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Behavioral Effects of Psychomotor Stimulant 
Infusions into Amygdaloid Nuclei

 

Laura E. O’Dell, Ph.D., Amy N. Sussman, B.S., Kym L. Meyer, B.S., 

 

and Janet L. Neisewander, Ph.D.

 

The role of amygdaloid nuclei in locomotion, stereotypy, 
and conditioned place preference (CPP) produced by 
psychomotor stimulants was examined. Five 2-day 
conditioning trials were conducted over 10 consecutive 
days. Rats received bilateral intracranial infusions of saline, 
cocaine (25–100 

 

m

 

g/side), or amphetamine (0.31–20 

 

m

 

g/
side) into the ventricles (ICV), basolateral amygdala (BlA), 
or central amygdala (CeA) and were confined to a 
compartment. On alternating days, rats received sham 
infusions and were confined to a different compartment. 
Locomotion was measured daily, stereotypy was measured 
on trials 1 and 5, and CPP was measured 24 h after 

conditioning. ICV infusions of cocaine or amphetamine 
produced locomotion, rearing, and CPP. Intra-BlA and 
intra-CeA infusions of the highest dose of cocaine produced 
locomotion. In contrast, intra-CeA infusions of 
amphetamine potently produced locomotion and CPP. 
Intra-BlA infusions of amphetamine, however, did not 
produce any behavioral changes. These results suggest that 
the CeA, but not the BlA, is involved in initiating reward 
and locomotion produced by amphetamine. 

 

[Neuropsychopharmacology 20:591–602, 1999]

 

© 1999 American College of Neuropsychopharmacology.
Published by Elsevier Science Inc.
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The amygdala is a collection of anatomically and func-
tionally diverse nuclei. The basolateral amygdala (BlA)
is a cortical-like nucleus that plays an important role in
forming associations between affective states and envi-
ronmental stimuli, such as stimulus-reward associa-
tions (Alheid et al. 1992; Everitt and Robbins 1992). The
central amygdala (CeA) is part of the extended amygdala,
which is a collection of anatomically and developmen-
tally related brain regions (see Alheid and Heimer
1988). The CeA plays a role in arousal, expression of
emotions, and forming associations between environ-

mental stimuli and affective states typically involving
autonomic responses (see Kaada 1972; Kapp et al. 1992).

Considering the anatomy and functions of the BlA
and the CeA, it seems likely that these nuclei play a role
in the stimulant and rewarding properties of psycho-
motor stimulants. For example, both of these nuclei are
connected anatomically with the nucleus accumbens
(NAc), a structure that plays an important role in motor
behaviors and reward produced by psychomotor stim-
ulants (Carr and White 1986; Carr and White 1987;
Delfs et al. 1990). Specifically, the BlA sends dense exci-
tatory projections to the NAc, and both the CeA and the
NAc are part of the extended amygdala (Fuller et al.
1987; McDonald 1996). In addition, the CeA receives
dense dopamine (DA) efferents from the ventral teg-
mental area, and consequently, has more DA terminals
relative to other amygdaloid nuclei (Ben-Ari et al. 1975;
Kilts and Anderson 1987; Ungerstedt 1971). The CeA
also projects back to the ventral tegmental area and sub-
stantia nigra compacta, which contain the cell bodies of
the mesocorticolimbic and nigrostriatal DA systems, re-
spectively (Wallace et al. 1992). These reciprocal connec-
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tions suggest that the CeA likely influences the meso-
corticolimbic and nigrostriatal DA systems that mediate
motor behaviors and reward produced by psychomotor
stimulants (for a recent review see Koob et al. 1993).
The role of the BlA and the CeA in forming associations
between affective states and environmental stimuli is
also relevant to reward produced by psychomotor stim-
ulants, as drug-associated stimuli can enhance motor
behaviors produced by psychomotor stimulants and re-
instate drug-seeking behavior (Gerber and Strech 1975;
Post et al. 1987; Stewart 1992). Furthermore, the role of
the CeA in arousal and the expression of emotions may
be related to drug abuse processes.

Studies comparing the role of the BlA and the CeA in
reward have demonstrated that these nuclei may be dif-
ferentially involved in reward-related processes. The
BlA plays an important role in forming stimulus-reward
associations. For example, lesions of the BlA disrupt op-
erant responding for a stimulus paired previously with
food (Hatfield et al. 1996; Robledo et al. 1996), sucrose
(Burns et al. 1993), water (Cador et al. 1989), or a recep-
tive female (Everitt et al. 1989). In addition, lesions of
the BlA abolish the ability of drug-associated cues to re-
instate cocaine self-administration (SA) behavior (Meil
and See 1997). In contrast, previous studies suggest that
the CeA plays a role in processing the reward value as-
sociated with a stimulus. For example, lesions of the
CeA disrupt the ability of animals to adjust conditioned
responding following postconditioning changes in the
value of the primary reinforcer (Hatfield et al. 1996) and
disrupt memory for the magnitude of reinforcement on
an 8-arm radial maze (Kesner et al. 1989). Lesions of the
CeA also disrupt the ability of intra-NAc infusions of
amphetamine to potentiate conditioned reinforcement
(Robledo et al. 1996). Furthermore, the CeA may play a
direct role in reward-related processes, as stimulation
of the CeA, but not the BlA, supports electrical brain
self-stimulation (Wurtz and Olds 1963). Collectively,
these studies suggest that the BlA is important for form-
ing stimulus-reward associations, whereas the CeA is
important for processing reward value.

Previous research suggests that the BlA and the CeA
play a role in reward produced by psychomotor stimu-
lants. For example, SA studies suggest that the BlA and
the CeA play a role in reward produced by cocaine, as
both lesions and intra-BlA or intra-CeA administration
of the DA D1 antagonist SCH 23390 decrease cocaine
SA behavior, consistent with reward reduction (Caine
et al. 1995; McGregor and Roberts 1993; McGregor et al.
1994; Whitelaw et al. 1996). However, Deminere et al.
(1988) demonstrated that 6-hydroxydopamine (6-OHDA)
lesions of the BlA shift the amphetamine SA dose-
response curve to the left, consistent with reward en-
hancement. The discrepancy between these studies may
be due to the different effects of cocaine and amphet-
amine, or the manipulation used to alter DA neurotrans-

mission. For example, 6-OHDA lesions of the amygdala
also produce an increase in DA turnover in the NAc
(Deminere et al. 1988). Therefore, the facilitation of am-
phetamine reward following 6-OHDA lesions may be
due to increased DA neurotransmission in the NAc.
Collectively, the SA studies suggest that the BlA and
the CeA play a role in the reward produced by psycho-
motor stimulants.

Conditioned place preference (CPP) studies also sug-
gest that the amygdala plays a role in reward produced
by psychomotor stimulants, as lesions of the entire
amygdala disrupt cocaine-CPP (Brown and Fibiger 1993).
However, the lateral portions of the amygdala appear
to mediate amphetamine-CPP, as this effect is disrupted
by lesions of the lateral amygdala but not by lesions of
the BlA or CeA (Hiroi and White 1991). This study sug-
gests that neither the BlA or the CeA are necessary for
amphetamine reward. However, it is presently unclear
whether stimulation of these nuclei is sufficient to pro-
duce CPP. One study that addressed this question dem-
onstrated that intra-CeA infusions of amphetamine do
not produce CPP (Carr and White 1986). The focus of
that study, however, was to compare the effects of am-
phetamine infusions into several brain regions using a
single dose of amphetamine that produced CPP follow-
ing intra-NAc administration. Therefore, it is possible
that intra-amygdaloid infusions of another dose of am-
phetamine or cocaine would produce CPP.

It is also unclear whether the BlA or CeA plays a role
in stimulant behavior produced by cocaine and amphet-
amine. For example, Carr and White (1987) demonstrated
that bilateral infusions of amphetamine into the CeA pro-
duces an increase in standing still and no changes in any
component of stereotypy. The results from the Carr and
White study do not preclude the role of the CeA in initi-
ating motor behaviors because only one dose of amphet-
amine was injected into the CeA. Furthermore, it is possi-
ble that other amygdaloid nuclei may play a role in
initiating these behaviors. Indeed, Wang and Rebec
(1996) demonstrated that unilateral infusions of amphet-
amine into the amygdala, but not directed at a specific
nucleus, elicit rotational behavior, rearing, and sniffing.

The present study assessed whether the CeA and/or
the BlA are involved in initiating the rewarding and
stimulant effects produced by psychomotor stimulants.
This question was examined by investigating whether
infusions of various doses of cocaine or amphetamine
into the CeA or the BlA would produce CPP, locomo-
tion, and/or stereotypy.

 

MATERIALS AND METHODS

Animals

 

Male Sprague-Dawley rats weighing 325 

 

6

 

 25 g were
housed individually in a climate controlled facility with
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a 12-h light/dark cycle. They were acclimated to han-
dling for 4–5 days before surgery.

 

Surgical Procedure

 

Rats were anesthetized using sodium pentobarbital (50
mg/kg, IP) in conjunction with atropine sulfate (10 mg/
kg, IP). Their heads were then shaved and cleaned, and
they were placed into a stereotaxic instrument. A midsagi-

tal incision was made across the skull, and the connective
tissue was retracted. Guide cannulae (23 gauge stainless
steel) were implanted bilaterally into either the lateral ven-
tricles, the BlA, or the CeA using the following coordi-
nates, respectively: 

 

2

 

0.9 mm AP and 

 

6

 

1.4 mm ML with
respect to bregma, and 

 

2

 

2.7 mm DV from the surface of
the skull; 

 

2

 

2.6 mm AP and 

 

6

 

4.8 mm ML with respect to
bregma, and 

 

2

 

7.6 mm DV from the surface of the skull;

 

2

 

2.6 mm AP and 

 

6

 

4.3 mm ML with respect to bregma,

Figure 1. Approximate placements
of injection cannulae within the
basolateral amygdala. The Xs repre-
sent the most ventral point of the
tract estimated during tissue sec-
tioning. Drawings were adapted
from the Paxinos and Watson (1986)
atlas.
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and 

 

2

 

7.1 mm DV from the surface of the skull. The coor-
dinates were derived using the Paxinos and Watson (1986)
atlas. Three small screws were placed around the cannu-
lae, and the screws and cannulae were secured to the skull
using dental acrylic cement. Approximately 12 h after sur-
gery, wire stylets were placed into the guide cannulae to
maintain patency. The rats were allowed 4 days to recover
from surgery and were handled each recovery day.

 

Apparatus

 

Behavioral testing was conducted in rectangular Plexi-
glas chambers 76 

 

3

 

 24 

 

3

 

 30 cm high. Each chamber
consisted of two compartments separated by a remov-
able partition that bisected the chamber. One compart-
ment had pine scented bedding beneath a wire mesh
floor and all but the front wall were white. The other
compartment had cedar scented bedding beneath a bar

Figure 2. Approximate placements
of injection cannulae within the
central amygdala. The Xs represent
the most ventral point of the tract
estimated during tissue sectioning.
Drawings were adapted from the
Paxinos and Watson (1986) atlas.
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grid floor and all but the front wall were black. The
front wall of the chambers was transparent to allow di-
rect observation of the rats’ behavior. On the CPP test
days, the solid partition was replaced by a similar parti-
tion that contained an opening in the center (8 

 

3

 

 8 cm
high) that allowed the rats free access to both compart-
ments simultaneously. Preliminary experiments dem-
onstrated that rats exhibit equal preference for the two
compartments (O’Dell et al. 1996). Each compartment
had two sets of photocells and detectors mounted op-
posite each other 27 cm apart and 4 cm above the floor.
A computer-automated relay system recorded the num-
ber of times the individual photobeams were inter-
rupted consecutively by the rat crossing from one end
of the compartment to the other (i.e., crosses).

 

Experimental Design and Conditioning Procedure

 

Rats were randomly assigned to receive ICV, intra-BlA,
or intra-CeA infusions of saline (

 

N

 

 

 

5

 

 12–15), 

 

d

 

-amphet-
amine (0.31, 0.62, 1.25, 5, 10, or 20 

 

m

 

g/0.5 

 

m

 

l; 

 

N

 

 

 

5

 

 7–10
per dose), or cocaine (25, 50, or 100 

 

m

 

g/0.5 

 

m

 

l; 

 

N

 

 

 

5

 

 7–12
per dose). To administer an intracranial infusion, the in-
jection cannulae (30 gauge stainless steel) were con-
nected via PE20 tubing to 10 

 

m

 

l Hamilton syringes
placed in an infusion pump. They were inserted to a
depth 1 mm beyond the guide cannulae. One minute
later, the pump was activated and administered 0.5 

 

m

 

l

over 3 min and 10 s. The injection cannulae were left in
place for 1 min following the infusion. Sham infusions
were administered in the same manner, except no fluid
was infused.

Each conditioning trial took place over a 2-day pe-
riod. On one day, rats received bilateral infusions of saline
or their assigned dose of cocaine or amphetamine and
were immediately placed into their infusion-paired com-
partment for 30 min. The following day, the rats received
bilateral sham infusions and were immediately placed
into the sham-paired compartment for 30 min. The sham
infusion procedure was used in order to minimize tissue
damage from repeated intracranial infusions. This 2-day
conditioning procedure was repeated over 10 consecu-
tive days for a total of 5 conditioning trials. The particu-
lar compartment paired with the infusion and the order of
placement into the infusion-paired versus sham-paired
compartments were counterbalanced across groups.

 

Behavioral Testing

 

Locomotion was recorded daily by the computer-auto-
mated system. Stereotypic behaviors including rearing,
sniffing, and headbobbing were recorded following the
first and last intracranial infusion every 10 s for the du-
ration of the 30-min test period. These measures were
recorded by an observer who was unaware of the rats’
previous treatment.

Figure 3. Locomotion (crosses 6 SEM) totaled across trials following ICV (circles), intra-BlA (triangles), or intra-CeA
(squares) administration of saline, cocaine, or amphetamine. Asterisks represent a significant difference from saline controls
(Fisher LSD test, p , .05).
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The day after the conditioning procedure was com-
pleted, the rats were tested for CPP. The solid partition
was removed and replaced with a partition that con-
tained an opening, allowing the rats free access to both
compartments simultaneously. All rats were placed
into the black compartment initially such that, within
each experimental condition, half of the rats were
placed into their infusion-paired compartment and the
other half were placed into their sham-paired compart-
ment. The amount of time the rats spent in each com-
partment was then measured for 15 min by an observer
who was unaware of the rats’ previous treatment. Entry
into a compartment was defined as both of the rats’
front paws contacting the floor of that compartment.

 

Verification of Cannulae Placements

 

Rats received a 0.5-

 

m

 

l/side infusion of black ink (Carter’s,
Neat-Flo). Approximately 5–10 min after the infusion,

the rats were decapitated, and their brains were re-
moved. Cannulae placements for each subject were esti-
mated as the most ventral point of the tract using the
Paxinos and Watson (1986) atlas. Cannula placements
into the ventricles were evident from the spread of
black ink throughout the lateral ventricles.

 

Statistical Analyses

 

Motor behaviors were analyzed using one-way ANO-
VAs totaled across all trials for locomotion and trials 1
and 5 for stereotypic behaviors. Subsequent pairwise
comparisons were made using Fisher LSD tests. CPP
data were analyzed using one-way ANOVAs to com-
pare time spent in the infusion-paired compartment
across treatment groups. Subsequent pairwise compari-
sons were made using Fisher LSD tests to compare time
spent in the infusion-paired compartment in drug-
treated rats relative to their respective saline controls.

 

Table 1.

 

Stereotypic Behaviors Following Intracranial Administration of Cocaine or 
Amphetamine.

 

Route of Administration
Dose of Drug

(

 

m

 

g/0.5

 

m

 

l)

Time-Sampled Behaviors

 

a

 

Sniffing Rearing Headbobbing

 

Ventricles
Saline 0 108.6 

 

6

 

 10.4 18.4 

 

6

 

 2.3 0.33 

 

6

 

 .21
Cocaine 25 107.7 

 

6

 

 19.7 21.1 

 

6

 

 6.6 0.71 

 

6

 

 0.30
50 139.8 

 

6

 

 12.9 36.8 

 

6

 

 6.3* 0.71 

 

6

 

 0.42
100 147.6 

 

6

 

 20.3 39.7 

 

6

 

 8.9* 0.55 

 

6

 

 0.37
Amphetamine 0.62 90.3 

 

6

 

 7.6 31.4 

 

6

 

 5.6* 0 

 

6

 

 0
1.25 102.1 

 

6

 

 20.2 30.5 

 

6

 

 5.5* 0 

 

6

 

 0
2.5 84.3 

 

6

 

 8.1 29.5 

 

6

 

 4.3* 0 

 

6

 

 0
5 85.8 

 

6

 

 6.7 31.2 

 

6

 

 5.0* 0.43 

 

6

 

 0.20
10 113.6 

 

6

 

 5.3 34.5 

 

6

 

 4.0* 0.22 

 

6

 

 0.22
20 116.1 

 

6

 

 10.1 33.8 

 

6

 

 5.5* 0.25 

 

6

 

 0.25
Basolateral amygdala

Saline 0 110.5 

 

6

 

 12.9 24.0 

 

6

 

 7.3 0.91 

 

6

 

 0.48
Cocaine 25 117.2 

 

6

 

 20.8 21.3 

 

6

 

 4.8 1.0 6 0.59
50 126.6 6 17.8 27.6 6 9.3 1.1 6 0.67

100 154.5 6 8.6 25.8 6 3.5 1.1 6 0.38
Amphetamine 5 102.4 6 6.0 18.2 6 3.0 0.22 6 0.22

10 68.5 6 9.8 21.0 6 3.6 0.28 6 0.28
20 93.1 6 10.2 27.3 6 6.4 0 6 0

Central amygdala
Saline 0 87.1 6 10.9 23.4 6 4.3 0.08 6 0.08
Cocaine 25 67.2 6 10.4 23.2 6 5.5 0 6 0

50 69.8 6 8.4 29.7 6 7.1 0.12 6 0.12
100 103.1 6 13.2 24.0 6 2.8 0.07 6 0.07

Amphetamine 0.31 84.1 6 6.6 46.7 6 3.1* 0 6 0
0.62 86.5 6 9.7 29.2 6 4.0 0.25 6 0.25
1.25 79.6 6 15.4 29.0 6 2.9 0 60
2.5 78.6 6 12.2 24.1 6 4.9 0 6 0
5 87.8 6 15.6 20.4 6 3.8 0 6 0

10 60.0 6 4.8 17.5 6 4.2 0 6 0
20 85.1 6 7.5 23.7 6 3.5 0 6 0

aValues represent the total number of time-sampled observations 6 SEM.
*Represent a significant difference relative to respective saline control group (Fisher LSD tests, p , .05).
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RESULTS

Cannula Placements

Figure 1 illustrates the approximate point of drug infu-
sion into the BlA, and Figure 2 illustrates the approxi-
mate point of drug infusion in the CeA. All cannula
placements were located within 0.6 mm of the intended
site of infusion.

Locomotion

Figure 3 illustrates dose-dependent effects of ICV, intra-
BlA, or intra-CeA infusions of cocaine or amphetamine
on locomotion totaled across trials. As expected, ICV in-
fusions of cocaine produced an increase in locomotion
(F[3,34] 5 15.2, p , .0001). Rats receiving 50 or 100 mg/
side of cocaine exhibited an increase in locomotion rela-
tive to saline controls (p , .05, Fisher LSD test). In con-
trast, both intra-BlA and intra-CeA infusions of cocaine
produced only a slight increase in locomotion (F[3,34] 5
3.2, p , .03; F[3,35] 5 3.0, p , .04, respectively). Rats re-
ceiving 100 mg/side of cocaine into either nucleus ex-
hibited an increase in locomotion relative to saline con-
trols (p , .05, Fisher LSD test).

As expected, ICV infusions of amphetamine also
produced an increase in locomotion (F[6,57] 5 4.85, p ,
.001). Rats receiving 2.5–20 mg/side of amphetamine
exhibited an increase in locomotion relative to saline
controls (p , .05, Fisher LSD test). Intra-BlA infusions
of amphetamine produced a trend toward an increase
in locomotion (F[3,34] 5 2.7, p , .06). In fact, post-hoc
comparisons revealed that rats receiving 5 mg/side of
amphetamine exhibited an increase in locomotion rela-
tive to saline controls (p , .05, Fisher LSD test). Intra-
CeA infusions of amphetamine produced a significant
increase in locomotion (F[7,64] 5 4.4, p , .001). Rats re-
ceiving 0.31 or 0.62 mg/side of amphetamine exhibited
an increase in locomotion relative to saline controls (p ,
.05, Fisher LSD test).

Stereotypic Behavior

Table 1 illustrates dose-dependent effects of ICV, intra-
BlA, and intra-CeA infusions of saline, cocaine, or am-
phetamine on stereotypic behavior totaled across trials
1 and 5. Rearing was the only stereotypic behavior that
was altered by the infusions. Rearing dose-dependently
increased following ICV infusions of cocaine (F[3,34] 5

Figure 4. Time spent (sec 6 SEM) in the infusion-paired compartment in rats that previously received ICV infusions of
saline, cocaine, or amphetamine. The horizontal line represents 50% of the total test time, such that values above the line
reflect a preference for the infusion-paired compartment. Asterisks represent a significant increase in the amount of time
spent in the infusion-paired side in conditioned rats relative to saline controls (Fisher LSD test, p , .05).
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3.8, p , .01) or amphetamine (F[6,57] 5 2.2, p , 0.05).
Rats receiving 50 or 100 mg/side of cocaine or 0.62–20
mg/side of amphetamine exhibited an increase in rear-
ing relative to saline controls (p , .05, Fisher LSD test).
In addition, rearing dose-dependently increased fol-
lowing intra-CeA infusions of amphetamine (F[7,64] 5
4.1, p , .001). Rats receiving 0.31 mg/side of amphet-
amine exhibited an increase in rearing relative to saline
controls (p , .05, Fisher LSD test).

Conditioned Place Preference

ICV infusions of either cocaine or amphetamine pro-
duced CPP. Figure 4 illustrates the amount of time ani-
mals spent in the infusion-paired compartment in rats
that previously received ICV infusions of saline, co-
caine, or amphetamine. The ANOVA revealed a main
effect of dose in rats receiving ICV infusions of either
cocaine (F[3,34] 5 2.8, p , .05) or amphetamine (F[6,57] 5
3.4, p , .005). Rats receiving 50 or 100 mg/side of co-
caine or 2.5–20 mg/side of amphetamine spent signifi-
cantly more time in the infusion-paired compartment
relative to saline controls (p , .05, Fisher LSD test).

Intra-BlA infusions of either cocaine or amphetamine

did not produce CPP. Figure 5 illustrates the amount of
time animals spent in the infusion-paired compartment
in rats that previously received intra-BlA infusions of
saline, cocaine, or amphetamine. There was no signifi-
cant main effect of dose in rats receiving intra-BlA infu-
sions of either cocaine (F[3,34] 5 0.26, p , .85) or am-
phetamine (F[3,34] 5 0.02, p , .99).

Intra-CeA infusions of cocaine produced a trend to-
ward CPP at the highest dose only, whereas intra-CeA
infusions of amphetamine potently produced CPP. Fig-
ure 6 illustrates the amount of time animals spent in the
infusion-paired compartment in rats that previously re-
ceived intra-CeA infusions of saline, cocaine, or am-
phetamine. There was no significant main effect of dose
in rats receiving intra-CeA infusions of cocaine (F[3,37] 5
2.0, p , .12). However, rats receiving 100 mg/side of co-
caine exhibited a trend towards spending more time in
the infusion-paired compartment relative to saline con-
trols (p , .05, Fisher LSD test). There was a main effect
of dose in rats receiving intra-CeA infusions of amphet-
amine (F[7,64] 5 2.9, p , .01). Rats receiving 2.5 and 5
mg/side of amphetamine spent significantly more time
in the infusion-paired compartment relative to saline
controls (p , .05, Fisher LSD test). In addition, rats receiv-

Figure 5. Time spent (sec 6 SEM) in the infusion-paired compartment in rats that previously received intra-BlA infusions
of saline, cocaine, or amphetamine. The horizontal line represents 50% of the total test time, such that values above the line
reflect a preference for the infusion-paired compartment.
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ing 10 mg/side of amphetamine exhibited a trend toward
spending more time in the infusion-paired compart-
ment relative to saline controls (p , .06, Fisher LSD test).

DISCUSSION

This study provides the first comparison of stimulant
behaviors and CPP following ICV, intra-BlA, and intra-
CeA infusions of various doses of cocaine or amphet-
amine. As expected from previous research, ICV infu-
sions of cocaine or amphetamine produced stimulant
behaviors and CPP (Hemby et al. 1994; Morency and
Beninger 1986; Calcagnetti and Schechter 1992). Intra-
BlA infusions of cocaine or amphetamine did not pro-
duce stimulant behaviors or CPP, with the exception of
the highest dose of cocaine that produced an increase in
locomotion. Intra-CeA infusions of the highest dose of
cocaine also produced locomotion and a trend toward
CPP. Intra-CeA infusions of amphetamine, however,
potently produced rearing, locomotion, and CPP.

Support for a role of amygdaloid nuclei in initiating
the behavioral effects of cocaine from the present study
is tenuous because only the highest dose of cocaine (100
mg) produced behavioral effects following infusions

into these nuclei. A previous study indicated that be-
havioral effects produced by this high dose of cocaine
are not likely region-specific due to diffusion to neigh-
boring brain regions (Delfs et al. 1990). Thus, it is possi-
ble that the effects observed at the highest dose of co-
caine in the present study may have been mediated by
diffusion of drug to neighboring regions. It is also pos-
sible that the behavioral effects observed following in-
tra-amygdala infusions of the highest dose of cocaine
were due to local anesthetic effects in the amygdala.
Consistent with this idea, intra-BlA infusions of tetro-
dotoxin, which inhibits spontaneous neuronal activity,
increases the electrochemical signal in the NAc for the
DA metabolite dihydroxyphenyl acedic acid (Louilot et
al. 1985). Thus, the local anesthetic properties of the
highest dose of cocaine may have inhibited neuronal ac-
tivity in the BlA leading to an increase in DA neu-
rotransmission in the NAc, thereby producing the in-
crease in locomotion. The lack of region-specific and
dose-dependent behavioral changes following intracra-
nial infusions of cocaine in this study highlights the dif-
ficulties using intracranial administration of cocaine to
localize behavioral effects of this drug.

In contrast to cocaine, the effects of amphetamine
were dose-dependent and region-specific. Furthermore,

Figure 6. Time spent (sec 6 SEM) in the infusion-paired compartment in rats that previously received intra-CeA infusion
of saline, cocaine, or amphetamine. The horizontal line represents 50% of the total test time, such that values above the line
reflect a preference for the infusion-paired compartment. Asterisks represent a significant increase in the amount of time
spent in the infusion-paired side in conditioned rats relative to saline controls (Fisher LSD test, p , .05).
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the findings suggest that the CeA plays a role in initiat-
ing stimulant behavior produced by amphetamine.
Specifically, intra-CeA infusions of low doses of am-
phetamine produced locomotion and rearing. In fact,
intra-CeA infusions of amphetamine produced locomo-
tion at a dose that was ineffective following ICV infu-
sions. The dose-response curve for locomotion follow-
ing intra-CeA infusions of amphetamine is consistent
with previous research demonstrating that intra-CeA
infusions of a high dose of amphetamine (10 mg) do not
alter stimulant behaviors, whereas infusions of a lower
dose of amphetamine (5 mg) produce an increase in lo-
comotion and rearing irrespective of the amygdaloid
nuclei (Carr and White 1987; Wang and Rebec 1996).
The lack of locomotion at higher intra-CeA doses of am-
phetamine may be related to arousal processes, as stim-
ulation of the CeA produces an arrest of ongoing be-
havior and an orienting response (see Kapp et al. 1992).
Therefore, it is possible that these high doses produced
an arrest of behavior that interfered with locomotion.
Collectively, these findings suggest that the CeA plays
a role in initiating stimulant behavior produced by am-
phetamine.

Intra-CeA infusions of amphetamine produced an
inverted U-shaped dose-response curve for CPP. Spe-
cifically, intra-CeA infusions of low doses (0–1.25 mg) or
higher doses (10 and 20 mg) of amphetamine did not
produce CPP, whereas intermediate doses (2.5 and 5
mg) of amphetamine produced CPP. The finding that 10
mg infusions of intra-CeA amphetamine failed to pro-
duce CPP is consistent with a previous study by Carr
and White (1986). The lack of CPP at higher doses of in-
tra-CeA amphetamine is somewhat surprising given
that ICV administration of these doses produced CPP.
However, a meta-analysis of CPP effect size across
doses of amphetamine administered systemically has
revealed a similar inverted U-shaped change (Bardo et
al. 1995). It is possible that high doses of amphetamine
may be less rewarding or may produce aversive effects
that compete with their rewarding effects.

The finding that the CeA, but not the BlA, plays a
role in initiating CPP produced by amphetamine is con-
sistent with other studies that have examined reward.
For example, electrical self-stimulation was elicited by
electrodes placed into the CeA but not the BlA (Wurtz
and Olds 1963). In addition, lesions of the CeA, but not
the BlA, disrupted memory for the magnitude of rein-
forcement on an 8-arm radial maze (Kesner et al. 1989).
Moreover, lesions of the CeA, but not the BlA, disrupt
the ability of intra-NAc infusions of amphetamine to
potentiate responding for a stimulus paired previously
with a primary reinforcer. Based on these findings, Rob-
ledo et al. (1996) suggested that the BlA plays a role in
forming associations between stimuli and rewarding ef-
fects, whereas the CeA plays a role in reward-related
processes that are mediated by the NAc. The present

study does not directly address the role of the CeA in
reward-related processes that are mediated by the NAc.
However, the finding that intra-CeA infusions of am-
phetamine produces locomotion and CPP, similar to in-
tra-NAc infusions, suggests that the CeA and the NAc
may share a common functional role in initiating motor
behavior and reward produced by amphetamine (Carr
and White 1986; Carr and White 1987). The notion that
these structures share a common functional role is con-
sistent with their anatomical relationship as part of the
extended amygdala (Alheid et al. 1992). Therefore, the
CeA may be part of a macrostructure in the brain that
plays a role in initiating motor behavior and reward
produced by amphetamine, and possibly cocaine.

The finding that psychomotor stimulant infusions
into the BlA did not produce CPP suggests that BlA
may not play a role in initiating reward. Conditioned
reinforcement studies have demonstrated that this nu-
cleus plays an important role in forming stimulus-reward
associations (see Everitt and Robbins 1992; Hatfield et
al. 1996). For example, lesions of the BlA, but not the
CeA, disrupt operant responding for a stimulus paired
previously with a primary reinforcer (Hatfield et al.
1996; Robledo et al. 1996). Furthermore, previous re-
search has demonstrated that lesions of the BlA altered
the ability of cues to reinstate cocaine SA behavior but
did not alter cocaine SA (Meil and See 1997). Therefore,
it is likely that the BlA plays a role in forming associa-
tions between environmental stimuli and reward that is
initiated elsewhere in the brain.
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