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Abstract

Elevated blood concentrations of corticosterone (CORT), an adrenal steroid associated with stress responses, is one of the endocrine
correlates of cocaine treatment. Experiment 1 confirmed and extended previous findings that chronic cocaine treatment does not ater
corticosteroid responses to cocaine. In Experiment 2, conditioned endocrine effects of cocaine were examined in three groups of rats after
7 consecutive days of treatment. Cocaine-induced conditioning was achieved using a simple contextual design. In group 1 (paired), rats
were injected with cocaine (30 mg/kg), then immediately placed into a locomotor activity chamber for 30 min. One hour after the rats
were returned to their home cages, they received an injection of saline. In group 2 (unpaired), rats were injected with saline, then
immediately placed into a locomator activity chamber for 30 min. One hour after the rats were returned to their home cages, they received
an injection of cocaine (30 mg/kg). Rats in group 3 (control) received only saline injections, but otherwise were treated as animalsin the
other treatment groups. On the test day (Day 8), al rats were placed immediately into the locomotor apparatus for 30 min prior to
collection of a blood sample. Blood CORT concentrations and locomotor activity in the paired group were significantly higher than in the
unpaired and control groups. However, pretreatment of the rats in Experiment 3 with the corticotropin-releasing factor (CRF) antagonist,
a-helical CRFg,; (1 ng, i.cv.), on the test day, prior to exposure to cocaine-associated contextual cues, attenuated the subsequent
conditioned increase in blood CORT concentrations. These data represent the first demonstration of classical conditioning of a steroid
hormone response to stimuli associated with a psychoactive drug in rats and suggest that the effect is mediated by endogenous CRF.
Because the hypothal amic—pituitary—adrenal (HPA) axis has been implicated in modulating the actions of cocaine, it is plausible that
such conditioned increases in CORT release by cocaine-associated cues may further predispose an organism to the reinforcing effects of
the drug or enhance the susceptibility to drug-taking behavior. Alternatively, such conditioned effects may be related to the anxiogenic
properties of cocaine. Further understanding of the conditioned effects of hormones in the development and expression of addictive
behaviors may provide new insights into treatment of drug addiction. © 1998 Elsevier Science B.V.
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1. Introduction that drug-associated cues are capable of inducing increases
in autonomic function (e.g., heart rate, blood pressure, skin
temperature, respiration, and galvanic skin response), as
well as strong sensations of drug craving in drug addicts
[8,9].

Cocaine produces a variety of physiological and behav-
iora effects including increases in spontaneous locomotor
activity, alterations in autonomic function and changes in
endocrine activity. Principa among the endocrine effects
of cocaine is its ability to increase the activity of the
hypothal amic—pituitary—adrenal (HPA) axis. Cocaine, for
example, induces dramatic elevations in corticosterone

Through classical conditioning, environmental, situa
tional, and interoceptive cues associated with cocaine and
other drugs of abuse develop the ability to €elicit some of
the behavioral and physiological effects produced by the
drug aone [30,31,46]. The classical conditioning of drug
effects to external and interoceptive cues in animals may
underlie the development of incentive motivation, which is
probably the principle neurobehavioral substrate responsi-
ble for craving [32,45]. Clinical studies also have reveaed
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(CORT) and adrenocorticotropin (ACTH) following either
systemic [7,21,24,29,36,49,50] or i.c.v. [42] injections. Co-
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caine-induced increases in CORT appear to be dependent
upon intact endogenous corticotropin-releasing factor
(CRF) function in the brain [40,43], presumably at the
hypothalamic level [6], and may be mediated in part
through serotonergic and dopaminergic activation [3,23].

Although the conditioned behavioral effects of cocaine
have been extensively studied [32,46], relatively little is
known regarding the ability of drug-associated cues to
elicit alterations in endocrine function which may be rele-
vant to understanding addictive processes [32,45]. A recent
clinical study has found that cocaine-associated cues pre-
sented to drug addicts increased plasma levels of cortisol
and ACTH [2]. Elucidating the role of hormones in the
development and expression of addictive processes may
provide new insights for the treatment of drug addiction.
The purpose of the present study was to determine whether
contextual cues associated with the pharmacological ef-
fects of cocaine could develop the ability to elicit increases
in HPA activity concomitant with conditioned increases in
locomotor output in rats, and to determine the role of
endogenous CRF in these effects.

2. Materials and methods
2.1. Subjects

Male Sprague-Dawley rats (Taconic Farms, German-
town, NY) weighing between 250-350 g were group
housed and maintained on a 12 h light—dark cycle (lights
on at 0700 h, EST). Food and water were available ad
libitum in the home cage. Animals were adapted to the
vivarium conditions for at least 1 week before experimen-
tation began. Animals were handled daily from the day of
arrival until they were assigned to a treatment group
approximately 1 week later. Behavioral testing and blood
samples were collected between 1300 h and 1600 h.

2.2. Drug

Cocaine hydrochloride (Sigma, St. Louis) was dissolved
in sterile isotonic saline a a concentration of 30 mg,/ml.
Animals were injected i.p. with 1 ml /kg of the cocaine
solution or sterile isotonic saline.

2.3. Apparatus

Locomotor activity was assessed in Digiscan photocell
activity monitors (Omnitech Electronics, Columbus, OH)
which were constructed from clear Plexiglas (30.5 cm
high X 42 cm wide X 42 cm long). The activity monitors
were enclosed in sound-attenuating compartments equipped
with a 15 W fluorescent light and a ventilating fan. A
one-way mirror (21 x 21 cm?), mounted in the door, al-
lowed for the visual observation of the animals during
testing. A series of equally spaced infrared photocell detec-
tors, mounted 4 cm from the floor surface, were located

along two adjacent walls of the chamber. Interruptions of
the infrared light sources by the animal were recorded and
stored by an IBM AT computer. The chambers were
scented with peppermint extract to enhance the saliency of
the environmental cues.

2.4. Hormone assay

Trunk blood was collected between 1300 h and 1600 h
in EDTA-treated tubes and stored on ice prior to centrifu-
gation. The samples were centrifuged at 3000 rpm for 15
min, and the serum collected from each sample was
aliquoted and stored at — 70°C. CORT concentrations were
determined using a standard radioimmunoassay kit (ICN
Biomedicals, Costa Mesa, CA). The samples were run in
duplicate, while the standards were run in triplicate.

2.5. Experiment 1. The effects of acute and repetitive
cocaine administration on corticosterone

Prior to evaluating possible conditioned effects of co-
caine on CORT release, it was first necessary to establish
the magnitude of the unconditioned effects in the present
laboratory setting and to determine if there was any alter-
ation in the CORT response following repetitive adminis-
trations according to a schedule similar to the one to be
used in the conditioning study. The rats in the study
received all injections of drug or vehicle i.p. within their
home cages. The repetitively treated group (COC,/COC)
was injected for 7 days with 30 mg/kg of cocaine HCI.
The saline control group (SAL /SAL) and the acute co-
caine group (SAL/COC) received sdline injections (1
ml /kg, i.p.) for 7 days. On day 8, rats in the COC/COC
and SAL /COC groups were injected with 30 mg/kg
cocaine while the animals in the SAL /SAL group were
injected with saline. Thirty minutes after the injections on
day 8, the rats were transported, one at a time, to a room
adjacent to the vivarium for rapid decapitation and trunk
blood collection.

2.6. Experiment 2. The effects of cocaine-associated con-
textual cues on blood corticosterone concentrations

Cocaine-induced conditioning was achieved using a
simple contextual design. Three groups of rats were em-
ployed. On days 1-7, rats in the first group (paired) were
injected with 30 mg/kg of cocaine HCl i.p. and placed in
the peppermint-scented locomotor activity chambers for 30
min. One hour following return to the home cages, the rats
were injected with saline. Animals in the second group
(unpaired) were treated in a similar fashion but received
injections of saline (1 ml /kg) prior to placement in the
locomotor activity chambers and cocaine (30 mg/kg) in
the home cage. The third group (control) received saline
injections in both environments. The room containing the
locomotor activity chambers was located adjacent to the



A.C. DeVrieset al. / Brain Research 786 (1998) 39-46 41

400 -
= T
300 T
£
o
& 200
[_1
wn
o)
)
£ 100 s
o)
@)

0_

SAL/SAL SAL/COC COC/COC

Fig. 1. Serum CORT concentrations (mean+ S.E.M.) 30 min after admin-
istration of cocaine (30 mg/kg; i.p.) in repetitively (COC,/COC) and
acutely-treated (SAL /COC) rats or following chronic saline administra
tion (SAL /SAL). An asterisk indicates a significant increase (P < 0.05)
in CORT levels relative to the SAL /SAL group.

vivarium. The animals were transported between the two
rooms in polycarbonate cages (20 X 25 X 45 cm?®) contain-
ing wood chips. On day 8, al rats were removed from
their home cages and placed, without injection, into the
peppermint-scented locomotor activity chambers for 30
min. At the end of this interval, they were transported to
an adjacent room for decapitation and trunk blood collec-
tion. We have previously shown significant conditioned
effects of cocaine using a similar design even after one
training session [17,18]. Such conditioned effects are re-
flected by significantly higher locomotor output in the
paired group on the test day relative to the unpaired and
control groups.

2.7. Experiment 3. Role of CRF in the conditioned in-
creases in corticosterone following exposure to cocaine-
associated contextual cues

A 23 gauge stainless steel guide cannula (16 mm) was
stereotaxically implanted 1.5 mm dorsal to the latera
cerebral ventricle (AP: 7.9 mm; LAT: 1.7 mm; DV: 6.9
mm relative to interaural zero with the incisor bar at —3.5
mm) in anesthetized rats (chloral hydrate, 400 mg/kgi.p.).
A minimum of 10 days following surgery was alowed for
recovery. The animas were handled daily following
surgery. The rats were randomly assigned to the paired,
unpaired or control groups and trained for 5 days in the
conditioning paradigm described in Experiment 2. On the
6th day (test day), the rats in the three treatment groups
received an i.cv. injection of either 1 ug o-helica
CRF,_,; (Penninsula Laboratories) or the vehicle (sterile
water, pH 6.7) through a 30 gauge injector which extended
1.5 mm past the end of the guide cannula. A total of 30
min after the i.c.v. injection, the rats were placed into the
peppermint-scented locomotor chambers. After 30 min in

the peppermint-scented locomotor chambers, the animals
were removed and blood samples were collected as de-
scribed above.

At the conclusion of the experiment, cannula patency
and placement was verified via post mortem injection of
dilute Cresyl violet. The brains were removed and cuts
were made at four anterior—posterior levels parallel to the
corona plane. Staining was observed throughout the lateral
ventricles for all experimental animals except one, which
was removed from the data analysis.

2.8. Satistical analysis

The data are presented as mean + S.E.M. The data were
analyzed by analysis of variance (ANOVA). When the
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Fig. 2. (A) Mean horizontal activity (+ S.E.M.) recorded in peppermint-
scented photocell locomotor chambers during the 30-min test session and
(B) mean serum CORT concentrations ( + S.E.M.) measured at the end of
the locomotor session on the test day. An asterisk indicates a significant
increase (P < 0.05) in locomotor activity or blood CORT concentrations
in the paired group relative to the unpaired and control groups.
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ANOVA indicated a significant difference among treat-
ment groups (P < 0.05) Fisher's PLSD test was used to
compare the paired group to the unpaired and control
groups.

3. Results

3.1. Experiment 1. The effects of acute and repetitive
cocaine administration on corticosterone

Blood CORT concentrations 30 min following injection
of saline were approximately 100 ng/ml. Cocaine injec-
tions in the SAL /COC and COC/COC groups elevated
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CORT to approximately 300 ng/ml in each group (Fig. 1).
A one-way ANOVA indicated a significant treatment ef-
fect (F, 2, =34.80, P <0.01). Post-hoc comparisons us-
ing Fisher's PLSD revealed that CORT levels of both the
repeatedly injected cocaine group (COC/COC; n=9) and
the acute cocaine group (SAL /COC; n = 8) were signifi-
cantly greater than the CORT levels of the saline control
group (SAL /SAL; n=7). No significant difference ap-
peared between the CORT response of the COC/COC
group and the SAL /COC group, suggesting that repeated
administration of cocaine at a dose of 30 mg/kg does not
result in either sensitization or tolerance of the cortico-
steroid response to cocaine.
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Fig. 3. (A) Mean horizontal activity (+ S.E.M.) recorded in peppermint-scented photocell locomotor chambers during the 30-min test session and (B) mean
serum CORT concentrations (+ S.E.M.) measured at the end of the locomotor session on the test day. A total 30 min prior to placement in the locomotor
apparatus, animals were treated i.c.v. with either a CRF antagonist (1 ng a-helical CRF,_,,;) or the vehicle. An asterisk indicates a significant increase
(P < 0.05) in locomotor activity or blood CORT levels in the paired group relative to the unpaired and control groups.
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3.2. Experiment 2. The effects of cocaine-associated con-
textual cues on blood corticosterone concentrations

A oneway ANOVA reveded a significant treatment
effect on locomotor activity (F, ., =4.46, P <0.05).
Post-hoc comparisons using Fisher’'s PLSD test indicated
significant differences between the paired group (n= 10)
and the unpaired (n = 9) and control (n = 10) groups. The
paired group on the test day (Day 8) had levels of locomo-
tor activity that were significantly greater than both the
unpaired and control groups, which did not differ signifi-
cantly from each other (Fig. 2A). The critical comparison
for illustrating the presence of conditioning is between the
paired and unpaired groups which received equivalent
exposure to cocaine but in different contexts. Such behav-
ioral differences on the test day can only be accounted for
by assuming that the environmental and contextual cues
had acquired the ability to elicit increases in locomotor
output in the paired group. The differences in locomotor
output between the paired and unpaired groups on the test
day have been shown to be established by associative
learning mechanisms in previous studies from this labora-
tory [31,41].

A one-way ANOVA reveded a significant treatment
effect on CORT levels (F, 5, = 4.50, P < 0.05). Fisher's
PLSD test for post-hoc comparisons revealed that the
CORT levels in the paired group were greater than both
the unpaired and control groups, which did not differ
significantly from each other (Fig. 2B). It is unlikely that
elevated CORT levels in the paired group reflect increases
in locomoator activity in the paired rats because there was
not a significant correlation between locomotor activity
counts and CORT concentration in the three treatment
groups on the test day (r?:0.03, correlation:0.18). It is,
therefore, unlikely that the increased locomotor activity in
the paired group is directly responsible for the concomitant
increase in CORT levels.

3.3. Experiment 3. Role of CRF in the conditioned in-
creases in corticosterone following exposure to cocaine-
associated contextual cues

The data from one anima were excluded from the
analyses because post mortem examination indicated that
the cannula was not properly implanted. Exposure to co-
caine-associated contextual stimuli for 30 min on the 5
training days was sufficient to produce conditioned in-
creases in locomotor activity on the test day (Day 6) in
paired rats that had been pre-treated with either 1 ug
a-helica CRF,_,, or the vehicle. ANOVA reveded a
significant treatment effect on locomotor activity in ani-
mals pre-treated on the test day with a-helical CRF,_,,
(F2,26=4.75, P <0.05; Fig. 3A). Post-hoc comparisons
using Fisher's PLSD indicate that locomotor activity was
significantly greater in the a-helical CRF,_,,-treated paired
(n=10) than unpaired (n=9) and control (n=10)

groups. In the vehicle-treated groups, ANOVA followed
by post-hoc comparisons using Fisher’'s PLSD indicate that
locomotor activity was significantly greater in the paired
(n=9) than unpaired (n = 10) and control (n = 9) groups
(Fz,25=5.97, P <0.05; Fig. 3A).

Among the animals that had been pre-treated with
a-helical CRF,_,;, ANOVA did not reveal a significant
treatment effect among the paired, unpaired and control
groups in blood CORT levels following exposure to co-
caine-associated contextual cues (F, 5 = 0.06, P> 0.05;
Fig. 3B). There was, however, a significant treatment
effect among the animals that had been pre-treated with
the vehicle (F, 5, = 3.63, P <0.05; Fig. 3B). As in Ex-
periment 2, Fisher's PLSD test for post-hoc comparisons
revedled a significant increase in CORT levels of the
paired group compared to the unpaired and control groups.

4. Discussion

In agreement with previous reports
[7,21,23,29,36,40,43,49,50], i.p. injections of cocaine in
this study produced dramatic elevations in CORT when
measured 30 min after administration of cocaine. Repeti-
tive administrations of cocaine for 7 days failed to alter the
effect of a subsequent cocaine challenge on CORT release,
indicating that neither sensitization nor tolerance accom-
pany chronic cocaine exposure at a dose of 30 mg/kg.
Other investigators have reported similar findings
[4,25,36,49]. Because no tolerance is observed in the
elicited effects of cocaine on CORT, it can be assumed
that the unconditioned effects were constant across the
conditioning schedule. The most significant finding to
emerge from these studies is that cocaine-associated con-
textual cues acquired the ability to elicit conditioned in-
creases in CORT which were substantial but somewhat
smaller in magnitude than those seen following treatment
with 30 mg/kg of cocaine (the unconditioned response).
Concomitant with conditioned increases in CORT, contex-
tual stimuli associated with cocaine aso elicited significant
increases in locomotor activity. Such conditioned motoric
effects of psychomotor stimulants in other studies appear
to involve glutamatergic mechanisms [14,52] and the re-
lease of mesolimbic dopamine by drug-associated cues
[17]. It is unlikely, however, that similar processes underlie
the conditioned release of CORT reported in this study
because no relationship appeared between the conditioned
increases in locomator activity and elevations in CORT.

Cocaine produces its pharmacological effects primarily
by inhibiting the re-uptake of dopamine, norepinephrine,
and serotonin, which results in an elevation of these brain
amines in the synaptic cleft. Presumably, the ability of
cocaine to enhance CORT release is somehow related to
such initial actions of the drug. There is evidence that
serotonergic, as well as dopaminergic, mechanisms under-
lie the ability of cocaine to elevate CORT. For example,
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cocaine-induced CORT release has been blocked by
haloperidol and selective D, and D, dopamine antagonists
[3], serotonergic depletion with 5,7-dihyroxytryptamine and
P-chlorophenylaanine and blockade of serotonergic func-
tion with the 5-HT,—5HT, . antagonist ritanserine [23,26].
Since cocaine also enhances noradrenergic and adrenergic
activity, it is possible that some of its actions on HPA axis
function may be mediated through these catecholaminergic
systems as well. Electrophysiological and anatomical data
support the existence of facilitatory input arising from
medullary catecholaminergic groups to neurosecretory cells
in the paraventricular nucleus (PVN) of the hypothalamus
[12,38]. Thei.c.v. and intra-PV N injections of norepineph-
rine and epinephrine dlicit increases in plasma ACTH and
CRF [37,48] while lesions of the ventral noradrenergic
bundle inhibit stress-induced ACTH and CORT release
[47].

Although the initial actions of cocaine on CORT release
appear to involve catecholaminergic and serotonergic path-
ways, the ultimate effects are likely to be mediated by
endogenous CRF. Cocaine stimulates hypothalamic CRF
secretion in vitro [6]. In addition, cocaine-induced in-
creases in plasma ACTH and CORT are inhibited by
intraventricular pre-treatment with either CRF anti-serum
[40] or the CRF antagonist, a-helical CRF,_,; [43]. The
conditioned CORT effects described in this study aso
appear to be mediated by the release of CRF (Fig. 3B).
The precise circuitry through which sensory conditioned
stimuli gain access to the hypothalamic neurosecretory
cells remains to be determined but may involve cate-
cholaminergic or serotonergic pathways. We have previ-
oudly reported, for example, that contextua cues are able
to increase the release of dopamine in the meso-accumbens
system [17]. Interestingly, pre-treatment with a-helical
CRF,_,; failed to alter conditioned increases in locomotor
activity, suggesting that these effects are independent of
CRF activation.

What are the implications of conditioned CORT release
for understanding the addictive process? Piazza et al. [34]
have suggested that stress-related activity of the HPA axis
may play a role in the pathogenesis of psychostimulant
addiction. Stress [19,20,33], as well as CORT injections
[33], have been reported to enhance the acquisition of
cocaine and amphetamine self-administration in rats. Fur-
thermore, CORT injections [5,13,22] enhance the stimula-
tory effects of cocaine and amphetamine, while adrenalec-
tomy and metyrapone have the opposite effect [4,28,35]. It
is possible that the conditioned release of CORT by co-
caine-associated stimuli may further predispose an organ-
ism to the reinforcing effects of the drug, or enhance
susceptibility to drug-taking behavior. Alternatively, the
release of CORT could play arole in producing an internal
state which may initiate or precipitate craving and relapse.
The induction of negative mood states (e.g., anger, depres-
sion, or anxiety) dlicit increases in drug craving and re-
lapse in cocaine and heroin addicts [8,10,51]. It is also

concelvable that an environmental stressor which activates
the HPA axis (resulting in the increase in CORT) produces
part of the interoceptive stimulus complex associated with
cocaine. Since cocaine-associated cues are capable of elic-
iting craving in addicts [9], it is plausible that interoceptive
stimuli associated with the effects of CORT could play a
role in triggering a motivational state following an external
stressor. Findly, it is also possible that the conditioned
release of CORT is not associated with the positive rein-
forcing actions of cocaine. In addition to euphoria and a
feeling of well-being, cocaine also produces a variety of
negative symptoms including nervousness, anxiety, fear,
depression, and irritability [39,44]. The anxiogenic effects
of cocaine have also been demonstrated in a variety of
animal models [11,15,16,53]. The conditioned release of
CORT by cocaine-associated stimuli may simply reflect
the conditioned anxiogenic effects of the drug. Indeed,
preliminary studies from this laboratory indicate that con-
textual stimuli associated with cocaine are capable of
producing long-lasting anxiogenic effects in rats as mea-
sured in the elevated plussmaze (DeVries et a., unpub-
lished observations). Cocaine addicts presented with co-
caine-associated cues report increases in anxiety as well as
craving [2]. Such conditioned effects were also accompa
nied by increases in HPA activity [2]. These conditioned
anxiogenic effects of cocaine may aso be relevant for
understanding the development and persistence of panic
attacks in cocaine addicts [1,27]. It is possible that panic
attacks could be triggered long after discontinuation of the
drug by cocaine-associated cues which have the ability to
activate the HPA axis. Further work is clearly needed to
understand fully the neural substrates underlying the condi-
tioned activation of the HPA axis by cocaine-associated
stimuli and the relevance of such activation to the addic-
tive process.

References

[1] J.C. Anthony, A.Y. Tien, K.R. Petronis, Epidemiologic evidence on
cocaine use and panic attacks, Am. J. Epidemiol. 129 (1989) 543—
549.

[2] S.P. Berger, S. Hall, J.D. Mickalian, M.S. Reid, C.A. Crawford, K.
Delucchi, K. Carr, Haloperidol antagonism of cue-elicited cocaine
craving, Lancet 347 (1998) 504-508.

[3] B. Borowsky, C.M. Kuhn, Monoamine mediation of cocaine-in-
duced hypothalamic—pituitary—adrenal activation, J. Pharmacol. Exp.
Ther. 256 (1991) 204-210.

[4] B. Borowsky, C.M. Kuhn, Chronic cocaine administration sensitizes
behavioral but not neuroendocrine responses, Brain Res. 543 (1991)
301-306.

[5] M. Cador, J. Dulluc, P. Mormede, Modulation of the locomotor
response to amphetamine by corticosterone, Neuroscience 56 (1993)
981-988.

[6] A.E. Calogero, W.T. Gallucci, M.A. Kling, G.P. Chrousos, P.W.
Gold, Cocaine stimulates rat hypothalamic corticotropin-releasing
hormone secretion in vitro, Brain Res. 505 (1989) 7-11.

[7] R.J. Carey, E.N. Damianopolous, G. DePama, Differential temporal
dynamics of serum and brain cocaine: relationship to behavioral,



A.C. DeVrieset al. / Brain Research 786 (1998) 39-46 45

neuroendocrine and neurochemical cocaine induced responses, Life
Sci. 55 (1994) 1711-1716.

[8] A.R. Childress, A.T. McLellan, M. Natale, C.P. O'Brien, Mood
states can elicit conditioned withdrawal and craving in opiate abuse
patients, NIDA Res. Monogr. 76 (1987) 137-144.

[9] A.R. Childress, A.T. McLéllan, R.N. Ehrman, C.P. O'Brien, Extinc-
tion of conditioned responses in abstinent cocaine or opioid users,
NIDA Res. Monogr. 76 (1987) 189—-195.

[10] A.R. Childress, R. Ehrman, A.T. McLéellan, J. MacRag, M. Natale,
C.P. O'Brien, Negative mood states trigger conditioned drug craving
and conditioned withdrawal in opiate abuse patients, J. Subst. Abuse
Treat. 11 (1994) 17-23.

[11] B. Costall, M.E. Kdlly, R.J. Naylor, E.S. Onaivi, The actions of
nicotine and cocaine in a mouse model of anxiety, Pharmacol.
Biochem. Behav. 33 (1989) 197-203.

[12] T.A. Day, A.V. Ferguson, L.P. Renaud, Noradrenergic afferents
facilitate the activity of tuberoinfundibular neurons of the hypothala-
mic paraventricular nucleus, Neuroendocrinology 41 (1985) 17—-22.

[13] V. Deroche, P.V. Piazza, S. Maccari, M. Le Moa, H. Simon,
Repeated corticosterone administration sensitizes the locomotor re-
sponse to amphetamine, Brain Res. 584 (1992) 309-313.

[14] J.P. Druhan, A. Jakob, J. Stewart, The development of behavioral
sengitization to apomorphine is blocked by MK-801, Eur. J. Pharm.
243 (1993) 73-77.

[15] A. Ettenberg, T.D. Geist, Animal mode! for investigating the anxio-
genic effects of self-administered cocaine, Psychopharmacology 103
(1991) 455-461.

[16] D.J. Fontana, R.L. Commissaris, Effects of cocaine on conflict
behavior in the rat, Life Sci. 45 (1989) 819-827.

[17] D.J. Fontana, R.M. Post, A. Pert, Conditioned increases in mesolim-
bic dopamine overflow by stimuli associated with cocaine, Brain
Res. 629 (1993) 31-39.

[18] D.J. Fontana, R.M. Post, SR.B. Weiss, A. Pert, The role of D1 and
D2 dopamine receptors in the acquisition and expression of
cocaine-induced conditioned increases in locomotor behavior, Be-
hav. Pharmacol. 4 (1993) 375-387.

[19] N.E. Goeders, G.F. Geurin, Non-contingent electric footshock facili-
tates the acquisition of intravenous cocaine self-administration in
rats, Psychopharmacology 114 (1994) 63—70.

[20] M. Haney, S. Maccari, M. Le Moal, H. Simon, P.V. Piazza, Socia
stress increases the acquisition of cocaine self-administration in male
and female rats, Brain Res. 698 (1995) 46-52.

[21] K.P. Kelly, D.H. Han, G.W. Fellingham, W.W. Winder, R.K.
Conlee, Cocaine and exercise: physiological responses of cocaine-
conditioned rats, Med. Sci. Sports Med., 1995, pp. 65—72.

[22] M.A. Kling, M.A. Smith, JR. Glowa, D. Pluznik, J. Demas, M.D.
Debellis, P.W. Gold, J. Schulkin, Facilitation of cocaine kindling by
glucocorticoids in rats, Brain Res. 629 (1993) 163-166.

[23] A.D. Levy, Q. Li, JE. Kerr, P.A. Rittenhouse, G. Milonas, T.M.
Cabrera, G. Battaglia, M.C. Alvarez Sanz, L.D. Van De Kar,
Cocaine-induced elevation of plasma adrenocorticotropin hormone
and corticosterone is mediated by serotinergic neurons, J. Pharma
col. Exp. Ther. 259 (1991) 495-500.

[24] A.D. Levy, Q. Li, M.C. Alvarez Sanz, P.A. Rittenhouse, M.S.
Brownfield, L.D. Van De Kar, Repeated cocaine modifies the
neuroendocrine responses to the 5-HT1C/5-HT2 receptor agonist
DO, Eur. J. Pharmacol. 221 (1992) 121-127.

[25] A.D. Levy, Q. Li, M.C. Alvarez Sanz, P.A. Rittenhouse, J.E. Kerr,
L.D. Van De Kar, Neuroendocrine responses to cocaine do not
exhibit sensitization following repeated cocaine exposure, Life Sci.
51 (1992) 887-897.

[26] A.D. Levy, M.H. Baumann, L.D. Van De Kar, Monoaminergic
regulation of neuroendocrine function and its modification by co-
caine, Front. Neuroendocrinol. 15 (1994) 85-156.

[27] AK. Louie, RA. Lannon, T.A. Ketter, Treatment of cocaine-in-
duced panic disorder, Am. J. Psychiatry 146 (1989) 40—44.

[28] M. Marinelli, P.V. Piazza, V. Deroche, S. Maccari, M. Le Moal, H.

Simon, Corticosterone circadian secretion differentially facilitates
dopamine-mediated psychomotor effect of cocaine and morphine, J.
Neurosci. 14 (1995) 2724-2731.

[29] R.L. Moldow, A.J. Fischman, Cocaine induced secretion of ACTH,
beta-endorphin, and corticosterone, Peptides 8 (1987) 819-822.

[30] L.P. Pavlov, Conditioned Reflexes: An Investigation of the Physio-
logica Activity of the Central Cortex, Dover Publications, New
York, 1927.

[31] A. Pert, RM. Post, S.R.B. Weiss, Conditioning as a critical determi-
nant of sensitization induced by psychomotor stimulants, NIDA Res.
Monogr. 97 (1990) 208—241.

[32] A. Pert, Neurobiological mechanisms underlying the acquisition and
expression of cocaine associated stimuli: relationship to craving,
NIDA Res. Monogr. 145 (1994) 163-190.

[33] P.V. Piazza, JM. Deminiere, M. Le Moal, H. Simon, Stress- and
pharmacologically-induced behavioral sensitization increases vulner-
ability to acquisition of amphetamine self-administration, Brain Res.
514 (1990) 22-26.

[34] P.V. Piazza, S. Macari, JM. Deminierie, M. Le Moal, P. Mormede,
H. Simon, Corticosterone levels determine individual vulnerability
to amphetamine self-administration, Neurobiology 88 (1991) 2088—
2092.

[35] P.V. Piazza, M. Marinelli, C. Jodogne, V. Deroche, F. Rouge-Pont,
S. Maccari, M. Le Moal, H. Simon, Inhibition of corticosterone
synthesis by Metyrapone decreases cocaine-induce locomotion and
relapse of cocaine self-administration, Brain Res. 658 (1994) 259—
264.

[36] N.S. Pilotte, L.G. Sharpe, E.M. Dax, Multiple, but not acute,
infusions of cocaine alter the release of prolactin in male rats, Brain
Res. 512 (1990) 107-112.

[37] P.M. Plotsky, Facilitation of immunoreactive corticotropin-releasing
factor secretion into the hypophysial—portal circulation after activa-
tion of catecholaminergic pathways or central norepinephrine injec-
tion, Endocrinology 121 (1987) 924-930.

[38] P.M. Plotsky, E.T. Cunningham, E.P. Widmaier, Catecholaminergic
modulation of corticotropin-releasing factor and adrenocorticotropin
secretion, Endocrinol. Rev. 10 (1989) 437-458.

[39] R.B. Resnick, E.B. Resnick, Cocaine abuse and its treatment, Psy-
chiatric Clinics of North Americaz Symposium on Clinical Psy-
chopharmacology, 7 (1984) 713-728.

[40] C. Rivier, W. Vale, Cocaine stimulates adrenocorticotropin (ACTH)
secretion through a corticotropin-releasing factor (CRF)-mediated
mechanism, Brain Res. 422 (1987) 403—406.

[41] R.B. Rothman, A. Pert, Effects of electroconvulsive shock on the
retention of cocaine-induced sensitization, Pharmacol. Biochem. Be-
hav. 49 (1994) 399-404.

[42] D. Saphier, JE. Welch, G.E. Farrar, N.E. Goeders, Effects of
intracerebroventricular and intrahypothalamic cocaine administration
on adrenocortical secretion, Neuroendocrinology 57 (1993) 54-62.

[43] Z. Sarnyai, E. Biro, B. Penke, G. Telegdy, The cocaine-induced
elevation of plasma corticosterone is mediated by endogenous corti-
cotropin-releasing factor (CRF) in rats, Brain Res. 589 (1992)
154-156.

[44] JV. Spotts, F.C. Shontz, Drug-induced ego states: |. Cocaine:
phenomenology and implications, Int. J. Addict. 19 (1984) 119-151.

[45] J. Stewart, Conditioned stimulus control of the expression of sensiti-
zation of the behavioral activating effects of opiate and stimulant
drugs, in: I. Gormenzano, E.A. Wasserman (Eds.), Learning and
Memory: The Behavioral and Biologica Substrates, Erlbaum, NJ,
1991, pp. 129-151.

[46] J. Stewart, Eikelbloom, Conditioned drug effects, in: L.L. Iversen,
S.D. lversen, SH. Snyder (Eds.), Handbook of Psychopharmacol-
ogy, Vol. 19, Plenum, New York, 1987, pp. 1-57.

[47] A. Szafarczyk, G. Alonso, G. Ixart, F. Malaval, |. Assenmacher,
Diurnal-stimulated and stress-induced ACTH release in rats is medi-
ated by ventral noradrenergic bundle, Am. J. Physiol. 249 (1985)
E219-E226.



46 A.C. DeVrieset al. / Brain Research 786 (1998) 39-46

[48] A. Szafarczyk, F. Malaval, A. Laurent, R. Gibaud, |. Assenmacher,
Further evidence for a central stimulatory action of catecholamines
on adrenocorticotropin release in the rat, Endocrinology 121 (1987)
883-892.

[49] G. Torres, C. Rivier, Cocaine-induced stimulation of the rat hypotha-
lamic—pituitary—adrenal axis is progressively attenuated following
hourly-interval regimens of the drug, Life Sci. 51 (1992) 1041-1048.

[50] G. Torres, C. Rivier, Differential effects of intermittent or continu-
ous exposure to cocaine on the hypothalamic—pituitary—adrenal axis
and c-fos expression, Brain Res. 571 (1992) 204-211.

[51] B.C. Wallace, Psychological and environmental determinants of
relapse in crack cocaine smokers, J. Subst. Abuse Treat. 6 (1989)
95-106.

[52] M.E. Wolf, M.R. Khanea, Repeated administration of MK-801
produces sensitization to its own locomotor stimulant effects but
blocks sensitization to amphetamine, Brain Res. 562 (1991) 164—168.

[53] X.M. Yang, A.L. Gorman, A.J. Dunn, N.E. Goeders, Anxiogenic
effects of acute and chronic cocaine administration: neurochemical
and behavioral studies, Pharmacol. Biochem. Behav. 41 (1992)
643—650.



