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Acute Blockade of Corticosterone Secretion 
Decreases the Psychomotor Stimulant 
Effects of Cocaine 
M. Marinelli, Phann. D., Frani:;oise Rouge-Pont, Ph.D., Cecile De Jesus-Oliveira, B.S., 
Michel Le Moal, M.D., Ph.D., and Pier V. Piazza, M.D., Ph.D. 

Previous reports have shown that long-term blockade of 
corticosterone secretion, by either adrenalectomy or 
repeated treatment with an inhibitor of corticosterone 
synthesis, metyrapone, profoundly reduces sensitivity to 
drugs of abuse. In this report we investigated whether acute 
blockade of corticosterone secretion has similar effects. 
Animals received a single injection of metyrapone (50 mg/ 
kg SC) and were tested for their locomotor response to 
cocaine (15 mg/kg IP) 3 hours later. Acute metyrapone 
treatment reduced the locomotor response to cocaine by 
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Three lines of evidence indicate that corticosterone, the 
major glucocorticoid hormone in the rat, increases the 
psychomotor and reinforcing effects of psychostimulant 
drugs (for review, see Piazza et al. 1991a; Piazza and Le 
Moal 1996). First, there is a positive correlation between 
corticosterone secretion and sensitivity to the reinforcing 
effects of psychostimulants (Piazza et al. 1991b). Second, 
administration of corticosterone before an amphetamine 
self-administration session increases the reinforcing 
properties of the drug (Piazza et al. 1991b). Third, 
chronic suppression of corticosterone secretion either by 
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about 50%, and this effect was reversed by corticosterone 
(20 mg/kg SC). The behavioral effects of these treatments 
paralleled changes in plasma corticosterone levels 20 
minutes after an injection of cocaine. Despite the differences 
in behavior and corticosterone levels, the brain levels of cocaine 
in these groups did not differ. These results indicate that the 
behavioral effects of cocaine can be modified by an acute 
pharmacological manipulation of corticosterone secretion. 
© 1997 American College ofNeuropsychophannacology 
Neuropsychopharmacology 16:156-161, 1997] 

adrenalectomy or chronic treatment with an inhibitor of 
corticosterone synthesis, metyrapone, decreases the psy
chomotor and reinforcing effects of psychostimulants 
(Marinelli et al. 1994; Piazza et al. 1994), and prevents the 
stress-induced sensitization of these effects (Deroche et 
al. 1992, 1993, 1995; Rouge-Pont et al. 1995). Conversely, 
replacement of corticosterone reverses these effects 
(Marinelli et al. 1994; Deroche et al. 1995). 

In this report we further investigated the influence of 
corticosterone on sensitivity to psychostimulants. In 
particular, we aimed to determine whether the behavioral 
effects of a psychostimulant drug can be modulated by 
acute manipulations of corticosterone secretion. Previous 
reports have shown that long-term (minimum 1 week), 
suppression of corticosterone secretion reduces the sensi
tivity to the behavioral effects of cocaine, but it is not 
known whether an acute inhibition of corticosterone se
cretion has similar effects. For this purpose, we deter
mined the effects on the locomotor response to cocaine of 
a single injection of metyrapone (2 methyl-1,2-di-3-
pyridyl-1-propanone) administered 3 hours before the 

0893-133X/97 /$17.00 
PII S0893-133X(96)00169-0 



NEUROPSYCHOPHARMACOLOGY 1997-VOL. 16, NO. 2 

psychostimulant drug. We also further characterized the 
effects of metyrapone, as the specificity of its effects has 
not yet been investigated. In particular we determined 
whether (1) corticosterone administration can reverse the 
effects of metyrapone; and (2) the effects of metyrapone 
are secondary to changes in cocaine availability in the 
brain. Finally, we explored the effects of metyrapone on 
cocaine-induced corticosterone secretion. 

MATERIALS AND METHODS 

Animals 

Male Sprague-Dawley rats (Iffa-Credo, Lyon, France) 
weighing 280 to 300 g were individually housed with 
ad libitum access to food and water. A 14:10 light-dark 
cycle (lights on at 6:00 AM) was maintained in the animal 
room, and temperature (22°C) and humidity (60%) were 
kept constant. Animals were allowed at least 1 week to 
acclimatize to the animal room before we started any 
experimental manipulation. 

Locomotor Activity and Constitution of 
Experimental Groups 

Locomotor activity was measured automatically in a 
circular corridor (10 cm wide and 70 cm in diameter) by 
quantifying interruptions of photocell beams located at 
the perpendicular axis of the apparatus. As it has been 
shown that locomotor response to novelty is correlated to 
sensitivity to the psychomotor effects of drugs (Piazza 
et al. 1989; Hooks et al. 1991), we ensured a homogeneous 
distribution of this factor by initially prescreening the ani
mals for their locomotor response to novelty (Piazza et al. 
1991b) and then balancing the groups for this response. 
Experiments began 7 to 10 days after the response to the 
novelty test. 

Drugs and Drug Administration 

For all experiments, metyrapone (Sigma) was dissolved 
in a vehicle solution containing distilled water and 7% 
of Tween 80 and was administered SC at a dose of 50 
mg/kg in a 2-ml/kg volume. Similar doses have previ
ously been shown to significantly reduce corticosterone 
synthesis (Stein and Sapolsky 1988; Murison et al. 1989). 
Corticosterone (Sigma) was suspended in sesame oil and 
injected SC at a dose of 20 mg/kg in a 1-ml/kg volume. 
Cocaine HCl (Cooperation Pharmaceutique Frarn;:aise. 
France) was dissolved in 0.9% NaCl solution (saline) and 
injected IP at a dose of 15 mg/kg in a 1-ml/kg volume. 

Corticosterone Assay 

Plasma corticosterone was measured by radioimmunoas
say (RIA kit, ICN Biomedicals) using a highly specific 
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corticosterone antiserum with a detection threshold of 
0.1 µg/100 ml. 

Cocaine Assay 

Brains were separated from the cerebellum and sonicated 
in acetonitrile. Cocaine content was measured in the su
pernatant by high-performance liquid chromatography 
(HPLC) coupled with UV detection (Shimadzu-SPD-A, 
X. = 235 nm). The chromatographic system consisted of 
a Milton Roy constametric pump, a refrigerated automatic 
injector (CMA200 Carnegie Medicine. Sweden), a precol
urnn, and a C18 Kromasil column. Results are expressed 
as µg/ g of brain. 

Effects of Metyrapone on the Locomotor Response 
to Cocaine 

Two groups of animals (n = 7 each) received an injection 
of either vehicle (VEHICLE group) or metyrapone (MEIT 
group) at 9:00 AM. One hour later, they were placed in 
the circular corridor. After 2 hours of habituation to the 
apparatus, all animals received an injection of saline, 
and their locomotor response was recorded for 2 hours 
over 10-min intervals. Animals were then returned to 
their home cage. Four days later, the animals underwent 
the same procedure, but instead of saline, they received 
an injection of 15 mg/kg cocaine, and their behavior was 
recorded for 2 hours. Four days after the cocaine test, the 
experiment was repeated, but on this occasion animals 
in the METY group received both metyrapone and cor
ticosterone 1 hour prior to being placed in the circular 
corridor (METY + CORT), whereas rats in the VEHI
CLE group received vehicle and oil. The locomotor re
sponse to cocaine was again recorded as described. 

Effects of Metyrapone on the Plasma Levels of 
Corticosterone and on the Brain Levels of Cocaine 

To determine corticosterone levels in response to an in
jection of cocaine, a different set of animals underwent 
the same treatments as described to form the following 
groups: VEHICLE (n = 8), METY (n = 8), and METY + 
CORT (n = 6). Animals were placed in the circular cor
ridor 1 hour after having received the assigned treatment. 
After 2 hours of habituation to the apparatus, they re
ceived an injection of cocaine. Twenty minutes later, 
they were sacrificed by decapitation. Trunk blood was 
collected for corticosterone assay. At the same time, 
brains were quickly removed, placed in dry ice, and 
stored at -80° until assayed for levels of cocaine. 

Statistical Analysis 

Data were analyzed with an analysis of variance 
(ANOV A) considering the treatment as between-factor. 



158 M. Marinelli et al. NEUROPSYCHOPHARMACOLOGY 1997-VOL. 16, NO. 2 

LOCOMOTOR RESPONSE 

SALINE COCAINE 15 mg/kg COCAINE 15 mg/kg 
2000 2000 2000 

1500 1500 1500 
300 

1000 1000 1000 
300 

Cl) 500 500 500 
I- 250 250 z 0 0 0 
:::, TOTAL TOTAL TOTAL 
0 200 200 (.) 

...J 

...J t~ 150 150 UJ 
(.) 

/ ~{l 0 
100 100 I-

J ~--
0 
I 
a.. 50 

-------
50 

0 0 
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 

TIME (min) TIME (min) TIME (min) 

Figure 1. Effect of metyrapone (50 mg/kg, solid circles or solid bars) on the locomotor response to saline (left panel) and cocaine 
(center panel), and of metyrapone (50 mg/kg) plus corticosterone (20 mg/kg, solid triangles and grey bars) on the locomotor 
response to cocaine (right panel). Each point represents the mean ±: SEM of the locomotor activity over 10 minutes. Bars repre
sent the mean ±: SEM of the total locomotor activity over 1 hour of testing. Metyrapone treatment significantly reduced the loco
motor response to both saline [F(l,12) = 15.62, p < .01] and cocaine [F(l,12) = 18.95, p < .001]. There was, however, a greater 
reduction in the locomotor response to cocaine than in the saline, as indicated by a significant analysis of covariance considering 
the response to saline as a covariate [F(l,11) = 16.49, p < .01]. Corticosterone administration reversed the effects of the 
metyrapone treatment on the response to cocaine. Thus (right panel), animals treated with metyrapone no longer differed from 
the vehicle group (open circles and bars) when they were concomitantly administered corticosterone [F(l,12) = 0.15, p > .7]. 

The Newman-Keuls test was used for post hoc analysis 
where necessary. Because metyrapone reduced the loco
motor response to a saline injection, the response to the co
caine injection was also subjected to an analysis of covari
ance (ANCOV A) considering the response to saline as 
covariate. To analyze the effects of concomitant adminis
tration of corticosterone and metyrapone on the locomotor 
response to cocaine, a further analysis was performed con
sidering the day of testing (first versus second cocaine 
injection) for the vehicle or metyrapone groups as within
factor. 

RESULTS 

Effects of Metyrapone on the Locomotor Response 
to Cocaine 

Figure 1 shows that metyrapone treatment significantly 
reduced the locomotor response to both saline [left panel, 
F(l,12) = 15.62, p < .01] and cocaine [center panel, 
F(l,12) = 18.95, p < .001]. There was, however, a greater 
reduction in the locomotor response to cocaine than to 
saline, as indicated by the ANCOV A considering the re
sponse to saline as a covariate [F(l,11) = 16.49, p < .01]. 

Corticosterone administration reversed the effects of 
metyrapone on the response to cocaine (right panel). 
Thus, animals treated with metyrapone no longer dif
fered from the vehicle group when they concomitantly 
received corticosterone [F(l,12) = 0.15, p > .7]. Further
more, animals in the vehicle group did not differ over 
the last 2 days of testing [F(l,6) = 0.046, p > .8], whereas 
the locomotor response to cocaine was significantly higher 
in rats treated with corticosterone plus metyrapone 
than in rats given metyrapone alone [F(l,6) = 9.10, p < .05; 
compare the center and right panels on Figure 1]. 

Effects of Metyrapone on Corticosterone Levels 

There were significant group differences in plasma levels 
of corticosterone following a cocaine injection [F(2,20) = 
4.17, p < .05; Figure 2]. Metyrapone treatment significantly 
decreased plasma corticosterone levels relative to the vehi
cle controls (p < .05). The administration of corticosterone 
reversed the effects of metyrapone (mety + cort versus 
mety, p < . 05) and resulted in levels of corticosterone 
that did not differ from those in control animals (vehicle 
versus mety + cort, NS). 
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Figure 2. Effects of metyrapone (50 mg/kg) and concomi
tant administration of metyrapone (50 mg/kg) and corticos
terone (20 mg/kg) on plasma levels of corticosterone in 
response to an injection of cocaine (15 mg/kg). Each value 
represents the mean ±: SEM. Metyrapone treatment (METY) 
significantly decreased plasma corticosterone levels in 
response to the cocaine injection. The administration of corti
costerone (METY + CORT) reversed the effects of metyrapone 
and resulted in levels of corticosterone that did not differ 
from those in control animals (VEHICLE). *p < .05 compared 
to metyrapone-treated animals. 

Effects of Metyrapone on the Brain Levels 
of Cocaine 

There were no group differences in the brain concentra
tions of cocaine 20 minutes after the injection of the 
drug [F(2,20) = 0.29, p > .74; Figure 3]. 

DISCUSSION 

Our results indicate that an acute pharmacological 
blockade of corticosterone secretion reduces sensitivity to 
cocaine. The locomotor response to cocaine was pro
foundly reduced within 3 hours of a single administration 
of the corticosterone synthesis inhibitor metyrapone. 
These changes in cocaine-induced locomotion were paral
leled by significant changes in corticosterone secretion. 
Circulating levels of corticosterone following a cocaine 
injection were significantly reduced after metyrapone 
treatment. The effect of metyrapone on cocaine-induced 
locomotion was corticosterone-dependent because it 
was reversed if animals received corticosterone at the 
same time as they received metyrapone. 
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Figure 3. Effects of metyrapone (50 mg/kg) and concomi
tant administration of metyrapone (50 mg/kg) and corticos
terone (20 mg/kg) on brain levels of cocaine. Brain 
concentrations of cocaine 20 minutes after the injection of the 
drug did not differ in animals receiving metyrapone (METY) 
or metyrapone plus corticosterone (METY + CORT) com
pared to control rats (VEHICLE) [F(2,20) = 0.29, p > .74]. 

These results confirm previous findings suggesting 
that corticosterone facilitates the action of psychostimu
lant drugs and extend them to showing that an acute 
decrease in corticosterone secretion can have similar ef
fects as chronic blockade in reducing the psychomotor 
activating effects of psychostimulant drugs, as for ex
ample by adrenalectomy (Marinelli et al. 1994) or re
peated metyrapone treatment (Piazza et al. 1994; Rouge
Pont et al. 1995). 

One of the possible mechanisms by which circulating 
levels of corticosterone modify the behavioral response 
to cocaine could be by changing the amount of cocaine 
that reaches the brain. We found, however, that this 
was not the case because neither metyrapone treatment 
nor corticosterone replacement had any effects on the 
brain concentrations of cocaine. 

Corticosterone may modulate sensitivity to psycho
stimulants through an action on mesencephalic dopamin
ergic neurons, which are thought to mediate psychomotor 
activating effects and reinforcing effects of psychostimu
lant drugs (for review, see Fibiger and Phillips 1988; 
Koob and Bloom 1988; Wise and Rompre 1989; Le Moal 
and Simon 1991). Dopaminergic mesencephalic neurons 
have corticosterone receptors (Hafstrand et al 1986), and 
an increase in glucocorticoids has been shown to reduce 
dopamine catabolism (Veals et al. 1977; Rothchild et al. 
1985) and to increase dopamine release (Imperato et al. 
1989; Piazza et al. 1993), whereas the reduction of cortico-
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sterone has the opposite effects (Caesar et al. 1970; Rastogi 
and Singhal 1978; Rouge-Pont et al. 1995). An interaction 
between corticosterone and mesolimbic dopaminergic 
neurons in modulating the behavioral effects of drugs 
also is suggested by the observation that the effects of 
corticosterone on cocaine-induced locomotion are similar 
when cocaine is injected either systemically or in the 
nucleus accumbens (Marinelli et al. 1994). The ability of 
cocaine to induce locomotor activity when injected into 
the nucleus accumbens depends on an increase in dopa
mine concentrations in this structure (Delfs et al. 1990). 

The effect of corticosterone on the psychomotor activat
ing effects of cocaine could also involve other neurotrans
mitters. For instance, GABA, serotonin (5-HT), opioids, 
and excitatory amino acids have been shown to modulate 
dopamine-mediated responses to psychostimulants 
(Scheel-Kruger et al. 1981; Kalivas et al. 1989; Kelland et al. 
1990; Pulvirenti et al. 1991) and are influenced by gluco
corticoids. The binding capacity of GABA receptors in 
vitro is potentiated by glucocorticoids (Majewska et al. 
1986; Majewska 1987; Sutanto et al. 1989); furthermore 
glucocorticoids modulate 5-HT receptor density (Biegon 
et al. 1985; De Kloet et al. 1986; Martire et al. 1989) and po
tentiate glutamatergic transmission (Tischler et al. 1988; 
Sapolsky 1990). 

In conclusion, our results indicate that the behavioral 
effects of cocaine can be modified by acute pharmaco
logical manipulation of corticosterone secretion. These 
findings extend our knowledge on the involvement of 
glucocorticoids in sensitivity to psychostimulants and 
may suggest new therapeutic strategies for the treat
ment of drug addiction. 
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