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Modulation of corticosterone does not affect the acquisition or expression
of ethanol-induced conditioned place preference in DBA/2J mice.
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Several recent studies have implicated the stress hormone corticosterone in modulating the rewarding properties of abused
drugs, including amphetamine and ethanol. The present experiments examined a role for corticosterone in modulating the re-
warding effects of ethanol in the place conditioning paradigm. Male DBA/2J mice were subjected to a Pavlovian conditioning
procedure in which a distinctive floor stimulus (CS

 

1

 

) was paired four times with ethanol (2 g/kg). On intervening days, a dif-
ferent floor stimulus was paired with saline (CS

 

2

 

). In the first experiment, the steroid synthesis inhibitor, aminoglutethimide
(AMG), administered prior to conditioning trials with ethanol, did not alter the acquisition of place preference. However,
during conditioning trials, ethanol-stimulated locomotor activity in the AMG-treated group was significantly higher relative
to the vehicle-treated group, suggesting that corticosterone may normally inhibit ethanol-stimulated activity. Plasma corticos-
terone levels in AMG-treated mice were significantly lower than in vehicle-treated mice, showing that AMG effectively sup-
pressed corticosterone release on CS

 

1

 

 trials. The second experiment examined the effect of AMG on the expression of con-
ditioned ethanol place preference. AMG administration prior to the preference test did not alter the magnitude of ethanol
place preference. Corticosterone levels in the AMG-treated groups were significantly reduced relative to vehicle-treated
groups, which showed a higher level of corticosterone during the preference test. These findings show that manipulation of
corticosterone levels in a physiological range does not alter the acquisition or expression of ethanol-induced conditioned
place preference in DBA/2J mice. © 1998 Elsevier Science Inc.
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STRESS

 

 

 

is thought to be a significant factor that contributes
to substance abuse and addictive behavior [see reviews (15,
22,26,31,32)]. The primary physiological stress response of the
organism is activation of the hypothalamic–pituitary–adrenal
(HPA) axis, resulting in the release of the endogenous hor-
mone corticosterone. It has been suggested that the rise in
corticosterone produced by both stressors and abused drugs
may be an important factor in the development of addictive
behavior [see review (28)].

Several recent studies have demonstrated a role for the
HPA axis and specifically, corticosterone in modulating the

reinforcing properties of several psychostimulant drugs, in-
cluding cocaine (14,30), morphine (5,41), and amphetamine
(29). For example, previous exposure to stressors (27) and
prolonged activation of the HPA axis due to chronic social
stress conditions (20) has been shown to increase amphet-
amine self-administration in rats, presumably by increasing
the reinforcing potency of amphetamine. Other studies have
indicated that individual differences in HPA axis functioning
and the adrenocortical response to novelty and environmental
stressors may be a significant factor in the susceptibility to de-
velop drug-seeking behavior. For example, rats with a longer
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duration of corticosterone secretion in response to a novel en-
vironment showed an enhanced acquisition and maintenance
of amphetamine self-administration (29).

A number of studies suggest that corticosterone also plays
a significant role in modulating the reinforcing properties of
ethanol consumption. However, unlike psychostimulants, the
relationship between endogenous corticosterone levels and
ethanol self-administration is less clear. In general, these stud-
ies indicate that removal of endogenous corticosterone de-
creases ethanol consumption in ethanol-preferring rats (9,12,
21,23) and chronic corticosterone treatment via subcutaneous
pellets potentiates ethanol drinking in both adrenalectomized
and adrenally intact rats (11). Stressor-induced corticosterone
levels are also found to potentiate ethanol consumption in
rats and monkeys (17,25). In addition, individual differences
in adrenocortical functioning and the corticosterone response
to stressors, including ethanol, may differentially affect neural
substrates mediating ethanol reward (33).

The relatively few studies that have examined specific ma-
nipulations of endogenous corticosterone levels on ethanol
reward-related behaviors have used oral self-administration
as a measure of ethanol’s motivational properties. However, a
potential problem in interpreting the effects of corticosterone
on ethanol’s rewarding properties is that corticosterone may
be affecting mechanisms involved in ingestive behavior rather
than affecting a mechanism modulating ethanol reward. For
example, corticosterone may alter taste reactivity to ethanol.
Indeed, adrenal corticosteroids have been shown to alter sen-
sory processes such as taste reactivity (16).

The present experiments use the place-conditioning para-
digm to examine corticosterone effects on the rewarding
properties of ethanol. In mice, the place-conditioning proce-
dure appears to be a useful tool for studying the rewarding
properties of ethanol. Several inbred and selectively bred
lines of mice have shown a reliable and robust place prefer-
ence for the environment paired with ethanol [e.g., (2–4)].
One advantage of the place conditioning paradigm over the
oral self-administration paradigm is that it does not involve
ingestive behavior. Thus, it avoids interpretive problems re-
lated to possible nonspecific effects of an agonist or antago-
nist on consumption, rather than a selective effect on ethanol
reinforcement or reward. In addition, this paradigm is useful
for examining the effects of pharmacological manipulations
on the direct rewarding properties of ethanol during acquisi-
tion of place preference and on ethanol’s conditioned motiva-
tional aspects during a drug-free preference test, which may
represent anticipation or craving for ethanol.

The rationale for the present study was based on the hy-
pothesis that corticosterone released by handling and injection
procedures and/or exposure to ethanol may ordinarily exert a
rapid effect on the neural substrates mediating ethanol reward
in the place-conditioning paradigm. The following experiments
were designed to test the hypothesis that high endogenous cor-
ticosterone levels are involved in modulating the acquisition
and expression of ethanol-induced conditioned place prefer-
ence in mice. Experiment 1 examined the effect of inhibiting
corticosterone release, via the steroid synthesis inhibitor ami-
noglutethimide (AMG), on the acquisition of ethanol place
preference. Experiment 2 assessed the effect of AMG adminis-
tered prior to the expression of ethanol place preference.

 

EXPERIMENT 1: EFFECTS OF AMG ON ACQUISITION OF 
CONDITIONED PLACE PREFERENCE

 

The purpose of Experiment 1 was to examine the effects of
inhibition of corticosterone release with AMG during ethanol

conditioning trials on the acquisition of ethanol place prefer-
ence. It was hypothesized that a rise in corticosterone levels
following ethanol exposure (18,42), as well as handling and in-
jection procedures, is an important factor modulating etha-
nol’s rewarding effects during conditioning. Based on this hy-
pothesis, AMG administration prior to conditioning trials was
expected to reduce the magnitude of place preference, as re-
vealed in the preference test without AMG.

AMG has been shown to effectively inhibit restraint stres-
sor-induced release of corticosterone in mice (38). However,
the effects of AMG blockade on corticosterone levels in the
presence of ethanol have not been studied. Thus, a control ex-
periment was conducted to determine plasma corticosterone
levels and confirm that the AMG dose used in the place con-
ditioning study was effective in suppressing corticosterone
synthesis and release in the presence of ethanol.

 

METHOD

 

Subjects

 

Subjects in both experiments were adult male inbred mice
(DBA/2J) obtained from the Jackson Laboratory (Bar Harbor,
ME) at 6 weeks of age. Mice were housed in polycarbonate
cages (27.9 

 

3

 

 9.5 

 

3

 

 12.7 cm) in groups of four. Continuous ac-
cess to food and water was provided and animals were allowed
to acclimate to the colony room for 12–14 days before training.
Ambient temperature was maintained at 21 

 

6

 

 1

 

8

 

C. Experimen-
tal procedures were conducted during the light phase of a 12:12
light:dark cycle (lights on at 0700 h). Experimental procedures
began 2–3 h after the onset of the light cycle.

 

Apparatus

 

Twelve identical acrylic and aluminum boxes (30 

 

3

 

 15 

 

3

 

15 cm) were separately enclosed in ventilated, light and sound-
attenuating chambers (Coulbourn Model E10-20). Six sets of
infrared light sources and photodetectors were mounted oppo-
site each other at 5-cm intervals along the length of each box,
2.2 cm above the floor. Occlusion of the infrared light beams
was used to measure general activity and location of the animal
(left or right) within the box. Total activity counts were recorded
every minute by computer (10-ms resolution). The floor of each
box consisted of interchangeable halves of one of two distinct
textures. “Grid” floors consisted of 3.2-mm rods mounted
6.4 mm apart in acrylic rails. “Hole” floors consisted of perfo-
rated 16 gauge stainless steel with 6.4-mm round holes on
9.5-mm staggered centers. This combination of floor textures was
selected on the basis of previous studies showing that drug-naive
mice spend approximately equal time on each floor type during
drug-free preference tests (1–3). The floors and the inside of
the boxes were wiped with a damp sponge and the litter paper
beneath the floors was changed between animals.

 

Drugs

 

Ethanol (20% v/v) was prepared from a 95% stock solu-
tion using saline as the vehicle. A dose of 2 g/kg ethanol was
administered intraperitoneally (IP) in an injection volume of
12.5 ml/kg. This dose has previously been shown in mice to
produce a strong preference for the paired tactile stimuli [e.g.,
(4)]. AMG was dissolved in a 20% w/v solution of 2-hydroxy-

 

b

 

-cyclodextrin [(

 

b

 

-cyclodextrin); Research Biomedicals Inter-
national, Natick, MA] and saline. A dose of 50 mg/kg was ad-
ministered IP in an injection volume of 10 ml/kg. This dose of
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AMG has been found to maximally inhibit restraint stressor-
induced release of corticosterone but does not impair motor
behavior (38). A previous study has shown that administra-
tion of the 

 

b

 

-cyclodextrin vehicle alone has no effect on place
conditioning in DBA/2J mice (13).

 

Procedure

 

The place-conditioning study involved one habituation ses-
sion, eight conditioning sessions, and one test session. For the
habituation session, mice received an injection of saline im-
mediately before being placed in the conditioning box for
5 min on a smooth paper floor.

For conditioning, mice were randomly assigned to one of
three groups: AMG (

 

n

 

 

 

5

 

 31), ETOH (

 

n

 

 

 

5

 

 32), and AMG/
ETOH (

 

n

 

 

 

5

 

 32). The AMG group served as a control for the
possible rewarding or aversive effects of AMG alone. Within
each of the three experimental groups, mice were randomly
assigned to one of two conditioning subgroups (G

 

1

 

 or G

 

2

 

)
and exposed to a Pavlovian differential conditioning proce-
dure. During conditioning trials, all mice had access to both
sides of the apparatus on a homogeneous floor type. All mice
received two IP injections before each conditioning session.
On alternating days (CS

 

1

 

 sessions), G

 

1

 

 subjects in the AMG
and AMG/ETOH group received an injection of AMG 2 h
before the conditioning session, and the ETOH group re-
ceived an injection of the vehicle 

 

b

 

-cyclodextrin. This 2 h pre-
treatment interval was chosen because it is within an effective
range in which AMG produces a maximal inhibition of stres-
sor-induced release of corticosterone in mice (38). A saline
(AMG group) or ethanol injection was given immediately be-
fore a 5 min session on the grid floor. On intervening days
(CS

 

2

 

 sessions), these mice received 

 

b

 

-cyclodextrin and saline
paired with the hole floor. Conversely, G

 

2

 

 subjects received
AMG/saline, vehicle/ethanol, or AMG/ethanol injections
paired with the hole floor and vehicle and saline paired with the
grid floor. Conditioning groups were matched for overall expo-
sure to CS type (grid or hole) and drug treatment, and the or-
der of drug exposure was counterbalanced within groups. The 5
min session duration was chosen based on previous studies
showing that it produced a stronger conditioned place prefer-
ence with ethanol than did longer session durations (4).

Mice received an injection of vehicle 2 h before the 60 min
preference test. A saline injection was given immediately
prior to placement in the apparatus to match the cues during
conditioning days. The floor of each box was half grid and half
hole with left/right position counterbalanced within groups.

 

Control Experiment

 

Because blood sampling procedures might alter place con-
ditioning, separate groups of naive mice were used to deter-
mine the effectiveness of AMG in suppressing corticosterone
synthesis and release on CS

 

1

 

 trials. These mice were sub-
jected to experimental procedures similar to those described
above for the ETOH (

 

n

 

 

 

5

 

 6) and AMG/ETOH (

 

n

 

 

 

5

 

 6)
groups. All mice received an acute injection of AMG or vehi-
cle 2 h before an injection of ethanol (2 g/kg), and were imme-
diately placed in the apparatus for 5 min. Following the 5 min
session, each mouse was removed from the box and approxi-
mately 20 

 

m

 

l of tail blood was taken for corticosterone assay.

 

Corticosterone Radioimmunoassay

 

A sharp scalpel was used to nick the tip of the tail (2 mm)
and approximately 20 

 

m

 

l of blood was collected into heparin-
ized capillary tubes. The tubes were centrifuged at 2000 rpm

for 5 min, 5 

 

m

 

l of plasma was removed and diluted in 100 

 

m

 

l
sterile water, and the sample was stored at 4

 

8

 

C until assayed
for corticosterone. Samples were immersed in boiling water to
denature corticosterone binding globulin (24). Corticosterone
radioimmunoassay was executed following a previously re-
ported method (19) and utilized [

 

125

 

I]-corticosterone from
ICN Biomedicals and corticosterone antibody from Ventrex.
The minimum concentration of corticosterone detectable
within the 95% confidence interval was 0.2 

 

m

 

g/dl. The maxi-
mum detectable corticosterone concentration was 200 

 

m

 

g/dl.
Intra-assay variability was less than 10%. Assay specificity
was very high, with only 4% cross-reactivity to deoxycorticoste-
rone, 1% cross-reactivity to 5

 

b

 

-pregnanedione, and less than
0.6% cross-reactivity to other adrenal steroids.

 

Statistical Analyses

 

Data were analyzed by analysis of variance (ANOVA)
with the alpha level set at 0.05. Because the performance of
the ETOH compared to the AMG/ETOH group was of pri-
mary interest, data from these two groups were included in one
set of analyses. A separate set of analyses was conducted for
the AMG control group to determine whether AMG alone al-
tered locomotor activity or produced place conditioning.

 

RESULTS

 

Conditioning

 

Figure 1

 

 

 

shows the mean (

 

6

 

SEM) activity counts per min
for the ETOH and AMG/ETOH groups during conditioning
trials 1–4. Ethanol produced significant locomotor activation
during the CS

 

1

 

 sessions relative to the CS

 

2

 

 sessions with sa-
line. As previously observed with DBA/2J mice [e.g., (3)], ac-
tivity counts were significantly higher on the last CS

 

1

 

 session
compared to the first CS

 

1

 

 session in both groups, indicating
sensitization to the locomotor-activating effects of ethanol oc-
curred across the four trials.

Initial analysis of CS

 

1

 

 session data (two-way ANOVA:
drug treatment 

 

3

 

 trials) yielded a significant main effect of
trials, 

 

F

 

(3,186) 

 

5

 

 40.2, 

 

p

 

 

 

,

 

 0.001, and a significant interaction
of drug treatment 

 

3

 

 trials, 

 

F

 

(3, 186) 

 

5

 

 3.0, 

 

p

 

 

 

,

 

 0.05. Separate
repeated measures ANOVAs (trials) conducted for each drug
treatment group yielded a significant main effect of trials for

FIG. 1. Mean activity (6SEM) counts per min during CS1 and CS2
sessions for the ETOH and AMG/ETOH groups during conditioning
trials 1–4.
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the ETOH, 

 

F

 

(3, 93) 

 

5

 

 30.9, 

 

p

 

 

 

, 

 

0.001, and AMG/ETOH
group, 

 

F

 

(3, 93) 

 

5

 

 14.8, 

 

p

 

 

 

,

 

 0.001, confirming the development
of sensitization to ethanol’s stimulant effects in both ethanol-
treated groups across the four trials. To further examine the na-
ture of the two-way interaction, one-way ANOVAs (drug treat-
ment) were conducted separately for each trial. These analyses
yielded a significant main effect of drug treatment on trial 2
only, 

 

F

 

(1, 62) 

 

5

 

 4.0, 

 

p

 

 

 

,

 

 0.05. This effect was due to significantly
higher activity counts for the AMG/ETOH group relative to the
ETOH group and suggests that sensitization to ethanol may
have developed more rapidly in AMG-treated animals.

Two-way ANOVA (drug treatment 

 

3

 

 trials) of CS

 

2

 

 ses-
sion data indicated significant effects of trials, 

 

F

 

(3, 186) 

 

5

 

14.1, p 

 

,

 

 0.001. Mean (

 

6

 

SEM) activity counts per min col-
lapsed across drug treatment groups were 60.2 

 

6

 

 1.1 on trial
1 and 48.1 

 

6

 

 1.9 on trial 4, indicating habituation to experi-
mental procedures. Overall, these analyses show that drug
treatment on CS

 

1

 

 days did not affect group activity levels
during CS

 

2

 

 sessions.
Table 1

 

 

 

shows mean (

 

6

 

SEM) activity counts/min during
CS

 

1

 

 and CS

 

2

 

 sessions for the AMG control group on trials
1–4. Activity levels during CS

 

1

 

 sessions with AMG were
higher relative to CS

 

2

 

 sessions. A two-way repeated mea-
sures ANOVA (trials 

 

3

 

 drug type) conducted for the AMG
group showed significant effects of trials, F(3, 93) 

 

5

 

 34.7, p 

 

,

 

0.001, and drug type, 

 

F

 

(1, 31) 

 

5

 

 8.1, 

 

p

 

 

 

,

 

 0.01, but no interac-
tions. This analysis indicates a slight activating effect of AMG
on activity. Despite an overall decrease in activity across tri-
als, activity counts during CS

 

1

 

 sessions remained significantly
higher relative to CS

 

2

 

 sessions. This suggests that mice habit-
uated to experimental procedures across trials but did not be-
come tolerant to the activating effect of AMG.

 

Preference Testing

 

Figure 2

 

 

 

shows the mean (

 

6

 

SEM) s/min spent on the grid
floor by all conditioning subgroups during the 60 min prefer-
ence test. To facilitate comparisons across drug treatment
groups, the figure inset depicts the mean (

 

6

 

SEM) percent
time spent on the ethanol-paired floor, averaged across condi-
tioning subgroups. Mice in the G

 

1

 

 conditioning subgroup in
ethanol-treated groups spent more time on the ethanol-paired
grid floor than the G

 

2

 

 subgroup, indicating a conditioned
place preference for the grid floor.

The analysis of ethanol-treated groups (two-way ANOVA:
drug treatment 

 

3

 

 conditioning group) yielded significant
main effects of drug treatment, 

 

F

 

(1, 60) 

 

5

 

 6.5, 

 

p

 

 

 

5

 

 0.013, and
conditioning group, 

 

F

 

(1, 60) 

 

5

 

 56.1, 

 

p

 

 

 

, 0.001, but no interac-
tion was found (F , 1). The significant main effect of condi-
tioning group signifies a conditioned place preference for the
ethanol-paired grid floor; however, the lack of a significant
drug treatment 3 conditioning group interaction indicates no
group differences in the magnitude of place preference. This

analysis shows that AMG did not affect the development of
place preference. Figure 2 suggests the drug treatment effect
was due to less time spent on the grid floor by both condition-
ing subgroups in the AMG/ETOH group. This effect is possi-
bly the result of a sampling error (i.e., a greater number of mice
randomly assigned to the AMG/ETOH subgroups happened to
show an unconditioned preference for the hole floor). Alterna-
tively, AMG may alter tactile sensitivity and cause a shift (in-
crease) in the amount of time spent on the hole floor in both
conditioning subgroups. However, the separate one-way
ANOVA (conditioning group) conducted for the AMG group
showed no significant preference or aversion for the AMG-
paired floor, F(1, 29) 5 1.2, p . 0.2. Thus, these data show that
AMG administered prior to conditioning trials does not alter
the acquisition of ethanol-induced conditioned place prefer-
ence. In addition, AMG administered alone does not cause a
conditioned preference for either floor type (grid or hole).

Mean (6SEM) activity counts per min during the 60 min
test session were 27.1 6 1.0, 26.1 6 1.8, and 24.1 6 1.6 for
AMG, ETOH, and AMG/ETOH groups, respectively. One-
way ANOVA showed no effect of drug treatment (during
conditioning) on activity levels during the preference test,
F(2, 92) 5 1.0, p . 0.3.

TABLE 1
MEAN (6SEM) ACTIVITY COUNTS PER MIN DURING CS1 AND

CS2 SESSIONS FOR THE AMG GROUP ON TRIALS 1–4

CS Type Trial 1 Trial 2 Trial 3 Trial 4

CS1 59.4 6 2.7 45.6 6 2.1 44.0 6 2.1 40.8 6 2.3
CS2 56.0 6 2.2 42.3 6 1.9 40.3 6 2.1 35.8 6 1.9

FIG. 2. Mean (6SEM) s/min spent on the grid floor by subjects in
both conditioning subgroups of the AMG, ETOH, and AMG/ETOH
groups during the preference test. During conditioning, G1 animals
received AMG, ethanol, or both paired with the grid floor and
vehicle and saline paired with the hole floor. G2 animals received
AMG, ethanol, or both paired with the hole floor and vehicle and
saline paired with the grid floor. Data shown are collapsed across the
60 min session. The inset depicts the same data transformed to
percent time spent on the floor paired with ethanol (ETOH)
collapsed across G1 and G2 subgroups within each drug treatment
group.
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Control Experiment

AMG-treated animals showed significantly lower cortico-
sterone levels following ethanol relative to vehicle-treated an-
imals. Mean (6SEM) plasma corticosterone levels were 6.2 6
0.3 mg/dl and 2.8 6 0.4 mg/dl in the vehicle and AMG-treated
groups, respectively, immediately following the 5 min session.
One-way ANOVA showed a significant effect of drug treat-
ment on corticosterone levels, F(1, 10) 5 44.4, p , 0.001.

DISCUSSION

Although AMG-treated animals showed significantly
lower levels of corticosterone on CS1 trials relative to vehi-
cle-treated animals, AMG did not alter the acquisition of con-
ditioned place preference with ethanol. Thus, this outcome
does not support the hypothesis that a rise in corticosterone
levels facilitates the conditioning of ethanol place preference
by enhancing ethanol’s rewarding effects. Moreover, this find-
ing suggests that the acquisition of ethanol-induced place
preference is independent of ethanol’s corticosterone-elevat-
ing effects. These conclusions may be limited, however, be-
cause it is unclear whether ethanol produced a significant ele-
vation in corticosterone during the 5 min conditioning session
or AMG simply reduced the level of basal circulating cortico-
sterone (control experiment). The AMG control group did not
develop a preference or aversion for the drug-paired floor,
showing that AMG does not possess any rewarding or aversive
properties of its own in the place conditioning paradigm.

The corticosterone data suggest that an increase in corti-
costerone levels during conditioning trials does not normally
influence the acquisition of ethanol place preference. How-
ever, even though the vehicle pretreated group had a signifi-
cantly higher level of corticosterone than the AMG pre-
treated group, the level of corticosterone in the vehicle group
was still within a nonstressed range [e.g., (34,40)]. This low
level of corticosterone following ethanol is probably due to
the fact that blood was sampled 5 min following the ethanol
injection, but the peak in corticosterone following ethanol
normally occurs after 30 min [e.g., (18)]. The addition of a ve-
hicle/saline control group to compare to the vehicle/ethanol
group would be helpful in determining the extent of ethanol’s
corticosterone-elevating effects during the 5 min conditioning
session. It may be that the difference in corticosterone levels
between the two groups during the 5 min conditioning ses-
sions was not large enough to affect the magnitude of place
preference. Perhaps this difference would have been larger if
the experiment had been conducted during the dark phase of
the light/dark cycle, because basal circulating corticosterone is
higher during the dark cycle (35). Nonetheless, administration
of AMG appeared to facilitate the development of locomotor
sensitization across trials (i.e., AMG-treated animals showed
increased activity counts on an earlier conditioning trial rela-
tive to vehicle-treated animals). One interpretation of this
finding is that higher corticosterone levels may normally delay
the development of sensitization. These data are in contrast to
a previous study that showed a significant attenuation of etha-
nol-induced locomotor sensitization with administration of
RU 38486, a glucocorticoid receptor antagonist (39).

In summary, blockade of corticosterone release by AMG
did not affect the acquisition of ethanol-induced conditioned
place preference. However, the results of this study suggest
that AMG administration may facilitate the development of
locomotor sensitization with repeated ethanol exposure.
Thus, consistent with other recent studies using this paradigm

(1,36,37), there was no relationship between the acute stimu-
lant response to ethanol and the magnitude of conditioned
place preference.

EXPERIMENT 2: EFFECTS OF AMG ON EXPRESSION OF 
CONDITIONED PLACE PREFERENCE

The results of Experiment 1 suggest that inhibition of corti-
costerone release does not alter the rewarding ethanol effects
responsible for the acquisition of conditioned place preference.
However, high corticosterone levels may still be an important
factor modulating the expression and maintenance of condi-
tioned ethanol reward. Handling and injection procedures prior
to a preference test may result in a substantial release of corti-
costerone, or they may become conditioned stimuli (after re-
peated pairings with ethanol) that trigger a conditioned release
of corticosterone. In addition, exposure to the floor CS may
cause a conditioned corticosterone release, or there may be
nonspecific arousal effects resulting in elevated corticosterone.

The purpose of Experiment 2 was to examine the effect of
AMG on the expression of conditioned ethanol place prefer-
ence. It was hypothesized that elevated corticosterone levels
during a drug-free preference test may be important in acti-
vating or modulating mechanisms responsible for the expres-
sion of conditioned reward. Because the ability to detect such
effects might vary with the strength of conditioned place pref-
erence, we examined the effects of AMG on the conditioning
produced by two different doses of ethanol (1.5 and 2 g/kg).
The lower dose of ethanol was expected to produce a smaller
magnitude of preference. Because the 2 g/kg ethanol dose of-
ten produces a near-maximal preference in DBA/2J mice, we
chose to include a group conditioned with 1.5 g/kg ethanol to
optimize the possibility of observing an effect of AMG (in-
crease or decrease in preference magnitude) on the expres-
sion of preference.

To obtain a measure of plasma corticosterone in each ex-
perimental group and confirm AMG’s suppressive effect on
corticosterone release, blood was taken from subjects in each
group following the preference test for radioimmunoassay.
Mice received either AMG or vehicle 2 h before the prefer-
ence test. All mice received a saline injection immediately be-
fore the preference test. It was expected that AMG-treated
groups would have significantly lower corticosterone levels
relative to vehicle-treated animals.

Procedure

The experiment consisted of three phases: one habituation
session, eight conditioning sessions, and one test session. Ha-
bituation and conditioning procedures were identical to those
used in Experiment 1, except that AMG was not administered
during the conditioning phase of the study.

For the conditioning phase, all subjects were randomly as-
signed to one of two ethanol dose groups: 1.5 g/kg and 2 g/kg.
Within each of the experimental groups, mice were randomly
assigned to G1 and G2 conditioning subgroups (n 5 27–30)
and subjected to standard ethanol place conditioning proce-
dures, as previously described.

For the 60 min test session, mice from each ethanol dose
group were assigned to one of two AMG dose groups (0 or 50
mg/kg). An injection of either vehicle or AMG was adminis-
tered IP (10 ml/kg) 2 h before the preference test. A saline in-
jection was also given immediately before the test session to
match the cues during conditioning days. During the test, the
floor was half grid and half hole with left/right position coun-
terbalanced within groups. Immediately following the test ses-
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sion, approximately 20 ml of tail blood was taken from each
mouse for corticosterone assay.

RESULTS

Conditioning

Figure 3 shows mean activity counts/min during condition-
ing trials 1–4 averaged across each ethanol dose group. Etha-
nol produced significant locomotor activation during CS1
sessions relative to CS2 sessions in both the 1.5 and 2 g/kg
dose group.

Two-way ANOVAs (ETOH dose 3 trials) were separately
conducted for CS1 and CS2 session data. The CS1 ANOVA
revealed a significant effect of ETOH dose, F(1, 113) 5 9.8,
p , 0.01, and trials, F(3, 339) 5 21.9, p , 0.0001, and a signifi-
cant interaction, F(3, 339) 5 5.9, p , 0.001. To further investi-
gate the ETOH dose 3 trials interaction, one-way repeated
measures ANOVAs were conducted for each ETOH Dose
group (1.5 and 2 g/kg). A significant increase in activity across
trials was found in the 2 g/kg dose group, F(3, 168) 5 24.1, p ,
0.0001, indicating the development of locomotor sensitization
with repeated ethanol exposure. Significant locomotor sensiti-
zation did not occur across trials in the 1.5 mg/kg group,
F(3,171) 5 2.8, NS. The CS2 ANOVA showed no significant
main effects and no interactions (Fs , 1).

Preference Testing

Figure 4 shows the mean (6SEM) s/min spent on the grid
floor by both conditioning subgroups in the four drug treat-
ment groups during the 60 min preference test. The figure inset
depicts the mean (6SEM) percent time spent on the ethanol-
paired floor, averaged across conditioning subgroups. G1 sub-
groups in each drug treatment group spent significantly more
time on the grid floor relative to G2 subgroups, indicating the
development of ethanol-induced preference for the grid floor.

Overall analysis of the data collapsed across the 60 min test
session (three-way ANOVA: AMG group 3 ETOH dose 3
conditioning group) yielded a significant effect of conditioning
group, F(1, 107) 5 34.9, p , 0.0001, indicating a conditioned
place preference for the ethanol-paired floor. No significant ef-
fects of AMG group, ETOH dose, or interactions were found.
Although the magnitude of preference in the 1.5/AMG group
appears to be reduced relative to the 1.5/VEH group (Fig. 4),

there is no statistical support for concluding that AMG de-
creased the magnitude of place preference in this group. Thus,
AMG did not affect expression of ethanol-induced place condi-
tioning in either the 1.5 or 2 mg/kg dose groups.

Activity levels during the preference test were higher in the
1.5 g/kg ETOH dose group relative to the 2.0 g/kg group. Activ-
ity levels were also higher in AMG-treated groups relative to
vehicle-treated groups. Mean (6SEM) activity counts/min dur-
ing the 60 min test were 34.3 6 1.3, 29.4 6 1.5, 39.0 6 1.6, and
34.1 6 1.6 for the 1.5/vehicle, 2.0/vehicle, 1.5/AMG, and 2.0/
AMG groups, respectively. Two-way ANOVA (AMG group 3
ETOH dose) revealed a significant effect of AMG group, F(1,
111) 5 10.0, p , 0.01, and ETOH dose, F(1, 111) 5 11.1, p ,
0.01, on activity levels during the test.

Corticosterone Assay

AMG-treated groups showed reduced corticosterone lev-
els compared to vehicle-treated groups. Mean (6SEM)
plasma corticosterone levels were 14.6 6 1.1, 16.3 6 1.6, 2.7 6
0.2, and 3.6 6 0.3 in the 1.5/vehicle, 2.0/vehicle, 1.5/AMG, and
2.0/AMG groups, respectively, immediately after the 60 min
preference test. Three-way ANOVA (AMG group 3 ETOH
dose 3 conditioning group) showed a significant effect of
AMG on corticosterone levels, F(1, 104) 5 147.0, p , 0.0001.
No significant effect of ETOH dose or conditioning group on
corticosterone levels was observed.

FIG. 3. Mean (6SEM) activity counts per min during CS1 and CS2
sessions for the 1.5 and 2 g/kg ethanol dose groups during
conditioning trials 1–4.

FIG. 4. Mean (6SEM) s/min spent on the grid floor by subjects in
both conditioning subgroups of the four drug treatment groups
during the preference test. During conditioning, G1 subjects
received ethanol (1.5 or 2.0 g/kg) paired with the grid floor and saline
paired with the hole floor and G2 subjects received ethanol paired
with the hole floor and saline paired with the grid floor. Two hours
before the preference test, subjects received an injection of AMG or
vehicle. Data shown are collapsed across the 60 min session. The inset
depicts the same data transformed to percent time spent on the floor
paired with ethanol (ETOH) collapsed across G1 and G2 subgroups
within each drug treatment group.
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DISCUSSION

AMG administration did not affect the magnitude of etha-
nol place preference in the 1.5 or 2.0 g/kg ethanol dose
groups. Thus, these results do not support the hypothesis that
stressor-induced corticosterone levels influence the expres-
sion of ethanol place preference.

AMG-treated groups showed significantly higher activity
levels during the preference test relative to vehicle-treated
groups within the 1.5 and 2.0 g/kg ETOH Dose groups. This
finding is consistent with the conditioning trial activity data from
Experiment 1, which showed a locomotor-activating effect of
AMG administered alone. Within the AMG and vehicle-treated
groups, activity levels during the preference test were also
higher in the 1.5 g/kg ETOH dose group relative to the 2.0 g/kg
group. This is possibly due to a conditioned suppression of activ-
ity levels in the 2.0 g/kg group relative to the 1.5 g/kg group. Al-
ternatively, this effect could be due to sampling error.

Corticosterone levels in AMG-treated groups were signifi-
cantly lower relative to vehicle-treated groups. Vehicle-treated
groups showed a higher level of corticosterone, which supports
the hypothesis that corticosterone is normally elevated during a
preference test. The level of plasma corticosterone levels in
these groups was comparable to those observed 30 min follow-
ing novelty stress or 1.5 mg/kg corticosterone (z13–15 mg/dl)
(6). Elevated corticosterone in the vehicle-treated groups could
be due to a conditioned corticosterone release triggered by
handling and injection cues or exposure to the floor CS. In ad-
dition, general arousal from exposure to the testing apparatus
could account for an increase in corticosterone. However, re-
ducing the level of corticosterone with AMG did not alter the
expression of place preference. Overall, these data suggest that
corticosterone does not modulate the expression of ethanol-
induced conditioned place preference.

GENERAL DISCUSSION

The present experiments examined a role for corticoste-
rone in modulating the rewarding effects of ethanol in the
place conditioning paradigm. The results of Experiment 1 show
that an acute rise in corticosterone on CS1 trials does not facil-
itate the acquisition of place preference. Consistent with previ-
ous studies [e.g., (1,36)], these data also suggest a dissociation
between ethanol’s rewarding and locomotor effects. The results
of Experiment 2 suggest that elevated plasma corticosterone
levels do not modulate the expression of ethanol-induced con-
ditioned place preference.

The mechanism by which AMG increases ethanol-stimu-
lated locomotor activity is unclear. Although the difference in
locomotor activity between AMG- and vehicle-treated ani-
mals was rather small, these data suggest that corticosterone
may normally inhibit ethanol-stimulated locomotor sensitiza-
tion. If so, the concentration of corticosterone necessary for an
inhibitory effect is not very high because plasma corticosterone
in the vehicle-treated group (z6 mg/dl) was only slightly ele-
vated relative to the AMG-treated group (z3 mg/dl). Alterna-
tively, the increase in ethanol-stimulated activity in AMG-
treated animals could be due to an effect of AMG not related
to its effect on corticosterone release. AMG blocks the syn-
thesis and release of corticosterone by inhibiting the conver-
sion of cholesterol to pregnenolone, the first step in the adre-
nal steroid synthesis pathway (7). Because pregnenolone is
the precursor for every adrenally derived steroid (44), AMG
also inhibits the synthesis of many other steroids, such as min-
eralocorticoids, androgens, and estrogens, which could be im-
portant in modulating locomotor activity. The present data,

however, are not consistent with another study that found
adrenalectomy significantly decreased stimulated locomotor ac-
tivity in response to 1.5 g/kg ethanol in female mice (43). The
discrepancy between these studies may be due to different phys-
iological effects of adrenalectomy vs. AMG. For example, the
biochemical deficits produced by adrenalectomy are permanent
and probably more severe than the effects of acute administra-
tion of AMG. In addition, because AMG does not completely
eliminate adrenally derived steroids, including corticosterone, it
may allow a more normal physiological state (38).

The results of Experiments 1 and 2 suggest that cortico-
sterone is not involved in the acquisition or expression of eth-
anol-induced conditioned place preference. In addition to
corticosterone, it is possible that other adrenal steroids might
have rapid neural effects that alter behavior. Because AMG
inhibits all other steroids derived from the adrenal cortex,
these findings suggest that a reduction in other circulating ste-
roids (e.g., aldosterone, which is synthesized from corticoste-
rone) may not alter the acquisition or expression of ethanol
place preference. Many of these steroids have a short half-life
(approximately 20 min) and would be expected to be signifi-
cantly reduced 2 h following AMG administration (44). It
might be useful to coadminister AMG with a corticosterone
replacement to disentangle effects due to changes in cortico-
sterone from changes in other steroids.

Overall, the present experiments do not support the hy-
pothesis that corticosterone is important in modulating etha-
nol’s unconditioned and conditioned rewarding properties by
exerting a rapid effect on the neural substrate mediating the
acquisition or expression of ethanol-induced conditioned
place preference. In general, these data are inconsistent with
previous studies that demonstrated a facilitatory effect of cor-
ticosterone on the rewarding properties of amphetamine (29)
and ethanol (9,11). There are several possible reasons for the
discrepancies between the previous and present studies. For
example, the facilitatory effect of corticosterone on the re-
warding properties of amphetamine and ethanol may be spe-
cific to the self-administration paradigm. This could be due to
different routes of administration and time course of effects
(acute vs. chronic exposure) of corticosterone in the IV and
oral self-administration paradigm relative to the place condi-
tioning paradigm. Furthermore, the level of corticosterone
achieved during the 5 min conditioning session in Experiment
1 may be significantly lower than the level of corticosterone
shown in previous studies to facilitate the rewarding effects of
amphetamine and ethanol in rats. Moreover, the absence of a
vehicle/saline group to compare to the vehicle/ethanol group
(control experiment) limits the interpretation of AMG’s ef-
fects on an ethanol-induced rise in corticosterone levels dur-
ing acquisition of place preference.

It is possible that subject vs. experimenter control over ex-
posure to these drugs may be an important factor in determin-
ing corticosterone’s facilitatory effect. Thus, corticosterone
may specifically interact with neural pathways that mediate
the reinforcing and rewarding properties of amphetamine and
ethanol in self-administration paradigms, and these pathways
may be distinct from those mediating the rewarding effects of
ethanol in the place conditioning paradigm. Another possibil-
ity is that the effect of corticosterone in the previous studies
may be unique to rats that show a predisposition for self-
administration. Several studies suggest this predisposition is
due to individual differences in dopaminergic reactivity to
these drugs (8,10) and dopaminergic reactivity may also be in-
fluenced by a differential corticosterone response to these
drugs (28). These individual differences may be due to genetic
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variability in the rats strains that were utilized. In the present
studies, the inbred DBA/2J mouse strain was used because
these mice are highly sensitive to ethanol’s rewarding proper-
ties in the place conditioning paradigm. In addition, because
these mice are genetically identical, they exhibit a stable pheno-
type to examine the neuropharmacological basis of ethanol re-
ward. However, the findings in the present studies may not be
generalizable to other strains of mice or other species, such as
rats. Consequently, corticosterone may indeed facilitate the re-
warding effects of abused drugs in other species, as suggested
by the findings of other studies (9,11,12,29). Nevertheless, the

present studies suggest that corticosterone does not modulate
the unconditioned and conditioned rewarding properties of
ethanol in DBA/2J mice in the place conditioning paradigm.
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