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Abstract
Rationale Acute 1-day food deprivation reinstates heroin
seeking in rats via a leptin-dependent mechanism. Howev-
er, leptin has no effect on footshock- or heroin-priming-
induced reinstatement of drug seeking. These data may
indicate that the neuronal systems underlying food-depri-
vation-induced reinstatement are dissociable from those
involved in reinstatement induced by footshock stress.
Objectives We used the reinstatement procedure to examine
the roles of the adrenal stress hormone, corticosterone, and
brain corticotropin-releasing factor (CRF) in acute food-
deprivation-induced reinstatement of extinguished heroin
seeking in rats.
Materials and methods The rats were trained to press a
lever for heroin (0.05−0.1 mg/kg/infusion, i.v.) for 10 days.
Experiment 1: After heroin self-administration training, the
rats were divided into two groups, which received either
bilateral adrenalectomy surgery or sham surgery. Next, the
rats were given 7–10 days of extinction training (during
which lever presses were not reinforced with heroin). The
rats were subsequently tested for reinstatement after acute
(21 h) food deprivation. Experiment 2: After heroin self-
administration and extinction training, the rats were tested
for reinstatement induced by acute food deprivation. Before
the test session, the rats were given intracerebroventricular
injections of the CRF receptor antagonist α-helical CRF (0,
3, or 10 μg/rat).
Results Adrenalectomy had no effect on the extinction
behavior or acute food-deprivation-induced reinstatement

of heroin seeking. The CRF receptor antagonist, α-helical
CRF, dose-dependently blocked food-deprivation-induced
reinstatement.
Conclusions The present data suggest that, as demonstrated
for footshock-induced reinstatement of drug seeking, brain
CRF, but not corticosterone, plays a critical role in acute
food-deprivation-induced reinstatement of heroin seeking.
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Introduction

Exposure to stressful life events is thought to be important
for the induction of craving and relapse to drugs in humans.
Thus, drug abusers often cite stress and negative affect as
reasons for relapse to drug use (Sinha 2001). Using a
reinstatement model of drug relapse (de Wit and Stewart
1981; Stewart and de Wit 1987) it was demonstrated that
exposure to footshock stress reinstates extinguished drug-
seeking behavior in rats trained to self-administer heroin,
cocaine, nicotine, and alcohol (Shaham et al. 2003), and
that administration of the anxiogenic drug, yohimbine,
reinstates methamphetamine seeking (Shepard et al. 2004).

Food deprivation is an environmental stressor and, in
laboratory animals, there is considerable evidence that acute
and chronic food restriction or food deprivation facilitate the
initiation and maintenance of drug-reinforced behavior
(Carroll and Meisch 1984; Piazza and Le Moal 1998; Lu
et al. 2003), and potentiate opiate and psychostimulant
reward (Carr and Simon 1984; Bell et al. 1997; Carr 2002;
Stuber et al. 2002). These findings seem relevant to the
human condition as food deprivation has been anecdotally
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linked to increased drug intake and relapse (Hanna and
Hornick 1977; Carroll 1985). Similarly, caloric restriction
has been reported to increase cigarette smoking, and the
risk for relapse in abstinent smokers (Hall et al. 1992;
Cheskin et al. 2005), but see Zacny and de Wit (1992) for
different results.

We have previously demonstrated reliable reinstatement
of heroin and cocaine seeking after exposure to acute, 1-day
food deprivation (Shalev et al. 2000, 2003) via a leptin-
dependent mechanism. Thus, food deprivation-induced
reinstatement of heroin seeking was completely blocked
by intracerebroventricular administration of leptin (Shalev
et al. 2001). The latter finding is in agreement with a
previous study showing that central administration of leptin
reverses chronic food restriction-induced sensitization of
lateral hypothalamic brain stimulation reward (Fulton et al.
2000). Interestingly, leptin administration had no effect on
footshock- or heroin priming-induced reinstatement of
heroin seeking (Shalev et al. 2001). We have, therefore,
suggested that the neuronal mechanisms that underlie food
deprivation-induced reinstatement may be dissociable from
those involved in reinstatement induced by footshock stress
or drug priming (Shalev et al. 2002). However, to confirm
(or refute) this hypothesis, “double dissociation” should be
demonstrated. That is, pharmacological agents known to
block footshock- or drug priming-induced reinstatement
should not attenuate or block reinstatement induced by food
deprivation. It is now well established that the adrenal
stress-hormone, corticosterone, has a permissive (modula-
tory) role in footshock-induced reinstatement of cocaine
seeking, which is dissociated from the stressor-induced
increases in corticosterone levels, and, furthermore, corti-
costerone is not involved in heroin reinstatement (Shaham
et al. 1997a; Erb et al. 1998, 2001a). On the other hand,
extrahypothalamic corticotropin-releasing factor (CRF) is
critically involved in footshock-induced reinstatement.
Thus, the administration of CRF-receptor antagonists
attenuates footshock-induced reinstatement in heroin-,
cocaine-, and alcohol-trained rats (Shaham et al. 1997a,
1998, 2000a; Erb et al. 1998, 2001b; Le et al. 2000; Wang
et al. 2005). In addition, central administration of CRF
reinstates drug seeking in heroin- (Shaham et al. 1997a) and
cocaine-trained (Erb and Stewart 1999) rats. Finally, CRF-
receptor antagonists have only minimal effects on cocaine,
and heroin-priming-induced reinstatement of drug seeking
(Shaham et al. 1997a; Erb et al. 1998).

Food deprivation is an aversive event that is known to
activate the hypothalamic–pituitary–adrenal (HPA) axis in
animals, resulting in an increased secretion of corticoste-
rone (Marinelli et al. 1996; Dallman et al. 1999). We have
recently demonstrated that a food-deprivation-induced
increase in corticosterone release is not necessary for
reinstatement of cocaine seeking by acute food deprivation

(Shalev et al. 2003). However, the role of corticosterone
and CRF in food-deprivation-induced reinstatement of
heroin seeking is unknown.

In the present study, we examined the involvement of
corticosterone in acute food-deprivation-induced reinstate-
ment of extinguished heroin seeking using adrenalecto-
mized (ADX) and sham-operated rats. In addition, we
tested the effect of blocking the CRF receptors in the brain
by pretreatment with the CRF antagonist α-helical CRF on
reinstatement induced by acute food deprivation. Our
hypotheses were that food-deprivation-induced release of
corticosterone is not necessary for the reinstatement of
heroin seeking and that CRF is not involved in food
deprivation-induced reinstatement. We therefore expected
to see no effect for adrenalectomy or the blocking of CRF
receptors on food-deprivation-induced reinstatement of
heroin seeking.

Materials and methods

Experiment 1: adrenalectomy

Subjects

Ten male Long–Evans rats (Charles River, Raleigh, NC,
USA; 350–400 g) were used. At 5 to 7 days after surgery for
implantation of the intravenous (IV) catheters, the rats were
transferred to the self-administration chambers where they
were chronically housed under a reversed 12-h:12-h light–
dark cycle (lights on at 10:00 P.M.). Water and food were
freely available, except when food deprivation conditions
were applied (see below). The body weight of the rats was
measured daily. The experimental procedures followed the
“Principles of laboratory animal care” (NIH publication no.
85-23, 1996) and were approved by the Animal Care and
Use Committee of IRP/NIDA.

Surgery

The rats were implanted under anesthesia (a mixture of
xylazine + ketamine, 10 + 100 mg/kg, i.p.) with IV Silastic
catheters (Dow Corning, Midland, MI, USA) into the right
jugular vein as previously described (Shalev et al. 2000).
In brief, the catheter was secured to the vein with a silk
suture and passed subcutaneously to the top of the skull,
where it was connected to a modified 22-gauge cannula
(Plastics One, Roanoke, VA, USA). The cannula was
mounted to the skull with jeweler screws and dental
cement. After surgery, the catheters were flushed every
24–48 h with 0.08 mg/ml gentamicin in sterile saline
(0.1 ml). If catheter patency was suspected, a very small
dose of xylazine + ketamine (0.25+2.5 mg/kg) was injected
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through the catheter. This caused an immediate and short-
lasting (1−2 min) anesthetic effect.

Bilateral ADX was rapidly (3−5 min) performed via the
dorsal approach with the rats under isoflurane (Abbot
Laboratories, North Chicago, IL, USA) anesthesia, between
10:00 P.M. and 12:00 A.M. The time of surgery and surgical
procedure for ADX followed the procedure described by
Marinelli et al. (1997). Sham-operated rats were exposed to
the same procedure as the ADX rats, with the exception that
the adrenal glands were not removed. After surgery, the
ADX rats were given physiological saline in their drinking
bottles.

Apparatus

The experiment was conducted in self-administration
chambers. Each chamber had two levers located 9 cm
above the floor, but only one lever (an “active”, retractable
lever) activated the infusion pump (Razel, Stamford, CT,
USA). Presses on the other lever (an “inactive”, stationary,
non-retractable lever) were recorded but did not activate the
pump. The cannula on the rat’s skull was connected to a
liquid swivel with polyethylene-50 tubing that was pro-
tected by a metal spring. Outside of the chamber, the swivel
was connected to a 20-ml syringe on the infusion pump.

Procedure

The experiment included three phases: self-administration
training, extinction training, and tests for reinstatement.
Self-administration training was conducted over a period of
10 days, three 3-h sessions/day that were separated by 3 h.
The first session of each day started at the onset of the dark
cycle. Each session began with the insertion of the active
lever into the chamber and the illumination of a cue light
above this lever for 30 s. A red houselight was turned on
for the entire session. Each response on the active lever
resulted in the delivery of 0.1 mg/kg (first 6 days) or
0.05 mg/kg (last 4 days) of heroin and the initiation of a
20-s timeout period. During this period, lever presses were
not reinforced, and the cue light was turned on. At the end
of each session, the houselight was turned off and the active
lever was retracted. The dose of heroin was reduced to 50%
of the initial training dose during the last 4 days of training
to verify that the rats acquired robust heroin-taking
behavior as indicated by an increase in responding to
compensate for the decrease in the drug dose (see, for a
review, Yokel 1987).

After training, the rats were left undisturbed for 2 days.
The rats were divided into two corticosterone manipulation
groups: ADX or sham surgery. The groups were matched
for a similar heroin infusion rate at the end of the training
phase.

After ADX surgery and 2 days of recovery, the
extinction phase started. During the extinction phase, the
conditions were identical to those of the training phase,
with the exception that the heroin syringes were removed.
For the first 3 days, the rats were given three 3-h extinction
sessions/day. The number of sessions was subsequently
reduced to one 3-h session/day, and the rats were given four
to six daily extinction sessions until they reached the
extinction criterion of 20 responses or less on the
previously active lever. At this point, the rats were tested
for food-deprivation-induced reinstatement under extinction
conditions. Food deprivation was accomplished by the
removal of food from the food hoppers for 21 h before the
3-h test session. The food hoppers were refilled at the end
of the test session.

Plasma corticosterone determination

At the end of the experiment, the rats were rapidly
decapitated during the first hour of the dark cycle (the time
of onset for the first daily training session and for the
reinstatement test). Trunk blood was collected into hepa-
rinized vials, and plasma was removed and stored at −70 C.
Plasma samples were then analyzed for corticosterone
levels by a radioimmunoassay kit (ICN Biomedicals, Costa
Mesa, CA, USA). The assay was carried out in Dr. Michael
H. Baumann’s laboratory at the Medication Discovery
Research Branch, IRP/NIDA/NIH. The intra- and inter-
assay coefficients of variation commonly observed in Dr.
Baumann’s laboratory for corticosterone assays are 3.0 and
10.0%, respectively.

Experiment 2: α-helical CRF

Subjects and apparatus

Due to the setting of the laboratory in a new location
(Concordia University, Montreal, Quebec, Canada), several
minor changes have been introduced to the apparatus and
procedure. Thirty-three male Long–Evans rats (Charles
River, Canada; 350–400 g) were used. The rats were
handled as described above, but the self-administration
chambers (Coulbourn Instruments, Allentown, PA, USA)
had two retractable levers. The experimental procedures
followed the principles established in the Canadian Council
on Animal Care’s Guide to the Care and Use of Exper-
imental Animals and were approved by the Animal
Research Ethics Committee of Concordia University.

Surgery

The rats were implanted with IV Silastic catheters into the
right jugular vein as described above. For each rat, a guide
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cannula (23-gauge, Plastics One, Roanoke, VA, USA) was
also implanted during the IV surgery. The cannula was aimed
2 mm above one of the lateral ventricles: −0.9 mm posterior,
1.4 mm lateral, and 2.0 mm ventral to bregma (Paxinos and
Watson 2005). After surgery, the catheters were flushed
every 24–48 h with 0.08 mg/ml gentamicin in sterile saline
(0.1 ml). At the end of the experiments, cannulae placement
was verified by demonstrating a short-latency (<60 s) drinking
response to angiotensin II (100 ng, ICV).

Procedure

The training and extinction procedures for heroin self-
administration differed to some degree from those used in
experiment 1. Three groups of rats (n=10–12 per group) were
trained to self-administer heroin (0.1 and 0.05 mg/kg per
infusion), as described above, over a period of 10 days, with
three 3-h sessions/day that were separated by 4 h. Extinction
training was initiated immediately after the conclusion of the
training phase and was conducted over a period of 10–
12 days, with three 3-h session/day for the first 5 days
followed by 5–7 days of one 3-h session/day, until the rats
reached the extinction criterion of 15 responses or less on the
previously active lever. The rats were tested twice, 48 h
apart, for reinstatement of drug seeking: after 21-h food
deprivation and under food-sated conditions, in a counter-
balanced order. The rats were tested 10 min after ICV
injection of one of three doses of α-helical CRF (vehicle, 3
or 10 μg), so that each rat was tested with only one dose of
the antagonist. In between the two test sessions, a regular
extinction session was conducted.

Drugs and injection procedure

Heroin (diacetylmorphine HCl; experiment 1: NIDA, NIH,
experiment 2: Almat Pharma Chem, Concord, Ontario,
Canada) was dissolved in sterile physiological saline.
α-Helical CRF was obtained from Sigma (Canada) and
dissolved in distilled water. The drug was injected ICV at a
volume of 2 μl over a period of 2 min, using an injector (28
gauge) that extended 2 mm below the tip of the guide
cannula. The injector was retained in position for an
additional 60 s after the injection. The doses of α-helical
CRF are based on previous reports (Shaham et al. 1997a).

Statistical analysis

Experiment 1 The number of responses on the previously
active lever and the number of responses on the inactive lever
made during the first 3 days of extinction (9 h/day) were
analyzed separately with repeated measures ANOVA using a
between-subject factor of group (sham, ADX) and a within-

subject factor of day (1–3). Data from the tests for
reinstatement were analyzed separately for responses on the
active lever and responses on the inactive lever. The last day
of extinction served as the baseline sated condition, against
which the effect of food deprivation on lever pressing
behavior was compared. Data were analyzed with a
repeated-measures ANOVA, using a between-subjects factor
of group (sham, ADX) and a within-subjects factor of food
deprivation (food deprived and food sated). Significant
differences are reported for p≤0.05.

Experiment 2 Active and inactive responses made during
the tests for reinstatement were analyzed separately, as
described above. The numbers of responses made under
food deprivation or sated conditions, after α-helical CRF
administration, were compared. Data were analyzed with
repeated-measures ANOVA using a between-subject factor
of α-helical CRF dose (vehicle, 3, or 10 μg) and a within-
subject factor of food deprivation (food deprived and food
sated). ANOVA was followed by post-hoc tests (Fisher’s
protected least-significant difference) where appropriate.
Significant results are reported for p≤0.05.

Results

Experiment 1: adrenalectomy

One rat from the sham group was excluded from the analyses
due to an extremely high number of responses on the active
lever during the food deprivation test (552 responses
compared to a mean of 183 lever presses in the sham group).

Training and extinction phases

The rats demonstrated reliable heroin self-administration as
indicated by an increase in the number of infusions when the
unit dose was reduced from 0.1 to 0.05 mg/kg/infusion. The
mean±SEM numbers of infusions taken on the last day (9 h)
with a unit dose 0.1 mg/kg/infusion in the ADX (n=5) and
sham (n=4) groups were 62.2±6.4 and 56.2±6.8, respective-
ly. The mean±SEM numbers of infusions taken on the last
day with 0.05 mg/kg/infusion unit−dose in the ADX and
sham groups were 94.4±12.2 and 80.5±12.8, respectively.
Figure 1a shows the mean±SEM number of lever presses on
the previously active lever made during the extinction phase
for rats from the ADX and sham groups. The number of
active lever responses decreased rapidly after the first day of
extinction. An analysis performed on the number of active
lever responses during the first 3 days of extinction showed a
significant effect of day (F(2,14)=22.6, p<0.01), but no
significant group or group × day effects. The number of
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responses on the inactive lever was very low in both groups:
a mean of 2.8 and 0.0 for the ADX and sham groups,
respectively, on the first extinction day.

Test for reinstatement

Figure 1b shows the mean±SEM number of presses on the
previously active lever made during the 3-h test for
reinstatement after 21 h of food deprivation in the ADX
and sham groups, and the mean±SEM number of active
lever responses made during the last day of extinction
(baseline). Adrenalectomy had no effect on 21-h food-
deprivation-induced reinstatement of heroin seeking.
ANOVA performed on the number of active lever responses

revealed a significant effect of food deprivation (F(1,7)=20.8,
p=0.003). No significant differences were observed for
inactive lever presses and the number of responses was very
low (all group means below four responses/3 h).

Complete adrenalectomy was verified by radio-
immunoassay which showed levels of plasma corticoste-
rone that were below the detection level of the assay
(10 ng/ml).

Experiment 2: α-helical CRF

Seven out of the 33 rats were excluded from the analyses
due to poor health (four rats) and incorrect placement of the
guide cannula (three rats). Thus, the number of rats in each
α-helical CRF dose group that were included in the final
analyses was n=7, n=10, and n=9 for the vehicle, 3-μg-
treatment, and 10-μg-treatment groups, respectively.

Training and extinction phases

The rats demonstrated reliable heroin self-administration
as indicated by an increase in the number of infusions
when the unit dose was reduced from 0.1 to 0.05 mg/kg/
infusion. The mean±SEM numbers of infusions taken on
the last day (9 h) with a unit dose 0.1 mg/kg/infusion in
the vehicle, 3-μg-treatment, and 10-μg-treatment groups
were 29.7±2.9, 20.4± 2.2, and 24.0±4.5, respectively. The
mean±SEM numbers of infusions taken on the last day
with 0.05 mg/kg/infusion unit-dose in the vehicle, 3-μg-
treatment, and 10-μg-treatment groups were 49.7±8.8,
35.5±3.3, and 40.3±4.1 respectively. Figure 2a shows
the mean±SEM number of lever presses on the previously
active and inactive levers made during the extinction
phase. The active and inactive lever presses decreased
significantly over the first 5 days with three 3 h/day
sessions (F(4,100)=23.2, p<0.01; F(4,100)=10.6, p<0.01,
respectively) and remained low over the following five
3-h sessions (p>0.1).

Test for reinstatement

Pretreatment with both the 3 and 10 μg doses of α-helical
CRF substantially attenuated the food-deprivation-induced
increase in responding on the previously active lever that
was observed in the vehicle group (Fig. 2b). ANOVA
performed on the number of active lever responses during
the 3-h test session revealed significant effects of food
deprivation (F(1,23)=15.7, p=0.0006), α-helical CRF dose
(F(2,23)=4.2, p=0.03), and food deprivation × α-helical
CRF dose (F(2,23)=5.1, p=0.01). The number of presses on
the inactive lever was low in all groups and was not
affected by the experimental manipulation (Fig. 2c). The
statistical analysis indicates that pretreatment with α-helical
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inactive lever during extinction of heroin-seeking behavior. Extinction
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for reinstatement: mean±SEM number of responses on the previously
active lever during 3-h test sessions under sated condition and after
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CRF attenuated food-deprivation-induced reinstatement of
heroin seeking in a dose-dependent way. Post-hoc tests
revealed significant differences between the number of
active lever responses under food deprivation compared to
food-sated condition for the rats pretreated with vehicle and
3 μg α-helical CRF (p≤0.05), but not the 10-μg-treatment
pretreated rats (p>0.1). In addition, within the food
deprivation condition, the number of active lever responses
in the vehicle-pretreated rats was significantly higher than
in the 3- and 10-μg α-helical CRF pretreated rats (p<0.05).
Finally, within the sated condition, the number of active
lever presses in the 10-μg-treatment group was slightly,
though significantly, higher than in the 3-μg-treatment
group (p<0.01). The reasons for this effect are unknown.

Discussion

The first major finding in this study is that corticosterone is
not involved in reinstatement of heroin seeking by acute,
1-day food deprivation. Although acute food deprivation is
known to activate the HPA axis, resulting in an enhanced
secretion of corticosterone (Dallman et al. 1999), abolishing
the food-deprivation-induced increase in plasma corticoste-
rone by adrenalectomy did not interfere with the ability of
food deprivation to reinstate heroin seeking. This observa-
tion is somewhat different from our findings with cocaine-
trained rats (Shalev et al. 2003) but is in accordance with
the effect of adrenalectomy on footshock-induced reinstate-
ment of heroin seeking (Shaham et al. 1997a). In our
previous study (Shalev et al. 2003), we found that
adrenalectomy significantly attenuated the food-depriva-
tion-induced reinstatement of cocaine seeking, and that this
effect was completely reversed by restoring corticosterone
plasma to a basal level with corticosterone replacement. We
argued that these results support the suggested permissive
role of corticosterone in stress-induced reinstatement of
cocaine seeking, where a minimal level of corticosterone is
necessary for reinstatement, but the stressor-induced in-
crease in corticosterone levels does not play a role in the
stressor’s effect on reinstatement (Erb et al. 1998; Shalev et
al. 2003). In heroin-trained rats, however, adrenalectomy
does not attenuate reinstatement induced by footshock
(Shaham et al. 1997a) or acute food deprivation (present
study). Thus, corticosterone is not necessary for footshock-
or food-deprivation-induced reinstatement of heroin seek-
ing. Additional support for a minor role for corticosterone
in stress-induced reinstatement of drug seeking comes from
studies showing that the activation of the HPA axis is not
sufficient to induce reinstatement. For example, we have
previously shown that exposing rats to footshock in an
environment that was not associated with drug self-
administration does not result in reinstatement of extin-
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guished heroin seeking (Shalev et al. 2000). Exposure to a
different stressor, restraint, which potently activates the
HPA axis (Kant et al. 1985) also failed to induce
reinstatement (Shalev et al. 2000). Finally, exposing male
rats to highly arousing stimulus, sexually active females,
which increases plasma corticosterone levels (Bonilla-Jaime
et al. 2006), had no effect on the reinstatement of drug
seeking (Shaham et al. 1997b).

No group differences were observed for lever pressing
behavior during the extinction phase. These data are in
agreement with previous reports from our laboratory and
others’ on the lack of effect for adrenalectomy on extinction
responding in rats previously trained to self-administer
cocaine (Erb et al. 1998; Shalev et al. 2003), heroin
(Shaham et al. 1997a), alcohol (Le et al. 2000), or non-
drug reinforcers (Mason 1983). However, see Micco et al.
(1979) and Thomas and Papini (2001) for findings
indicating some modulation by corticosterone of extinction
behavior previously reinforced by non-drug reward.

Our second major finding is that the CRF receptor
antagonist α-helical CRF, administered intracerebro-
ventricularly, suppressed acute food-deprivation-induced
reinstatement of heroin seeking. These data extend previous
findings on the role of CRF in footshock-induced reinstate-
ment of heroin and cocaine seeking (Shaham et al. 1997a;
Erb et al. 1998; Lu et al. 2000). In contrast to a previous
report with footshock-induced reinstatement (Shaham et al.
1997a), the suppression of food-deprivation-induced rein-
statement of heroin seeking was complete, indicating a
critical role of CRF in this effect.

The differential role of corticosterone in food-deprivation-
induced reinstatement of cocaine vs heroin seeking

The differential effect of adrenalectomy on food-depriva-
tion-induced reinstatement of heroin and cocaine seeking
was addressed by Erb et al. (1998) when discussing a
similar effect after footshock-induced reinstatement in
adrenalectomized rats. These authors suggested that state
dependency develops over training with cocaine, as
corticosterone is repeatedly released after each infusion,
showing no signs of tolerance (Torres and Rivier 1992). In
contrast, corticosterone response to repeated opioid agonists
shows complete tolerance (Pechnick 1993). Thus, some
minimal level of corticosterone may be required to maintain
responding in cocaine-trained rats, especially after the
extinction of cocaine-related cues. However, it should be
noted that a similar scenario could be hypothesized for
reinstatement induced by a priming injection of the drug in
heroin- or cocaine-trained rats. Yet, adrenalectomy does not
affect priming-induced reinstatement of cocaine or heroin
seeking (Shaham et al. 1997a; Erb et al. 1998). At this time,
the differential effect of adrenalectomy on food-depriva-

tion-induced reinstatement (and stress-induced reinstate-
ment in general) of heroin and cocaine seeking still awaits
clarification.

The effect of CRF receptor blockade on food-deprivation-
induced reinstatement of heroin seeking

As mentioned above, the current data extend previous
findings with footshock-induced reinstatement of drug
seeking. It has been shown that ICV administration of the
nonselective CRF antagonists α-helical CRF and D-Phe-
CRF and systemic injections of the specific CRF1 receptor
antagonist CP-154,526 attenuate footshock-induced rein-
statement of heroin, cocaine, and alcohol seeking (Shaham
et al. 1997a, 1998; Erb et al. 1998; Le et al. 2000).
Blockade of the CRF receptors and specifically the CRF1
receptor similarly attenuates footshock-induced reinstate-
ment of morphine- and cocaine-conditioned place preference
(Lu et al. 2000, 2001).

Data from neuroanatomical studies indicate that the
effects of footshock stress on reinstatement of drug
seeking involve the CRF-containing projection from the
central amygdala to the bed nucleus of stria terminalis
(BNST) (Erb and Stewart 1999; Erb et al. 2001a), and
the noradrenergic (NA) projection from lateral tegmental
NA nuclei via the ventral NA bundle (Shaham et al.
2000b). A role for CRF in the BNST in stress-induced
reinstatement is further supported by recent findings from
Wang et al. (2006) that demonstrated blockade of foot-
shock-induced reinstatement of morphine-conditioned place
preference with intra-BNST injections of CRF-1 receptor
antagonist. In addition, a role for CRF in the ventral
tegmental area (VTA) in stress-induced reinstatement was
recently demonstrated in cocaine-trained rats. Thus, foot-
shock-induced reinstatement of cocaine seeking was
blocked by intra-VTA injection of the CRF receptor
antagonist α-helical CRF (Wang et al. 2005). In as much
as the acute food-deprivation-induced reinstatement of drug
seeking is due to its stress-like properties, it is possible that
this effect is mediated by the same CRF-containing path-
ways and NA projections, briefly reviewed above, that are
involved in footshock-induced reinstatement. In support of
this suggestion, it was reported that starvation (7 days)
increases CRF concentration in extra-hypothalamic sites
such as the midbrain, the thalamus, and the neurointer-
mediate lobe of the pituitary (Suemaru et al. 1986).
Moreover, an acute 24-h food deprivation was reported to
increase NA utilization in the hypothalamus (Stanley et al.
1989), a region which receives its major NA input from the
same NA projection implicated in footshock-induced
reinstatement (Moore and Bloom 1979). The effect of
acute food deprivation on extrahypothalamic CRF levels
has not been studied.
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It could be argued that the effect of α-helical CRF on
reinstatement of drug seeking is due to some generalized
behavioral effect. However, this seems unlikely, as admin-
istration of the CRF antagonist does not affect locomotor
activity (Diamant and de Wied 1991). Moreover, a low
dose (3 μg) of α-helical CRF had only a small attenuating
effect on the reinstatement of heroin seeking, in the self-
administration procedure, after a priming injection of
heroin, while the high dose (10 μg) had no effect on
priming-induced reinstatement (Shaham et al. 1997a).

An alternative explanation for the effects of α-helical
CRF on food-deprivation-induced reinstatement might
involve a direct effect on appetite or the level of hunger
perceived by the food-deprived rats. CRF is known to affect
appetite through CRF receptors in the hypothalamus
(Lawrence et al. 1999). However, this reasoning also seems
unlikely as CRF is a potent anorexigen (Lawrence et al.
1999), and the administration of CRF-receptor antagonists
results in orexigenic effect (Heinrichs and Koob 1992),
which would likely act to enhance the food deprivation
impact on reinstatement rather than block its effect.

Conclusion

We found that abolishing the food-deprivation-induced
increase in corticosterone release has no effect on food-
deprivation-induced reinstatement of heroin seeking. We
also demonstrated that the administration of a CRF
antagonist blocks the effects of acute food deprivation on
reinstatement of heroin seeking. These findings extend
previous results on the critical role of CRF in stress-induced
reinstatement of drug seeking and the minor role for
corticosterone release (Shaham et al. 2003). Contrary to
our hypothesis, our present findings seem to suggest that
both footshock-induced reinstatement of drug seeking
(Shaham et al. 2003) and reinstatement induced by acute
food deprivation are mediated by common stress-related
neuronal pathways. Nevertheless, as most recent neuroan-
atomical findings indicate, there is a large degree of overlap
among brain sites that mediate reinstatement induced by
drug priming, drug-associated cues, and stress (Bossert et
al. 2005). It is therefore possible that, in addition to the
demonstrated activation of stress-related neuronal systems,
food deprivation might also trigger reinstatement of drug
seeking by accessing neuronal pathways other than those
implicated in stress-induced reinstatement. For example,
altering the internal need state of the organism by dietary
manipulation can change the incentive motivating effects of
external stimuli. This effect has been shown to generalize to
rewards other than food, such as drugs and electrical brain
stimulation (Carroll 1985; Carr 1996). Thus, as previously
suggested by Stewart et al. (1984), it is possible that food

deprivation “reinstates” the incentive motivational value of
the extinguished drug-related cues, resulting in the rein-
statement of drug seeking behavior.
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