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Lesions of the Basolateral Amygdala and Orbitofrontal
Cortex Differentially Affect Acquisition and Performance
of a Rodent Gambling Task
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Risky decision making on the Iowa Gambling Task (IGT) has been observed in several psychiatric disorders, including substance abuse,
schizophrenia, and pathological gambling. Such deficits are often attributed to impaired processing within the orbitofrontal cortex (OFC)
because patients with damage to this area or to the amygdala, which is strongly interconnected with the OFC, can likewise show enhanced
choice of high-risk options. However, whether damage to the OFC or amygdala impairs subjects’ ability to learn the task, or actually affects
the decision-making process itself, is currently unclear. To address these issues, rats were trained to perform a rodent gambling task
(rGT) either before or after bilateral excitotoxic lesions to the basolateral amygdala (BLA) or OFC. Maximum profits in both the rGT and
IGT are obtained by favoring smaller rewards associated with lower penalties, and avoiding the tempting, yet ultimately disadvantageous,
large reward options. Lesions of the OFC or BLA made before task acquisition initially impaired animals’ ability to determine the optimal
strategy, but did not disrupt decision making in the long term. In contrast, lesions of the BLA, but not the OFC, made after the task had
been acquired increased risky choice. These results suggest that, although both regions contribute to the development of appropriate
choice behavior under risk, the BLA maintains a more fundamental role in guiding these decisions. The maladaptive choice pattern
observed on the IGT in patients with OFC lesions could therefore partially reflect a learning deficit, whereas amygdala damage may give
rise to a more robust decision-making impairment.

Introduction
Clinical and preclinical data suggest that the orbitofrontal cortex
(OFC) and basolateral amygdala (BLA) are critically important in
mediating cost-benefit decision making (Holland and Gallagher,
2004; Floresco et al., 2008). Although both the BLA and OFC
share many reciprocal connections, contradictory reports re-
garding the effects of damage to these regions has lead to ambi-
guity concerning their precise contribution to this multifaceted
process.

A well known and highly influential test used to assess real-
world decision making is the Iowa Gambling Task (IGT) (Be-
chara et al., 1994), in which people pick from decks of cards that
vary in both the size and probability of points won or lost. Pa-
tients with damage to the amygdala or ventromedial prefrontal
cortex (VMPFC), which encompasses the OFC, are impaired on
the IGT— choosing more cards from decks associated with larger

rewards, yet disproportionately greater long-term losses (Be-
chara et al., 1999). Based on these original reports, IGT impair-
ments in psychiatric populations are often interpreted as a direct
indication of OFC dysfunction without any further proof aside
from the behavioral impairment (Franken et al., 2008; Starcke et
al., 2010). However, the role of the OFC in regulating this type of
decision making has recently been challenged (Fellows and
Farah, 2005; Fellows, 2007).

In the original IGT the decks are stacked, such that cards near
the top of the decks lead to gains rather than losses. Therefore, an
initial preference for the large reward decks occurs. Continued
selection from these decks, however, yields heavier losses. Thus,
the optimal strategy is to switch preference toward decks yielding
smaller rewards but also smaller losses to gain more points in the
long-term (Bechara et al., 1994). However, when the order of
wins and losses is randomized, patients with VMPFC lesions per-
form similarly to controls (Fellows and Farah, 2005). Therefore,
the deficit originally observed following VMPFC damage may
reflect difficulties in switching strategies or perseveration, rather
than a true decision-making impairment (Fellows, 2007).

However, many discrepancies arise when comparing studies
using human patients. The exact location and size of the lesion,
patient history, and task design all differ between studies, and
could be factors in interpreting these results. For instance, pa-
tients with very discrete lesions of the OFC chose optimally on the
traditional IGT (Manes et al., 2002), yet VMPFC lesion patients
performed poorly on the Cambridge Gamble Task, another com-
monly used test of risky decision making (Clark et al., 2008). It is
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also unclear whether such deficits arise
from a subject’s inability to learn the
task’s rules, or whether damage to the
amygdala or OFC impairs the actual
decision-making process. Such ques-
tions could be resolved by comparing
the consequences of lesions incurred be-
fore or after task acquisition. However,
these experiments are impossible to per-
form in human subjects.

With the aim of resolving these issues,
the current study assessed the effects of
bilateral OFC or BLA lesions performed
either before or after rats were trained on the
rat gambling task (rGT) (Zeeb et al., 2009), a
rodent decision-making paradigm compa-
rable to the IGT.

Materials and Methods
Subjects
Subjects were male Long–Evans rats (n � 72)
and male Lister Hooded rats (n � 24; all rats
from Charles River Laboratories). All animals
weighed 300 –325 g at the start of the experi-
ment. Animals were housed in a temperature-
controlled colony room in pairs under a 12 h
reverse light cycle (lights off at 8:00 A.M.).
Testing took place between 9:00 A.M. and 5:00
P.M., five to six days per week. Water was avail-
able ad libitum. Animals were food restricted to
�85% of their free-feeding weight and main-
tained on 14 g of standard rat chow per day,
available immediately after behavioral testing.
All experiments were performed in accordance
with UK Animals (Scientific Procedures) Act
1986 or the Canadian Council of Animal Care,
and experimental protocols were approved by
the Animal Care Committee of the University
of British Columbia.

Surgery
Subjects were divided into approximately
equal groups, and if already tested on the rGT,
were matched for baseline performance. Subjects either received bilateral
lesions of the OFC (n � 26) or BLA (n � 32), or sham surgeries during
which vehicle was infused into either the OFC (n � 18) or BLA (n � 20).
Animals were anesthetized with 100 ml/kg Avertin [10 g of 2,2,2-
tribromoethanol dissolved in 5 ml of 2-methyl-2-butanol (both from
Sigma-Aldrich) and diluted in a solution of 40 ml of ethanol and 450 ml
of PBS] and then secured in a stereotaxic frame with the incisor bar set at
�3.3 for a flat skull. Lesions were performed by infusing the excitotoxin
quinolinic acid (Sigma-Aldrich) into the area of interest. A 0.09 M solu-
tion of quinolinic acid was made fresh daily by dissolving the acid in 0.1
M PBS. The pH was then adjusted with 0.1 M NaOH to between 6.4 and
6.8. Infusions of the toxin or vehicle were accomplished using a 31 gauge
stainless steel injector (Small Parts) attached to a 26 s gauge 10 �l syringe
(Hamilton Company) by polyethylene tubing (Instech Laboratories).
The toxin or vehicle was infused using a microinfusion pump (Harvard
Apparatus). The location of infusion sites and rates of infusions were
based on previous studies (Winstanley et al., 2004) and modified accord-
ing to pilot data. The coordinates (Paxinos and Watson, 1998) and rates
of infusion for BLA lesions were as follows: site 1: anterior–posterior
(AP), �3.0; medial-lateral (ML), �4.8; dorsoventral (DV), �7.8, 0.1 �l
over 2 min; site 2: AP, �2.8; ML, �4.8; DV, �7.8, 0.2 �l over 2 min. OFC
lesions were as follows: site 1: AP, �4.0; ML, �0.8; DV, �3.4, 0.2 �l over
3 min; site 2: AP, �3.7; ML, �2.0; DV, �3.6, 0.3 �l over 2 min; site 3: AP,
� 3.2; ML, �2.6; DV, �4.4, 0.3 �l over 3 min. The AP coordinate was

taken from bregma, the ML coordinate from the midline, and the DV
coordinate from dura. Animals remained in their home cages for at least
1 week following surgery to allow the animals to recover. During this
time, water was available ad libitum and rats were fed �20 –25 g of chow
per day. Animals were initially separated but were housed again in pairs,
if possible, following recovery. Eight animals from the lesion groups and
three from the sham groups were excluded due to poor recovery.

Experimental design
A timeline of the experiments is provided in Figure 1. Animals received BLA
or OFC lesion or sham surgery either before or after sufficient training on the
rGT. To assess the effects of BLA or OFC lesions on task acquisition, animals
that received lesion or sham surgery before rGT training were classified as the
acquisition group. Thus, animals in the performance group received surgery
following rGT training and were then retested on the rGT.

Rat gambling task training and testing
Apparatus. Detailed descriptions of the testing chambers have been de-
scribed previously (Carli et al., 1983; Zeeb et al., 2009). Briefly, testing
took place in standard five-hole (Med Associates) or nine-hole (Paul
Fray) operant chambers. In the nine-hole apparatus, every other hole was
blocked so that only five of the holes were accessible. Within the cham-
bers, stimulus response holes were positioned 2 cm above a metal bar
floor. A stimulus light was located at the back of each hole. A food tray
with a tray light placed therein was located on the opposite wall. Nose-

Figure 1. Experimental timeline and rGT schematic. A, Timeline indicating when rGT training occurred and when lesion or sham
surgery was performed in the two groups. B, Trial structure of the rGT. The p values refer to the probability of a trial resulting in
reward or a punishing time-out period. The magnitude of the reward or duration of the time-out period is indicated beside each
option. The maximum numbers of pellets that could be obtained if an animal chose a single option exclusively within a single
session, assuming each trial lasted 5 s, are listed at the bottom of the diagram, indicating that the two-pellet option, P2, is the best
option (schematic modified from Zeeb et al., 2009).
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poke responses into the response holes or food tray were detected by a
horizontal infrared beam. Sucrose pellets (45 mg; Bioserv) could be de-
livered to the food tray from an external pellet dispenser. Illumination of
the entire chamber could be accomplished by a house light, located at the
top of the chamber. All operant chambers were contained within a ven-

tilated and sound-attenuating box. The cham-
bers were controlled by software written in
Med PC or BBC BASIC by C.A.W., running on
an IBM-compatible or Acorn Archimedes se-
ries computer.

Training. Animals were trained according to
previously described methods (Zeeb et al.,
2009). Briefly, animals were first habituated to
the operant chambers and trained to make
nose-poke responses into an illuminated re-
sponse hole within 10 s following a fixed ratio 1
schedule. Once animals were consistently com-
pleting 90 –100 trials with �80% trials correct
and �20% trial omitted, they were trained on a
forced-choice version of the rGT for seven ses-
sions, where only one of the four possible op-
tions was presented on each trial (Zeeb et al.,
2009). This ensured all animals had an equal
experience with the reward and punishment
schedules for all options, thereby preventing
the development of any simple biases toward a
particular hole.

The rGT. The design of the rGT has been
previously described (Zeeb et al., 2009) and a
diagram of the trial structure and reinforce-
ment schedules is provided in Figure 1. In brief,
animals were tested once daily in a 30 min ses-
sion. A trial began when a nose-poke response
was made into the illuminated food tray. The
tray light was subsequently turned off, initiat-
ing a 5 s intertrial interval (ITI). A response at
the array during the ITI was classified as a pre-
mature response and signaled by illumination
of the house light for 5 s, after which the tray
light was turned on, allowing the subject to re-
start the trial. Following the ITI, stimulus lights
within holes 1, 2, 4, and 5 were illuminated. If
the subject did not respond at the array for 10 s,
the trial was scored as an omission and the tray
was subsequently illuminated, allowing the
subject to start another trial. A nose-poke re-
sponse in any of these holes turned off the stim-
ulus lights. If the trial was rewarded, the tray
light was illuminated and the appropriate
number of sucrose pellets immediately deliv-
ered into the food tray. Collection of the re-
ward initiated the next trial. If the trial was not
rewarded, no food pellets were given and the
stimulus light within the chosen hole flashed at
0.5 Hz for the duration of the punishing time-
out period. At the end of the punishment pe-
riod, the tray light was illuminated, allowing
the subject to initiate the next trial. Persevera-
tive responses made at the array or food tray
following a reward or during the time-out pe-
riods were recorded, but not punished.

The reinforcement schedules were designed
such that the two-pellet choice (P2) was opti-
mal, in that this option would result in the
most reward earned per unit time. Selection
from any other option (one-, three-, or four-
pellet options) yielded less reward per unit
time as a consequence of the probability of
winning or losing and the duration of the pun-
ishing time-out periods associated with each

option (Fig. 1) (Zeeb et al., 2009).
The location of each option (P1–P4) was counterbalanced across all

animals, such that half the animals were tested on version A, and half on
version B. From left to right, the order of the options presented in version

Figure 2. Location and extent of excitotoxic lesions. A–D, Photomicrographs of sham control (A, B) and typical BLA and OFC
lesion (C, D) tissue, stained with cresyl violet. E, F, An illustration outlining the boundaries of the largest (gray) and smallest (black)
area affected in any one section are shown for both the BLA (E) and OFC (F ) lesion groups. Numbers beside each section in E and F
correspond to the distance from bregma in millimeters. AI, Agranular insular cortex; AIV, agranular insular cortex ventral part;
amygdala; CeA, central amygdala; DLO, dorsolateral prefrontal cortex; IL, infralimbic cortex; LO, lateral orbitofrontal cortex; MO,
medial orbitofrontal cortex; PrL, prelimbic cortex; VO, ventral orbitofrontal cortex.
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A was P1, P4, P2, P3. In version B, the order of the options presented was
P4, P1, P3, P2. Training was considered to be sufficient when a statisti-
cally stable pattern of choice and premature responses was observed
across at least three sessions (i.e., where p � 0.05 in a repeated-measures
ANOVA for either choice � session or session) (Zeeb et al., 2009). The
number of postlesion training sessions was determined by stability, as well as
by ensuring the animals in both the acquisition and performance groups
received a comparable number of training sessions following surgery. As
such, animals in the pretraining lesion group (i.e., animals that received
lesions before any rGT training) were trained for 30–35 free-choice sessions.
Animals in the posttraining group received 30–33 free-choices sessions be-
fore surgery, then 33–35 posttraining free-choice sessions.

Data analysis
The main variables analyzed included the percentage choice of each pellet
option (number of choices of a particular option/total number of choices
made � 100). To analyze the pattern of choice throughout rGT training,
the first 20 training sessions were divided into four bouts of 5 d. Choice
scores were also assessed, which were calculated as the sum of the two best
options (average percentage choice of P1 and P2), the sum of the two
worst options (average percentage choice of P3 and P4), and the differ-
ence between these two variables. We also analyzed the percentage of

premature responses (number of premature responses/total number of
trials � 100) and the percentage of omissions (number of omissions/total
number of trials � 100) made during each rGT session. All variables
expressed as a percentage were subjected to an arcsine transformation
before statistical analysis to limit the effect of an artificially imposed
ceiling (McDonald, 2009). The total number of trials completed, number
of perseverative responses made following both reward and punishment,
and latency to respond and collect reward were also analyzed.

Statistical analysis was conducted using SYSTAT for Windows (ver-
sion number 12.00.08; SSI). All data were analyzed using repeated-
measures ANOVA with choice (four levels, P1–P4) and/or session as
within-subjects factors, and group (lesion vs sham) as a between-subjects
factor. If the outcome of the main ANOVA yielded significant effects at
the p � 0.05 level, further post hoc analyses were performed. Values for
choice scores and individual sessions or choice options were analyzed
using paired sample t tests when comparing data within a single group, or
a two-sample t test when comparing data between groups. The p value
was determined from either the pooled or separate variance, depending
on the outcome of a hypothesis test of variance.

In keeping with previous results (Zeeb et al., 2009), statistical analysis
of the percentage choice of each option indicated that there was a signif-
icant effect of choice in all groups throughout the entire experiment (for
example, choice: F(3,24) � 13.000, p � 0.001). Analysis with version as a
between-subjects factor revealed that the order the options were pre-
sented did not significantly affect the ability of the animals to perform
the task [for example, choice: version: F(1,8) � 0.356, not significant
(NS); choice � version: F(3,24) � 1.340, NS; session � choice � version:
F(6,48) � 0.423, NS).

In both the acquisition and performance experiments, animals that
received either BLA or OFC sham lesions were combined to form a single
group. In the acquisition experiment, all rats were run as a single study.
Furthermore, when comparing the animals receiving sham lesions to
either the BLA or OFC, the postoperative average of either the choice or
premature responding data from these sham groups did not differ from
each other (choice: choice � sham group: F(3,24) � 0.091, NS; prema-
tures: sham group: F(1,8) � 0.097, NS). As such, data from these rats were
pooled to represent a single sham-lesion group. Although some of the
rats in the performance group were different strains and were tested
on separate occasions, data from animals that received either BLA or
OFC sham surgery in these experiments were also not significantly
different from each other following surgery (choice: choice � sham
group: F(3,51) � 1.750, NS; prematures: sham group: F(1,17) � 0.388,
NS). Therefore, data from these two sham groups were also pooled.

Histology
Following completion of behavioral testing, animals were killed by expo-
sure to carbon dioxide. The brains were removed and postfixed in 4%
phosphate-buffered paraformaldehyde for 24 h before being stored in a
30% sucrose solution. Brains were sliced into 40 �m sections throughout
the area of interest and stained with cresyl violet. The extent of the lesions
were determined and mapped onto standardized sections of the rat brain
(Paxinos and Watson, 1998).

Results
Lesion analysis
Representative examples of either a BLA or OFC lesion compared
with a sham control are shown in Figure 2. Three animals from
the OFC lesion group and six from the BLA lesion group were
excluded because the lesions were either incomplete, unilateral,
or extended far into the surrounding regions. Due to neuronal
damage surrounding the infusion site, one animal from the OFC
sham group and three from the BLA sham group were also re-
moved from the study. Thus, the number of rats remaining were
24 rats with BLA lesions (acquisition, n � 12; performance, n �
12), 20 with OFC lesions (acquisition, n � 11; performance n �
9), and 29 sham lesion rats (acquisition, n � 10; performance,
n � 19).

Figure 3. Acquisition of the rGT. A, Animals with sham lesions showed a rapid increase in choice of
the two-pellet option, P2, during the first five free-choice training sessions, while subsequently de-
creasing choice of the less advantageous options. B, C, In contrast, animals with BLA (B) or OFC (C)
lesions were slower to learn the rGT, choosing P1 more often and P2 less often during the initial
training stages compared with sham-operated control rats. These data indicate that determining the
best option appears to be more difficult for both lesion groups during task acquisition.
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Effects of BLA or OFC lesions on acquisition of the rGT
rGT decision making
Similar to previous results (Zeeb et al., 2009), animals changed
their pattern of choice throughout rGT training (sham: day:
F(19,152) � 3.549, p � 0.001; day � choice: F(57,456) � 1.952, p �
0.001; BLA: day: F(19,190) � 2.846, p � 0.001; day � choice:
F(57,570) � 5.517, p � 0.001; OFC: day: F(19,171) � 7.693, p �
0.001; day � choice: F(57,513) � 4.628, p � 0.001) (Fig. 3) . This
training effect did not differ between animals tested on version A
or B of the rGT (version: all Fs � 1.3, NS; day � version: all Fs �
1.3, NS). However, animals with either BLA or OFC lesions took
longer to develop a strong preference for P2, the most optimal
option, compared with sham-operated control animals (day �
choice � lesion: BLA vs sham: F(57,1140) � 1.595, p � 0.004; OFC
vs sham: F(57,1083) � 1.851, p � 0.001). During training, both
groups of lesioned rats showed a reduced preference for P2 and
an increased choice of P1 compared with sham-operated rats (P2:
sham vs BLA, day � lesion: F(19,380) � 2.247, p � 0.002; sham vs
OFC, day � lesion: F(19,361) � 2.538, p � 0.001; P1: sham vs BLA,
day � lesion: F(19,380) � 1.626, p � 0.05; sham vs OFC, day �
lesion: F(19,361) � 1.694, p � 0.04).

Rats with BLA lesions also chose P4 slightly less throughout
rGT training, although they did not differ in their choice of P3
(P3: lesion: F(1,20) � 0.509, NS; day � lesion: F(19,380) � 1.173,
NS; P4: lesion: F(1,20) � 4.994, p � 0.04; day � lesion: F(19,380) �

1.275, NS). In contrast, animals with OFC
lesions did not differ from sham lesion
rats in their choice of P4, but chose the
other disadvantageous option, P3, slightly
less often (P3: lesion: F(1,19) � 1.123, NS;
day � lesion: F(19,361) � 1.747, p � 0.03;
P4: lesion: F(1,19) � 0.183, NS; day � le-
sion: F(19,361) � 0.949, NS).

Despite these initial differences, neither
lesion resulted in long-term impairments
on the rGT. Animals with either BLA or
OFC lesions established a similar pattern of
decision making compared with sham-
operated controls once training was com-
plete (BLA vs sham: lesion: F(1,18) � 1.425,
NS; choice � lesion: F(3,54) � 1.621, NS;
OFC vs sham: lesion: F(1,17) � 1.372, NS;
choice � lesion: F(3,51) � 2.534, NS) (Fig. 4).
Furthermore, neither lesion group differed
from controls when their combined choice
of the advantageous over disadvantageous
options and their difference score were
compared (BLA vs sham: best: t(20) � 0.735,
NS; worst: t(20) � �0.735, NS; difference
score: t(20) � 0.586, NS; OFC vs sham: best:
t(19) � 0.574, NS; worst: t(19) � �0.574, NS;
difference score: t(19) � 0.437, NS) (Fig. 4).

Other variables
Animals with lesions of the BLA or OFC
did not differ from sham-operated con-
trols in the level of premature respond-
ing observed during training (BLA vs
sham: lesion: F(1,20) � 0.108, NS; day �
lesion: F(29,580) � 1.259, NS; OFC vs
sham: lesion: F(1,19) � 1.344, NS; day � le-
sion: F(29,551) � 1.372, NS) (data not
shown). Likewise, all groups made similar
numbers of premature responses once

they had successfully acquired the task (OFC vs sham: lesion:
F(1,19) � 0.350, NS) (Table 1). Similarly, lesions of either the BLA
or OFC did not significantly affect the latency to choose or collect
reward, the number of omissions, or the number of trials initiated
(lesion: choice latency: all Fs � 0.239, NS; collection latency: all
Fs � 0.442, NS; omissions: all Fs � 3.016, NS; trials: all Fs �
1.251, NS) (Table 1). Although OFC-lesioned rats made more
perseverative responses than either sham-operated controls or
BLA-lesioned rats, this observation was not significant (lesion: all
Fs � 1.443, NS) (Table 1).

Effects of BLA or OFC lesions on performance of the rGT
rGT decision making
Animals with BLA lesions, but not OFC lesions, chose the disad-
vantageous options more often than sham-operated rats when
lesions were administered following rGT training (Fig. 4). Rats
with posttraining BLA lesions chose both the P3 and P4 options
more often than sham-operated animals (lesion: F(1,29) � 5.671,
p � 0.02; choice � lesion: F(3,87) � 2.882, p � 0.04; session �
choice � lesion: F(6,174) � 3.487, p � 0.003; P1: t(29) � �1.635,
NS; P2: t(29) � �1.078, NS; P3: t(29) � 2.674, p � 0.01; P4: t(29) �
1.787, p � 0.08). Furthermore, when the animals’ choice of the
advantageous and disadvantageous options were combined,
BLA-lesioned rats chose the best options significantly less and the

Figure 4. Choice patterns of rats with BLA or OFC lesions. A–C, Once training had been completed (30 –35 postoperative
free-choice sessions), rats with pretraining lesions of the BLA chose advantageously, and did not differ from sham-operated control
rats in their overall choice (A), discrimination between the good and bad options (B), or choice score (C). D–F, In contrast, rats
which received BLA lesions following rGT training chose the disadvantageously (D, E), resulting in a significantly lower choice score
(F ) compared with sham-operated controls. In contrast, rats with either pretraining or posttraining OFC lesions did not differ from
sham-operated rats. Data are expressed as the mean � SEM. of the last three stable postoperative sessions. Asterisk (*) indicates
a significant difference ( p � 0.05) determined by a two-sample t test comparing the BLA lesion group to the sham-operated
control group.
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worst options significantly more compared with sham controls
(best: t(29) � �3.193, p � 0.003; worst: t(29) � 3.193, p � 0.003),
resulting in a smaller choice score compared with sham-operated
controls (t(29) � �2.877, p � 0.01). Together, these results indi-
cate that rats with posttraining lesions of the BLA were signifi-
cantly impaired in making advantageous decisions on the rGT.
In contrast, lesions to the OFC did not alter the animals’ ability to
choose optimally on the rGT (choice: lesion: F(1,26) � 0.340, NS;
choice � lesion: F(3,78) � 1.808, NS; session � choice � lesion:
F(6,156) � 1.503, NS; score: best: t(26) � �1.180, NS; worst: t(26) �
1.180, NS; difference score: t(26) � �0.816, NS) (Fig. 4).

Other variables
In contrast to the null effect observed if rats received OFC lesions
before task acquisition, lesions of the OFC after the task was
acquired tended to increase the number of premature responses
made, whereas BLA lesions did not affect this behavior (lesion:
BLA vs sham: F(1,29) � 1.005, NS; OFC vs sham: F(1,26) � 2.967,
p � 0.09) (Table 1). Although BLA or OFC lesions did not affect
the number of trials omitted, these lesions caused animals to
initiate fewer trials compared with sham-operated controls (le-
sion: omissions: all Fs � 2.035, NS; trials completed: BLA vs
sham: F(1,29) � 4.180, p � 0.05; OFC vs sham: F(1,26) � 4.004, p �
0.06) (Table 1). A decrease in the number of trials initiated in the
BLA lesion group may be due to the observed increase in disad-
vantageous decision making in this group. Increased choice of the
maladaptive options would result in a greater amount of punish-
ment per session, and therefore fewer opportunities to initiate
trials. Neither BLA nor OFC lesion animals were slower than
sham rats in choosing an option, although rats with either lesion
were slower to collect reward (lesion: choice latency: all Fs �
1.530, NS; collection latency: BLA vs sham: F(1,29) � 10.754, p �
0.003; OFC vs sham: F(1,26) � 20.145, p � 0.001) (Table 1). Even
though animals in both the BLA and OFC lesion groups made
substantially more perseverative responses, this effect reached
significance only in the BLA lesion group (lesion: BLA vs
sham: F(1,29) � 5.430, p � 0.03; OFC vs sham: F(1,26) � 1.356,
NS) (Table 1).

Discussion
These results further delineate the contributions made by the
BLA and OFC to decision-making processes using a rodent task
conceptually similar to the IGT. Damage to these regions had
different effects depending on when the lesion was administered.
Lesions of the BLA or OFC made before rGT training signifi-
cantly slowed learning, but did not result in long-term decision-
making impairments. In contrast, animals that received BLA
lesions following rGT training persistently favored the disadvan-
tageous options, mimicking the choice pattern of amygdala-
damaged patients performing the IGT (Bechara et al., 1999),
whereas OFC lesions made posttraining had no such adverse ef-
fects. These observations may help to resolve some discrepancies

within the human decision-making literature, and confirm that
the BLA and OFC have cooperative, yet dissociable, functions in
mediating decision-making processes.

Although damage to the OFC impaired task acquisition, le-
sions induced after the rGT had been learned did not impair
choice behavior. As reviewed earlier, poor IGT performance was
originally observed in patients with damage to the VMPFC,
which encompasses the OFC, in that these subjects preferred
decks associated with larger rewards, but also heavier losses (Be-
chara et al., 1994, 1999). However, patients with comparable
brain damage were unimpaired when performing a shuffled
version of the IGT, in which gains and losses are distributed
randomly throughout each deck (Fellows and Farah, 2005).
Eliminating the reversal learning component therefore appeared
to resolve the deficit caused by OFC lesions. This fits with previ-
ous demonstrations that damage to the OFC results in reversal-
learning impairments (Dias et al., 1996; McAlonan and Brown,
2003; Ragozzino, 2007; Schoenbaum et al., 2007; Rudebeck and
Murray, 2008; Kazama and Bachevalier, 2009; Robbins and Arn-
sten, 2009). The rGT resembles this shuffled version, in that re-
wards or punishments occur randomly (Zeeb et al., 2009). OFC
lesions made after the task was learned did not affect choice pat-
terns, such that the data from both the rat and human experi-
ments are concordant.

However, it seems unlikely that the VMPFC/OFC has no role
in mediating judgments based on risk and uncertainty. Although
very discrete lesions of the OFC do not result in IGT impairments
in human subjects (Manes et al., 2002), OFC-damaged patients
are impaired on a different decision-making task that likewise
taxes judgments involving probabilistic rewards and punish-
ments (Rogers et al., 1999b), and neuroimaging data indicate that
the OFC is recruited in such tasks (Rogers et al., 1999a; Cunning-
ham et al., 2009; Lawrence et al., 2009; Hartstra et al., 2010).
There is also an inconsistency between human data and the find-
ings presented here, in that the performance of rats with post-
training OFC lesions matches findings from patients who had not
learned the IGT before their brain injury. This latter observation
may contribute to a parsimonious explanation for the different
effects of OFC lesions reported to date, in that the level of learning
required to assimilate the task may be a critical factor in deter-
mining lesion outcome.

From a theoretical perspective, lesions made before training
unmask the behavioral output of a network forced to learn task
contingencies without the input of the targeted area. In contrast,
lesions made subsequent to task acquisition demonstrate the
consequences of disrupting an already-established decision-
making network. A direct comparison of the two manipulations
therefore indicates whether nodes that are critical for learning are
likewise fundamental for execution. In the current study, damag-
ing the BLA or OFC before rGT acquisition had similar, detri-
mental effects on animals’ ability to learn the optimal strategy.

Table 1. Behavioral measurements observed on the rGT following surgery

Acquisition groups Performance groups

Sham lesion BLA lesion OFC lesion Sham lesion BLA lesion OFC lesion

Trials initiated 99.20 � 7.49 110.11 � 11.21 114.03 � 10.64 123.09 � 7.63 98.58 � 9.06 99.67 � 5.18
Omissions 2.33 � 1.16 1.83 � 0.55 0.33 � 0.16 1.33 � 1.01 0.93 � 0.57 1.28 � 0.83
Choice latency 1.31 � 0.18 1.17 � 0.51 1.21 � 0.16 1.18 � 0.18 1.08 � 0.18 1.57 � 0.24
Collection latency 1.00 � 0.09 0.95 � 0.07 1.09 � 0.10 0.99 � 0.04 0.75 � 0.06 1.44 � 0.11
Premature responses 11.91 � 2.56 19.70 � 3.61 13.89 � 2.17 12.29 � 1.82 15.50 � 3.06 20.05 � 2.93
Perseverative responses 122.20 � 19.88 123.39 � 13.69 165.52 � 29.21 116.91 � 16.42 188.97 � 29.09 148.15 � 17.50

Data are expressed as the mean � SEM for the last three postoperative sessions. Omissions and premature responses are represented as a percentage. Latency values are in seconds.
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The strong resemblance between the effects of both lesions sug-
gest that these impairments arose due to a disruption in the func-
tional connectivity between these two regions, a pathway known
to be important in the regulation of goal-directed behavior (Bax-
ter et al., 2000). Future experiments will aim to test this hypoth-
esis. However, following sufficient training, animals with either
lesion were able to perform the rGT optimally. This pattern of
data implies that cross talk between these regions is especially
important while subjects are learning the response contingencies,
but that other areas are ultimately capable of compensating for
their loss.

It has been suggested that the OFC encodes outcome expect-
ancies, and previous work suggests that input from the BLA is
important in allowing the OFC to maintain accurate and up-to-
date representations of the subjective value of difference response
options (Schoenbaum and Esber, 2010). Likewise, input from the
OFC to the BLA is needed in order for this region to optimally
identify stimuli that are predictive of reward (Stalnaker et al.,
2007). Such an interaction would be particularly important when
subjects are learning the IGT/rGT. If the rules of a task are easily
assimilated, such that this learning mechanism is not overly
taxed, then the effects of OFC damage should theoretically be
minimal. Indeed, some reports indicate that OFC lesions only
impair reversal learning during early reversals when cognitive
demands are relatively high and the rules of the task are still being
acquired (Dias et al., 1996; Schoenbaum et al., 2002; Boulo-
ugouris et al., 2007; Boulougouris and Robbins, 2009). In the
shuffled version of the IGT, which is not impaired in OFC-
damaged patients, subjects appear to adopt the correct strategy
almost immediately, suggesting that learning occurs rapidly and
the task contingencies are more transparent (Fellows and Farah,
2005). In contrast, there is a marked within-session learning curve in
the original IGT because the decks are stacked, making it more dif-
ficult to decipher the correct strategy. As such, OFC-lesioned sub-
jects fair poorly (Bechara et al., 1994, 1999). Although VMPFC
damage has been reported to impair performance of the Cambridge
gamble task, in which learning and memory requirements are min-
imal, surrounding cortical areas (such as Brodmann’s areas 10 and
32) were also damaged in this patient group (Clark et al., 2008),
whereas patients with discrete lesions of the OFC were unimpaired
on this task (Manes et al., 2002).

In the current study, both BLA- and OFC-lesioned rats were
slower to acquire the optimal strategy on the rGT due to a higher
preference for the one-pellet option (P1). This option is associ-
ated with the most frequent rewards and the shortest punishing
time-outs, and may therefore be the most tempting alternative to
P2 even though less reward is obtained in the long run (Zeeb et
al., 2009). Although this strategy could not be described as risk-
seeking in the way that preference for the disadvantageous op-
tions appears to be on the IGT, it may nonetheless reflect a
difficulty in overcoming an initial preference. Hence, without a
functional connection between the BLA and OFC, both rats and
humans find it harder to differentiate between options that ap-
pear superficially compelling. It is therefore possible that the in-
creased risky choice observed in the original, unshuffled IGT
following both OFC and amygdala damage actually results, at
least in part, from a learning impairment rather than from gen-
uinely risk-seeking behavior.

In contrast, rats that received BLA lesions following successful
acquisition of the rGT persistently showed a maladaptive choice
pattern, favoring the more costly, larger reward options. This
may be the first evidence of true risk-seeking behavior following
amygdala damage that is independent of learning. These results

are also unlikely to reflect an inability to adapt to changing task
contingencies, such as those present in probability-discounting
tasks (Ghods-Sharifi et al., 2009). It could be argued that this
lesion-induced decline in rGT performance reflects a memory
deficit, in that lesioned animals were unable to recall the correct
strategy following surgery. This appears unlikely, as preference
for the disadvantageous options in BLA-lesioned rats became
more pronounced with repeated postoperative training and ulti-
mately remained stable until the end of the experiment (33–35
postsurgery training sessions). Persistent deficits in fear-
conditioning that do not recover following extensive training
have likewise been observed when BLA lesions are performed
after, but not before, task acquisition (Maren et al., 1996, 1999).
The idea that BLA damage may induce reckless or risk-seeking
behavior is consistent with clinical observations that such pa-
tients are generally unable to live independently due to their ten-
dency to pursue actions that endanger themselves and others
(Lee et al., 1988a,b, 1995). The IGT impairments observed in
amygdala-lesioned patients were attributed to a decreased sensi-
tivity to rewarding and punishing outcomes, as these patients
failed to generate skin conductance responses in anticipation of
making a risky choice, or following rewarding or punishing out-
comes (Bechara et al., 1999). In the current study, BLA-lesioned
rats were still capable of discriminating between the different
options, suggesting they are not indifferent to the nature of the
response outcome. However, the BLA has been shown to play an
important role in mediating the behavioral influence of stimuli
conditioned to both positive and negative events (Killcross et al.,
1997, Hatfield et al., 1996). An impairment in using such cues
could theoretically increase preference for the disadvantageous
options due to a weakened association between the response op-
tion and the expectation of loss, but this remains to be empirically
determined.

In summary, the application of selective lesion techniques has
enabled us to parse out the relative contributions of the BLA and
OFC in a rodent model of risk-based, real-world decision-making.
The BLA appears to be highly important in maintaining an optimal
decision-making strategy once it has been acquired, whereas both
the BLA and OFC are involved in effectively learning the rules asso-
ciated with multiple options, potentially through functional and
reciprocal connectivity. Improving our knowledge of the neural cir-
cuitry controlling this form of decision-making may contribute to a
clearer understanding of the psychiatric disorders in which such pro-
cesses are compromised.
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