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Abstract

Rationale Decision-making deficits, measured using the
Iowa Gambling Task (IGT), are observed in many psychi-
atric populations. Additionally, evidence suggests that the
environment also influences the development of these same
disorders.

Objective To determine the direct influence of the environ-
ment on decision-making by utilizing the rat gambling task
(rGT), a risky decision-making test modeled after the IGT.
Methods Male rats reared in isolation, in pairs, or in an
enriched environment were trained on the rGT as adults.
During the rGT, animals chose from four different options.
The optimal strategy on the rGT and IGT is the same: to favor
options associated with smaller immediate rewards and less
punishment/loss. Impulsive action is also measured during
rGT performance by recording the number of premature
responses made, similar to the five-choice serial reaction time
task.
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Results Compared to pair-housed rats, isolated and environ-
mentally enriched rats were slower at learning the optimal
strategy. However, following training, only isolation-reared rats
chose the disadvantageous options more often. Amphetamine
altered decision-making on the rGT in socially housed animals,
yet isolates were unaffected. Conversely, amphetamine
increased premature responding similarly in all groups.
This increase was attenuated by prior administration of
a dopamine D; or D, antagonist; however, the ability of
amphetamine to alter decision-making was not blocked
by either drug.

Conclusions Housing environment affects animals’ ability to
learn and perform a decision-making task. Additionally,
amphetamine’s effect on impulsive action appears to be me-
diated by the dopaminergic system, whereas its effect on risky
decision-making may be mediated by other neurotransmitters.

Keywords Amphetamine - Decision-making - Dopamine -
Environmental enrichment - Impulsivity - Isolation

Introduction

Environmental factors are known to significantly impact the
etiology of many psychiatric disorders, including addiction,
depression, schizophrenia, pathological gambling, and
attention-deficit hyperactivity disorder (Brown 2011; Halperin
and Healey 2011; Laviola et al. 2008; Nithianantharajah and
Hannan 2006; Solinas et al. 2010; Welte et al. 2004). In
particular, it has been suggested that there is an increased
prevalence of psychiatric disorders among individuals exposed
to a greater number of negative factors (e.g., low socioeconom-
ic status, increased stress levels, poor relationships with peers
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and family, etc.), whereas a positive environment (e.g., average
to high socioeconomic status, lower levels of stress, positive
relationships, etc.) may be protective (see Solinas et al. 2010 for
a review).

Decision-making deficits, measured using the lowa
Gambling Task (IGT), have also been observed in such dis-
orders (Bechara et al. 2001; Cella et al. 2010; Garon et al.
2006; Goudriaan et al. 2005; Shurman et al. 2005; Smoski et
al. 2008). During the IGT, participants choose between decks
of cards. With each card drawn, the subject either wins or loses
points (Bechara et al. 1994). The optimal strategy is to pick
from decks associated with smaller gains, but also smaller
losses; however, many patients with these psychiatric disor-
ders choose more frequently from the tempting high-reward
decks associated with greater long-term loss. Therefore, al-
though environmental factors may affect psychiatric progno-
sis, the direct influence of positive/negative environments on
decision-making itself remains unclear. Given that decision-
making deficits may precede the onset of the full psychiatric
syndrome (for e.g., Vitaro et al. 1999), understanding the
nature of any such environmental influence may be of great
utility.

One obstacle to empirical study of the influence of the
environment on cognitive functioning concerns the large
amount of variation present in the human population, which
is difficult to categorize and control. Animal models incor-
porating a variety of standardized environmental conditions
are therefore crucial to understanding the link between en-
vironment and decision-making. Two environmental manip-
ulations that can be employed in a laboratory setting are
post-weaning isolation housing and environmental enrich-
ment, both of which have long-term effects on behavior in
addition to changes in brain chemistry and morphology
(Simpson and Kelly 2011; Solinas et al. 2010).

Environmentally enriched rats are often group-housed in
large cages containing objects and toys that promote natural
behaviors, such as exploring and burrowing, and provide ani-
mals with greater sensory, cognitive, and motor stimulation
compared to standard housing conditions (Nithianantharajah
and Hannan 2006). This form of enrichment is generally
considered beneficial: enriched rats exhibit an anti-
depressant-like phenotype on the forced-swim test and outper-
form controls on several cognitive measures (Simpson and
Kelly 2011). In contrast, rats reared in isolated conditions show
a depressive phenotype in addition to numerous other mal-
adaptive behaviors such as hyperactivity and an increased
startle-response (Brenes et al. 2008; Fone and Porkess 2008;
Heidbreder et al. 2000).

The condition in which animals are reared influences their
response to psychostimulants such as amphetamine.
Amphetamine exerts its actions by increasing the concentration
of monoamines in the extracellular space. Specifically, amphet-
amine drastically increases dopamine levels by inhibiting the
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dopamine transporter and promoting presynaptic release (Floor
and Meng 1996; Jones et al. 1998). Compared to rats reared in
isolated conditions, animals reared in an enriched environment
exhibited an enhanced locomotor response to an acute
dose of amphetamine, yet demonstrated a reduced rate
of amphetamine self-administration and a decreased sensitiza-
tion response to repeated amphetamine injections (Bardo et al.
1995, 2001; Bowling et al. 1993). Furthermore, animals reared
in an enriched environment have a greater locomotor response
to an acute dose of a dopamine agonist (apomorphine)
(Hoffmann et al. 2009). These results suggest that enriched
animals may be differentially sensitive to manipulations of the
dopaminergic system compared to rats reared in isolation.

We have recently developed a rat gambling task (rGT),
based in part on the IGT, to assess similar decision-making
processes in laboratory rodents (Zeeb et al. 2009; Zeeb and
Winstanley 2011). The optimal strategy on the rGT is the
same as the IGT—to select options associated with smaller,
immediate gains and less long-term loss while avoiding
disadvantageous options associated with greater gains but
larger penalties. Previous experiments have shown that
acute administration of amphetamine may alter decision-
making preferences on the rGT by causing animals to be-
come hypersensitive to loss (Zeeb et al. 2009). Furthermore,
amphetamine also increased levels of motor impulsivity
during rGT performance (Zeeb et al. 2009). The ability of
amphetamine to elevate levels of motor impulsivity has been
attributed to increased dopamine activity (Robbins 2002).
Therefore, amphetamine’s effect on decision-making pref-
erences may also be due to alterations in dopamine release.
Furthermore, given the data reviewed above, different rear-
ing conditions may therefore affect choice behavior on this
task.

In the current study, rats were reared from postnatal day
(PND) 22 in three different conditions—in an enriched
environment, in isolation (single-housed), or pair-housed—
then trained on the rGT as adults to determine the effects of
different rearing environments on decision-making. We hy-
pothesized that animals raised in isolation may perform
worse on the rGT compared to pair-housed rats whereas
environmental enrichment may enhance performance and
facilitate training on the rGT, as rearing rats in an enriched
environment tends to have a beneficial effect compared to
rearing rats in isolation. Animals were then challenged with
an acute dose of amphetamine and both dopamine D; and
D, receptor antagonists (SCH 23390 and eticlopride, respec-
tively). We predicted that animals raised in an enriched
environment may be more sensitive to the effects of am-
phetamine on motor control, compared to pair-housed rats,
as enrichment tends to enhance the acute effects of amphet-
amine on locomotion (Bardo et al. 1995, 2001; Bowling et
al. 1993). Additionally, in an attempt to block the effects of
amphetamine on rGT performance, animals received an
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injection of either the dopamine D; or D, receptor antago-
nists prior to amphetamine administration.

Methods
Subjects and housing conditions

Subjects Subjects were 32 male Long-Evans rats. Animals
arrived from Charles River Laboratories (St. Constant, QC,
Canada) on PND 22. Upon arrival, rats were housed in either
an enriched environment (n=16), pair-housed (n=8), or
isolation-housed (n=38), for the duration of the experiment.
Animals were housed under a 12-h reverse light cycle (lights
off at 8:00 am) in a temperature-controlled colony room. All
rats were located in the same room but only directly interacted
with the animal(s) they were housed with. Rats were handled 5
to 6 days per week in addition to bi-weekly cage changing.
Water was available ad libitum. Rats were given free access to
food until 1 week prior to training on the rGT (PND 64, 300—
375 g), at which point animals were restricted to 14 g of
standard laboratory rat chow per day (approximately 85 % of
their free-feeding weight), available immediately after rGT
testing. Pair- and isolation-housed rats were fed in their home
cages, whereas animals housed in the enriched environment
were fed individually in standard cages before being placed
back into the enrichment cage. Behavioral testing took place
between 12:00 pm and 5:00 pm, 5 to 6 days per week.
Following completion of all behavioral testing, animals were
sacrificed by increasing exposure to carbon dioxide.
Experimental protocols were approved by the Animal Care
Committee of the University of British Columbia and were in
accordance with the Canadian Council of Animal Care.

Rearing conditions All 16 rats in the environmental enrich-
ment group were housed together in a custom-built wire
mesh cage (40 in. X 60 in. x 30 in.; Corners Limited,
Kalamazoo, MI, USA) with a custom-built solid Plexiglas
bottom filled with sawdust bedding. Inside the cage, animals
had access to multiple water bottles, toys, running wheels
(Wodent Wheels, Transoniq, USA), buckets, PVC tubes of
various sizes and shapes, cardboard boxes, paper towels,
climbing chains, and moveable shelves. The number, loca-
tion, and type of all above mentioned objects were rear-
ranged and/or exchanged every 1-2 days. Pair-housed or
isolation-housed rats were housed in a standard Plexiglas
cage (19 in. x 10.5 in. x 8 in.), which contained sawdust
bedding, a small PVC tube, and a few paper towels.

Rat gambling task

Apparatus Detailed descriptions of the testing chambers
and training protocols have been provided in previous

reports (Zeeb et al. 2009; Zeeb and Winstanley 2011).
Briefly, the rGT took place in standard five-hole operant cham-
bers contained within a ventilated and sound-attenuating box
(Med Associates, St. Albans, VT, USA), with an array of five
response holes located on one wall of the chamber and a food
tray on the opposite wall, 2 cm above a metal bar floor. A
stimulus light was located within each hole and the food tray,
and sucrose pellets (45 mg, Bioserv, Frenchtown, NJ, USA)
could be delivered into the food tray from an external pellet
dispenser. Nose poke responses into the response holes or food
tray were detected by a horizontal infrared beam. The entire
chamber could be illuminated by a house light located at the top
of the chamber on same wall as the food tray. Chambers were
controlled by software written in Med PC by C.A.W., running
on an IBM-compatible computer.

Training Animals first received two 25-min habituation
sessions, during which the chambers were turned on and
sucrose pellets were placed in the response holes and food
tray. Rats were then trained to make a nose poke response
within 10 s to an illuminated response hole for a sucrose
pellet reward. Once rats were completing these sessions
with at least 80 % of trials correct and less than 20 %
omissions (seven sessions), animals received seven forced
choice sessions. Forced choice sessions were identical to the
rGT except only one option was presented on each trial. This
training ensured that all animals had equal experience with
all four options to prevent a simple side bias from develop-
ing. Animals were then tested on the rGT for the duration of
the experiment.

rGT The trial structure and reinforcement schedule of the
rGT have been previously described (Zeeb et al. 2009; Zeeb
and Winstanley 2011) and a diagram is provided in Fig. 1.
Each session was 30 min and animals were trained once
daily. A trial was initiated when an animal made a nose poke
response into the illuminated food tray. The tray light was
then extinguished, initiating a 5-s inter-trial interval (ITI)
period. A nose poke response into any of the holes at the array
during the ITI was classified as a premature response—a
measure of impulsive action—and punished with the illumi-
nation of the house light for 5 s after which the tray light was
illuminated, allowing the rat to start another trial. This mea-
surement is identical to the premature responses recorded on
the five-choice serial reaction time task (SCSRTT) (see
Robbins 2002, for a review of the SCSRTT). Following the
ITI, four holes (holes 1, 2, 4, and 5) were illuminated, and the
animal had 10 s to choose any one of these options by making
a nose poke response into the corresponding hole. A nose
poke response into any of these holes extinguished all stimu-
lus lights. If the trial was rewarded, the tray light turned on and
the corresponding number of sucrose pellets was immediately
delivered. Collection of this reward initiated the next trial.
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However, if the trial was not rewarded, the stimulus light
within the hole that the animal chose flashed at 0.5 Hz for
the duration of the corresponding timeout period. Responses
made at the array or food tray during the timeout period or
following reward delivery were recorded as perseverative
responses. If the animal failed to make a response in 10 s, all
stimulus lights were extinguished and the tray light was turned
on, allowing the animal to start another trial.

Two versions of the rGT were used which differed only in
the spatial location of the options and were counterbalanced
across all animals. In version A, the order of the options
presented from left to right were the one-pellet option (P1),
the four-pellet option (P4), the two-pellet option (P2), and the
three-pellet option (P3). In version B, the order of the options
from left to right was P4, P1, P3, and P2. Similar to previous
studies (Zeeb et al. 2009; Zeeb and Winstanley 2011), the rGT
version used did not differentially affect decision-making
during task acquisition or once behavior had stabilized.

The optimal choice in the rGT is P2, as this option results
in the most reward earned per unit time due to the design of

the reinforcement schedules (Fig. 1; Zeeb et al. 2009). The
next best option is P1, and the two disadvantageous options
are P3 and P4, due to the lower probability of receiving
reward and the longer timeout periods incurred.

Pharmacological manipulations

All drugs were purchased from Sigma-Aldrich (Oakville,
ON, Canada) and dissolved in sterile 0.9 % saline in a
volume of 1 mL/kg. Doses were calculated as the salt and
administered intraperitoneally. Once animals showed a sta-
tistically stable pattern of choice for at least three sessions
on the rGT (i.e., where p>0.05 in a repeated measures
analysis of variance (ANOVA) for choice X session), ani-
mals were subjected to the following pharmacological chal-
lenges prior to rGT testing: d-amphetamine (0, 0.3, 1.0, and
1.5 mg/kg); the D, receptor antagonist eticlopride hydro-
chloride (0, 0.003, 0.01, and 0.03 mg/kg); and the D,
receptor antagonist SCH 23390 (0, 0.001, 0.003, and
0.01 mg/kg).

Traylight On

Nosepoke in

5 s Inter-Trial-Interval
L]

Omission:
No response
made in 10s

Trial @ 1 Pellet 4 Pellets
Rewarded \ =% (p=0.9) (p=0.4)

Trial (") 5sTimeOut 40sTime Out
Punished (p=0.1) (p=0.6)
Hypothetical 205 a9

Maximum Pellets

Fig. 1 Schematic diagram of the rGT. The magnitude of the reward or
duration of the timeout period is indicated beside each option. The p
values refer to the probability of a trial resulting in reward or a punish-
ing timeout period. 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. A
nose poke response in the illuminated food tray extinguished the tray
light and initiated a new trial. After an inter-trial interval (ITI) of 5 s,
four stimulus lights were turned on (holes 1, 2, 4, and 5) and the animal
was required to respond in one of these holes within 10 s. If the animal
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was rewarded, all stimulus lights were extinguished and the animal
received the corresponding number of pellets in the now illuminated
food tray. If the animal was punished, the stimulus light in the
corresponding hole flashed at a frequency of 0.5 Hz for the duration
of the punishing timeout and all other lights were extinguished. At the
end of the punishment period, the tray light was turned on and the
animal could initiate a new trial. Failure to respond at the illuminated
holes resulted in an omission. A response during the ITI was classified
as a premature response and punished by a 5-s timeout during which
the house light was turned on. Figure is modified from Zeeb et al.
(2009) and Zeeb and Winstanley (2011)
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Drug testing occurred in a 3-day cycle, beginning with an
rGT training day, followed by a drug-testing day in which
animals received an injection of either saline or drug.
Following an injection, rats were placed individually in
cages similar to the standard home cages for 10 min prior
to rGT testing. On the third day, animals remained in their
home cages. To determine whether administration of a do-
pamine D, or D, receptor antagonist would block the effects
of amphetamine, the antagonist was administered 10 min
prior to an injection of amphetamine. Ten minutes following
the amphetamine injection, animals were tested on the rGT.
The middle dose of amphetamine (1.0 mg/kg) was used as
this dose had the largest effect on choice and premature
responses across all groups. The 0.003 mg/kg dose of
SCH 23390 and eticlopride was used, as this dose was the
highest tested that did not affect the number of trials com-
pleted or premature responses in any group. Although the
0.003 mg/kg dose of eticlopride had a small effect on choice
in the enriched group, the next highest dose (0.01 mg/kg)
significantly affected choice in the pair-housed group; there-
fore, the 0.003 mg/kg dose was used.

All drug doses and saline injections for amphetamine,
SCH 23390, and the two higher doses of eticlopride were
administered according to a Latin square design. As both
these doses of eticlopride were unexpectedly behaviorally
active, the lowest dose of eticlopride was administered on a
single drug-testing day following the Latin square in order
to try and identify a behaviorally silent dose. The order of
drug administration was amphetamine, eticlopride, amphet-
amine and eticlopride co-administration, SCH 23390, then
amphetamine and SCH 23390 co-administration. A mini-
mum of 1 week occurred between administrations of differ-
ent compounds, during which animals were tested on the
rGT but no drugs were administered.

Data analyses

The percent choice of each option, the percentage of prema-
ture responses made, the percentage of omissions, total num-
ber of trials completed, choice and collection latency, and
perseverative responses made were also calculated and ana-
lyzed according to previously described methods (Zeeb et al.
2009). Variables calculated as a percentage (choice, premature
responses, and omissions) were subjected to an arcsine trans-
formation prior to statistical analysis to avoid a ceiling effect
(McDonald 2009). ANOVAS and ¢ tests were conducted using
SYSTAT for Windows (version 12.00.08; SSI).

To analyze behavior during acquisition of the task, train-
ing sessions were divided into bouts of five sessions for the
first 20 free-choice sessions (Zeeb and Winstanley 2011).
Data from the last three stable sessions were analyzed to
assess the animals’ baseline performance on the rGT. Data
were analyzed using a repeated measures ANOVA with

choice (four levels; P1-P4) and/or session/day (three or five
levels) as within-subject factors and group (pair-housed,
isolation-housed, and/or enriched) as a between-subjects
factor. Additionally, using data from the last three stable
training sessions, the sum of the best two options (P1 and
P2) and the two worse options (P3 and P4) was determined.
The difference between these two variables was then calcu-
lated to provide an overall performance score (see Zeeb and
Winstanley 2011). Similar to studies on human subjects
using the IGT (e.g., Denburg et al. 2005), a binomial test
(McDonald 2009) was performed on the percent choice of
the best and worst options for each subject to isolate sub-
groups of impaired or unimpaired rats that existed within
each housing group. A very small group of rats were found
to have a score significantly below 0 (p<0.05, one-tailed)
(four rats from the enriched group, two rats from the pair-
housed group, and one rat from the isolation-reared group;
four rats were tested on version A and three rats were tested
on version B). These rats were excluded from further analysis
as the number of subjects within each housing group was too
small to form a separate impaired subgroup. Additionally,
only comparisons between the pair-housed group and the
other two housing groups were conducted (i.e., a direct com-
parison between the isolation-reared rats and environmental
enrichment group was not made). This method was employed
as the pair-housed rats served as the appropriate control group
in the present experiment, as rearing animals in isolated con-
ditions has been shown to result in a number of negative
behavioral consequences and may therefore not be a true
control (see Simpson and Kelly 2011 for a discussion of this
issue).

To determine whether the effects of amphetamine on the
rGT were blocked by prior administration of either dopamine
antagonist for each group, a repeated measures ANOVA was
performed with antagonist (two levels; present or absent),
dose (two levels; saline or amphetamine), and choice (four
levels), if necessary, as within-subject factors. If the outcome
of an ANOVA was significant, further ANOVA or post hoc
analyses were conducted. To compare data within a group,
paired sample ¢ tests were used, whereas independent sample ¢
tests were used to compare data between groups. A signifi-
cance level of p<0.05 was used for all analysis.

Results

Baseline performance

Choice behavior Following seven sessions of forced choice
training, animals in all three groups initially showed a
preference for P2, the optimal choice, which increased with

further training—a pattern similar to the previous results
(Zeeb et al. 2009; Zeeb and Winstanley 2011). During rGT
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training, all rats developed a significant choice preference
over time (Fig. 2; all rats, days 1-20—day: Fjg 36=
4.691, p<0.001; choice: F3 57=37.834, p<0.001; dayx
choice: Fs7, 1083=5.313, p<0.001). However, this effect
was most pronounced in the pair-housed group (Fig. 2).
Compared to pair-housed animals, rats reared in the enriched
environment chose P2 significantly less during the initial
training days (P2, day x housing—days 1-5: F s6=4.712,
p=0.002). The initial reduction in choice of P2 in the enriched
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Fig. 2 Enriched and isolation-reared rats are similarly impaired in
acquisition of the rGT. a Within the first five rGT sessions, pair-
housed rats drastically increase choice of P2 and decrease choice of
P1. Both isolation-reared (b) and environmentally enriched (c) rats are
slower to learn the optimal strategy, choosing the optimal option, P2,
less often during the first five rGT sessions. Data are represented as the
mean percent choice for each option (SEM)
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group was also accompanied by a small increased preference
for P4, the worst option (P4, day x housing—days 1-5:
F4 56=5.156, p=0.001). A similar decreased preference
for the optimal option was also observed in animals reared in
isolation, compared to pair-housed rats (P2, day x housing—
days 1-5: Fy 36=3.142, p=0.03).

No further significant interactions between day and hous-
ing for the isolation-reared or enriched rats compared to the
pair-housed group were observed during task acquisition.
Animals were trained on the tGT for a total of 24 sessions
prior to pharmacological challenges. Data from the last three
stable training sessions were analyzed as a measure of
baseline performance.

Once the task had been acquired, animals reared in iso-
lation, compared to pair-housed rats, tended to perform
worse on the rGT. Although a main effect of choice x
housing condition just failed to reach significance, further
analysis demonstrated that animals reared in isolation chose
P2, the most advantageous option, significantly less than the
pair-housed rats (Fig. 3; choice x housing: F5 ,7;=2.628, p=
0.07; P2: ((11)=-2.318, p=0.05). Furthermore, an increased
choice of the disadvantageous options by the isolation-
reared rats was also evident in the significantly smaller
difference score compared to pair-housed animals, again
indicating that animals reared in isolation were not making
optimal choices on the rGT (Fig. 3; #7)=—2.731, p=0.03).
In contrast, environmentally enriched rats did not differ
significantly from pair-housed rats in their choice patterns
and preference for the advantageous options over the disad-
vantageous options following sufficient training (Fig. 3). In
sum, although both environmental enrichment and isolation-
rearing caused animals to choose the best option less often
during the initial training stages, only rats housed in isola-
tion chose the advantageous options less once the task had
been acquired.

Other behavioral measurements Visual inspection of the
data indicated that enriched animals made more premature
responses than pair-housed rats, whereas animals reared in
isolation exhibited the lowest level of impulsive action;
however, these observations were not significant (Fig. 3).
Measurements for the other variables analyzed during rGT
testing are presented in Table 1. Similar to previous studies
(Zeeb et al. 2009; Zeeb and Winstanley 2011), omissions
and perseverative responses remained relatively low in pair-
housed rats, animals completed about 100 trials within each
session, and premature responses were just under 20 %.
Both isolation-reared and enriched animals received fewer
sugar pellet rewards per session, although this difference
only reached significance in the enriched group. A reduction
in the total reward earned may have been influenced by
choice preference as well as the number of trials completed.
Both enriched and isolation-reared rats completed less trials
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Fig. 3 Baseline performance of the rGT. a Following sufficient train-
ing on the rGT, enriched rats did not differ from pair-housed animals in
choice of each option. However, animals reared in isolation chose the
best option, P2, significantly less than the pair-housed control rats. b
The decision-making deficit in isolation-reared rats is also reflected in
a significantly lower difference score compared to pair-housed con-
trols. ¢ Compared to pair-housed rats, isolated rats made less premature

than pair-housed rats, although this difference was not itself
significant. Furthermore, there were no differences between
groups for collection latency, omissions, or in the number of
perseverative responses made either during punishment or
following a rewarded trial. Additionally, isolation-reared
and environmentally enriched rats took longer to make a
choice compared to pair-housed rats, but these differences
were also not significant. Therefore, although housing envi-
ronment affected the animals’ decision-making patterns dur-
ing training and performance of the rGT, there were little
differences between housing groups with regards to the
other variables measured by the rGT.

Effects of amphetamine on rGT performance

Choice behavior An acute dose of amphetamine disrupted
animals’ ability to perform the rGT optimally (dose: F5 s7=
3.369, p=0.02; dose x choice: Fy 171=8.094, p<0.001). The
ability for amphetamine to alter decision-making on the rGT
was dependent on housing condition (dose % choice % hous-
ing: Fig 171=2.117, p=0.007). Amphetamine significantly
impaired decision-making only in the socially housed rats
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responses whereas enriched animals made more premature responses,
although this was not statistically significant. Data are shown as the
mean (£SEM) of the last three sessions prior to pharmacological
challenges. *p<0.05 indicates a significant difference compared to
pair-housed rats according to a repeated measures ANOVA for both
choice and premature responses, whereas the difference score was
analyzed using an independent sample ¢ test

(both pair-housed and enriched groups), but not in the
isolation-reared animals (Fig. 4; dose x choice—pair-housed:
Fy, 36=10.136, p<0.001; enriched: Fy 99=2.343, p=0.02).

Specifically, pair-housed rats decreased their choice of the
optimal option, P2, and increased in choice of P1, the option
which offers the smallest punishment duration and the highest
frequency of reward, similar to previous results (Zeeb et al.
2009) (Fig. 4; dose x choice—saline vs 0.3 mg/kg: [ 1,=
7.414, p=0.005; saline vs 1.0 mg/kg: F5 1,=11.218, p<
0.001; saline vs 1.5 mg/kg: F5 1,=18.272, p<0.001). It is
interesting to note that, similar to previous results (Zeeb et al.
2009), there was also a very small, but statistically significant,
increase in choice of P4 in the pair-housed rats when chal-
lenged with the 1.5 mg/kg dose of amphetamine.

Animals raised in an enriched environment also de-
creased their choice of P2 when challenged with an acute
dose of amphetamine, yet these rats did not show a signif-
icant increase in P1. Instead, enriched rats showed a small,
but significant, increase in the disadvantageous options
(Fig. 4; dosexchoice—saline vs 0.3 mg/kg: F5 30=3.322,
p=0.03; saline vs 1.0 mg/kg: F5 30=4.467, p=0.01; saline
vs 1.5 mg/kg: F5 30=2.906, p=0.05).

Table 1 Effects of rearing con-
dition on baseline behavioral

measurements on the rGT

Data are represented as the
mean +£ SEM

*p<0.05 indicates a significant
difference compared to pair-

Variable Pair-housed Isolated Enriched
Trials completed 129.78+6.65 109.86+9.52 109.17+10.29
Omissions (%) 0.12+0.05 0.27+0.14 0.22+0.11
Collection latency (s) 0.83+0.04 0.85+0.07 0.88+0.07
Choice latency (s) 0.60+0.08 0.84+0.13 0.79+0.08
Pellets rewarded 200.83+10.91 163.05+17.63 154.67+10.38*
Punishment perseveratives 0.44+0.13 0.33+0.05 0.59+0.06
Reward perseveratives 0.015+0.005 0.024+0.008 0.068+0.028

housed rats according to a
repeated measures ANOVA
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Fig. 4 Effects of amphetamine
on rGT performance. a Pair-
housed rats decrease choice

of P2 in response to all doses
of amphetamine and increased
choice of P1 following admin-
istration of the 1.0 and 1.5 mg/
kg dose of amphetamine. A
small but significant increased
choice of P4 was also observed
following the 1.5 mg/kg dose.
¢ Isolation-rearing blocked the
ability of amphetamine to alter
choice preference. e Enriched
rats chose P2 less and P4 more
following the 1.0 mg/kg dose.
A small, but significant, in-
crease in P3 was observed fol-
lowing the 0.3 or 1.5 mg/kg
dose of amphetamine. Howev-
er, enriched rats did not increase
in choice of P1 following any
dose of amphetamine. A similar
increase in premature respond-
ing following all doses of am-
phetamine was observed in the
pair-housed (b), isolation-
reared (d), and enriched (f) rats.
Data are shown as the mean
(=SEM). *p<0.05 indicates a
significant difference compared
to saline according to a paired
sample ¢ test

Pair-
housed

Isolated

Choice (%)

Enriched

hoice (%)

Other behavioral measurements All groups of rats in-
creased the number of premature responses made when
challenged with any dose of amphetamine, again replicating
our previous results (Zeeb et al. 2009). This increase in
impulsive action in response to amphetamine was indepen-
dent of housing condition (Fig. 4; dose: 5 57=16.408, p<
0.001; dose x housing: Fg 37=0.968, not significant [NS]).
Therefore, although isolation housing blocked amphet-
amine’s ability to alter decision-making, amphetamine
resulted in a similar increase in impulsive action for all
groups.

Statistical analysis and values for the other rGT variables
are presented in Supplementary Information (Table S1).
Amphetamine decreased the number of trials completed
following all doses in both the pair-housed and enriched
groups. A similar effect was observed in the isolation reared
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rats. However, omissions and the latency to collect reward
were not affected by amphetamine at any dose. Therefore,
similar to Zeeb et al. (2009), the decreased number of
trials completed may be somewhat attributed to a loss
in playing time cause by high levels of premature
responding.

In summary, isolation-rearing blocked the ability of am-
phetamine to alter choice patterns on the rGT. However,
rearing animals in an enriched environment altered amphet-
amine’s actions, causing animals to demonstrate an in-
creased choice of the disadvantageous “high-risk high-
reward” options, rather than P1, following amphetamine
administration. Despite these differences, amphetamine sim-
ilarly altered the other variables measured during rGT per-
formance, notably increasing the number of premature
responses made in all groups.
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Effects of the D, receptor antagonist SCH 23390 on rGT
performance

Choice behavior Similar to previous results (Zeeb et al.
2009), SCH 23390 did not alter decision-making patterns on
the rGT in any group. Although there was a significant inter-
action between dose and choice when all groups were com-
bined, there were no significant effects of SCH 23390 on
choice when each group was analyzed independently (Fig. 5).

Other behavioral measurements Data and results from the
statistical analyses for the other variables analyzed are pre-
sented in Supplementary Information (Table S2). A general
decrease in motor output was observed following the high-
est dose of SCH 23390 administered, again replicating
previous results (Zeeb et al. 2009), in that the number of
trials completed decreased, and the number of omissions
increased as did all response latencies across the three
groups. Premature responses also significantly decreased
in response to the highest dose of SCH 23390, but only in

Fig. 5 Effects of dopamine
antagonists on choice
preferences. SCH 23390 failed a.
to alter choice in the pair- .
housed (a), isolated (c), or
enriched (e) groups. b Eticlopr-
ide increased choice of P2 in the
pair-housed rats following the
0.01 mg/kg dose. d An in-
creased preference for P1 was
observed in the isolation-reared
rats following administration of
the highest dose of eticlopride, P1
whereas f a decreased choice of
P1 and P4 was observed in the C.
enriched rats following admin-
istration of the lowest dose.
Data are shown as the mean
(£SEM). *p<0.05 indicates a
significant difference compared
to saline according to a paired
sample ¢ test

Pair-
housed

Isolated

Enriched

P1

D1 Antagonist SCH23390

P2
Pellet Option

the pair-housed and enriched group, again indicative of
decreased motor output. A lack of effect of this drug on
premature responding for isolation-reared rats can likely be
attributed to the fact that premature responses were already
quite low in this group. In sum, housing environment did
not significantly alter the actions of SCH 23390 on rGT
performance.

Effects of the D, receptor antagonist eticlopride on rGT
performance

Choice behavior In line with previous results (Zeeb et al.
2009), the 0.01 mg/kg dose of eticlopride improved perfor-
mance on the rGT by increasing choice of P2, the optimal
option. However, this effect was only observed in pair-housed
rats (Fig. 5; dose x choice—saline vs 0.01 mg/kg: F5 5=
4.403, p=0.03). Animals reared in isolation showed a small,
but significant, increase in P1—the option associated with the
shortest punishment time and smallest, but most frequent,

D2 Antagonist Eticlopride

O Saline b. O Saline
W 0.001 ma/kg * [l 0.003 mg/kg
@ 0.003 mg/kg 1 [ 0.01 mg/kg
£ 0.01 mg/kg 80 B 0.03 mg/kg
60 -
40 -
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reward delivery—in response to the largest dose of eticlopride
(Fig. 5; dose x choice—saline vs 0.03 mg/kg: F5 15=3.701,
p=0.04). Similarly, animals reared in an enriched environ-
ment exhibited a minor, but significant, decrease in choice
of P1 and P4, the worst option, in response to the lowest dose
of eticlopride (Fig. 5; dose x choice—saline vs 0.003 mg/kg:
F3,30=5.827, p=0.003). To summarize, eticlopride improved
rGT performance following administration of the 0.01 mg/kg
dose in the pair-housed group, but only altered choice patterns
for the isolated group following administration of the highest
dose (increase choice of P1) and failed to largely change
decision-making preferences in the enriched group.

Other behavioral measurements Data and statistical analy-
ses for the other rGT variables in response to eticlopride are
present in Supplementary Information (Table S3). The high-
est dose of eticlopride increased omissions and increased the
latency to choose an option, which may indicate a general
decrease in motor output. Furthermore, this dose of eticlopride
also decreased the number of trials completed in both the pair-
housed and isolated rats and increased the latency to collect
reward in the pair-housed group. Additionally, there was a
significant decrease in premature responses in the enriched
group following administration of the 0.01 mg/kg and 0.03
mg/kg doses of eticlopride and a strong trend for a decreased
number of premature responses in response to the highest dose
of eticlopride for the pair-housed rats. A decrease in the
number of perseverative responses during the punishment
period in the enriched and isolated groups was observed. In
contrast, there was no effect of eticlopride on the number of
perseverative responses following reward delivery. Therefore,
similar to the effects of SCH 23390, housing environment did
not largely alter the actions of eticlopride on the other varia-
bles measured during rGT performance.

Effects of amphetamine and dopamine antagonist
co-administration

Choice behavior The ability of amphetamine to increase
choice of P1 and decrease choice of P2 in the pair-housed
rats was not blocked by prior administration of either the
dopamine D, or D, receptor antagonists (Fig. 6). Likewise,
amphetamine still decreased choice of P2 in the environ-
mentally enriched rats when either SCH 23390 or eticlopr-
ide was administered prior to amphetamine (Fig. 6).
Furthermore, as there was no significant effect of amphet-
amine on choice in the isolated group, there was also no
effect of prior administration of either the D, or D, receptor
antagonists on decision-making in this group (Fig. 6).

Other behavioral measurements Prior administration of ei-
ther the Dy or D, receptor antagonists blocked amphetamine’s
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ability to increase premature responses similarly in all groups
(Fig. 6; SCH 23390 co-administration—dose X antagonist:
Fi 19=15.251, p=0.001; dosex antagonistxhousing: F» 9=
0.440, NS; eticlopride co-administration—dose x antagonist:
Fi 19=5.763, p=0.03; dose x antagonist X housing: F, 9=
0.087, NS).

Values and statistical analyses for the other variables ana-
lyzed are provided in Supplementary Information (Table S4).
Both the dopamine D; and D, receptor antagonists were able
to significantly block the ability of amphetamine to decrease
the number of trials completed and amount of reward received
in the enriched group. Interestingly, only the dopamine D,
receptor antagonists was able to block the effects of amphet-
amine on trials completed and pellets received for the
isolation-reared rats. Although prior administration of both
antagonists increased the number of trials completed in the
pair-housed group, this observation was not significant.

Discussion

These findings illustrate that different rearing environments
affect decision-making processes and motor impulsivity,
measured concurrently using the rGT. Compared to pair-
housed rats, animals reared in an enriched environment or in
isolation were slower to learn the optimal strategy; however,
only isolation-reared rats chose the advantageous options
less once the task had been acquired. Although there were
some minor and inconsistent effects of eticlopride in the
enriched or isolation-reared groups, pair-housed rats chose
the best option more often when the dopamine D, receptor
antagonist was administered, similar to previous results
(Zeeb et al. 2009).

Furthermore, isolation-rearing blocked amphetamine’s
ability to alter decision-making on the rGT, yet amphetamine
similarly increased premature responding in all rats. Although
the effects of amphetamine on decision-making were not
affected by prior administration of a dopamine D; or D,
receptor antagonist, pretreatment with either antagonist
blocked the ability of amphetamine to increase impulsive
action. Therefore, amphetamine’s effects on premature
responding appear to be mediated by the dopamine system,
in accordance with previous findings using the SCSRTT
(Robbins 2002), whereas its ability to alter decision-making
on the rGT may be mediated by another neurotransmitter.

Housing environment differentially alters rGT acquisition
and performance

During task acquisition, rats reared in an enriched environ-
ment or in isolation were impaired at determining which of
the two advantageous options (P1 or P2) was best. However,
with further training, environmentally enriched rats did not
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Fig. 6 Prior administration of a
dopamine antagonist blocks the
effects of amphetamine on
impulsive action, but not
decision-making. Prior admin-
istration of a dopamine D; or
D, receptor antagonist failed to
block the ability of amphet-
amine to alter decision-making
in the pair-housed (a) and
enriched group (e), and no ef-
fect was observed in the
isolation-reared rats (¢). In con-
trast, both antagonists similarly
blocked the ability of amphet-
amine to increase premature
responding in the pair-housed
(b), isolated (d), and enriched
(f) groups. Data are shown as
the mean (+SEM)

Pair-
housed

Isolated

Enriched

Choice (%)
] B [e)]
o

differ from pair-housed rats, yet isolated animals chose the
disadvantageous more often. Therefore, isolation-reared rats
were tempted by larger rewards, despite the greater loss
associated with these options.

Insight into the nature of these impairments may be
obtained by comparing our results to studies employing
other paradigms. Rats reared in isolated conditions are im-
paired on simpler cognitive tasks, such as reversal learning
and other tests of behavioral flexibility (Jones et al. 1991;
Krech et al. 1962; Schrijver and Wiirbel 2001). Likewise,
patients with damage to the ventromedial prefrontal cortex
are impaired on reversal learning tasks and performance of
the IGT (Bechara et al. 1994, 1999; Fellows and Farah
2003; Rolls et al. 1994). The inability of subjects with
ventromedial prefrontal cortex lesions to optimally perform
the IGT may in fact be caused by a reversal learning deficit,
leading to an inability to overcome an initial preference for
the disadvantageous decks (Fellows and Farah 2005).
Additionally, we have shown that rats with orbitofrontal
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cortex damage acquire the optimal strategy on the rGT at a
slower rate, which may reflect an inability to appropriately
learn contingencies of the task during the first few training
sessions (Zeeb and Winstanley 2011).

The delay-discounting task, in which subjects choose
between a small reward delivered immediately or a larger
reward delivered after a delay, is another laboratory test used
to assess decision-making processes (Evenden and Ryan
1996). In such a task, isolation-reared rats chose the larger
reward more often despite the greater cost (delay) associated
with this option (Hellemans et al. 2005). Together with the
findings from the present study, these results suggest that
isolation-reared rats may be biased toward options associat-
ed with greater reward magnitude despite their adverse
consequences, potentially due to a lack of flexibility when
learning reinforcement contingencies.

In contrast, environmentally enriched rats initially pre-
ferred the smaller, sooner reward over a larger, delayed
reward on a delay-discounting task, although these rats did
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not differ from pair-housed animals once performance sta-
bilized (Hellemans et al. 2005). However, using an adjusting
delay task, in which the delay to the large reward is in-
creased with each selection of the large reward option,
animals reared in an enriched environment were less impul-
sive (i.e., chose the large reward more often) compared to
isolation-reared rats (Perry et al. 2008). Although these
results are somewhat contradictory, it is worth noting that
the study by Perry et al. (2008) failed to include a socially
housed control group (such as pair-housed rats reared in
standard conditions), which may confound the interpretation
of these results (see Simpson and Kelly 2011). Furthermore,
the number of training sessions for the adjusting delay
procedure was substantially less than the number of sessions
in the study by Hellemans et al. (2005) that utilized a delay-
discounting task during which the delay to the large reward
is systematically increased within a session.

Additionally, animals reared in an enriched environment
demonstrate a decreased sensitivity to sucrose reward (van
der Harst et al. 2003). Therefore, in the present study,
enriched rats may have been unable to distinguish between
the two best options due to altered reward processing mech-
anisms. However, with further exposure to the task contin-
gencies, choice preferences of the enriched rats did not
differ from control subjects. Hence, enriched animals may
have overcome their initial deficit in reward processing as
training progressed. A decreased sensitivity to reward may
have emerged in the environmental enrichment group due to
constant stimulation present within the enriched environ-
ment, including new toys, multiple animals to interact with,
and different environments to explore; however, this hy-
pothesis is purely speculative and has not been empirically
tested.

Future studies employing the environmental enrichment or
isolation-rearing paradigms may want to consider additional
control groups of rats to determine which facets of the envi-
ronment are contributing to alterations in behavior. Substantial
variation exists across different laboratories employing envi-
ronmental enrichment paradigms (see Simpson and Kelly
2011 for a review); therefore, it may be worth considering a
specific control group for cage size and/or the number of
objects or toys present within the enrichment cage. In the
present study, the enriched cage differed from the pair-
housed environment on a number of levels, whereas the
pair- and isolation-reared rats were housed in identical cages.
To control for some of the variation in the environment, it
would be interesting to house a group of animals in the same
cage used for the environmental enrichment group, but pro-
vide no additional objects or toys and maintain an unchanging
environment throughout the experiment. It could then be
determined whether social housing or the novelty present
within the environment primarily contributes to the behavioral
changes observed.
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Housing environment alters the effects of dopamine
antagonists on rGT performance

Similar to previous results (Zeeb et al. 2009), acute admin-
istration of a dopamine D, receptor antagonist did not affect
decision-making on the rGT, and a dopamine D, antagonist
promoted choice of the optimal strategy. However, the effect
of the dopamine D, antagonist was only observed in the
pair-housed group. These results suggest that different rear-
ing conditions may have altered the function or expression
of dopamine D, receptors.

We were unable to find any previous research on how
environmental enrichment alters dopamine D, receptor func-
tion or expression. Therefore, although we can hypothesize
that animals reared in an enriched environment may have a
reduced sensitivity to dopamine D, receptor antagonists, the
reason for this is unclear. Studies aiming to clarify the effect of
isolation-rearing on dopamine D, receptors have reported
mixed results (see Djouma et al. 2006; Bardo and Hammer
1991; King et al. 2009; Malone et al. 2008). Interestingly,
animals in studies that found increases in dopamine D, recep-
tor density were exposed to behavioral manipulations or han-
dled extensively for vehicle or drug injections (Djouma et al.
2006; King et al. 2009). Experience on cognitive tasks has
been shown to alter receptor expression (for, e.g., Hellemans
et al. 2005). It can therefore be hypothesized that behavioral
testing introduced or unmasked differences in receptor expres-
sion in the current study. In sum, a better understanding of the
effects of isolation-rearing and environmental enrichment on
dopamine receptor availability and function following training
on cognitive tasks is required before any further conclusions
can be drawn.

Dopamine antagonists block the effects of amphetamine
on impulsive action

Amphetamine increases impulsive action, as measured by
the number of premature responses made on the SCSRTT
(for e.g., Cole and Robbins 1987; Harrison et al. 1997; Pattij
et al. 2007). Additionally, in line with previously reported
results (Zeeb et al. 2009), amphetamine increased this mea-
sure of impulsive action on the rGT. Similar to the SCSRTT
(Robbins 2002), the effect of amphetamine on motor impul-
sivity can be likewise attributed to increased dopamine
activity, as prior administration of a dopamine D; or D,
antagonist similarly blocked amphetamine’s ability to in-
crease premature responding in all groups.

It has previously been shown that isolation-reared rats
also exhibited a mild reduction in motor impulsivity (Dalley
et al. 2002), similar to the effects observed in the present
study. However in the latter study, amphetamine did not
increase premature responding in isolation-reared rats, in
contrast to the results presented here. Amphetamine may
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have had different behavioral effects in the two experiments
due to differences in the route of administration. In the study
by Dalley et al. (2002), amphetamine was administered
intravenously at 15 min intervals. The behavioral effects of
intravenous injections appear to be smaller compared to
systemic administration (for e.g., Cole and Robbins 1987).
Hence, a direct comparison between amphetamine’s effects
on motor impulsivity in the current study and the study by
Dalley et al. (2002) may not be appropriate.

Dopamine antagonists do not block the effects
of amphetamine on decision-making

In pair-housed rats, amphetamine decreased optimal choice
and increased choice of P1—associated with the highest fre-
quency of reward and the least amount of punishment—sim-
ilar to previous results (Zeeb et al. 2009). Interestingly,
amphetamine also increased choice of an option associated
with less punishment (foot-shock) on a risky decision-making
task (Simon et al. 2009). Therefore, amphetamine may cause
animals to be more sensitive to punishment or loss. However,
although amphetamine disrupted decision-making in enriched
rats by decreasing their choice of P2, these rats also increased
their choice of the disadvantageous options (P3 or P4). As
previously mentioned, animals raised in an enriched environ-
ment may be more sensitive to an acute dose of amphetamine
(Bardo et al. 1995; Bowling et al. 1993). Although this effect
is attributed to increased dopamine release, the release of
dopamine caused by amphetamine administration does not
appear to contribute to decision-making processes on the
rGT, at least with regards to activity at either the dopamine
D, or D, receptors.

In addition to facilitating dopamine release, amphetamine
also increases the levels of other monoamines, such as sero-
tonin (5-HT) and norepinephrine (Floor and Meng 1996;
Jones et al. 1998; Kuczenski and Segal 1989; Parada et al.
1988; Rothman et al. 2001). It has been hypothesized that 5-
HT plays a significant role in the processing of punishment
signals (Cools et al. 2008; Robinson et al. 2012). Interestingly,
acute administration of a 5-HT;  receptor agonist generally
impaired animals’ decision-making ability, increasing rats’
choice of both a more conservative option (P1) and a more
“risky”” option (P3) (Zeeb et al. 2009). Additionally, environ-
mental enrichment increased the density of 5-HT 5 receptors
in the frontal cortex of rats performing a delay-discounting
task (Hellemans et al. 2005). Therefore, alterations in the 5-
HT system may have contributed to amphetamine’s abil-
ity to increase choice of the disadvantageous options in this
group.

Conversely, rearing animals in isolation blocked amphet-
amine’s ability to alter decision-making, which may also be
due to alterations within the 5-HT system. Rats reared in
isolated conditions exhibited a reduction in 5-HT release

in the medial prefrontal cortex following intravenous
amphetamine administration (Dalley et al. 2002) and demon-
strated decreased forebrain 5-HT release and increased turn-
over (Bickerdike et al. 1993; Brenes et al. 2008). Additionally,
compared to pair-housed controls, isolated rats also have a
reduced density of 5-HT axons, specifically within the baso-
lateral amygdala (Kuramochi and Nakamura 2009), an area
known to be involved in modulating decision-making on the
IGT (Bechara et al. 1999) and rGT (Zeeb and Winstanley
2011).

Relationship between impulsive action and risky
decision-making

Recent studies have suggested that patients with pathological
gambling show elevated levels of motor impulsivity (see
Verdejo-Garcia et al. 2008 for a review). Although studies
comparing baseline levels of impulsive action and delay-
discounting in rodents or humans failed to find a correlation
between these two measures (Winstanley et al. 2004; Crean et
al. 2000), animals selected for high levels of motor impulsiv-
ity also demonstrate increased rates of delay-discounting
(Robinson et al. 2009). These findings suggest that within
the normal population, different forms of impulsivity may not
correlate within individuals, but in extreme conditions—such
as pathological gambling or the animals selected in the study
by Robinson et al. (2009)—highly impulsive individuals may
exhibit multiple forms of impulse control deficits.

In the current study, both motor impulsivity and decision-
making processes were measured concurrently using the rGT
(Zeeb et al. 2009). Here, we showed that rearing animals in
distinct housing conditions differentially affects decision-
making and impulsive action; isolation-reared rats demon-
strated decreased levels of motor impulsivity but also in-
creased choice of the disadvantageous options. Although it
could be hypothesized that an opposing relationship exists
between impulsive action and risky decision-making, both
pair-housed rats and animals reared in an enriched environ-
ment showed similar decision-making preferences, yet
enriched animals tended to make more premature responses
on the rGT. Therefore, alterations in housing environment
may affect the association between impulsive action and risky
decision-making. Hence, in line with the findings from previ-
ous research utilizing the delay-discounting task (Winstanley
et al. 2004; Crean et al. 2000), a universal relationship be-
tween baseline levels of impulsive action and decision-
making may not exist.

Conclusion

In summary, the results from the current study suggest that
housing environment influences decision-making with
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regards to learning response contingencies and selection of the
best strategy. Furthermore, the ability of amphetamine to alter
decision-making processes on the rGT is unlikely to be medi-
ated by the drug’s effects on the dopamine system. Therefore,
future studies should be aimed at determining the role of other
neurotransmitters, such as 5-HT, on decision-making.
Additionally, these results highlight the capability of the rGT
to concurrently measure—and dissociate—impulsive action
and decision-making under risk and uncertainty.
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