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CP-154,526, a selective, non-peptide antagonist of the corticotropin-releasing
factor; receptor attenuates stress-induced relapse to drug seeking

in cocaine- and heroin-trained rats
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Abstract We have found that peptide antagonists of
corticotropin-releasing factor (CRF) receptors attenu-
ate reinstatement of heroin and cocaine seeking induced
by footshock. Here we examined the effect of a non-
peptide, selective CRF; receptor antagonist, CP-
154,526, on reinstatement of heroin and cocaine
seeking induced by footshock. Rats were trained to self-
administer heroin or cocaine (0.1 and 1.0 mg/kg per
infusion, IV, respectively) for 9—12 days. Extinction ses-
sions were given for up to 14 days, during which saline
was substituted for the drugs. Tests for reinstatement
were then conducted after exposure to intermittent
footshock (10 or 15 min, 0.5 mA). The footshock stres-
sor reliably reinstated extinguished cocaine- and
heroin-taking behavior. Pretreatment with CP-154,526
(15 and 30 mg/kg, SC) significantly attenuated the rein-
statement effect of the stressor in both heroin- and
cocaine-trained rats. CP-154,526, administered in the
absence of the footshock stressor, did not affect extin-
guished drug seeking. In addition, in a separate exper-
iment, CP-154,526 was shown not to alter high rates
of lever pressing for a 10% sucrose solution, suggest-
ing that the suppression of lever pressing in stress-
induced reinstatement is not caused by a performance
deficit. These results extend previous reports on the
role of CRF in reinstatement of drug seeking induced
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by stressors. The present data also suggest that, to the
extent that exposure to environmental stressors pro-
voke relapse to drug use in humans, systemically
effective CRF receptor antagonists may be of use in
the treatment of relapse to drug use.
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Introduction

Relapse to drug use after prolonged periods of absti-
nence remains a threat to individuals with a history of
cocaine and heroin use (Jaffe 1990). Previous studies
indicate that a “taste” of the drug itself increases crav-
ing for cocaine and heroin and provokes relapse to drug
use in drug-free individuals (Meyer and Mirin 1979;
Jaffe etal. 1989). Similarly, in laboratory animals
trained to press a lever for heroin or cocaine, reexpo-
sure to the self-administered drug reliably reinstates
drug seeking after periods of extinction (e.g., Gerber
and Stretch 1975; de Wit and Stewart 1981, 1983; see
Carroll and Comer 1996 and de Wit 1996 for reviews).

It is obvious, however, that conditions other than
reexposure to a drug contribute to relapse; drug seek-
ing in humans is antecedent to drug exposure. One fac-
tor thought to contribute to relapse in humans is
exposure to stress (see Whitehead 1974; Shiffman and
Wills 1985; Kosten et al. 1986). Recently, we and oth-
ers have shown using a reinstatement procedure that in
rats, brief exposure to a footshock stressor is a power-
ful stimulus for reinstatement of cocaine or heroin seek-
ing after extended drug-free periods (Shaham and
Stewart 1995; Erb et al. 1996; Ahmed and Koob 1997).
The reinstatement procedure is regarded as a valid pre-
clinical model of relapse (Stewart and de Wit 1987; de
Wit 1996).



In subsequent studies, we have examined the role of
corticotropin-releasing factor (CRF) in stress-induced
relapse. CRF is one of the primary neuropeptides
involved in coordination of the stress response (Vale
et al. 1981). A large body of evidence indicates that
CRF has effects on behaviors that are independent of
its effects on the hypothalamic-pituitary-adrenal (HPA)
axis (see Dunn and Berridge 1990; Menzhagi et al.
1993). CRF-containing neurons and receptors are
found throughout the brain (Joseph and Knigge 1983;
Swanson et al. 1983; de Souza 1985; see De Souza 1995
and Behan et al. 1996 for reviews). The evidence for
widespread anatomical distribution of the CRF sys-
tem, together with observations of abnormal func-
tioning of the CRF system in depression, anxiety and
anorexia nervosa, has led to the suggestion that CRF
plays a role in psychiatric disorders (De Souza 1995;
Nemeroff 1996).

We have found that in animals trained to self-
administer heroin, footshock stress-induced, but not
heroin-induced, reinstatement is attenuated by intra-
cerebroventricular (ICV) injections of a peptide corti-
cotropin-releasing factor (CRF) receptor antagonist,
alpha-helical CRF. We have also found that the effect
of the stressor on reinstatement is partially mimicked
by ICV injections of CREF, itself. In contrast, inhibi-
tion of corticosterone release and synthesis does not
prevent the reinstatement induced by the footshock
stressor (Shaham et al. 1997). Similarly, in cocaine-
trained animals, we have found recently that footshock-
induced, but not by cocaine-induced, reinstatement is
blocked by ICV injections of the newer peptide CRF
receptor antagonist, d-Phe CRF (Erb et al. 1997). These
findings made it appear that centrally acting CRF plays
a unique role in stress-induced relapse to both cocaine
and heroin seeking after an extended period of extinc-
tion and when animals have been drug-free for up to
2 weeks.

Though of theoretical importance, these findings are
of limited applicability because of the fact that the CRF
receptor antagonists available until now are large pep-
tide molecules and had to be administered intraven-
tricularly. Recently, however, there have been reports
of a potent, selective, and behaviorally effective non-
peptide antagonist of the CRF| receptor subtype, CP-
154,526 (Chen et al. 1997), that can be administered
systemically. This compound has been shown to inhibit
the CRF-induced cell firing of noradrenergic neurons
in the locus coeruleus, to block CRF-induced ACTH
release, to block anxiogenic responses as measured by
the acoustic startle and the elevated plus-maze proce-
dures, and to exert antidepressant-like effects in the
learned helplessness procedure (Lundkvist et al. 1996;
Schulz et al. 1996; Mansbach et al. 1997).

We now report that CP-154,526 given systemically
attenuates stress-induced reinstatement of drug seeking
in both cocaine- and heroin-trained rats. Rats trained
to self-administer either cocaine or heroin IV were given
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up to 14 days of extinction during which the drug was
unavailable. Tests for footshock-induced reinstatement
of drug seeking were given over the next several
days in which animals were tested after subcutaneous
(SC) injections of either CP-154,526 or vehicle. In addi-
tion, we tested the effect of CP-154,526 on high rates
of lever pressing for a sucrose solution, in order to rule
out the possibility that the drug attenuates stress-
induced reinstatement by causing performance deficits.

Materials and methods
Experiment 1: reinstatement
Subjects

Ten male Long-Evans rats (Charles River, Quebec; 375-450 g)
served as subjects for the tests for reinstatement of cocaine seeking
and 11 male Long-Evans rats (Charles River, Quebec; 300-400 g)
served as subjects for the tests for reinstatement of heroin seeking.
The animals were housed in the colony room for 1-3 weeks before
surgery and were allowed to recover for 1-2 weeks after surgery.
The rats were then transferred to the operant chambers, where
they were housed permanently for the duration of the experiment
on a reverse light-dark cycle (lights on 9:00 p.m.-9:00 a.m. or 10:00
p-m.—10:00 a.m. for cocaine-trained and heroin-trained rats, respec-
tively) with free access to food and water. For animals tested for
reinstatement of heroin seeking, food was removed from the self-
administration chambers during the 3-h test sessions. The experi-
ment with heroin-trained rats was carried out at the ARF and the
experiment with cocaine-trained rats was carried out at Concordia
University.

Surgery

The animals were surgically implanted with IV silastic catheters
(Dow Corning, Midland, Mich., USA) in the right jugular vein
under anesthesia: a mixture of xylazine (Haver, Etobicoke, Ontario,
Canada; 10 mg/kg, IP) and ketamine HCI (Vetrepharm, London,
Ontario, Canada; 100 mg/kg, IP) for heroin-trained rats or sodium
pentobarbital (MTC Pharmaceutical, Cambridge, Ontario, Canada;
65 mg/kg, IP) for cocaine-trained rats. Atropine sulfate (MTC
Pharmaceutical; 0.6 mg/ml; 0.3 ml/animal) and Penicillin B
(Wyeth-Ayerst, Montreal, Canada; 300000 IU; 0.2 ml/animal)
were given at the time of surgery. Buprenorphine (0.01 mg/kg, SC)
was given after the surgery to the rats in the experiment with heroin
(the ACC regulations at the ARF require post-operative analgesia
with buprenorphine). The catheter was secured to the vein with a
silk suture and passed subcutaneously to the top of the skull, where
it exited into a connector (a modified 22 gauge cannula; Plastics
One, Roanoke, Va., USA) mounted to the skull with jewellers’
screws and dental cement. The catheters were flushed every 2448 h
with about 0.05 ml of a saline-heparin solution (5 or 15 (IU)/ml;
heparin obtained from ICN Biochemical, Cleveland, Ohio, USA).

Apparatus

The operant chambers had two levers located 9 cm above the floor,
but only one lever (an active, retractable lever; Med Associates)
activated the infusion pump (Razel Sci., Stamford, Conn., USA).
Presses on the other lever (an inactive, stationary lever) were
recorded, but did not activate the infusion pump. A given drug dose
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was infused at a volume of 0.13 ml during a 20-s period. During
the infusion, a light above the active lever was lit for 20 s. Lever
presses during those 20-s timeout periods were counted, but did not
lead to further infusions. Throughout the experiment, each session
began with the introduction of the retractable lever into the cage
and the illumination of the white light above the lever for 30 s. A
red house light was turned on for the entire session. The grid floors
of the chambers were connected to electric shock generators
(Grason-Stadler, West Concord, Mass. or Med Associates, Georgia,
Vt., USA).

Drugs

Cocaine HCI was obtained from BDH Chemicals (Toronto,
Ontario, Canada) and diacetylmorphine HCI (heroin) was obtained
from National Institute for Drug Abuse, USA; both drugs were
dissolved in physiological saline. CP-154,526, butyl-[2,5-dimethyl-
7-(2,4,6-trimethylphenyl)-7H-pyrrolo [2,3-d] pyrimidin-4-yl]-ethyl-
amine (generously provided by Pfizer, Groton, Conn., USA), was
dissolved in distilled water containing 0.1% methylcellulose (pH
adjusted to 5.5-6.5). CP-154,526 (15 or 30 mg/kg) or the vehicle
was injected SC at a volume of 2 ml/kg. These doses are based on
previous reports (Schulz et al. 1996; Mansbach et al. 1997).

Procedure

The experiments were run in three phases: self-administration train-
ing, extinction, and testing for reinstatement.

Training

Cocaine self-administration. Rats were trained to self-administer
cocaine (1.0 mg/kg per infusion, IV) on a fixed-ratio-1 schedule of
reinforcement during single daily sessions, 3—-4 h after lights off.
Animals were given between ten and 14 training sessions; training
conditions continued until stable responding (20% or less of varia-
tion from the mean) was maintained over at least eight consecutive
sessions. No priming injections of cocaine were given at the start
of the training sessions.

Heroin self-administration. Rats were trained to self-administer
heroin (0.1 mg/kg per infusion, IV) for 9 days. Each day was divided
into three 3-h sessions separated by 3 h. The first session of each
day started at the beginning of the dark period. Under these con-
ditions, stable drug-taking behavior (20 % or less of variation from
the mean) is obtained after 45 days. No priming injections of heroin
were given at the start of the training sessions. The training condi-
tions for heroin and cocaine were different because our attempts to
apply the training procedure used for heroin-trained rats to cocaine-
trained rats were not successful. That is, cocaine-trained rats did
not maintain good health with multiple sessions per day and did
not initiate drug taking without priming injections of cocaine when
the sessions started at the beginning of the dark cycle.

Extinction

Cocaine-trained rats. During extinction the conditions remained the
same as in training, except that saline was substituted for cocaine
and animals were allowed to self-administer during one to two
3-h sessions each day (when more than one extinction session was
given per day, the two sessions were separated by 2 h). These extinc-
tion conditions remained in place until the rats made fewer than 15
responses (saline infusions + timeout responses) on the active lever
in a 3-h session. In subsequent sessions, SC injections of the vehi-
cle were given before each session to habituate the animals to the

injections until a baseline criterion level of responding of ten or
fewer responses (saline infusions + timeout responses) in a 3-h ses-
sion was reached. The total number of extinction sessions ranged
from 6 to 26 over 4-14 days. When an animal reached the criterion
level of responding, testing for reinstatement began for that animal.

Heroin-trained rats. Extinction conditions were similar to those
described for cocaine-trained animals except that three 3-h self-
administration sessions were given each day for 5 days.
Subsequently, the extinction sessions were given once per day for
1-2 additional days. During these days, the animals were given a
vehicle injection before the start of the sessions until a baseline cri-
terion of less than 15 responses (saline infusions + timeout
responses) on the active lever was reached.

Testing for reinstatement

Both cocaine- and heroin-trained rats received six tests for rein-
statement on 6 consecutive days during a single 3-h session. The
vehicle alone condition was given first and the other five conditions
(vehicle pretreatment + footshock, 15 mg/kg CP-154,526 + foot-
shock, 30 mg/kg CP + footshock, 15 mg/kg CP alone, 30 mg/kg
CP alone) were given in a counterbalanced order (i.e., the rats were
exposed to different sequences of the test conditions). For footshock
tests, cocaine- and heroin-trained rats received 10 or 15 min of foot-
shock (0.5 mA, 0.5s on, with a mean off period of 40 s), respec-
tively, immediately before the start of the test session. The footshock
parameters are based on our previous studies. Within-subject design
was employed because we have found in our previous work little
or no habituation to the effect of footshock on reinstatement when
it is given repeatedly over several daily test sessions (Shaham and
Stewart 1996; Shaham et al. 1997). Vehicle or CP was injected 30-40
min before exposure to the footshock or no footshock test condi-
tions. During the test sessions, lever pressing continued to result in
IV infusions of saline.

Experiment 2: sucrose self-administration
Subjects

Nine male Long-Evans rats (Charles River, Quebec, Canada, 300-
350 g) served as the subjects. The animals were housed in the colony
room under a reverse light-dark cycle (lights on 7:00 p.m.-7:00
a.m.). The rats were maintained on 20 g food per day with free
access to water.

Apparatus

The self-administration system consists of operant chambers that
were constructed by the technical staff of the ARF. Each chamber
is equipped with two levers, symmetrically centered on the side
panel. Responding on one lever (an active lever) activates the infu-
sion pump (Razel Sci. Stanford, Conn., USA) which results in deliv-
ery of 0.18 ml of a 10% sucrose solution to a liquid drop receptacle
located between the two levers over a period of 5 s. During the infu-
sion, a stimulus light above the active lever is turned on for 5s.
Lever presses during this timeout period are recorded but do not
lead to further infusions. Presses on the other lever (an inactive
lever) are recorded but do not activate the pump.

Procedure

The training sessions were conducted during the dark cycle and rats
were given their daily food ration after the daily sessions. Training



started after a 24-h period of food deprivation for 60 min per day
(FR-1 schedule; 5-s timeout) for 6 days and then for 3 days for
30 min per day. Subsequently, the session duration was decreased
to 20 min and the timeout period was increased to 20 s in order to
prevent the rats from emptying the 20 ml sucrose syringes. Tests
for the effect of CP-154,526 (15 and 30 mg/kg, SC; 45 min before
the session) started after 3 days of a stable baseline (20% or less of
variation from the mean) following vehicle injections. During the
next 2 days, the rats were injected, in a counterbalanced order, with
the two doses of CP-154,526, and lever pressing for sucrose was
determined.

Statistical analyses

The data for cocaine- and heroin-trained rats were analyzed sepa-
rately. The main dependent measures for the tests for reinstatement
were the number of responses on the active lever (saline infu-
sions + timeout responses) and the number of responses on the inac-
tive lever at each hour of testing. Separate analyses were conducted
for responding on each lever. CP-154,526 (0, 15, 30 mg/kg), Test
condition (footshock, no footshock) and Hour (hour of testing)
were the within-subject factors. When appropriate, post hoc
differences between the various experimental conditions were ana-
lyzed by contrasts (SAS, General Linear Model) comparing the
vehicle condition to the drug conditions. Data from the sucrose
study were analyzed with a repeated measures ANOVA. Significant
differences are reported for P values of less than 0.05.

Results
Experiment 1: reinstatement
Reinstatement of cocaine seeking

During training the rats self-administered approxi-
mately six or seven infusions of 1.0 mg/kg cocaine per
hour. The mean (£SEM) number of infusions made in
the 3-h session on the last day of training was 19.7£1.9.
On day 1 of extinction, the total number of responses
in 3 h on the active lever (saline infusions + timeout
responses) was 41.7 * 8.8 (20.6 £ 2.1 infusions); by the
end of extinction in the test with vehicle + no shock,
responding was extinguished to 6.6 £ 1.3 responses
(4.6 £ 1.1 infusions). The number of responses on the
inactive lever on day 1 of extinction and in the vehi-
cle + no shock test condition were 4.7+ 1.5 and
1.5+ 0.9, respectively.

The mean number of responses made on the active
lever during the 3-h tests for reinstatement are shown
in Fig. 1a under vehicle and CP-154,526 pretreatment
in the footshock and the no footshock tests. Fig. 2a
shows the mean number of responses made on the
active lever in each hour in tests for footshock-induced
reinstatement. Exposure to intermittent footshock rein-
stated cocaine seeking, an effect that was due to
increased responding in the first hour of testing. More
importantly, this effect of footshock was attenuated
by the CRF receptor antagonist. The statistical analy-
sis revealed significant effects of CP dose [F(2,18) = 4.7,
P <0.03], Test condition [F(1,9)=11.2, P <0.01],
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Fig. 1 A Mean (= SEM) number of responses (infusions + timeout
responses) on the previously active lever in the 3 h after exposure
to 10 min of intermittent footshock stress or no stress in rats pre-
viously trained to self-administered cocaine (n = 10). B Mean num-
ber of responses on the previously active lever in the 3 h after
exposure to 15 min of intermittent footshock stress or no stress in
rats previously trained to self-administer heroin (n = 11). Rats were
pretreated with vehicle or CP-154,526 (15 and 30 mg/kg, SC) 30-40
min prior to the exposure to the footshock stress. Lever presses
resulted in saline infusions during the tests. \Marginally significantly
different from the vehicle condition, P < 0.06. 2Significantly differ-
ent from the vehicle condition, P < 0.05. 3Significantly different
from the vehicle condition, P < 0.01
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Fig. 2 A Mean (£ SEM) number of responses (infusion + timeout
responses) on the previously active lever in each hour after expo-
sure to 10 min of footshock stress in rats previously trained to self-
administer cocaine (n = 10). B Mean number of responses on the
previously active lever in each hr after exposure to 15 min of foot-
shock stress in rats previously trained to self-administer heroin
(n = 11). Rats were pretreated with vehicle or CP-154,526 (15 and
30 mg/kg, SC) 30-40 min prior to the exposure to the footshock
stress. Lever presses resulted in saline infusions during the tests.
ZSignificantly different from the vehicle condition, P < 0.05

CP dose by Test condition [F(2,18) = 19.3, P <0.01],
and CP dose by Time [F(2,18) = 11.9, P < 0.01]. Post
hoc analyses, comparing each dose CP-154,426 with
the vehicle condition, on total responses on the active
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lever after exposure to footshock revealed a significant
effect at the high dose (P <0.05) and a marginally
significant effect at the low dose (P < 0.06, see Fig. 1).
The CRF receptor antagonist did not alter responding
on the inactive lever [F(2,18) = 1.1, NS] and, regard-
less of the test condition, responses on the inactive lever
did not exceed six responses per 3 h. In addition, the
number of responses on the active lever in the no stress
condition after injections of the CRF receptor antag-
onist did not differ from that after injections of the
vehicle (see Fig. 1a). Differences between conditions as
determined by post hoc tests are indicated in Figs. la
and 2a.

Reinstatement of heroin seeking

During training, the rats self-administered approxi-
mately three or four infusions per hour of 0.1 mg/kg
per infusion of heroin. On the last day of training, the
mean number of infusions in 3 h was 9.4 £ (0.7. On day
1 of extinction, the total number of responses in 3 h
on the active lever (saline infusions + timeout
responses) was 172.7 = 41.4 (32.9 + 4.8 infusions); by
the end of extinction, in the test with vehicle + no
shock, responding was extinguished to 6.7 = 1.3
responses (4.2 = 0.7 infusions). The number of
responses on the inactive lever in day 1 of extinction
and in the vehicle + no shock test condition were
1.3+ 0.4 and 0.6 * 0.4, respectively.

Figure 1b shows the mean number of responses
made on the active lever during the 3-h tests for
reinstatement under vehicle and CP-154,526 pretreat-
ment conditions and in the footshock and no footshock
tests. Figure 2b shows the mean number of responses
made on the active lever in each hour of the tests
for reinstatement after exposure to footshock.
Exposure to intermittent footshock reinstated heroin
seeking. It can be seen that most of the responding
occurred in the first hr of testing. This effect of
footshock was attenuated by the CRF receptor antag-
onist at both doses. The statistical analysis revealed
significant effects of CP dose [F(2,20) = 7.5, P < 0.01],
Test condition [F(1, 10)=19.7, P <0.01], CP dose
by Test condition [F(2, 20)=19.3, P <0.01] Test
condition by Hour [F(2, 20)=37.1, P <0.01],
and Antagonist dose by test condition by Hour
[F(4,40) = 4.5, P < 0.01]. The CRF receptor antagonist
did not alter responding on the inactive lever
[F(2,20) = 2.4, NS] and, regardless of the test condi-
tion, the number of responses on the inactive lever
did not exceed four per 3 h. In addition, injections
of the CRF receptor antagonist did not alter the num-
ber of responses on the active lever in the no stress
condition compared with the vehicle condition
(see Fig. 1b). Differences between conditions as
determined by post hoc tests are indicated in Figs. 1b
and 2b.

Experiment 2: sucrose self-administration

Rats maintained high rates of responding for the 10%
sucrose solution. The mean number of reinforcers
earned and total responses (reinforcers earned + time-
out responses) during the last three 20-min sessions in
which the vehicle injections were given were 36.9 + 2.9
and 136.6 £ 21.4, respectively. Pretreatment with 15
and 30 mg/kg CP-154,526, however, did not alter the
response rates for sucrose. For the 15 mg/kg dose the
mean number of reinforcers earned and total number
of responses (reinforcers earned + timeout responses)
were 37.1 £ 2.7 and 112.4 £ 19.7, respectively; for the
30 mg/kg dose they were 39.6 £ 2.9 and 129.8 + 18.6,
respectively. No significant effects of drug pretreatment
were observed for either the number of reinforcers
earned or the total responses [F(2,16) = 1.2, NS, and
F(2,16) = 1.1, NS, respectively].

Discussion

The main finding of the present report is that CP-
154,526, a systemically active, non-peptide CRF| recep-
tor antagonist, attenuated footshock-induced rein-
statement in both heroin- and cocaine-experienced rats.
The CRF receptor antagonist attenuated stress-induced
reinstatement at doses that did not affect baseline
responding (no stress condition) and at doses that in
a separate experiment did not alter high rates of oper-
ant responding for a sucrose solution. Together, these
findings suggest that CP-154,526 had a specific phar-
macological effect on the behavioral response to the
footshock stressor in drug-trained animals. These data
are in agreement with our recent reports of attenua-
tion of footshock-induced reinstatement of heroin and
cocaine seeking by peptide CRF receptor antagonists
injected ICV (Erb et al. 1997; Shaham et al. 1997).
The peptide CRF receptor antagonists used in our
previous studies, d-Phe-CRF and alpha-helical-CRF,
have similar affinities (in the nanomolar range) for the
two cloned CRF receptors, CRF; and CRF; (Behan
et al. 1996). In contrast, CP-154,526 binds selectively
to the CRF; receptor subtype at nanomolar concen-
trations (Schulz et al. 1996; Chen et al. 1997). A com-
parison between the data in the present study and those
in our previous studies shows that the peptide CRF
receptor antagonists and CP-154,526 have similar
behavioral effects on reinstatement of cocaine and
heroin seeking induced by footshock. CP-154,526 was
as effective as the peptide antagonists in attenuating
drug seeking induced by footshock stress, despite the
fact that it is pharmacologically selective for the CRF;
receptor subtype. That is, in heroin-trained rats we
found that both alpha-helical CRF, ICV (Shaham
etal. 1997) and CP-154,526 (present report) caused
about a 50% reduction in the number of responses



induced by footshock in tests for reinstatement. In both
cases, footshock-induced responding after pretreat-
ment with the CRF receptor antagonists remained
significantly higher than in the no shock condition,
suggesting the involvement of other neurotransmitters
in stress-induced relapse. In cocaine-trained rats, we
found that both d-Phe CRF (Erb et al. 1997) and CP-
154,526 (present report) attenuated footshock-induced
responding to levels that were not significantly different
than in the no shock condition. It should be pointed
out that although these observations suggest that
CRFj, but not CRF>, receptors are involved in stress-
induced reinstatement, a study with selective CRF>
receptor antagonists (that are not yet available) is
needed to confirm this possibility.

It should be pointed out that our data on the role
of CRF in footshock-induced resinstatement and
stress-induced reinstatement in general were obtained
with high training doses of heroin and cocaine that
engender relatively low rates of responding under the
fixed-ratio 1 schedule used in our studies. It is likely,
however, that the results obtained generalize to different
training conditions with lower unit doses and different
schedules. Studies using the reinstatement procedure
indicate that the effect of priming injections of drugs
on reinstatement is not dependent on the training dose
(see Comer et al. 1995) and is obtained under different
schedules of reinforcement with different drug classes
(see Stewart and de Wit 1987; de Wit 1996). It is likely
that a similar conclusion will be eventually reached con-
cerning the effect of footshock stress on reinstatement.
Ahmed and Koob (1997) found that footshock, at para-
meters similar to the ones used in our studies, reinstate
cocaine-taking behavior previously maintained on a
training dose of 0.25 mg/kg which is 4 times lower than
the one used in our studies. L¢ et al. (1998) found that
footshock potently reinstates alcohol-taking behavior
that previously engendered high rate of responding
under an FR-3 schedule.

Recent reports indicate that CRF is involved in anx-
iogenic and aversive symptoms of withdrawal from sev-
eral drugs of abuse, including alcohol (Menzaghi et al.
1994), opioid drugs (Heinrichs et al. 1995) and cocaine
(Sarnyai 1995). These effects of CRF are probably
related to the extra-hypothalamic effects of CRF in lim-
bic structures such as the amygdala (see Heinrichs
et al. 1995; Merlo Pich et al. 1995; and Koob 1996 for
a review). These data on the role of CRF in withdrawal
from drugs, together with our data on the involvement
of CRF in reinstatement of drug seeking induced by
stressors, suggest that brain CRF may be involved in
processes underlying excessive drug use. Furthermore,
it would appear that CRF does not affect mechanisms
underlying the reinforcing effects of drugs directly. The
CRF receptor antagonists, alpha-helical CRF and d-
Phe-CREF, do not attenuate the priming effect of heroin
and cocaine (Erb et al. 1997; Shaham et al. 1997).
In addition, a recent study found that d-Phe-CRF

189

(0.04-1.5 pg, ICV) did not alter stable IV cocaine self-
administration maintained on a unit dose of 0.25
mg/kg on an FR-5 schedule of reinforcement (Ahmed
et al. 1996).

It is important to note however, that although
changes in CRF activity occur during withdrawal (see
Menzaghi et al. 1994; Heinrichs et al. 1995; Sarnyai
1995), their relevance to relapse to drug use induced
by stress after prolonged drug-free periods is not obvi-
ous. There is no evidence that increased activity of the
CRF system seen after withdrawal from drugs persists
for more than 24-48 h. A recent study reported that
behavioral anxiety exhibited 48 h after withdrawal from
cocaine was accompanied by reduction in tissue levels
of CRF-IR in hypothalamus, amygdala and basal fore-
brain, considered to reflect greater release of CRF
(Sarnyai et al. 1995). In other studies, however, in which
aspects of the CRF system were examined after longer
periods of withdrawal, no changes were found.
Ambrosio et al. (1997) reported changes in CRF| recep-
tor binding in the basolateral amygdala immediately
after the last injection of cocaine, but not after 10 days
of withdrawal. In a study of CRF mRNA in the brain
after a “binge” pattern of cocaine administration,
increases were seen in the hypothalamus and the amyg-
dala on the first 2 days of cocaine administration, but
these levels returned to baseline after 10 days of with-
drawal (Zhou et al. 1996). It should be noted, however,
that there are no studies on the reactivity of the CRF
system to stressors after prolonged drug-free periods.
We suggest that the reactivity of the CRF system may
change as a consequence of chronic exposure to drugs,
even if there are no changes in basal measures.
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