubercle of these rats. Unconditioned opioid 
withdrawal and unconditioned footshock stress produced 
different patterns of opioid peptide regulation in separate 
groups of rats. These results shed light on adaptations of 
endogenous opioid systems to conditioned cues, stress, and 
withdrawal, all factors that play a role in motivating drug 
intake.
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Abrupt termination of chronic opioid intake leads to
myriad somatic and affective symptoms defined as the
opioid withdrawal syndrome (O’Brien 1996). Some
components of the opioid withdrawal syndrome are
susceptible to classical conditioning and may surface on
reexposure to certain cues associated with drug with-
drawal. Experience with human patients and experi-
ments in monkeys have demonstrated that reexposure
to cues that have been paired with opioid withdrawal
lead to drug seeking that may be linked to alleviation of
conditioned withdrawal (Goldberg et al. 1969; Wikler
1973; O’Brien et al. 1977). One reason drug treatment
programs have a high failure rate may be caused by
their inability to extinguish these conditioned environ-
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mental stimuli. Understanding how conditioned cues
contribute to relapse is a major focus of drug addiction
research (O’Brien et al. 1998).

The neuroanatomical and neurochemical systems in-
volved in integrating conditioned cues with with-
drawal-like physiologic responses are not well under-
stood. Brain regions that may play a role in conditioned
opioid withdrawal include various amygdaloid nuclei,
the nucleus accumbens (Acb), and the bed nucleus of
the stria terminalis (Schulteis et al. 2000). These regions
have a rich density of opioid peptides and receptors,
suggesting a role for the opioid system in modulating
conditioned opioid withdrawal (Mansour et al. 1995).
Disruption in endogenous opioid function during with-
drawal may be hypothesized to contribute to with-
drawal discomfort and may motivate drug seeking.
Similar changes may occur during conditioned with-
drawal. The purpose of this study was to begin testing
this hypothesis by examining opioid peptide levels dur-
ing conditioned opioid withdrawal in specific brain re-
gions involved in drug addiction. The peptides chosen
for analysis were all endogenous opioids with different
opioid receptor-binding properties, yet they have all
been implicated in the reinforcing properties of abused
drugs (Reisine and Pasternak 1996; Cappendijk et al.
1999; Lindholm et al. 2000; Ciccocioppo et al. 2000).

 

MATERIALS AND METHODS

Animals

 

Subjects were 57 male Wistar rats (Charles River, Kings-
ton, NY) weighing 350–500 g at the start of experimen-
tal testing. Twenty-four rats were used for the condi-
tioned withdrawal experiment, 15 rats were used for
the unconditioned withdrawal experiment, and 18 rats
were used for the unconditioned stress experiment.
Rats were housed in groups of three per cage, in a room
with a 12-h light/12-h dark cycle (lights off 6 PM), until
they reached weights of approximately 300 g. Rats then
were housed in groups of two per cage. Water was
freely available when rats were in their home cages. All
experimental testing sessions were less than 1 hour per
day, and occurred during the rats’ active phase (lights
off). All experiments were performed in accordance
with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.

 

Drugs

 

Naloxone hydrochloride was purchased from Sigma
(St. Louis, MO). Morphine sulfate and morphine sulfate
pellets were from the National Institute on Drug Abuse
(NIDA). Drugs were injected subcutaneously in a vol-
ume of 1 ml per kilogram body weight using saline as
the vehicle.

 

Conditioned Withdrawal Induction

 

The method to produce conditioned opioid withdrawal
was from a previous study from this laboratory with
minor modifications (Baldwin and Koob 1993). Briefly,
rats were trained to respond for food in an operant
chamber while they were food-restricted (10 g food per
day in the home cage). Responding for 45 mg food pel-
lets (P.J. Noyes, Lancaster, NH) was started on a fixed
ratio 1 (FR1) time out 1-s schedule. As rats learned the
operant procedure, the response requirement was grad-
ually increased to FR15. All rats then were implanted
with two 75 mg subcutaneous morphine pellets to be-
gin the conditioning phase of the experiment. All oper-
ant sessions began with 10 minutes of responding for
food. This pre-injection baseline period was to examine
if conditioning occurs to the context alone, and to track
any irregular baseline responding produced by mor-
phine pellet implantation, an effect observed in our lab-
oratory. Rats were removed after the 10-minute session,
given a subcutaneous saline injection, and returned to
the operant chamber for an additional 20-minute ses-
sion. On days 7 and 8 post-morphine pellets, rats were
separated into two groups. One group received saline
(unpaired group) and the other group received nalox-
one (0.025 mg/kg, s.c.; paired group) 10 minutes into a
30-minute session. Immediately after the injections, a
scent cue (anise extract) and a sound cue (7-kHz, 85 dB)
were delivered to all rats in the operant chambers for
20-minute sessions. On day 9 rats were given a baseline
response day without cues, and on days 10 and 11 con-
ditioning sessions were resumed. Rats in the paired
group received saline injections in their home cages 3
hours after the conditioning sessions, and unpaired rats
received 0.025-mg/kg naloxone. Rats were never ex-
posed to the tone/scent combination outside of the con-
text of a conditioning session.

After conditioning sessions were completed, mor-
phine pellets were removed, and the 10-minute fol-
lowed by 20-minute sessions, minus cues, were contin-
ued for 1 month. For the final session, all rats were
exposed to the tone/scent combination after a saline in-
jection and operant responding was recorded for 20
minutes. Rats were immediately returned to their home
cages and were sacrificed by decapitation 2 hours later.

 

Unconditioned Withdrawal Induction

 

To determine if the peptide level changes measured
with conditioned withdrawal were caused by manifes-
tation of symptoms associated with unconditioned opi-
oid withdrawal, rats were sacrificed after exposure to
mild unconditioned opioid withdrawal (Schulteis et al.
1997). Several conditions had to be modified to ensure
that the quality of withdrawal in our unconditioned
withdrawal experiment most accurately modeled con-
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ditioned withdrawal. First, rats in the conditioned with-
drawal experiment were sacrificed 1 month after the
last morphine exposure, and thus no longer in a depen-
dent state. It is not possible to induce unconditioned
opioid withdrawal in a nondependent state. Second,
the degree of unconditioned withdrawal with mor-
phine pellets implanted can be more severe than condi-
tioned withdrawal. For example, it was evident from
our data that the degree of suppression of operant re-
sponding for food was much greater during the condi-
tioning sessions (with morphine pellets implanted)
than when the rats were tested in the post-dependent
state. Thus, a situation was desired in which rats were
dependent enough to induce a mild withdrawal state
with rarely detectable physical signs when naloxone
was administered, yet not in a state where a high de-
gree of dependence would induce severe withdrawal
and possibly exaggerate changes in peptide levels.

Fifteen rats were habituated to subcutaneous saline
injections for 3 days. On day 4, all rats were given a sub-
cutaneous injection of morphine (5 mg/kg). On day 5,
all rats were again given morphine (5 mg/kg). Four
hours later, half of the rats were given saline and the
other half were given naloxone (0.3 mg/kg, s.c.). This
combination of morphine and naloxone previously had
been shown to produce an equivalent suppression of
operant responding for food as observed in the present
studies (Schulteis et al. 1997). Two hours after this treat-
ment, all rats were sacrificed by decapitation.

 

Unconditioned Stress Induction

 

To rule out the possibility that the peptide level
changes observed with conditioned withdrawal were
caused by stress associated with withdrawal, a group of
rats was exposed to mild footshock stress and brain
peptide levels were examined. Conditions of exposure
to stress were intended to mimic as closely as possible
the conditions the previous rats experienced during
conditioned withdrawal (i.e., repeated stimuli) yet en-
sure that the footshock stress during the final session
was unpredictable and therefore unconditioned.

Eighteen rats were habituated to operant chambers
for 15 minutes for 2 days. Operant chambers were
equipped with a floor that allowed for the delivery of
0.4 mA of current for 0.5 seconds duration at varied in-
tervals every 10–50 seconds. A similar method of foot-
shock stress has been used to induce relapse to drug
seeking (Shaham and Stewart 1996). Rats were divided
into two groups: One group received footshock stress
on the indicated days, and the other group never re-
ceived footshock stress but was placed only in the oper-
ant chambers. On days 3 and 4, shock was delivered
during the last 10 minutes of a 15-minute session. On
day 5, rats were habituated to the chamber without de-
livery of a shock. On days 6 and 7, rats were again ex-

posed to footshock. For the following 1 month and for 5
days per week, rats were exposed to the operant cham-
bers without footshock to extinguish any possible asso-
ciation between exposure to operant chambers and
footshock stress. On the last day of exposure to the op-
erant chambers, rats were again exposed to footshock
stress, returned to their home cages, and sacrificed by
decapitation 2 hours later. Unshocked rats were placed
in the operant chamber without footshock stress and
were sacrificed 2 hours later.

 

Analysis of Peptide Levels

 

After decapitation, rat brains were immediately dissected
on ice, and brain regions were immediately transferred
to dry ice for storage. Tissue extraction was performed
with 1 M acetic acid. The samples were heated at 95

 

�

 

C
for 5 minutes, and after cooling on ice the tissues were
homogenized by sonication using a Branson Sonifier.
The samples were reheated at 95

 

�

 

C for 5 minutes, cooled
on ice, and then centrifuged for 15 minutes at 12,000 g in
a Beckman Microfuge. The supernatants were applied
onto small (1 ml) ion exchange columns containing SP
Sephadex C-25 gel to concentrate and separate opioid
peptides in the tissue extract. Peptides were eluted with
buffers containing mixtures of pyridine (P) and formic
acid (F): I 

 

�

 

 0.018 M P: 0.1 M F, II 

 

�

 

 0.1 M Pyr: 0.1 M F
(elutes Met-enkephalin-Arg-Pre or MEAP), and III 

 

�

 

 0.35
M P: 0.35 M F, IV 

 

�

 

 1.6 M Pyr: 1.6 M F (elutes dynorphin
A, nociceptin). The fractions were dried in a vacuum cen-
trifuge and stored at 

 

�

 

20

 

�

 

C until peptide analysis. The
following procedures have been described in detail else-
where (Bergström et al. 1983; Christensson-Nylander et
al. 1985).

Specific radioimmunoassays were performed for
dynorphin A, MEAP, and nociceptin, respectively. The
respective antiserum was diluted with gelatin buffer.
The peptides were labeled with 

 

125

 

I using chloramine-T
and purified with reversed phase HPLC using a gradient
of 15%–40% acetonitrile, in 0.04% trifluoroacetic acid.
The tracer with peptide was diluted with gelatin buffer to
4500 cpm/100 

 

�

 

l. The samples or standard peptide (25 

 

�

 

l)
were incubated with 100 

 

�

 

l antiserum and 100 

 

�

 

l of
labeled peptide for 24 h. In dynorphin A and nociceptin
assays, the gelatin buffer contained 0.15 M NaCl, 0.02%
sodium azide, 0.1% gelatin, 0.1% Triton X-100, and 0.1%
bovine serum albumin in 0.05 M sodium phosphate buffer
pH 7. Free and antibody-bound peptide were separated
by incubation for 1 h with 100 

 

�

 

l sheep antirabbit anti-
serum (Pharmacia, North Peapack, NJ). After centrifuga-
tion, the radioactivity in the pellets was counted in a 

 

�

 

counter. Dynorphin A antiserum (84

 

�

 

) was used in a fi-
nal dilution of 1:500,000 and nociceptin antiserum
(96:2C) was diluted 1:60,000.

In MEAP assays, a gelatin buffer was used contain-
ing 0.15 M NaCl, 0.025 M EDTA, 0.1% gelatin, and 0.1%
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bovine serum albumin in 0.05 M sodium phosphate
buffer, pH 7. A charcoal suspension (250 mg and 25 mg
dextran T-70 in 100 ml 0.05 M sodium phosphate buffer)
was added to the samples (200 

 

�

 

l/sample), which were
incubated for 10 minutes and thereafter centrifuged for
1 minute. The supernatant (300 

 

�

 

l) was counted in a 

 

�

 

counter. MEAP antiserum (90:3D II) was used at a final
dilution of 1:140,000.

 

Statistical Analyses

 

Baseline lever pressing rates were defined as the aver-
age number of lever presses during the last 20 min of
three 30-minute sessions after morphine pellet implan-
tation yet prior to beginning conditioning or testing.
Differences in baseline response rates were compared
by a two-tailed Student’s 

 

t

 

-test. During the conditioning
phase of the experiment, results were analyzed by two-
way ANOVA with group (unpaired vs. paired) as the
between-subjects factor and with repeated measures on
day of conditioning procedure. The 10-minute pre-injec-
tion period during the conditioning phase was exam-
ined by two-way ANOVA with group (unpaired vs.
paired) as the between-subjects factor and with re-
peated measures on day of conditioning procedure.
These baseline sessions were also examined within the
paired group by one-way ANOVA. During the test for
conditioned withdrawal, results were analyzed by two-
way ANOVA with group (paired vs. unpaired) as the
between-subjects factor and with repeated measures on
the time since the start of the conditioned stimulus. Post
hoc comparisons were carried out using tests for simple
main effects. Brain peptide levels were expressed as
femtomoles per milligram protein and were compared
by a two-tailed unpaired Student’s 

 

t

 

-test.

 

RESULTS

 

For the conditioned withdrawal phase of the experi-
ment, rats lever-pressed on a FR-15 schedule for food
reinforcement. Prior to conditioning and while the mor-

phine pellets were implanted, the rats that were to be
put into the paired group (naloxone paired with tone
and scent) pressed the lever significantly more times
than the rats that were to be put into the unpaired
group (saline paired with tone and scent), though
groups were treated equivalently at this stage. When
the last 20 minutes of the final three baseline sessions
before conditioning were compared, unpaired rats pressed
the lever 1026 

 

�

 

 95 times while the paired rats pressed the
lever 1492 

 

�

 

 124 times (

 

p

 

 

 

	

 

 .01 by Student’s 

 

t

 

-test).
During the conditioning phase of the experiment, sa-

line (unpaired group) or naloxone (paired group) was
given immediately prior to exposure to a tone and scent
combination. When the 10-minute baseline sessions be-
fore injections were compared, two-way ANOVA re-
vealed no significant differences between the paired
and unpaired groups on conditioning days (F [1,22] 

 

�

 

0.817, 

 

p

 

 

 

�

 

 .376, NS). One-way ANOVA analysis of
the paired group revealed a significant increase in the
10-minute pre-injection baseline response rate on con-
ditioning days 1–4 (F[3,44] 

 

�

 

 3.52, 

 

p

 

 

 

	

 

 .05) (Table 1).
Two-way ANOVA analysis indicated that naloxone in-
jections suppressed lever-pressing behavior (paired group)
while saline did not (unpaired group) (F[1,22] 

 

�

 

 90.4, 

 

p

 

 

 

	

 

.001). Specifically, paired responding was 7.2, 3.2, 0.6, and
0.1% of their pre-conditioning baseline on days 1, 2, 3,
and 4 of conditioning, respectively (Figure 1). Similar
results were produced when the number of responses
rather than the percentage baseline responding was ex-
pressed, i.e., the elevated baseline in the paired group
had no effect on the degree of suppression of respond-
ing (data not shown). Naloxone injections also pro-
duced diarrhea in some rats, but not vocalization and
weight loss as previously reported (Baldwin and Koob
1993). Physical signs were not systematically quantified
at any time in this study.

One month after conditioning and when the rats
were in a post-dependent state, exposure to the tone-
scent combination significantly suppressed responding
in the paired group, but not the unpaired group (Figure
2). Two-way ANOVA revealed a significant difference
between the groups (paired vs. unpaired) across the
20-minute test session and a group-time interaction

 

Table 1.

 

Pretreatment Baseline (First 10 Minutes) Response Rates Before and During Conditioning

 

Days Post-morphine pellet Implantation

Preconditioning Conditioning NC Conditioning

Group Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11

 

Unpaired 582 

 

�

 

 97 679 

 

�

 

 111 661 

 

�

 

 91 740 

 

�

 

 93 901 

 

�

 

 125 840 

 

�

 

 81 858 

 

�

 

 99 981 

 

�

 

 87
Paired 960 

 

�

 

 81 863 

 

�

 

 111 768 

 

�

 

 116 777 

 

�

 

 95 927 

 

�

 

 105 987 

 

�

 

 102 1083 

 

�

 

 76* 1126 

 

�

 

 75**

 

NC refers to a baseline session with no conditioning.
ANOVA analysis of conditioning sessions (Days 7, 8, 10 and 11) revealed an increase in responding in the paired group.
** P 

 

	

 

 0.01, * P 

 

	

 

 0.05, compared with Day 7 (Day 1 of conditioning).
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(F[3,63] 

 

�

 

 7.05, 

 

p

 

 

 

	

 

 .001). Post hoc analysis revealed sig-
nificant differences between the groups during the first
10 minutes of the session, after which responding in the
paired group began to approach pre-test baseline val-
ues. Some diarrhea was observed in the paired rats, but
this was not systematically quantified. No other physi-
cal withdrawal signs were observed.

Nociceptin, MEAP), and dynorphin A peptide levels
in the olfactory tubercle, frontal cortex, Acb, anterior
striatum, posterior striatum, and amygdala were exam-
ined in paired versus unpaired rats 2 hours after the fi-
nal testing session. Nociceptin levels were significantly
suppressed in the frontal cortex (

 

p

 

 

 

	

 

 .05, Student’s

 

t

 

-test) and olfactory tubercle (

 

p

 

 

 

	

 

 .01) of paired versus
unpaired rats (Figure 3). There were no significant
dynorphin A or MEAP level differences between the
groups (data not shown).

In order to determine whether the changes in opioid
peptide levels were specific to conditioned opioid with-
drawal, peptide levels were examined after mild un-
conditioned opioid withdrawal. Two-days exposure to
morphine, followed by a naloxone injection 4 hours
later, previously has been shown to suppress operant
responding for food (Schulteis et al. 1997). A naloxone
dose was chosen which in the previous study suppressed
operant responding to a similar degree observed in Fig-
ure 2. Diarrhea was the only physical withdrawal sign
seen after naloxone injection. It was observed in only a
few rats, and this effect was not quantified. Nociceptin
peptide levels were significantly decreased in the Acb

(

 

p

 

 

 

	

 

 .05) and increased in the frontal cortex (

 

p

 

 

 

	

 

 .01) 2
hours after naloxone challenge compared with saline-
challenged rats (Figure 4A). With the exception of a de-
crease in dynorphin A levels in the olfactory tubercle,
there were no other differences in peptide levels ob-
served (Figures 4B and data not shown for MEAP).

Because both the Acb and frontal cortex are involved
in responses to stressful stimuli, and as nociceptin may
be an endogenous anxiolytic-like agent, it was neces-
sary to determine if stress altered nociceptin levels in
these brain regions (Jenck et al. 1997; Jenck et al. 2000;
Horger and Roth 1996). Rats were repeatedly exposed
to mild footshock stress in operant chambers, and foot-
shock was unpredictably reapplied after several weeks
of no footshock. This protocol was designed to elimi-
nate any conditioning factors that might be paired with
the footshock stress. Nociceptin levels were signifi-
cantly decreased in the Acb after reexposure to foot-
shock (

 

p

 

 

 

	

 

 .05). Nociceptin levels demonstrated a trend
toward an increase in the frontal cortex (

 

p

 

 

 

�

 

 .089 by Stu-
dent’s 

 

t

 

-test). Footshock stress also increased nociceptin
levels (

 

p

 

 

 

	

 

 .001) and dynorphin A levels (

 

p

 

 

 

	

 

 .05) in the
olfactory tubercle (Figures 5A and 5B) and had no effect
on MEAP levels in any of the brain regions examined
(data not shown).

Figure 1. Effect of conditioning procedure on operant
responding in opioid-dependent rats. Morphine-dependent
rats that received naloxone injections (0.025 mg/kg, s.c.)
(paired) suppressed operant responding for food compared
with rats that received saline injections (unpaired). Results
are expressed as the percentage baseline responding, defined
as the average rate of responding over the 3 sessions prior to
conditioning while morphine pellets were implanted. The
last 20 min of baseline sessions (after saline injections) were
compared with the last 20 min of conditioning sessions (after
naloxone or saline). Two-way ANOVA revealed significant
differences between the paired and unpaired groups during
conditioning (F[1,22] � 90.4, p 	 .001).

Figure 2. Test of conditioned withdrawal in post-dependent
rats. One month after conditioning and in a post-dependent
state, rats were reexposed to the tone-scent combination,
which was previously paired with opioid withdrawal (paired)
or saline (unpaired). Results are expressed as the percent-
age baseline responding, defined as the average rate of
responding over the 3 sessions prior to the test. Paired rats
significantly suppressed operant responding compared with
unpaired rats. Two-way analysis of variance revealed signif-
icant effects of group (paired vs. unpaired) and time since
exposure to the conditioned stimulus, and a significant
interaction between the two factors (F[3,63] � 7.05, p 	 .001).
Post hoc analyses revealed significant differences between
the two groups 5 min and 10 min after exposure to the con-
ditioned stimulus. ** p 	 .01, *** p 	 .001 differences
between paired and unpaired.
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DISCUSSION

Nociceptin peptide levels decreased in the frontal cor-
tex after conditioned opioid withdrawal. Potential roles
of the medial prefrontal cortex (mPFC) in drug addic-
tion have been proposed (Tzschentke 2001). Strong syn-
aptic connections with the hippocampus give evidence
for a role of the mPFC in learning, memory, and condi-
tioning (Doyere et al. 1993; Hernadi et al. 2000). The
mPFC has also been implicated in relapse to drug seek-
ing (Weiss et al. 2001). Conditioned withdrawal-induced
changes in neuropeptide levels in the mPFC could there-
fore have important implications in drug reward-related
behaviors.

Because the frontal cortex is involved in stress and
nociceptin has been implicated as an endogenous anxi-
olytic, we sought to determine whether the change in
nociceptin peptide levels might be a response to a
stressful component of conditioned withdrawal (Hor-
ger and Roth 1996; Jenck et al. 1997). Repeated foot-
shock stress in a stimulus pattern similar to our condi-
tioned withdrawal protocol did not, however, induce
changes in nociceptin in the frontal cortex. This result
leads to the conclusion that the decrease in nociceptin
in the frontal cortex with conditioned opioid with-
drawal is independent of any possible stressful compo-
nent of conditioned withdrawal.

Unconditioned opioid withdrawal increases nocicep-
tin levels in the frontal cortex and decreases nociceptin
levels in the Acb. It has been postulated that the mPFC,
a component of the frontal cortex, negatively modulates
dopamine function in the Acb (Tassin et al. 1978; Mitch-
ell and Gratton, 1992). Both the mPFC and the Acb re-
ceive dopamine input from the ventral tegmental area,
and lesions of the mPFC modulate dopamine release in
the Acb. Nociceptin may modulate dopamine release
into regions postsynaptic to dopamine input and,
through this mechanism, may play a role in the interac-
tion between these brain regions (McGregor et al. 1996;
King and Finlay, 1997; Konya et al. 1998). Through
these interactions, nociceptin may be hypothesized to
play a role in the negative reward state associated with
unconditioned opioid withdrawal as reflected in oper-
ant suppression, ICSS threshold elevation, conditioned
place aversion, and locomotor activity suppression
(Schulteis et al. 1994).

Modulation of opioid peptide levels during condi-
tioned withdrawal also could be caused by physiologi-
cal effects similar to those produced by unconditioned
withdrawal. Unconditioned withdrawal, however, had

Figure 3. Effect of conditioned opioid withdrawal on noci-
ceptin/orphanin FQ peptide levels in several brain regions.
Results are expressed as fmol peptide per milligram protein.
Brain regions: OT, olfactory tubercle; FC, frontal cortex; Acb,
nucleus accumbens; Astr, anterior striatum; Pstr, posterior
striatum; Amy, amygdala. ** p 	 .01, * p 	 .05 differences
between paired and unpaired rats.

Figure 4. Effect of unconditioned opioid withdrawal on opioid peptide levels in several brain regions. Results are expressed
as fmol peptide per milligram protein. Brain regions: OT, olfactory tubercle; FC, frontal cortex; Acb, nucleus accumbens; Astr,
anterior striatum; Pstr, posterior striatum; Amy, amygdala. (Left panel) Effect of unconditioned withdrawal on nociceptin/
orphanin FQ levels. (Right panel) Effect of unconditioned withdrawal on dynorphin A levels. **p 	 .01, * p 	 .05 differences
between naloxone and saline-injected rats.
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an opposite effect on nociceptin peptide levels in the
frontal cortex (compare Figures 3 and 4A). Opposite ef-
fects of conditioned and unconditioned stimuli on neu-
rochemical markers suggest that any similar behavioral
effects that may be produced by these two stimuli
would occur through distinct mechanisms.

No peptide level changes were observed in our stri-
atal (minus Acb) dissections, a region not directly in-
volved in the rewarding aspects of drug addiction-related
behaviors. Also, no peptide-level changes were ob-
served in our amygdala dissections, though the basolat-
eral nucleus of the amygdala recently was shown to
have a role in conditioned withdrawal in the same rat
model used in this study (Schulteis et al. 2000). Our dis-
sections included, however, the entire amygdala, so ef-
fects in amygdaloid subregions may have been diluted
and therefore undetectable.

It should be noted that absolute levels of nociceptin
peptide were several times higher in the frontal cortex
of conditioned withdrawal rats compared with the un-
conditioned withdrawal and footshock stress rats. This
difference could be caused by either the chronic food
restriction or the chronic morphine administration re-
quired for the conditioned withdrawal study. Opioid
peptide levels are altered in food-restricted rats (Ber-
man et.al. 1994), but besides nociceptin, the other pep-
tide levels were consistent across experimental groups
in the present study.

It could be argued that the specific decrease in noci-
ceptin that occurred during conditioned withdrawal is
caused by the baseline difference (e.g., higher nocicep-
tin levels in the frontal cortex of control animals). Argu-
ments against the baseline being a factor can be made
with two observations in the nociceptin data across the

three experiments. First, though absolute nociceptin
levels were higher in the frontal cortex of the condi-
tioned withdrawal study compared with the uncondi-
tioned withdrawal study (compare Figures 3 and 4A),
alterations in peptide levels were still detected between
saline and naloxone rats (unconditioned withdrawal
study). Second, though absolute nociceptin levels in the
olfactory tubercle were half as high in the conditioned
withdrawal study compared with the unconditioned
study, modulation in levels can still be detected (com-
pare Figures 3 and 4A). Thus, higher absolute amounts
of nociceptin in the frontal cortex of rats in the condi-
tioned withdrawal study likely does not preferentially
permit detection of a decrease in this study.

Finally, in the present experimental design, condi-
tioning occurred only to the tone and smell and not the
context of the experimental conditions. When the 10-
minute pre-injection baseline values were examined in
the paired group during the conditioning phase, an in-
crease in responding occurred over the conditioning
sessions (Table 1); a decrease would have indicated
conditioning to the context. This increase was most
likely caused by the recovery in responding that pro-
gressively occurs the first several days after morphine
pellet implantations (unpublished observations).

Stress and conditioned cues induce relapse in experi-
mental models of drug addiction and are important
contributors to relapse in human drug addicts (Gold-
berg et al. 1969; Shaham et al. 2000). Unconditioned opi-
oid withdrawal has not been shown reliably to induce
relapse in animal models, but it does play a role in mo-
tivating drug intake in animals that have experience
with taking heroin to relieve withdrawal (Hutcheson et
al. 2001). Stress, conditioned withdrawal, and uncondi-

Figure 5. Effect of mild footshock stress on opioid peptide levels in several brain regions. Results are expressed as fmol
peptide per milligram protein. Brain regions: OT, olfactory tubercle; FC, frontal cortex; Acb, nucleus accumbens; Astr, ante-
rior striatum; Pstr, posterior striatum; Amy, amygdala. (Left panel) Effect of footshock stress on nociceptin/orphanin FQ
levels. (Right panel) Effect of footshock stress on dynorphin A levels. ***p 	 .001, * p 	 .05 differences between footshock
and no footshock.
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tioned withdrawal were used in this study to examine
opioid peptides in several brain regions involved in
drug addiction and relapse (Self 1998), and interesting
patterns in opioid regulation were revealed. First, a de-
crease in nociceptin in the frontal cortex with condi-
tioned withdrawal may represent a neurochemical ef-
fect distinct to conditioned withdrawal; the same was
not observed with unconditioned withdrawal or stress.
Second, nociceptin was the peptide regulated in the ma-
jority of the significant effects (six of eight), suggesting
important roles for this peptide in stimuli that may trig-
ger drug seeking. Third, half of the peptide-level
changes observed involved the olfactory tubercle indi-
cating the need for further studies of the role this brain
region may play in conditioning, unconditioned with-
drawal, and stress. Overall, these results suggest an im-
portant role for nociceptin in conditioned opioid with-
drawal. Normalization of nociceptin function may alter
the behavioral response to cues paired with drug with-
drawal, and it should be pursued as a possible means to
prevent drug relapse.
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