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Blockade of Stress-Induced But Not Cocaine-Induced
Reinstatement by Infusion of Noradrenergic Antagonists into the
Bed Nucleus of the Stria Terminalis or the Central Nucleus of the

Amygdala
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Experiments in our laboratory have shown that central norad-
renergic (NA) activation plays a major role in stress-induced
reinstatement of drug seeking in rats. In the present experi-
ments, we investigated the effects of blockade of B-NA adre-
noceptors in the bed nucleus of the stria terminalis (BNST) and
in the region of the central nucleus of the amygdala (CeA) on
footshock- and cocaine-induced reinstatement. Rats were
trained to self-administer cocaine (0.5 mg/kg, i.v.) for 9 d and,
after a 5-7 d drug-free period, were given extinction sessions
followed by a test for footshock stress-induced (15 min of
intermittent footshock, 0.8 mA) or cocaine-induced (20 mg/kg,
i.p.) reinstatement. Before the test, different groups of rats were
given bilateral infusions of one of four doses of a mixture of the
B4- and B,-receptor antagonists betaxolol and ICI-118,551 (ve-

hicle, 0.25, 0.5, and 1 nmol of each compound in 0.5 pul) into
either the BNST or CeA. We observed a dose-dependent re-
duction of stress-induced reinstatement after infusions into the
BNST and a complete blockade of stress-induced reinstate-
ment after infusions into the CeA at all doses tested. The same
treatments did not block cocaine-induced reinstatement when
given at either site. These data suggest that stress-induced NA
activation in the BNST and in the region of the CeA is critical to
relapse to drug seeking induced by stress but not to relapse
induced by priming injections of cocaine, and we hypothesize
that NA activity leads to activation of corticotropin-releasing
factor neurons in these regions.
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Studies in humans and laboratory animals have shown that re-
lapse to drug seeking can be induced by re-exposure to small
amounts of a drug (Ludwig et al., 1974; Stewart and de Wit, 1987;
Jaffe et al., 1989), to drug-related stimuli (Childress et al., 1992;
Tiffany and Carter, 1998; See et al., 1999), or to stressful events
(Marlatt and Gordon, 1985; Childress et al., 1992; Shaham and
Stewart, 1995; Shaham et al., 2000a).

In recent years, we have used an animal model of relapse,
known as the reinstatement procedure (Stewart and de Wit,
1987), to study the neurobiological basis of stress-induced relapse.
We have found that activation of central noradrenergic (NA)
systems, known to play an important role in physiological and
psychological responses to stress (Stanford, 1995; Bremner et al.,
1996a,b; Southwick et al., 1999), is critically involved in stress-
induced relapse. Systemic injections of agents that reduce cell
firing and release of noradrenaline in the brain (Aghajanian and
VanderMaelen, 1982; Carter, 1997), such as the a,-adrenoceptor
agonists clonidine and lofexidine, block stress-induced reinstate-
ment in cocaine-trained (Erb et al., 2000) and in heroin-trained
(Shaham et al., 2000b) rats. In an attempt to identify which NA
cell groups were involved in stress-induced relapse, bilateral in-
fusions of clonidine or 2-(2,6-diethylphenylamino)-2-imidazoline
HCI (a charged analog of clonidine with reduced lipophilic prop-
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erties) were made into the locus ceruleus, the origin of NA
projections to various forebrain areas (Aston-Jones et al., 1995).
The localized infusions, however, did not interfere with stress-
induced reinstatement of heroin seeking (Shaham et al., 2000b),
suggesting that the other major NA system, originating in the
lateral tegmental nuclei, might be involved. These NA neurons
project via the ventral NA bundle to forebrain structures, includ-
ing the central amygdala (CeA), the septum, and the bed nucleus
of the stria terminalis (BNST) (Aston-Jones et al., 1995, 1999).
Supporting this hypothesis, we have observed that selective
6-hydroxydopamine lesions to the ventral NA bundle significantly
attenuated the reinstatement of heroin seeking induced by foot-
shock stress (Shaham et al., 2000b). These findings, combined
with findings showing the importance of corticotropin-releasing
factor (CRF) activity in the BNST in stress-induced reinstate-
ment (Erb and Stewart, 1999; Erb et al., 2001) and those showing
that temporary inactivation of the BNST or CeA also blocks
footshock-induced cocaine seeking (Shaham et al., 2000a), led us
to study the role of NA activity in the BNST and CeA in
stress-induced reinstatement.

To test the hypothesis that stress induces reinstatement of drug-
seeking by increasing noradrenaline release in the BNST and CeA,
we investigated the effects of bilateral infusions of a mixture of ;-
and B,-NA receptor antagonists (Aston-Jones et al., 1999) into
either the BNST or into the region of the CeA on footshock-
induced reinstatement of responding in cocaine-trained rats. In
addition, to further explore the difference between the neurochem-
ical systems involved in stress- and drug-induced relapse (Shaham
et al., 2000a), we investigated the effects of such infusions on
reinstatement induced by priming injections of cocaine.
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MATERIALS AND METHODS
Subjects

Male Long-Evans rats (375-450 gm; Charles River, Quebec, Canada)
served as subjects. They were housed in a colony room on a reverse
light-dark cycle (lights on at 8:00 P.M., lights off at 8:00 A.M.) and had
access ad libitum to food and water at all times. The experimental
procedures followed the guidelines of the Canadian Council on Animal
Care and were approved by the Animal Care Committee, Concordia
University, Quebec, Canada.

Surgery

Intravenous catheterization. Rats were prepared with intravenous silastic
catheters (Dow Corning, Midland, MI) in the right jugular vein under
sodium pentobarbital anesthesia (65 mg/kg, i.p.; MTC Pharmaceutical,
Cambridge, Ontario, Canada). Rats were given atropine sulfate just
before surgery (0.6 mg/ml; 0.3 ml/rat, s.c; MTC Pharmaceutical) and
penicillin B right after surgery (300,000 IU; 0.2 ml/rat, i.m.; Wyeth-
Ayerst, Montreal, Quebec, Canada). The catheter was secured to the
vein with silk sutures and was passed subcutaneously to the top of the
skull, where it exited into a connector (a modified 22 gauge cannula;
Plastics One, Roanoke, VA) mounted to the skull with jeweler’s screws
and dental cement. A plastic blocker was placed over the opening of the
connector during the recovery period and at all other times when the rats
were not in a self-administration session. To prevent clogging, the cath-
eters were flushed daily with saline and every third day with 0.1 ml of a
saline—heparin solution (15 IU/ml heparin; ICN Biochemicals, Cleve-
land, OH).

Intracranial cannulation. During the same surgery session, guide can-
nulas (20 gauge; Plastics One) were implanted into each hemisphere. For
the BNST group, the guide cannulas were aimed 2 mm above the
ventrolateral region of the BNST. For the CeA group, the guide cannulas
were aimed 2 mm above the CeA. Injectors extended 2 mm beyond the
tip of the cannula to the infusion site. The stereotaxic coordinates used
(relative to bregma and the skull surface) with the skull flat between
bregma and lambda were as follows: BNST (arms positioned at 15°),
anteroposterior —0.6 mm, midline *=3.5 mm, dorsoventral —5.2 mm;
CeA (arms vertical), anteroposterior —2.6 mm, midline +4.6 mm, dor-
soventral —6.2 mm (Paxinos and Watson, 1997). Animals were allowed at
least 8 d to recover from surgery.

Histology

At the end of the experiment, animals were perfused transcardially
under chloral hydrate (400 mg/kg) anesthesia with 10% formal hydrate—
saline solution. Brains were removed and fixed in a 10% formal saline
and 25% sucrose solution for at least 24 hr before sectioning. Brains were
sectioned at 30 wm, and every other section through the BNST and the
CeA was mounted and stained with cresyl violet. All data (i.e., self-
administration, extinction, and reinstatement) from individual subjects
were discarded if the tips of the injectors fell beyond the boundaries of
the intended site.

Apparatus

Eighteen Plexiglas operant chambers (27 X 27 X 27 cm; custom-made;
Concordia University) were used in these experiments. Each chamber
was enclosed in a larger (87 X 54 X 43 cm; custom-made; Concordia
University) sound-attenuating plywood chamber. Each operant box had
two levers located 10 cm above the floor of the box: one retractable and
one stationary lever (Med Associates, Lafayette, IN). The retractable
lever (active lever) was connected to an infusion pump (Razel Scientific
Instruments, Stamford, CT) located outside the sound-insulating cham-
ber for the delivery of drugs. Three centimeters above the active lever,
there was a white-light stimulus that served as a discrete conditioned
stimulus (CS). The stationary lever was located 10 cm from the active
lever. Depression of this lever had no consequences (inactive lever), but
all presses were recorded. Throughout the experiments, each session was
started by the activation of a red house light and, 10 sec later, by the entry
of the retractable lever. The house light remained on for the duration of
the session. Each self-administration chamber was fitted to deliver
constant-current, intermittent, inescapable, electric footshock through a
scrambler to the grid floor (Med Associates).

Drugs

Cocaine HCI was obtained from DBH Chemicals (Toronto, Ontario,
Canada) and dissolved in physiological saline. Both betaxolol HCI, the
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selective B;-NA antagonist (Tocris, Ballwin, MO), and (+)-1-[2,3-
(dihydro-7-methyl-1H-inden-4-yl)oxy]-3-[ (1-methylethyl)Jamino]-2-butanol
(ICI-118,551) HCI, the selective B,-NA antagonist (Tocris) were dis-
solved in sterile distilled water. Three different concentrations of betax-
olol and ICI-118,551 were used to prepare the mixture solutions (0, 0.25,
0.5, and 1 nmol of each compound in 0.5 ul). This dose range was chosen
in light of a previous study showing that 1 nmol of a similar mixture of
betaxolol and ICI-118,551 injected in the BNST was effective in blocking
the development of aversion toward a place paired with opiate with-
drawal (Aston-Jones et al., 1999).

Procedure

Self-administration. For the daily 3 hr self-administration sessions, the
rats were moved from their home cages to the operant chambers, and
their connectors were attached to the infusion lines. Each session started
with the activation of a red house light, the entry of the retractable lever,
and the illumination of the light CS for 30 sec. If the animal pressed on
the active lever during this first 30 sec presentation of the light CS, it
received an infusion followed by termination of the light after 10 sec.
Subsequent presses led to infusions of cocaine (0.5 mg/kg per infusion)
on a fixed-ratio 1 schedule of reinforcement. Drug was infused at a
volume of 64 ul over a 10 sec period. During this period, the light CS was
illuminated, thus serving as a CS paired with the drug infusion. Re-
sponses on the active lever made during the infusion were recorded but
did not lead to additional infusions. The dose of cocaine was chosen on
the basis of studies conducted in our laboratory indicating that rats
trained with 0.5 mg/kg per infusion display rapid and reliable acquisition
of self-administration behavior. Drug concentration was adjusted for
differences in body weight. Animals were allowed a maximum of 70
infusions per session. Training conditions were in place for 9 d. At the
end of training, animals were left undisturbed in the colony room for 5-7
d and subsequently were given extinction sessions and tests for
reinstatement.

Extinction and tests for reinstatement. Throughout extinction and rein-
statement testing, the animals were housed in the self-administration
chambers and given access ad libitum to food and water, except during
the actual experimental sessions. During extinction and reinstatement
sessions, all of the conditions that were present during training were
maintained, except that cocaine was never available.

All animals received 2 consecutive days of extinction training. On each
day, they were given three 60 min extinction sessions with 30 min
intervening periods, during which the active lever was withdrawn. After
these 2 d, most animals made <15 responses on the active lever in 1 hr.
If that was not the case, individual rats received additional 1 hr extinction
sessions until the criterion of <15 responses/hr was met. When all
animals reached the extinction criterion for that day, a test for reinstate-
ment was given.

For the footshock reinstatement, the betaxolol and ICI-118,551 mix-
ture was injected intracranially in a volume of 0.5 ul over 1 min using a
Harvard Apparatus pump 22 and a 1 wl Harvard syringe (Harvard
Apparatus, Montreal, Quebec, Canada). After these infusions, the ani-
mals were immediately returned to the testing chambers and, after a
delay of 10 min, were exposed to 15 min of intermittent footshock stress
(0.8 mA; 0.5 sec on; and a mean off period of 40 sec) (Shaham et al.,
2000a). Immediately after the termination of footshock, the reinstate-
ment session began with onset of the house light, the CS, and the
introduction of the active lever. Test sessions were 3 hr long.

For the cocaine reinstatement, the betaxolol and ICI-118,551 mixture
was injected as described above, after which the animals received an
intraperitoneal injection of 20 mg/kg cocaine or saline vehicle and were
immediately returned to the testing chambers. After a period of 20 min,
the reinstatement session began with onset of the house light, the CS, and
the introduction of the active lever.

For the BNST experiment, eight groups of animals were studied: four
for shock-induced reinstatement and four for cocaine-induced reinstate-
ment. Each group of animals received only one of the doses of the
betaxolol/ICI-118,551 mixture or the vehicle.

For the CeA experiment, four groups of animals were studied. Ani-
mals from each group were tested twice after infusions of the betaxolol/
ICI-118,551 mixture: once for footshock-induced and once for cocaine-
induced reinstatement. Each animal was injected twice with the same
dose of the mixture. Five days separated the two tests. During these days,
the animals were left undisturbed in the operant chambers. This proce-
dure differed from that used in the BNST experiment but allowed for
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Figure 1. Distribution of infusion sites in the BNST (A4) and in the
region of the CeA (B), plotted on drawings of coronal sections from the
atlas of Paxinos and Watson (1997). The triangles in A and B represent
infusion sites outside the intended regions.

testing of the effect of the intracranial infusions in both reinstatement
procedures in the same animal.

Effect of betaxolol/ICI-118,551 mixture on operant responding for sucrose
pellets. To test for possible nonspecific effects of infusions of the mixture
into either the BNST or CeA region, two additional groups of eight rats
were prepared with cannulas directed to either the BNST or CeA region.
After 5 d, these animals were trained to press the lever for sucrose pellets
on a fixed-ratio 1 schedule of reinforcement for 10 d in 1 hr sessions. On
day 11, the test day, all animals received an infusion of the highest dose
of the mixture (1 nmol of each compound in 0.5 wl) 20 min before
insertion of the lever and the onset of the cue and house lights. Responses
were recorded for 1 hr.

RESULTS

Histology

Histological analysis revealed that 73 of 80 rats had injector tips
placed in the intended sites, 57 in the ventrolateral BNST (Fig.
1A), and 16 in the region of the CeA (Fig. 1B). In five rats with
BNST cannulas, the injectors were either lateral or ventral (Fig.
1A, triangles). In two rats that had cannulas aimed at the amyg-
dala but that received only vehicle infusions, injectors were dorsal
to the CeA region (Fig. 1B, triangles). Of the animals with correct
placements, 32 BNST animals were tested for footshock reinstate-
ment (vehicle, n = 8; 0.25, 0.5, and 1 nmol of betaxolol and ICI-
118,551/0.5 ul, respectively,n = 7,n = 8, and n = 9) and 25 animals
were tested for cocaine reinstatement (vehicle, n = 6; 0.25, 0.5, and
1 nmol of betaxolol and ICI-118,551/0.5 ul, respectively, n = 7,n =
6,and n = 6). All of the CeA rats, as mentioned above, received two
reinstatement tests, first with footshock and subsequently with co-
caine (vehicle, n = 4; 0.25, 0.5, and 1 nmol of betaxolol and ICI-
118,551/0.5 wl, respectively, n = 4,n = 4, and n = 4).

Self-administration and extinction

The animals acquired cocaine self-administration as indicated by
an increase over days of responses emitted on the active lever
(one-way repeated-measures ANOVA: Fg 576 448; p <
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Figure 2. Effects of different doses of betaxol/ICI-118,551 mixture in-
fused in the BNST on reinstatement of responding induced by footshock
(A) and on reinstatement induced by priming injections of cocaine (B).

0.0001), an increase in the number of infusions obtained (one-way
repeated-measures ANOVA: Fg 575, = 4.69; p < 0.0001), and a
progressive decrease in responding on the inactive lever (one-way
repeated-measures ANOVA: Fg 5,6y = 27.7; p < 0.0001). The
mean numbers of infusions and the mean total responses (re-
sponses plus infusions) on the last 2 d of training were 34.7 = 1.5,
38.7 = 1.3 and 41.1 = 2.3, 43.5 = 1.3, respectively. During the first
hour of extinction, when cocaine was no longer available, re-
sponding on the active lever increased, but over repeated sessions
it decreased (one-way repeated-measures ANOVA: F(s 360y =
59.41; p < 0.0001); the mean number of responses on the last two
1 hr sessions of extinction was below the criterion of 15 responses
in 3 hr (10.1 = 1.1 and 6.9 = 1.1, sessions 5 and 6, respectively).
Responding on the inactive lever did not change significantly
during extinction.

Reinstatement: betaxolol and ICI-118,551 in the BNST
As shown in Figure 24, the betaxolol/ICI-118,551 mixture in-
fused into the BNST blocked shock-induced reinstatement in a
dose-dependent manner (two-factor ANOVA on lever and dose;
main effect of dose: F5 56y = 2.98; p < 0.05). This effect was not
observed in five animals that received the infusions of betaxolol/
ICI-118,551 mixture outside the BNST (Fig. 1A4, triangles; mean
responses during reinstatement = 86.2 = 26.1), thus suggesting
an anatomic specificity of the intracranial infusions. In the group
with correct placements, multiple comparisons (Fisher’s test)
confirmed that responding was significantly decreased at all doses
compared with vehicle. Responding on the inactive lever was not
affected by either footshock or the intracranial infusions.

In contrast to the effect on shock-induced reinstatement, none
of the doses of betaxolol/ICI-118,551 infused into the BNST
suppressed reinstatement induced by priming injections of co-
caine (Fig. 2B). A two-factor ANOVA revealed only a significant
main effect of lever (F(; 4>, = 26.6; p < 0.0001), indicating that
priming injections of cocaine reinstated responding selectively on
the active lever. Post hoc tests revealed no significant effects of
drug infusions at any dose.
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Figure 3. Effects of different doses of betaxol/ICI-118,551 mixture in-
fused in the CeA on reinstatement of responding induced by footshock
(A) and on reinstatement induced by priming injections of cocaine (B).

Reinstatement: betaxolol and ICI-118,551 in the

CeA region

Figure 34 shows the effect of infusions of the betaxolol/ICI-
118,551 mixture in the region of the CeA on footshock-induced
reinstatement. It can be seen that all doses of the mixture blocked
reinstatement compared with vehicle, apparently in a dose-
independent manner. There was a significant dose by lever inter-
action (two-factor ANOVA: F 5, = 16.7; p < 0.001), and
multiple comparisons confirmed that footshock reinstated re-
sponding selectively on the active lever only in the animals that
received vehicle infusions in the CeA.

Interestingly, as illustrated in Figure 3B, the same intra-CeA
infusions, given to the same animals, had no effect on cocaine-
induced reinstatement. A two-factor ANOVA revealed only a
significant main effect of lever (F(, ) = 31.8; p < 0.0001),
indicating that the priming injections of cocaine reinstated re-
sponding selectively on the active lever. Post hoc tests revealed no
significant effects of drug infusions at any dose.

Effect of betaxolol and ICI-118,551 on operant
responding for sucrose pellets

The mean number of sucrose pellets obtained per session over the
last 6 d of training for the BNST and CeA region groups was
71.6 = 2.4 and 58.3 = 9.2, respectively. The mean number of
pellets obtained after the infusions of the mixture into the BNST
and the CeA region was 67.7 = 21 and 83.6 = 18.2, respectively.
No significant differences were found between performance dur-
ing the last days of training and on the test day.

DISCUSSION

In the present experiments, it was found that antagonism of B-NA
receptors in both the BNST and the CeA region blocked
footshock-induced reinstatement of cocaine seeking. The effect of
the mixture of the 3,- and B,-NA antagonists was dose-dependent
in the BNST, whereas in the region of the CeA, it blocked
stress-induced reinstatement at all doses tested. Infusions of the
B-receptor antagonists in either the BNST or the CeA region had
no effect on the reinstatement induced by priming injections of
cocaine at any of the doses tested. This latter finding, combined
with the lack of effect of the same intracranial infusions on lever
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pressing for sucrose pellets, shows clearly that the betaxolol/ICI-
118,551 mixture did not block shock-induced reinstatement be-
cause of nonspecific effects. In the case of the BNST, the effect of
the antagonists was shown to be site specific in that infusions
made ventral or dorsal to the BNST were ineffective. In the case
of the amygdala, infusions were directed at the CeA, but it is not
possible to exclude the possibility that they invaded the basolat-
eral nucleus of the amygdala, known to receive NA projections
and to be sensitive to B-adrenergic antagonists. Note, however,
that B-adrenergic antagonists infused into the basolateral nucleus
of the amygdala interfere with fear conditioning and the consol-
idation of fear memories (McGaugh et al., 1993; Quirarte et al.,
1997), whereas in our studies, we are evaluating the effects of such
compounds on the response to an acute presentation of an un-
conditioned stressor.

The finding that NA activity in both the BNST and CeA region
is important in stress-induced reinstatement is consistent with
our previous findings that partial 6-hydroxydopamine lesions of
the ventral NA bundle projecting to these regions attenuate
footshock-induced reinstatement (Shaham et al., 2000b). Various
acute stressors have been shown to induce release of noradrena-
line in the BNST (Pacak et al., 1995a). Within the CeA, nor-
adrenaline has been found to be released in response to both
acute (Galvez et al., 1996; Quirarte et al., 1998; Hatfield et al.,
1999) and chronic (Iimori et al., 1982; Ida et al., 1985; Pacak et al.,
1993) stressors. In addition, we have found that the footshock
used in our studies of reinstatement increases noradrenaline
release in the ventral lateral BNST (R. Gandhi, H. Rajabi, D.
Rodaros, J. Stewart, unpublished observations), as well as in the
amygdala and medial prefrontal cortex (Erb et al., 2000). Further-
more, these effects are blocked by systemic doses of clonidine that
block stress-induced reinstatement of both cocaine and heroin
seeking (Erb et al., 2000; Shaham et al., 2000a).

Our present finding that blockade of NA activity in either the
CeA region or BNST suppresses reinstatement induced by foot-
shock might be accounted for by any of several consequences that
such NA blockade has on projection regions. For example, the
CeA proper projects to several brainstem nuclei involved in
autonomic responses, and damage to the CeA interferes with the
expression of unconditioned and conditioned fear responses, such
as freezing (for review, see LeDousx, 2000). However, because the
response to footshock in the context of reinstatement is to engage
actively in lever-pressing behavior, it is unlikely that the suppres-
sion of such fear responses would account for the effect of NA
blockade in the CeA region. The BNST projects to the hypotha-
lamic paraventricular nucleus involved in control of pituitary—
adrenal function (Herman et al., 1994; Makino et al., 1994, 1995;
Pacak et al., 1995a,b; Nail-Boucherie et al., 1998; Zhu et al.,
2001), but we have shown that stress-induced activation of the
hypothalamic—pituitary—adrenal axis is not directly involved in
stress-induced reinstatement of drug-seeking (for review, see
Shaham et al., 2000a). The BNST also projects to lower brainstem
nuclei involved in aggressive attack (Shaikh et al., 1986) and has
been shown to be critically involved in species-typical behaviors,
such as maternal behavior (Komisaruk et al., 2000). One projec-
tion that may be relevant to the role of the BNST in the activation
of motivated behavior is that to the ventral tegmental area (Mor-
rell et al., 1984). Stimulation of the BNST activates mesolimbic
dopaminergic cells in the ventral tegmental area (Marcangione et
al., 2000; Georges and Aston-Jones, 2001), and it was shown
recently that rats will lever press for electrical stimulation in this
brain region (Marcangione et al., 2001).
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The BNST also contains cells that are immunoreactive to CRF
(Swanson et al., 1983), and there is substantial anatomic evidence
indicating that noradrenaline and CRF interact in this region.
Hornby and Piekut (1989) identified a population of CRF cell
bodies in the ventrolateral BNST surrounded by dopamine
B-hydroxylase-immunoreactive processes. A double-label immu-
nocytochemical study confirmed that NA terminals form synapses
with dendrites of CRF neurons in the ventrolateral BNST (Phelix
et al., 1994). The CeA also sends a CRF-containing projection to
the BNST (Sakanaka et al., 1986), which we have shown plays a
role in stress-induced reinstatement of cocaine seeking. Infusions
of the CRF antagonist b-Phe CRF 12-41 into the ventrolateral
BNST block stress-induced reinstatement, whereas similar infu-
sions into the amygdala are without effect (Erb and Stewart,
1999). We found, however, that interruption of the projection
from the CeA to the BNST in one hemisphere combined with
infusion of p-Phe CRF 12-41 into the BNST in the other hemi-
sphere attenuated stress-induced reinstatement (Erb et al., 2001).
These findings, combined with those from the present study
showing a functional role for noradrenaline in both the amygdala
and BNST, strongly suggest that noradrenaline could interact
with CRF-containing neurons in both regions to bring about
stress-induced reinstatement of cocaine seeking. We have ap-
proached the nature of the interaction between noradrenaline
and CRF in the BNST by using in vivo microdialysis to measure
noradrenaline release in the BNST in response to footshock after
intracerebroventricular infusions of the CRF antagonist pD-Phe
CRF 12-41. These intracerebroventricular infusions, which block
shock-induced reinstatement (Shaham et al., 1997; Erb et al,
1998), did not interfere with shock-induced release of norepi-
nephrine (NE) (our unpublished observations), suggesting that
the effects of CRF in the BNST occur subsequently to the action
of NE in this region (Erb and Stewart, 1999). Indeed, at least at
the level of CREF cells in the mediobasal hypothalamus, NE has
been shown to induce the release of CRF through activation of
B-NA receptors (Tsagarakis et al., 1988; Joanny et al., 1989;
Widmaier et al., 1989; Orliaguet et al., 1995). Thus, together with
the results of the present experiment, we suggest that a potential
mechanism mediating the effects of footshock on reinstatement of
drug seeking is via the release of noradrenaline in the amygdala
and BNST, which, through action at B-NA receptors, activates
CRF-containing cells in both regions. Some of these CRF-
containing neurons project from the CeA to the BNST, and
others are intrinsic to the BNST itself. This idea, of course, does
not rule out other actions of noradrenaline in these regions, but it
does suggest that the critical event for the initiation of reinstate-
ment induced by stress is the release of CRF in the BNST.

The finding that the behavioral effect of B-NA antagonists was
dose-dependent in the BNST but not in the CeA region suggests
that the CeA modulates the activity of the BNST in response to
stressful stimulation. Although it is known that there are norad-
renergic projections to both the amygdala and BNST and that
there are CRF-containing cells in both regions, as discussed
above, the amygdala sends a dense CRF projection to the BNST.
It is possible, therefore, that even low doses of NA antagonists
infused into the CeA region could have had profound effects on
reinstatement, because they could have prevented the release of
CREF in the BNST.

It is important to note that blocking B receptors in the BNST
and in the CeA region did not prevent the reinstatement induced
by priming injections of cocaine. We have data from microdialysis
studies in the BNST indicating that both a cocaine injection and
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exposure to the stressor used in these experiments elevate nor-
adrenaline levels in the BNST (data not shown). The present data
clearly indicate that such increases in noradrenaline are not
critical for reinstatement induced by priming injections of co-
caine. Furthermore, other studies have shown that reinstatement
induced by priming injections of cocaine is largely dependent on
dopaminergic mechanisms (for review, see Shaham et al., 2000a;
Stewart, 2000). Together, these studies suggest that the neural
mechanisms mediating drug-induced reinstatement are dissociable
from the neural systems mediating stress-induced reinstatement.
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