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A large body of evidence has shown that the Corticotropin Releasing Factor (CRF) system, which plays a
key role in stress modulation, is deeply involved in relapse to alcohol seeking induced by exposure to
stressful events such as foot shock or yohimbine injections. Exposure to environmental cues is also
known to be a trigger for alcohol relapse, nevertheless, the relationship between the relapse evoked by
the cue-induced model and the CRF stress systems remains unclear.

The purpose of this study was to evaluate, in male Wistar rats, the involvement of the CRF system and
Hypothalamic-Pituitary-Adrenal (HPA) axis in relapse induced by environmental cues. Antalarmin, a
selective CRF1 receptor antagonist, Metyrapone, a corticosterone (CORT) synthesis inhibitor and CORT
were evaluated for their effects on the reinstatement test in a cue-induced relapse model.

Antalarmin (20 mg/kg) blocked relapse to alcohol seeking induced by environmental cues. Metyr-
apone (50 and 100 mg/kg) also blocked relapse in Wistar rats but only at the highest dose (100 mg/kg).
Corticosterone had no effect on relapse at the doses tested.

The results obtained from this study suggest that the CRF stress system and the HPA axis are involved
in cue-induced alcohol relapse.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

Alcoholism is a chronic relapsing disorder characterized by
compulsive alcohol intake and a loss of control over alcohol con-
sumption (Koob and Kreek, 2007; Koob, 2003; Koob et al., 2004).

During early stages of addiction the mesolimbic dopamine
system plays a key role in mediating alcohol reward. Following
chronic exposure to alcohol disregulation of the corticotropin re-
leasing factor (CRF) system progressively occurs contributing to
transition to later stages of addiction and relapse vulnerability
(Koob and Kreek, 2007; Koob, 2003; Koob et al., 2004).

CRF is a 41-amino-acid neuropeptide that is the main mod-
ulator of the HPA axis. CRF is widely distributed in the brain with
the higher expression in the paraventricular nucleus of the hy-
pothalamus but is also present in extrahypothalamic areas (Vale
l of Pharmacy, Pharmacology
na delle Carceri 9, Camerino,

aldi).
et al., 1981). CRF binds preferentially to CRF1 receptors that are
expressed in many brain areas, including amygdala, hippocampus,
cortex and thalamus, and disregulation of this system has been
linked to expression of negative affect and mood disorders such as
anxiety and depression (Van Pett et al., 2000; Koob and Zorrilla,
2010, 2012; Zorrilla and Koob, 2004). At neuroendocrine level
activation of CRF1R in the hypothalamus is the main mechanism
responsible for activation of the HPA axis and subsequent stimu-
lation of glucocorticoid synthesis and release (Smith and Vale,
2006).

Notably, glucocorticoids can interact with the dopaminergic
system in the nucleus accumbens (NAcc) to give incentive value to
drugs, which can lead to increased drug consumption in early
stages of addiction (Deroche et al., 1997, 1993; Piazza et al., 1993).
Consistently CORT administration has been found to increase al-
cohol self-administration (Fahlke et al., 1994a,b, 1995). Whereas,
metyrapone, a corticosterone (CORT) synthesis inhibitor, de-
creases alcohol consumption in rats genetically selected for alco-
hol preference (Fahlke et al., 1994b). Additionally, chronic alcohol
consumption, chronic stress and withdrawal have been reported
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to attenuate HPA axis activity (Koob and Kreek, 2007; Kreek and
Koob, 1998; Rivier et al., 1990; Zorrilla et al., 2001).

With the shift from positive to negative reinforcement, extra-
hypothalamic systems gain additional relevance in alcohol addic-
tion further contributing to promote drinking (Koob and Kreek,
2007; Koob, 2003; Koob et al., 2004). Consistent with this gain of
function injections of CRF1 receptor antagonists in the central
nucleus of the amygdala have been shown to reduce anxiety-like
behaviors, motivational deficits by other reinforcers and the ex-
cessive drug self-administration initiated after acute abstinence
(Heilig et al., 2010; Heilig and Koob, 2007; Koob and Zorrilla, 2010;
Logrip et al., 2011).

Recent studies have shown that alcohol relapse is also highly
connected with the CRF stress system as demonstrated by ex-
periments showing that CRF receptor antagonists such as anta-
larmin (Cippitelli et al., 2012; Marinelli et al., 2007), D-Phe-CRF (Le
et al., 2000) and CP-154526 (Le et al., 2000; Moffett and Goeders,
2007) can block stress-induced relapse to alcohol seeking.

In addition to stress, other factors are associated with drug
seeking resumption following abstinence. One of such factors is
the exposure to environmental cues associated with drug use
(Bachteler et al., 2005; Cannella et al., 2009; Ciccocioppo et al.,
2001, 2004, 2003; Stopponi et al., 2011; Vengeliene et al., 2007).
Although it is well demonstrated that exposure to environmental
cues can lead to relapse and that the CRF system is involved in
relapse to alcohol use, the relationship between relapse induced
by environmental cues and the CRF system has not been suffi-
ciently studied yet.

Although previous findings (Liu and Weiss, 2002) seem to show
that the CRF system is not involved in cue-induced relapse, the
role of the CRF system in alcohol addiction is well established and
its role in modulating withdrawal and behavioral responses as-
sociated with abstinence have been documented (Breese et al.,
2011; Koob, 2010). Notably, in operant paradigms, responses oc-
curring during extinction reinstatement tests (i.e. alcohol is not
delivered as a consequence for responding) are associated with an
increase in plasma CORT concentrations (Coover et al., 1971; Ka-
wasaki and Iwasaki, 1997) implying that, when no longer re-
inforced, alcohol-related lever pressing may represent a stressful
condition.

This work is aimed at investigating whether the CRF stress
system and the HPA axis, due to these mechanisms, may con-
tribute to relapse triggered by presentiation of cues previously
associated with alcohol availability. To explore this hypothesis,
animals were trained in the cue-induced relapse model and were
injected intraperitoneally (i.p.) with the selective CRF1R receptor
antagonist antalarmin, metyrapone and CORT before the re-
instatement test.
2. Materials and methods

2.1. Animals

Male Wistar rats (n¼30) were purchased from Charles River
(Calco, Lecco, Italy) and were 48 days old at the beginning of all
the experiments. They were housed in pairs in a room on a reverse
12:12 h light/dark cycle (lights off at 8:00 a.m.), at a constant
temperature of 20–22 °C and relative humidity of 45–55%. The rats
had free access to food and water except when otherwise stated.
All the procedures were conducted in adherence to the European
Community Council Directive for Care and Use of Laboratory Animals
and the National Institutes of Health Guide for the Care and Use of
Laboratory Animals.
2.2. Drugs

Ethanol solutions (10% v/v) were prepared by diluting 95% al-
cohol (F.L. Carsetti s.n.c., Camerino, Italy) in tap water. The selec-
tive CRF1 receptor antagonist, antalarmin was obtained from Na-
tional Institute on Alcohol Abuse and Alcoholism (NIAAA/NIH). As
previously described (Cippitelli et al., 2012), antalarmin was sus-
pended in a vehicle composed of 10% Tween 80 and distilled
water. It was administered intraperitoneally (i.p.) at the doses of
10 mg/kg and 20 mg/kg in a volume of 1 ml/kg. This dosage was
based on our previous work on the effect of antalarmin on alcohol
consumption in Wistar rats (Cippitelli et al., 2012). The CORT
synthesis inhibitor metyrapone (Sigma-Aldrich) was dissolved in
40% propylene glycol and then diluted in physiological saline. It
was administered i.p. at doses of 50 mg/kg and 100 mg/kg in a
volume of 2 ml/kg. The doses of metyrapone were based on a
previous work that investigated the effect of metyrapone on re-
lapse to cocaine seeking (Piazza et al., 1994). The glucocorticoid,
CORT (Sigma-Aldrich) was dissolved in 1% Tween 80, then diluted
in distilled water and sonicated. It was administered i.p. at doses of
2.5 mg/kg and 5 mg/kg in a volume of 1 ml/kg. Doses were chosen
on the basis of previous studies (Brooks et al., 2004; Graf et al.,
2013).

2.3. Apparatus

During the Alcohol Self-administration phase, volumetric
drinking tubes (400 ml capacity) were used to monitor liquids
consumption. Training, extinction and reinstatement sessions
were conducted in standard operant conditioning chambers (Med
Associates™) placed inside sound attenuating boxes with an ex-
hauster that provided air circulation. Each chamber was equipped
with a drinking reservoir (volume capacity 0.30 ml) positioned
4 cm above the grid floor in the center of the front panel of the
chamber. Two retractable levers were located 3 cm to the right or
to the left of the drinking receptacle. An infusion pump was acti-
vated only by responses on the right (active) lever, while re-
sponses on the left (inactive) lever were recorded but did not re-
sult in the activation of the pump. Auditory and visual stimuli
were presented via a speaker and a light located on the front pa-
nel. The floor was a stainless steel grid, under which a tray was
always filled with wood shavings (bedding). A microcomputer
with software and interface manufactured by Med Associates™
controlled the operation of the boxes and the recording of the
behavioral data. To produce the olfactory (odor) stimuli used in
training and reinstatement sessions, five drops (approximately
0.1 ml) of orange or anise extract were placed in the bedding be-
fore the beginning of sessions.

2.4. Procedure

2.4.1. Alcohol self-administration training
The purpose of this phase was to facilitate the development of

voluntary alcohol self-administration in the animals. To achieve
this objective, the animals received a solution containing 10%
ethanol (10E) in their home cages for seven days and had free
access to this solution 23.5 h/day. Alcohol consumption was
measured every day.

2.4.2. Shaping phase
After the alcohol self-administration training phase, the ani-

mals were trained to press the right lever under a fixed ratio 1
(FR1) schedule of reinforcement. On the first day, they were placed
into the operant boxes for 13 h and each lever pressing response
resulted in the delivery of 0.1 ml of water. In this session, food was
placed above the tray. After the session, the animals were removed



F.L. Galesi et al. / European Journal of Pharmacology 788 (2016) 84–8986
from the boxes and left for 24 h in their home-cages. The second
session was the same as described above, but had 2 h length
period and no food was given during the session. The third session
was exactly the same as the second but was just of 1 h duration.
The fourth session was of 30 min duration and each lever pressing
response resulted in the delivery of 0.1 ml of 10E instead of water.
In these sessions both levers were available, but only responses at
the right lever activated alcohol delivery while the left lever was
used as control bar. The animals were not deprived of food or
water during this phase.

2.4.3. Conditioning phase
Rats were trained to discriminate between 10% alcohol and

water as previously described (Cannella et al., 2009) in order to
discriminate the availability of alcohol (reward) vs water (non-
reward). Conditioning sessions consisted of 20 randomly dis-
tributed 30-min daily sessions (10 for alcohol and 10 for water),
during which discriminative stimuli (DS) predictive of alcohol vs
water availability were presented. The DS for alcohol consisted of
the odor of an orange extract (Sþ), whereas water availability was
signaled by an anise extract (S�). The olfactory stimuli were
produced by depositing five to six drops of the respective extract
into the bedding of the operant chamber immediately before ex-
tension of the levers and session initiation, and remained present
throughout the 30-min sessions. In addition, each lever press re-
sulting in delivery of alcohol was paired with illumination of the
chamber’s house light for 5 s, while lever presses resulting in
water delivery were followed by a 5-s white noise. Concurrently
with the presentation of these stimuli, a 5-s time-out (TO) period
was in effect, during which responses were recorded, but not re-
inforced by alcohol or water.

2.4.4. Extinction phase
The rats were the subjected to daily 30-min extinction sessions

for 10 consecutive days. During this phase, sessions began with the
extension of the levers without the presentation of conditioned
stimuli (presented during the conditioning phase) and the solu-
tions self-administered, during the training phase. Responses at
the previously active lever activated the syringe pump (delivery
mechanism) but had no scheduled consequences.

2.5. Experiment 1: effect of antalarmin on cue-induced reinstate-
ment of alcohol seeking in Wistars rats

On the day after the last extinction session Wistars rats (n¼10)
were subjected to the reinstatement test. This test lasted for
30 min under conditions identical to those during the conditioning
phase, except that alcohol and water were not available. On day 1
(first session), all animals were treated i.p. with the drug vehicle
and presented with S-. Drug testing under Sþ condition began on
day 2. Thus the second, third and fourth reinstatement sessions
were employed to evaluate whether antalarmin was able to block
the cue-induced reinstatement to alcohol seeking. Rats were
treated i.p. with antalarmin (10 and 20 mg/kg) or its vehicle
30 min before the reinstatement test according to a counter-
balanced Latin square (within subject) design. A 3-day interval,
during which animals remained in their home cage, was allowed
between drug tests.

2.6. Experiment 2: effect of metyrapone on cue-induced reinstate-
ment of alcohol seeking in Wistars rats

The procedure followed here was similar to the one used in
Exp.1, the only difference was that metyrapone was used instead
of antalarmin. In this experiment Wistar rats (n¼10) were treated
i.p. with metyrapone (50 and 100 mg/kg) or its vehicle 1 h before
the reinstatement test according to a counterbalanced Latin square
(within subject) design.

2.7. Experiment 3: effect of CORT on cue-induced reinstatement of
alcohol seeking in Wistars rats

Using the same procedure described in Exp.1 in this experi-
ment the effect of CORT on cue-induced reinstatement of drug
seeking was evaluated. For this purpose Wistars rats (n¼10) were
treated i.p. with CORT (2.5 and 5 mg/kg) or its vehicle 30 min
before the reinstatement test according to a counterbalanced Latin
square (within subject) design.

2.8. Statistical analysis

Performance during conditioning phase was analyzed by re-
peated measures ANOVA using ‘reinforcer’ (ethanol or water) as
within subject factor. Reinstatement in the vehicle group was
analyzed by repeated measures ANOVA using ‘condition’ (extinc-
tion, Sþ or S�) as within subject factor. The effect of drug treat-
ment was also analyzed by repeated measures ANOVA using ‘drug
dose’ (vehicle, dose 1, dose 2) as within subject factor. To control
for nonspecific effects, the same statistical approach was used to
evaluate inactive lever presses.

For all experiments analysis of variance was followed by the
Bonferroni post hoc test when appropriate and statistical sig-
nificance was set at Po0.05.
3. Results

3.1. Effect of antalarmin on cue-induced reinstatement of alcohol
seeking in Wistars rats

During the conditioning phase, Wistar rats learned to dis-
criminate between alcohol and water-paired conditions. At the
end of this phase, active lever pressing was significantly higher for
alcohol than for water: [F(1, 9)¼11.40, Po0.01]. During the 10
extinction days, lever pressing at the previously alcohol and water-
paired lever progressively decreased.

In the reinstatement tests (Fig. 1), repeated measures ANOVA
revealed that cues had a significant overall effect on alcohol
seeking: [F(2, 9)¼11.46, Po0.001]. The post-hoc test showed a
robust reinstatement of responding under Sþ presentation
(Po0.001) but not under S� presentation (p40.05, NS) com-
pared to the mean response the of last three extinction days. Also,
the mean response obtained during Sþ presentation was sig-
nificantly higher than responses obtained in the presence of S�
(Po0.001). As shown in Fig. 1, pre-treatment with antalarmin
significant reduced reinstatement to alcohol seeking. Repeated
measures ANOVA showed an overall effect of treatment on re-
sponses: [F(2, 9)¼31.02; Po0.001]. Post hoc analysis revealed that
antalarmin at the dose of 20 mg/kg significantly reduced
(Po0.001) alcohol seeking responses. No effect was detected at
the lower dose. Responses on the inactive lever were almost ab-
sent throughout all experimental phases and were not modified by
antalarmin treatment.

3.2. Effect of metyrapone on cue-induced reinstatement of alcohol
seeking in Wistars rats

Repeated measures ANOVA showed that during the con-
ditioning phase, Wistars rats learned to discriminate between al-
cohol and water-paired conditions, responding significantly more
for alcohol than for water at the end of this phase: [F(1, 9)¼30.95,
Po0.001]. During the extinction phase, lever pressing at



Fig. 1. Effect of Antalarmin on cue-induced reinstatement of alcohol-seeking be-
havior in Wistar (n¼10) rats. Data are mean (7S.E.M.) number of responses on the
active lever. TRAINING shows ethanol-reinforced responses at the end of training
phase and EXTINCTION shows responses during the final three extinction sessions.
During reinstatement sessions, animals were exposed to stimuli previously asso-
ciated to alcohol availability (Sþ). When vehicle (VEH) was administered, lever
pressing responses increased compared to EXTINCTION and stimuli previously as-
sociated to water availability (S�). Administration of Antalarmin 20 mg/kg (ANT
20) blocked reinstatement while the dose of 10 mg/kg (ANT 10) had no effect.
###Po0.001, difference from EXTINCTION and S�; ***P o0.001 difference from
vehicle.
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previously alcohol and water-paired lever progressively decreased.
In the reinstatement test (Fig. 2), repeated measures ANOVA

revealed that cues had a significant overall effect on alcohol
seeking [F(2, 9)¼13.84, Po0.001]. Further analysis with the post
Fig. 2. Effect of Metyrapone on cue-induced reinstatement of alcohol-seeking be-
havior in Wistar (n¼10) rats. Data are mean (7S.E.M.) number of responses on the
active lever. TRAINING shows ethanol-reinforced responses at the end of training
phase and EXTINCTION shows responses during the final three extinction sessions.
During reinstatement sessions, animals were exposed to stimuli previously asso-
ciated to alcohol availability (Sþ). When vehicle (VEH) was administered, lever
pressing responses increased compared to EXTINCTION and stimuli previously as-
sociated to water availability (S�). Administration of Metyrapone 100 mg/kg (MET
100) blocked reinstatement while the dose of 50 mg/kg (MET 50) had no effect.
###Po0.001, difference from EXTINCTION and S-; *Po0.05, difference from
vehicle.
hoc test showed a robust reinstatement of responding under Sþ
presentation (Po0.001) but not under the S� presentation
(p40.05, NS) compared to the mean response of the last three
extinction days. Also, the mean lever response obtained during Sþ
presentation was significantly higher than that obtained in during
S� presentation (Po0.001).

Metyrapone administration elicited an overall significant effect
on reinstatement [F(2, 9)¼4.22; Po0.05]. As shown in Fig. 2, post
hoc analysis revealed that metyrapone at the highest dose
(100 mg/kg) significantly reduced reinstatement to alcohol seek-
ing (Po0.05). No effect was detected a the lower dose (50 mg/kg).
Responses on the inactive lever were almost absent throughout all
experimental phases and were not modified by metyrapone
treatment.
3.3. Effect of CORT on cue-induced reinstatement of alcohol seeking
in Wistars rats

During the conditioning phase, the animals learned to dis-
criminate between alcohol and water-paired conditions. ANOVA
showed that at the end of the training phase the animals were
responding more for alcohol than for water [F (1, 18)¼36.37,
Po0.001].

Upon analysis of the data obtained from the reinstatement test,
ANOVA showed that the presentation of cues had a significant
overall effect on alcohol seeking [F (2, 36)¼39.67, Po0.001]. The
post hoc test indicated a higher responding under Sþ condition
but not under the S� condition compared to the mean response of
the last three extinction days (Po0.001) as well as S� condition
(Po0.001). No effect of CORT administration on reinstatement
was observed (Fig. 3). Responses on the inactive lever were almost
absent throughout all experimental phases and were not modified
by CORT treatment.
Fig. 3. Effect of corticosterone on cue-induced reinstatement of alcohol-seeking
behavior in Wistar (n¼10) rats. Data are mean (7S.E.M.) number of responses on
the active lever. TRAINING shows ethanol-reinforced responses at the end of
training phase and EXTINCTION shows responses during the final three extinction
sessions. During reinstatement sessions, animals were exposed to stimuli previous
associated to alcohol availability (Sþ). When vehicle (VEH) was administered, lever
pressing responses increased compared to EXTINCTION and with stimuli previously
associated to water (S�). Corticosterone (CORT) administration had no effect on
reinstatement at both doses tested. ###Po0.001, difference from EXTINCTION and
S� .
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4. Discussion

The purpose of this work was to evaluate the role of the CRF
stress system and the HPA axis in cue-induced reinstatement to
alcohol use in Wistar rats. Our results showed that pre-treatment
with the CRF1 receptor antagonist antalarmin (20 mg/kg) blocked
resumption of lever pressing suggesting that the CRF1 receptor is
involved in the reinstatement to alcohol seeking in the cue-in-
duced relapse model.

Previous studies have demonstrated that CRF1 receptor is im-
plicated in relapse to alcohol seeking precipitated by stressful
stimuli as shown by the fact that blockade of the CRF1 receptor
prevents stress-induced relapse to drug seeking (Cippitelli et al.,
2012; Le et al., 2000; Marinelli et al., 2007; Moffett and Goeders,
2007). Noteworthy, evidence have been provided indicating that
this effect occurs through modulation of extrahypothalamic CRF
pathways (Marinelli et al., 2007). Conversely, our findings suggest
that when relapse is elicited by environmental conditioning fac-
tors ethanol seeking is associated with recruitment of hypotha-
lamic CRF mechanisms involved in the regulation of the HPA axis.
This can be inferred from data showing that pre-treatment with
CORT synthesis inhibitor metyrapone prevented the expression of
drug seeking in Wistars exposed to cues previously paired with
alcohol availability,. Other studies also support our findings since it
has been shown that ketoconazole, another corticosterone synth-
esis inhibitor and CP 154526, a selective CRF1 receptor antagonist,
blocked relapse to cocaine seeking evoked by contextual stimuli
predictive of drug availability (Goeders and Clampitt, 2002). In
another study it was also observed that CP 154526 blocked cue-
induced reinstatement of methamphetamine seeking (Moffett and
Goeders, 2007).

Although our findings are consistent with results previously
published with psychostimulants, they differ from the other
findings which showed that treatment with the mixed CRF1/CRF2
antagonist D-Phe-CRF was not able to block cue-induced re-
instatement to alcohol seeking (Liu and Weiss, 2002). The reason
for this discrepancy could lie in the different chemical character-
istics of the two antagonists antalarmin and D-Phe-CRF and to the
related different permeability in the brain. D-Phe-CRF that is a
peptidic compound was administered intracerebroventricularly
while, in the present study, antalarmin has been administered
systemically. Thus one possibility is that D-Phe-CRF was not suf-
ficiently well distributed in brain areas involved in the control of
the HPA axis. More importantly the two molecules differ in their
specificity for the two CRF receptor subtypes. Antalarmin exhibits
antagonist specific activity for CRF1 receptor whereas D-Phe-CRF
exhibits antagonistic activity for both CRF1 and CRF2 receptors
(Bakshi et al., 2007). While many studies have described a role for
CRF1 receptor in alcohol-associated behaviors, less is known re-
garding the role of CRF2 receptor. Activation of CRF2 receptors
decreases the anxiety associated with alcohol abstinence (Valdez
et al., 2004) and its highly selective agonist urocortin 3 possesses
anti-stress and anxiolytic properties (Valdez et al., 2003). Hence, it
is possible that blockade of CRF2 may partly counteract the con-
sequences of CRF1 inhibition. But, in conflict with this mechanism,
it has also been shown that administration of CRF2 receptor an-
tagonist produces anxiolytic-like effects (Takahashi et al., 2001)
and that CRF2 knock-out mice exhibit an attenuation of morphine
withdrawal symptoms (Papaleo et al., 2008). On the other hand, it
has also been reported that the blockade of CRF2 receptor did not
abate stress-induced reinstatement of cocaine seeking (Lu et al.,
2001). It has been suggested that the presence of two CRF re-
ceptors with different effects could provide the CNS with more
flexibility and dynamics in different conditions (Radulovic et al.,
1999). In summary, while our results suggest an involvement of
CRF1 receptor in cue-induced reinstatement of alcohol seeking
with other evidences confirming this tendency for other drugs of
abuse (Goeders and Clampitt, 2002; Moffett and Goeders, 2007), at
present there is no similar evidence that link CRF2 receptor with
cue-induced relapse.

In a previous study Goeders and Clampitt (2002), trained rats
to self-administer cocaine in the presence of a specific set of en-
vironmental cues, following extinction rats were tested for relapse
to cocaine seeking. Data showed that plasma corticosterone levels
increased during cocaine self-administration, extinction and re-
instatement (Goeders and Clampitt, 2002). Based on this finding
we predicted the possibility that under our experimental condi-
tion administration of CORT could facilitate cue-induced re-
instatement of alcohol seeking. To test this hypothesis we ad-
ministered CORT prior to the reinstatement test. However, con-
trary to our prediction, its administration did not affect cue-in-
duced reinstatement of alcohol seeking. This finding, challenge our
previous observation with metyrapone and appears to contrast our
hypothesis of an involvement of the HPA axis in cue-induced re-
lapse. Nevertheless, it is important to note that, in a study with
cocaine, the CORT dose-response curve induced by stress exposure
had a bell-shaped form, which means that not the highest, but the
middle dose of CORT in plasma was the most effective on re-
instatement of cocaine seeking (Deroche et al., 1997). Therefore, it
is possible that the exposure to environmental stimuli in the
procedure used here was sufficient to increase CORT plasma levels
to elicit the peak response, consequently reaching a ceiling effect,
such that a further increase in plasma CORT levels (as a result of
CORT administration) would not result in an observable response
in the animals.

Moreover, in studies with cocaine and amphetamine it was
demonstrated that CORT levels and its effect change with time
during the presentation of environmental cues predictive of drug
availability (Keller et al., 2013). Thus it is also possible that CORT
effect on cue-induced reinstatement of alcohol seeking could be
greatly influenced by the time of administration making hard to
detect an effect of the hormone.

In summary, the results obtained here suggest the involvement
of the CRF1 receptor in cue-induced relapse to alcohol seeking
possibly through activation of the HPA axis. It is possible that
drugs able to blunt HPA axis response could be beneficial for the
treatment of relapse to alcohol seeking.
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