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Abstract
Previous findings indicate treatment with a selective serotonin reuptake inhibitor (SSRI) facilitates
behavioral flexibility when conditions require inhibition of a learned response pattern. The present
experiment investigated whether acute treatment with the SSRI, escitalopram, affects behavioral
flexibility when conditions require inhibition of a naturally-biased response pattern (elevated
conflict test) and/or reversal of a learned response pattern (spatial reversal learning). An additional
experiment was carried out to determine whether escitalopram, at doses that affected behavioral
flexibility, also reduced anxiety as tested in the elevated plus-maze. In each experiment, Long-
Evans rats received an intraperitoneal injection of either saline or escitalopram (0.03, 0.3 or 1.0
mg/kg) 30 minutes prior to behavioral testing. Escitalopram, at all doses tested, enhanced
acquisition in the elevated conflict test, but did not affect performance in the elevated plus-maze.
Escitalopram (0.3 and 1.0 mg/kg) did not alter acquisition of the spatial discrimination, but
facilitated reversal learning. In the elevated conflict and spatial reversal learning test, escitalopram
enhanced the ability to maintain the relevant strategy after being initially selected. The present
findings suggest that enhancing serotonin transmission with a SSRI facilitates inhibitory processes
when conditions require a shift away from either a naturally-biased response pattern or a learned
choice pattern.
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Introduction
Individuals with various psychiatric and developmental disorders, i.e. major depressive
disorder, schizophrenia and autism spectrum disorder, exhibit distinct impairments in
generating appropriate strategies and/or inhibiting inappropriate responses that adversely
impact daily living (Lopez et al., 2005; Solomon et al., 2009; Withall et al., 2009). These
deficits are commonly observed in probabilistic reversal learning tests in which an initial
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response pattern associated with positive feedback in a highly probable manner, is reversed
such that an alternative response becomes associated with positive feedback in a highly
probably manner (Dickstein et al., 2009; Leeson et al., 2009; Waltz and Gold, 2007; Withall
et al, 2009). Individuals with schizophrenia and autism spectrum disorder also exhibit
deficits in which a naturally-biased, prepotent response is context-inappropriate and must be
supplanted by an alternative response (Agam et al. 2010; Christ et al., 2007; Harris et al.,
2009; Mosconi et al., 2009). For example, these patient populations are impaired on an anti-
saccade test in which individuals must inhibit a prepotent bias of generating an eye
movement toward a visual target and instead execute a saccade away from the visual target
(Munoz and Everling, 2004). Thus, patients with these disorders can experience deficits in
withholding both learned and naturally-occurring prepotent responses. Understanding
whether similar neural mechanisms underlie the behavioral flexibility required for inhibition
of a learned and naturally-occurring prepotent response is critical in the development of
effective therapies for treating various clinical disorders.

Investigations into the neural mechanisms underlying cognitive flexibility deficits have
focused on neurochemical mechanisms that support inhibitory processes (Eagle and Baunez,
2010). The neurotransmitter serotonin (5-HT) may be critical for inhibitory processes related
to flexible responding (Winstanley et al., 2003, 2004). For example, depletion of 5-HT in the
marmoset prefrontal cortex with 5,7-DHT produces reversal learning impairments (Clarke et
al., 2005; 2007). In humans, depletion of the amino acid precursor of 5-HT, tryptophan
selectively impairs probabilistic reversal learning (Finger et al., 2007). Similarly, depletion
of 5-HT content in the rat frontal cortex or multiple rat forebrain regions also produces
reversal learning deficits (Bari et al., 2010; Lapiz-Bluhm et al., 2009). Conversely,
enhancing 5-HT transmission with the selective serotonin reuptake inhibitor (SSRI),
citalopram, improves probabilistic reversal learning in rats (Bari et al., 2010). Citalopram
facilitates reversal learning by decreasing the probability that a subject switches their choice
pattern to the less reinforced choice after receiving no reinforcement on a correct trial (Bari
et al., 2010). These findings with SSRI treatment indicate that inhibiting 5-HT reuptake
facilitates reversal of a learned prepotent response by modulating negative feedback
sensitivity. Taken together, the 5-HT depletion findings and SSRI results suggest that intact
5-HT transmission in the forebrain is critical for reversal of a learned response pattern

SSRI treatment enhancement of probabilistic reversal learning may result from increased 5-
HT transmission augmenting inhibitory processes that allows a more rapid shift in response
patterns. Alternatively, SSRI treatment may enhance behavioral flexibility, in part, by
reducing anxiety. Administration of a SSRI is effective in treating general anxiety disorder
(Goodman et al., 2005; Stein et al., 2005) and panic disorder (Stahl et al., 2003).
Furthermore, acute escitalopram treatment in rats also reduces anxiety measures in the
elevated T-maze test and following electrical stimulation of the dorsolateral periacqueductal
gray; a purported model of panic disorder (Hogg et al., 2006; Lim et al., 2010; Pinheiro et
al., 2008). Moreover, SSRIs or targeted 5-HT receptor agonists facilitate learning or
memory under conditions that have a fear or anxiety component, e.g. fear conditioning or
inhibitory avoidance (Burghardt et al., 2004; Hashimoto et al. 2007; Izquierdo et al., 1998;
Meneses et al., 2007; Montezinho et al., 2010). The effects of SSRIs on anxiety raise the
possibility that enhancing 5-HT transmission with SSRI treatment does not selectively affect
behavioral flexibility, but when a response pattern is no longer reinforced this increases
anxiety which SSRI treatment alleviates and allows a more rapid switch in response
patterns. Because SSRI treatment also affects aversive learning still another possibility is
that SSRI treatment may more selectively affect memory consolidation or retrieval processes
of a learned strategy that subsequently affects reversal of this acquired strategy. However,
because past studies investigating the behavioral effects of SSRIs have usually focused on
one aspect of behavior, i.e. learning or anxiety, as opposed to examining the effects of SSRIs

Brown et al. Page 2

J Psychopharmacol. Author manuscript; available in PMC 2012 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



on multiple behavioral processes, unknown is whether any of these alternative mechanisms
may underlie SSRI effects on behavioral flexibility.

In understanding how SSRI treatment may contribute to behavioral flexibility, another issue
is that previous studies have investigated the effects of SSRI treatment on reversal of a
learned response pattern, but unknown, is whether SSRI treatment also facilitates inhibition
of a more naturally-biased prepotent response. Standard reversal learning paradigms
represent tests of inhibiting a learned response pattern that are commonly carried out in an
enclosed operant chamber or in mazes in which the arms have side walls. However, tests
have not been used to study inhibition of an automatic or naturally-biased, prepotent
response pattern. Rodents exhibit a prepotent bias in entering closed arms versus open arms
when tested in elevated mazes (Montgomery, 1958; Pellow et al., 1985). These tasks are
commonly used as tests to measure anxiety (Graeff et al., 1993; Pellow et al., 1985). Some
studies report that citalopram or escitalopram reduce anxiety measures in these tests
(Pinheiro et al., 2008; Pollier et al., 2000). Because these tests have both an anxiety and a
prepotent response bias component, we wanted to use an elevated maze to determine
whether acute escitalopram treatment affects inhibition of a naturally-biased prepotent
response to obtain a food reward. Specifically, we used an elevated T-maze in which the
open arm was reinforced with a food reward at a high probability, while the closed arm was
reinforced at a low probability (Experiment 1). A probabilistic learning procedure was used
because, as noted above, probabilistic reversal learning deficits are commonly observed in
clinical populations (Dickstein et al., 2009; Leeson et al., 2009; Waltz and Gold, 2007;
Withall et al, 2009) and probabilistic reinforcement learning tests may be more ecologically
relevant (Bitterman, 1975; Sonsino, 1997; Tsuchida et al., 2010). If SSRI treatment
enhances acquisition in the elevated conflict test, this may result from a SSRI principally
reducing anxiety. To determine this, Experiment 2 determined the effect of acute
escitalopram treatment in the elevated plus-maze. Alternatively, escitalopram may not have
a general effect in reducing anxiety, but decreases anxiety when there is a salient
motivational condition, i.e. obtaining a food reward. Experiment 3 investigated whether
acute escitalopram treatment reduces the latency to obtain a food reward when the only
choice is to enter an open arm. To compare the effects of SSRI in inhibition of a naturally-
occurring prepotent bias with reversal of a learned prepotent response pattern, Experiment 4
investigated the effect of acute escitalopram treatment on acquisition and reversal learning
of a spatial discrimination. Finally, Experiment 5 examined whether post-acquisition
escitalopram treatment affected memory consolidation of the originally learned
discrimination when tested in reversal learning or in a subsequent retrieval session. Taken
together, this set of experiments investigated whether acute SSRI treatment affects
behavioral flexibility in naturally-biased and learned prepotent conditions and whether these
results are due to effects on anxiety and/or memory processes.

Materials and Methods
Subjects

A total of 161 male Long-Evans rats (Harlan, Indianapolis, IN) served as subjects. Rats
weighed between 300–360 g at the time of experiments. A separate cohort of naïve rats were
used for each experiment. Rats were individually housed in plastic cages (26.5 cm × 50 cm
× 20 cm) in a temperature (22 C) and humidity (30%) controlled environment. Rats were
placed on a 12 hour light/dark cycle (lights on at 7:00am). Animals were food restricted to
85–90% of their ad libitum body weight during the course of the experiment but had access
to water ad libitum while in their home cage. Animal care was in accordance with the
National Institutes for Health’s Guide for the Care and Use of Laboratory Animals and
approved by the University of Illinois Institutional Laboratory Animal Care and Use
Committee.
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Figure 1 diagrams the experimental design for each experiment described below.

Experiment 1: The effect of escitalopram on prepotent response inhibition in the elevated
conflict test

The purpose of Experiment 1 was to determine whether acute escitalopram treatment
affected inhibition of naturally-biased prepotent response in the elevated conflict test.

Apparatus—In the training phase, a cross-maze was used in which each maze arm was 55
cm long and 10 cm wide with 15 cm high side walls and a 15 cm high back wall. A food
well was located in the distal end of each maze arm 5 cm from then end of each arm. For
testing in the elevated conflict test, the cross-maze was modified. One choice arm was
changed to an open arm with no side walls or a back wall. The width of this open arm was
reduced to 5 cm. This arm was narrower to increase a rat’s prepotent bias to enter the closed
arm and avoid the open arm. The walls located on the opposing closed arm were replaced by
walls that were each 30 cm high during testing. The other two arms were used as start arms
and were identical to those used in training. The maze was placed on a table that was
elevated 72 cm above the floor. The open arm extended completely off the table and was
supported by a metal stand (3 cm wide, 50 cm long and 71 cm high).

Behavioral Training—Prior to testing, each rat was exposed to the cross-maze and
trained to obtain cereal pieces in the food wells. Before training each rat was food restricted
as described above. Subsequently, rats were exposed to a cross-maze in which they learned
to obtain a half piece of Froot Loop’s cereal (Kellogg, Battle Creek, MI) from each food
well. During training, a rat was also picked up after consuming a cereal piece and placed
into a different maze arm. This acclimated a rat to being picked up in the maze as occurred
in the test phase. After a rat consumed all four cereal pieces from each food well, it was
placed in a holding chamber near the maze. The food wells were rebaited and a new trial
was started. This phase of training continued until a rat completed a minimum of five trials
in 15 min across two consecutive days. Subsequently, a final day of training occurred in
which a black plastic block (9 cm wide × 13 cm high × 1 cm thick) was placed at the
entrance of one arm giving the maze a T-shape. A rat was placed in the stem arm and
allowed to enter either choice arm to obtain a cereal piece. After the initial choice, a rat was
placed back in the stem arm. If a rat chose the same arm as the initial choice, it was returned
to the stem arm until it chose the other arm. Once a rat had selected both arms it was placed
on top of its home cage while the two choice arms were rebaited. The session ended after a
rat had completed seven of these trials as in previous experiments (Brown et al., 2010,
McCool et al., 2008). Testing occurred in the following session. On average, training
required five sessions.

Behavioral Testing—In the elevated conflict test the maze was modified to have an open
choice arm and a closed choice arm as described above. In this test, a rat was
pseudorandomly started from one of two different start arms so that a start arm was not used
for more than two consecutive trials. The two start arms were opposite from each other. The
entrance to the arm directly opposite to the start arm was blocked with a black acrylic piece
(9 cm wide × 30 cm high × 1 cm thick) to give the maze a T-shape. This allowed entry into
either an open or closed arm. The open arm was designated as the correct arm and contained
a half piece of cereal on 80% of trials. On the other 20% of trials, the incorrect arm (closed)
was baited with a half piece of cereal. The first two trials of the test always contained food
reinforcement in the correct arm. The open and closed arms were baited with a cereal
reinforcement pseudorandomly such that the open arm was baited a maximum of six
consecutive trials. On any individual trial, only one of the choice-arms was baited. A rat was
allowed to choose an arm, eat the cereal piece if available, and was promptly placed in a
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holding chamber near the maze. If a chosen arm was not baited, then a rat was allowed to
locomote to the empty food well and was then promptly removed from the maze. Between
trials, the maze and black acrylic piece were wiped down with 2% quaternary ammonium
chloride solution to minimize the use of olfactory cues. Arms were dried before the
following trial. A correct response was recorded if a rat entered the open arm. The inter-trial
interval was approximately 15 seconds. This procedure was repeated until a rat chose the
open arm on ten consecutive trials. This criterion was selected based upon similar
procedures used in previous experiments (Brown et al., 2010, McCool et al., 2008). Testing
was completed in a single test session.

Treatment—Rats received an intraperitoneal (i.p.) injection 30 minutes prior to testing in a
volume of 1.0 ml/kg. Each rat was randomly assigned to one of the following treatment
groups (with the sample size for each group represented in parentheses): 1) Saline (n=8); 2)
Escitalopram 0.03 mg/kg (n=6); 3) Escitalopram 0.3 mg/kg (n=10); 4) Escitalopram 1.0 mg/
kg (n=6). Escitalopram was mixed in sterile saline. Escitalopram oxalate was obtained from
American Customs Chemical Corporation, San Diego, CA, USA.

Analysis of Errors—An analysis of errors was conducted to determine whether
escitalopram treatment affected the initial inhibition of a prepotent choice pattern as
measured by perseverative errors and/or the maintenance of a new choice after being
initially selected as measured by regressive errors (McCool et al., 2008; Ragozzino et al.,
2002; 2003). To determine the number of perseverative errors, trials were separated into
consecutive blocks of four trials. Perseveration was defined as initially selecting the closed
arm in three or four trials in a block. Thus, if a rat chose the closed arm on the majority of
trials in a block it was considered to be perseverating on the prepotent choice. Once a rat
made two or more choices in the open arm in a block, perseveration was no longer
considered to occur. All subsequent entries into the closed arm were defined as regressive
errors. Perseveration is considered a measure of the inability to initially inhibit a prepotent
choice pattern. Regressive errors determine the ability to maintain a new choice pattern after
being initially selected.

As carried out by Bari et al. (2010), an analysis was also performed to determine whether
escitalopram altered the sensitivity to reinforcement or no reinforcement on correct trials. A
rat’s choices in the test were analyzed based on the outcome (reinforcement or no
reinforcement) of each preceding trial and expressed as a ratio. For correct trials, a win-stay
ratio was determined by the number of times a rat received a reinforcement in the correct
arm and then chose the same correct arm on the subsequent trial, divided by the total number
of reinforced trials for the correct trials only. The lose-shift ratio was determined by the
number of times a rat changed its choice after not receiving reinforcement in the correct arm
on the previous trial, divided by the total number of non-reinforced trials for only correct
trials.

Experiment 2: The effect of escitalopram treatment on the elevated plus-maze
The purpose of Experiment 2 was to determine whether acute escitalopram treatment
reduced a prepotent bias of avoiding an open arm even when there was no food reward.

Apparatus—The maze consisted of two opposing open (55 cm × 10 cm) arms and two
opposing closed arms (55 × 10 × 30 cm) with 15 cm high back walls. The maze was
elevated 72 cm above the floor. Open arms were supported by metal stands as in the
elevated conflict test. Arms were connected with a (10 × 10 cm) black acrylic square.
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Behavioral Testing—The effect of escitalopram treatment on the elevated plus-maze was
investigated in Experiment 2. If escitalopram treatment affects acquisition in the elevated
conflict test, this may occur by principally modifying anxiety, as opposed to directly
affecting an inhibitory response process. To determine this, a separate set of rats received
either escitalopram or saline prior to the elevated plus-maze test. No maze training occurred
prior to the test. However, all rats were handled and food restricted similar to that in
Experiment 1. At task onset, rats were placed in the center square facing an open arm and
were allowed to explore the maze for five minutes. The duration spent in open and closed
arms, as well as the numbers of entries in open and closed arms were recorded. After each
rat was tested, the maze was thoroughly cleaned with a 2% quaternary ammonium chloride
solution and allowed to dry for at least 30 minutes.

Treatment—Rats received an i.p. injection of either saline or escitalopram 30 minutes
prior to the test session. Each rat was randomly assigned to either the Saline (n = 7) or
Escitalopram 1.0 mg/kg (n = 6) group. Escitalopram at 1.0 mg/kg was chosen because this
was the highest dose of the SSRI that was effective in the elevated conflict test.

Experiment 3: The effect of escitalopram on the single open arm test
The purpose of Experiment 3 was to determine whether acute escitalopram treatment
reduced a prepotent bias in avoiding an open arm when there was a food reward. Thus, this
study determined whether escitalopram affected entry into an open arm when adding an
appetitive motivational component was introduced.

Apparatus—Rats were trained in the cross maze as described in Experiment 1. For the test
phase, the same maze set-up in the elevated conflict test (Experiment 1) was used. The only
exception was that a rat could only enter the open arm to receive a food reinforcement. A
block was placed at the entrance of the closed arm throughout the test session.

Behavioral Training and Testing—Experiment 2 determined whether escitalopram
affected anxiety as tested in the elevated plus-maze. In the elevated plus-maze a rat enters an
open arm, but there is no food reward. One possibility is that escitalopram does not have a
general effect in reducing anxiety, but reduces anxiety when an explicit reward can be
obtained. To determine this, Experiment 3 addressed whether escitalopram altered anxiety
by reducing the time to enter an open arm when rats were motivated to obtain a food reward.
In this test, rats were trained in a cross maze as described in Experiment 1. As in Experiment
1, two arms, opposite each other, were used as start arms during testing. In each trial, the
arm opposite the start arm and the closed arm were blocked. A rat was placed in a start arm
and had to navigate to the end of the open arm to receive a half piece of cereal. A rat was
pseudorandomly started from one of two different start arms so that any one start arm was
not used for more than two consecutive trials. Testing was completed once rats retrieved a
cereal reinforcement within 20 s on a single trial for ten consecutive trials. This criterion
was used because based in Experiment 1 a rat had an average latency of approximately 20 s
when it chose the correct arm in the final ten trials of testing. The test criterion was used to
make it comparable to that used in Experiment 1.

Treatment—Rats were randomly assigned to either the saline (n = 6) or escitalopram 1.0
mg/kg (n = 6) group. Treatments were administered i.p. 30 minutes prior to testing.
Escitalopram at 1.0 mg/kg was chosen because this was the highest dose of the SSRI that
was effective in the elevated conflict test.
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Experiment 4: The effect of escitalopram on acquisition and reversal learning of a spatial
discrimination

To compare the effects of SSRI in inhibition of a naturally-occurring prepotent bias with
reversal of a learned prepotent response pattern, this experiment investigated the effect of
acute escitalopram treatment on acquisition and reversal learning of a spatial discrimination.

Apparatus—In the spatial discrimination test, training and testing occurred in a cross-
maze identical to the maze used for training in the elevated conflict test (Experiment 1).
Therefore, each arm was 55 cm long and 10 cm wide with 15 cm high side walls and a 15
cm high back wall.

Behavioral Training and Testing—In Experiment 4, the effect of escitalopram on
acquisition and reversal learning of a spatial discrimination was conducted. Each rat was
tested on acquisition and reversal learning of a spatial discrimination over two consecutive
days. A similar testing procedure was used as in previous studies (Brown et al., 2010;
Ragozzino & Choi, 2004) except that here, a probabilistic learning procedure was used in
both test sessions. In the acquisition phase, one choice arm was designated as the correct
arm and contained a half piece of cereal on 80% of the trials. On the other 20% of trials, the
incorrect arm was baited with a half piece of cereal. The first two trials of the test always
contained a reinforcement in the correct arm. Acquisition criterion was achieved when a rat
entered the correct arm for ten consecutive trials. Thus, a rat had to learn to always enter the
same maze arm based on spatial location for ten consecutive trials.

On the second day of testing (reversal learning), the correct and incorrect arms were
reversed from those on acquisition such that a rat was required to enter the arm opposite to
that on acquisition. Thus, the new correct arm was reinforced on 80% of the trials and the
new incorrect arm was reinforced on 20% of the trials. The first two trials of the test always
contained a reinforcement in the correct arm. The criterion for reversal learning was ten
consecutive trials for entering the new correct arm.

Treatment—Each rat received an i.p. injection 30 minutes prior to the acquisition phase
and reversal learning phase. Rats were randomly assigned to one of the following treatment
groups (acquisition treatment- reversal learning treatment): 1) Saline- Saline (n=11); 2)
Escitalopram 0.3 mg/kg- Saline (n=11); 3) Escitalopram 1.0 mg/kg- Saline (n=11); 4)
Saline- Escitalopram 0.03 mg/kg (n=11); 5) Saline- Escitalopram 0.3 mg/kg (n=11); 6)
Saline- Escitalopram 1.0 mg/kg (n=11); 7) Escitalopram 1.0 mg/kg- Escitalopram 1.0 mg/kg
(n=7). Group 1 served as the control group. Groups 2–3 determined whether various doses
of escitalopram affected acquisition. Groups 4–6 determined whether various doses of
escitalopram affected reversal learning. Group 7 determined whether escitalopram at the
high dose led to state dependent learning.

Analysis of Errors—Similar to that in the elevated conflict test, an analysis of errors was
conducted to determine whether escitalopram treatment affected perseverative and
regressive errors in reversal learning. Perseverative and regressive errors were analyzed
similar to Experiment 1. In addition, an analysis was performed to determine whether
escitalopram altered the sensitivity to reinforcement (win-stay) or no reinforcement (lose-
shift) on correct trials. The specific analysis was the same as described for the elevated
conflict test (Experiment 1).

Experiment 5A: The effect of post-acquisition escitalopram on spatial reversal learning
In Experiment 4, escitalopram 1.0 mg/kg given prior to acquisition improved spatial reversal
learning 24 hours later. To determine whether this dose of escitalopram might possibly
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decrease memory consolidation and thus enhance reversal learning, the drug was
administered post-acquisition. If this is the case, then a post-acquisition injection of
escitalopram should enhance spatial reversal learning.

Behavioral Training and Testing—The same apparatus used in Experiment 4 was used
in this study. The training and testing procedure was identical to that described above for
Experiment 4. However, rats were not injected prior to acquisition, but administered either
saline or escitalopram immediately following acquisition. On the second day of testing
(reversal learning), rats were injected with saline 30 minutes prior to testing.

Treatment—Rats were assigned to either the Saline - Saline (n=9) or Escitalopram 1.0 mg/
kg - Saline (n=10) group.

Experiment 5B: The effect of post-acquisition escitalopram on retrieval of a learned spatial
discrimination

Comparable to Experiment 5A, the goal of Experiment 5B was to determine whether a post-
acquisition injection of escitalopram decreased memory consolidation. However, in this
experiment, rats received retrieval trials in the subsequent test session as opposed to a
reversal learning procedure. If escitalopram impairs memory consolidation of a learned
spatial discrimination, then rats receiving this treatment should be impaired in retrieving the
previously learned discrimination.

Behavioral Training and Testing—The cross-maze used in Experiment 4 was also used
in this study The training procedure was identical to that described in Experiment 4. As in
Experiment 5A, saline or escitalopram 1.0 mg/kg was administered immediately following
acquisition. The following day rats received a retrieval test. Thirty-minutes prior to the
retrieval test, each rat received an i.p. injection of saline. In the retrieval session, rats were
tested on the same discrimination they had learned previously. Thus, the correct arm
remained correct, and again was only reinforced on 80% of the trials, and the incorrect arm
was reinforced on 20% of the trials. Retrieval testing was completed when a rat chose the
correct arm for 10 consecutive trials.

Treatment—Each rat was assigned to either the Saline - Saline (n=8) or Escitalopram 1.0
mg/kg- Saline (n=6) group.

Statistical Analysis
For the elevated conflict test (Experiment 1) and spatial discrimination test (Experiment 4),
a one-way analysis of variance (ANOVA) determined whether there was a significant
treatment effect on trials to criterion. In the spatial discrimination test, a separate ANOVA
was conducted for the acquisition phase and reversal learning phase. In both the elevated
conflict test and spatial reversal learning test, ANOVA tests were conducted to examine
differences among the groups on both perseverative and regressive errors. In these same
studies, ANOVA tests were conducted to determine a treatment effect on win-stay and lose-
shift performance. A significant treatment effect was followed by a Newman-Keuls post-hoc
test to determine significant differences between treatment groups. An alpha level of 0.05
was set for significance in all of the statistical analyses.

In the elevated plus-maze experiment, an analysis of the percent open arm duration and
percent open arm entries was conducted. Percent open arm duration was determined by
dividing the open arm time by the total of the open arm time + closed arm time. The percent
open arm entries was determined by dividing the number of open arm entries by the total
number of arm entries. Unpaired t-tests determined whether there were significant
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differences in percent open arm durations or percent open arm entries between the groups. In
Experiments 3, 5A and 5B, t-tests were performed to determine differences between the
groups on the number of trials to criterion on acquisition, reversal learning and/or retrieval.
In addition for Experiment 3, an ANOVA with repeated measures on the latency to complete
a trial for the first and last block of 10 trials was carried out. For these analyses an alpha
level of 0.05 was set for significance.

Results
Experiment 1: The effect of escitalopram on prepotent response inhibition in the elevated
conflict test

The results in the elevated conflict test are shown in Figure 2. Saline-treated rats required
approximately 80 trials to achieve criterion in this task. Escitalopram treatment reduced the
trials to criterion in this task ranging from a mean score of 59.6 ± 5.2 SEM to 40.3 ± 1.8
SEM. There was a significant difference in trials to criterion among the groups (F3,29 = 5.85,
P < 0.01). Escitalopram at all doses significantly facilitated acquisition compared to that of
saline treatment (P’s < 0.05).

In acquiring the elevated conflict test, saline controls perseverated and chose the closed arm
an average of nine trials (see Figure 2B). Escitalopram-treated groups tended to perseverate
less with scores ranging from a mean of 3.3 ± 1.9 to 6.0 ± 1.4. However, there was no
significant difference in perseverative errors among the groups (F3,29= 0.94, P > 0.05). In
contrast, there was a significant group effect for regressive errors (F3,29 = 4.91, P < 0.01; see
Figure 2C). Rats administered escitalopram at all doses tested committed significantly fewer
regressive errors compared to that of saline controls (P’s < 0.05).

An analysis of the win-stay/lose-shift performance indicated that escitalopram treatment did
not affect win-stay or lose-shift performance (see Figures 2D and 2E). All groups exhibited
an approximately 60% probability of win-stay choices and a range of 40–60% probability
for lose-stay choices. There was no significant difference in win-stay probabilities among
the groups (F3,29 = 0.80, P > 0.05). In a similar manner, there was not a significant
difference among the groups in lose-shift probability (F3,29 = 2.85, P > 0.05).

Experiment 2: The effect of escitalopram treatment on the elevated plus-maze
Escitalopram treatment did not affect the time spent in the open arms or the number of open
arm entries (see Figures 3A and 3B). The saline group spent a mean of 26.8 ± 6.0% of time
in the open arms, while the escitalopram (1.0 mg/kg) group spent 18.3 ± 5.2% of time in the
open arms. There was not a significant difference in the percentage of time spent in open
arms between the groups (t(12) = 1.07, P > 0.05). For open arm entries, both groups chose
an open arm approximately one-third of the time. There was no significant difference in the
percent of open arm entries between the groups (t(12) = 0.15, P > 0.05). Thus, escitalopram
did not affect either measure in the elevated plus-maze.

Experiment 3: The effect of escitalopram on the single open arm test
This experiment determined whether escitalopram may reduce anxiety in an elevated maze
in order to obtain a reward. If escitalopram reduces anxiety under conditions in which a food
reward can be obtained, then escitalopram treatment should enhance acquisition in the single
open arm test. The results from the single open arm test are shown in Figure 4. There was
not a significant difference in trials to criterion between the saline and escitalopram groups
(t(10) = 0.31, P > 0.05). A further analysis on the latency to obtain food from the open arm
in first and last blocks of trials revealed there was not a treatment effect (F1,20 = 0.11, P
>0.05), but there was a significant block effect (F1,20 = 16.08, P < 0.05) reflecting a decrease
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in latencies from the first to last block. There was not a significant treatment × block
interaction (F1,20 = 0.03, P >0.05). Thus, escitalopram did not alter the latency to retrieve a
food reward from the open arm.

Experiment 4: The effect of escitalopram on acquisition and reversal learning of a spatial
discrimination

Acquisition of the spatial discrimination required approximately 50 trials to achieve criterion
in both saline-treated and escitalopram-treated rats (see Figure 5A). An ANOVA indicated
that there was not a significant treatment effect on spatial acquisition (F6,66 = 0.65, P >
0.05). In contrast to acquisition, the difference in trials to criterion during reversal learning
among the groups was significant (F6,66 = 6.20, P < 0.01). As shown in Figure 5B, treatment
with escitalopram at 0.3 and 1.0 mg/kg significantly enhanced reversal learning performance
compared to that of the saline- saline and saline- escitalopram 0.03 mg/kg groups (P’s <
0.05). The low dose of escitalopram (0.03 mg/kg) administered in the reversal learning
session did not affect performance compared to that of the saline- saline and escitalopram
0.3 mg/kg – saline groups (P’s > 0.05). Rats that received escitalopram 1.0 mg/kg on
acquisition and saline on reversal learning required significantly fewer trials in reversal
learning compared to that of the saline- saline and saline- escitalopram 0.03 mg/kg groups
(P’s < 0.05).

Escitalopram 1.0 mg/kg treatment on acquisition that subsequently led to improved reversal
learning, might reflect state-dependent learning. This is because the SSRI injected in the
acquisition phase might lead to learning under the drug state. When this group was
administered saline just prior to reversal learning it showed facilitation because it was no
longer under the drug state and thus would not be biased in using the originally learned
choice pattern. To control for this, another treatment group received escitalopram 1.0 mg/kg
prior to the acquisition and reversal learning session. If escitalopram, at this dose, led to
state-dependent learning, then this group should be impaired or certainly not exhibit
facilitation in the reversal learning phase. To the contrary, this group exhibited a significant
reduction in trials to criterion during reversal learning compared to that of the saline- saline,
saline- escitalopram 0.03 mg/kg and escitalopram 0.3 mg/kg – saline groups (P’s < 0.05).
Furthermore, escitalopram 1.0 mg/kg – escitalopram 1.0 mg/kg treatment was not
significantly different in reversal learning performance compared to that of saline-
escitalopram 0.3 mg/kg or saline- escitalopram 1.0 mg/kg treatment (P’s > 0.05).

In reversal learning, all groups commonly committed perseverative errors in the first block
of trials, but subsequently began to choose the new correct spatial location (see Figure 5C).
There was no significant difference in perseverative errors among the groups (F6,66 = 0.46, P
> 0.05). There was a significant group effect for the number of regressive errors (F6,66 =
5.10, P < 0.01). As illustrated in Figure 5D, the groups that received escitalopram 0.3 or 1.0
mg/kg in acquisition had significantly fewer regressive errors in reversal learning compared
to that of the saline- saline group (P’s < 0.05). Escitalopram at 1.0 mg/kg administered
during acquisition and reversal learning, as well as escitalopram administered at 0.3 or 1.0
mg/kg prior to the reversal learning session, also significantly reduced regressive errors
compared to that of the saline-escitalopram 0.03 mg/kg and saline- saline groups (P’s <
0.05).

In reversal learning, all groups had a win-stay probability of 50–70% and approximately
50% lose-shift probability (Figures 5E and 5F). There was a significant group effect on win-
stay probability scores (F6,66= 3.22, P <0.05). The escitalopram 1.0 mg/kg - escitalopram
1.0 mg/kg group exhibited a significantly greater win-stay choice pattern than that of the
saline- saline group and the saline- escitalopram 0.03 mg/kg group (P’s < 0.05). There was
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no significant difference in lose-shift probabilities among the groups (F6,66 = 0.76, P >
0.05).

Experiment 5A: The effect of post-acquisition escitalopram on spatial reversal learning
Because escitalopram 1.0 mg/kg administered prior to acquisition improved reversal
learning performance, subsequent experiments were carried out to determine whether
escitalopram treatment on acquisition may facilitate reversal learning by impairing memory
consolidation. If escitalopram impairs memory consolidation leading to an enhancement of
reversal learning, then escitalopram administered immediately following spatial acquisition
should enhance reversal learning performance. The groups that received a post-acquisition
injection of saline or escitalopram 1.0 mg/kg exhibited a similar acquisition rate with mean
scores of 62.8 ± 11.9 and 53.5 ± 7.6, respectively. The difference in acquisition rates
between the groups was not significant (t(17) = 0.67, P > 0.05). A post-acquisition injection
of escitalopram 1.0 mg/kg (mean = 69.2 ± 8.0) produced a modest improvement in reversal
learning performance compared to that of saline controls (mean = 82.7 ± 7.2), but the
difference between the groups was not significant (t(17) = 1.24, P > 0.05).

Experiment 5B: The effect of post-acquisition escitalopram on retrieval of a learned spatial
discrimination

If escitalopram impairs memory consolidation, then escitalopram administered immediately
following spatial acquisition should impair retention of the learned discrimination. The
results from this test indicated that the saline and escitalopram groups required a comparable
number of trials to achieve criterion in the acquisition phase (means = 60.3 ± 7.5 and 61.3 ±
4.7, respectively). The difference in trials to criterion between the groups was not significant
(t(12) = 0.11, P > 0.05). Post-acquisition injection of escitalopram 1.0 mg/kg or saline led to
scores in the retention test 24 hours later that were comparable, means = 24.8 ± 5.1 and 24.0
± 4.1, respectively. The difference in retention scores between the groups was not significant
(t(12) = 0.13, P > 0.05).

Discussion
The present experiments demonstrated that acute treatment with the SSRI, escitalopram,
enhances behavioral flexibility when rats must shift away from either a learned prepotent
response pattern (spatial reversal learning) or a naturally-occurring prepotent response
pattern (elevated conflict test). Past studies have focused on the role of 5-HT in behavioral
flexibility employing reversal learning or set-shifting tests. The depletion of brain 5-HT or
chronic intermittent stress, which reduces frontal cortex 5-HT release (Lapiz-Bluhm et al.,
2009), impairs reversal learning (Bondi et al., 2008; Clarke et al., 2005,2007; Lapiz-Bluhm
et al., 2009; Man et al., 2010). Furthermore, SSRI treatment has been reported to enhance
reversal learning (Bari et al., 2010) or alleviate a stress-induced set-shifting deficit (Bondi et
al., 2008). However, the findings from the elevated conflict test are the first to demonstrate
that an SSRI (escitalopram) can also facilitate inhibition of a naturally-occurring response
pattern when an alternative choice pattern is optimal. In support of the idea that rats exhibit a
natural-bias in preferring the closed arm over the open arm in the elevated conflict test,
control rats averaged about 10 trials before first entering the open arm. In contrast, when
having a choice between two closed arms as in the spatial discrimination test, rats do not
exhibit a similar avoidance for initially entering either arm (data not shown). Furthermore,
the trials to criterion in the elevated conflict test was achieved in approximately 80 trials for
the control group while acquisition in the spatial discrimination test was achieved in around
50 trials for the control group. Thus, the results suggest that escitalopram enhanced
performance in the elevated conflict test by inhibiting a naturally-biased prepotent response
pattern.
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All the escitalopram doses tested enhanced performance in the elevated conflict test. This
includes the lowest dose of 0.03 mg/kg. Past studies suggest that even this low dose of
escitalopram can result in plasma concentrations of the drug that correspond with high
occupancy of the of the 5-HT transporter (Bundgaard et al., 2006; Sanchez et al., 2003).
Moreover, this dose of escitalopram has been shown to increase 5-HT release in the brain
(Ceglia et al., 2004). Thus, the present findings in the elevated conflict and spatial reversal
learning test suggest that acute SSRI treatment enhances brain 5-HT release to facilitate
multiple conditions that require behavioral flexibility.

The elevated conflict test is a task that has a significant “anxiety” component similar to that
in the elevated plus-maze. Thus, escitalopram enhancing acquisition in the elevated conflict
maze may have resulted from principally reducing anxiety. However, escitalopram at a dose
that enhanced performance on the elevated conflict test did not alter performance in the
elevated plus-maze. This finding is consistent with other studies showing that citalopram or
escitalopram does not affect open arm entries or duration in the elevated plus-maze (Bondi
et al., 2008; Sun et al., 2010). Although, acute escitalopram treatment does reduce fear-like
responses induced by electrical stimulation of the dorsolateral periaqueductal gray (Lim et
al., 2010) and for entering an open arm in the elevated T-maze (Pinheiro et al., 2008).
However, the doses used in these studies were higher (2–10 mg/kg) than the highest dose (1
mg/kg) used in the present experiments. Thus, the different findings with escitalopram on
measures of anxiety may be explained, at least in part, due to the different drug doses used.
Alternatively, escitalopram may reduce anxiety to overcome a naturally-biased prepotent
response pattern when there is a significant motivational component, e.g. food reward.
Experiment 3 tested for this by determining whether escitalopram affected acquisition in the
single open arm test. Escitalopram at 1 mg/kg had no effect on acquiring this test. Taken
together, the findings suggest that escitalopram treatment facilitated performance on the
elevated conflict test by principally affecting inhibitory processes and not by reducing
anxiety.

In the elevated conflict test, escitalopram improved the ability to maintain a response pattern
into the open arm after being initially selected. This was observed by a significant reduction
in regressive errors. A similar pattern of results was observed in the spatial reversal learning
test in which escitalopram facilitated reversal learning by reducing regressive errors. Thus,
escitalopram did not affect the initial inhibition of a naturally-biased prepotent response or
initial inhibition of a learned prepotent response, but selectively enhanced the ability to
reliably execute a new choice pattern after the initial selection. In order to successfully
switch choice patterns a subject must initially inhibit the previously correct choice pattern
and switch to an alternative choice pattern, but must also maintain that switch by actively
inhibiting selection of the previously correct choice pattern. Although escitalopram
facilitated the maintenance of the shift in response patterns this did not result from an altered
sensitivity to positive reinforcement (win-stay) or negative reinforcement (lose-shift) on
correct trials. Previous studies using sustained attention or stop-signal tests have shown that
increased brain 5-HT activity reduces impulsive or premature choices (Homberg et al.,
2007), while decreasing brain 5-HT release increases impulsive choices (Fletcher et al.,
2009; Winstanley et al., 2004). One possible explanation for the present results is that
enhancing 5-HT release with escitalopram improved response inhibition of the naturally-
biased or learned prepotent response that facilitated the maintenance of a new choice
pattern.

Previous work from our laboratory has shown that the dorsomedial striatum and
parafascicular thalamic nucleus, two brain regions that are interconnected (Lapper & Bolam,
1992), are important for maintaining a choice pattern when conditions require a change in
strategies (Brown et al., 2010; Ragozzino & Choi, 2004). Both the striatum and
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parafascicular thalamic nucleus receive serotonergic input from the dorsal raphe nucleus
(Sim & Joseph, 1992; Vertes, 1991, 2010). One possibility is that escitalopram treatment
modulates activity in this circuit to enhance an accurate selection of a response pattern.
More specifically, SSRI treatment may facilitate striatal acetylcholine release to enhance
behavioral flexibility. Several studies have demonstrated that an increase in acetylcholine
release from the dorsomedial striatum is critical for facilitating reversal learning by
augmenting the ability to maintain a new choice after being selected (Brown et al., 2010;
Palencia & Ragozzino, 2006; Ragozzino & Choi, 2004; Ragozzino et al., 2009).
Furthermore, excitatory input from the parafascicular thalamic nucleus is critical for
stimulating acetylcholine release in the dorsomedial striatum during reversal learning
(Brown et al., 2010). Moreover, past studies have shown that direct brain infusions or
systemic injections of a SSRI enhance acetylcholine release from various brain regions
(Consolo et al., 1994; Egashira et al., 2006; Yamaguchi et al., 1997). Thus, SSRI treatment
may enhance 5-HT release in the parafascicular thalamic nucleus and dorsomedial striatum
to increase striatal acetylcholine output facilitating a flexible shift in response patterns.

Escitalopram may alternatively or additionally modify 5-HT release in the orbitofrontal
cortex to facilitate the maintenance of a new response pattern after a switch away from a
prepotent response pattern. A 5-HT depletion in the orbitofrontal cortex of marmosets
impairs reversal learning (Clarke et al., 2007) and drugs that target specific 5-HT receptors
infused into the rat orbitofrontal cortex enhance reversal learning (Boulougouris & Robbins,
2010). Orbitofrontal cortex lesions or inactivation often lead to perserverative responding in
reversal learning (Chudasama & Robbins, 2003; Kim & Ragozzino, 2005). However, under
certain conditions, i.e. increased level of difficulty, the orbitofrontal cortex is important for
maintaining a newly selected response pattern during reversal learning (Kim & Ragozzino,
2005). The orbitofrontal cortex projects to the dorsomedial striatum (Berendse et al., 1992)
and receives input from intralaminar nuclei that include the parafascicular thalamic nucleus
(Berendse & Groenewegen, 1991). This raises the possibility that SSRI treatment increases
5-HT release to modulate a frontal cortex –basal ganglia –thalamic circuit to maintain a shift
in a response pattern away from a prepotent choice pattern.

In the spatial discrimination test, escitalopram at the 1.0 mg/kg dose administered prior to
acquisition did not affect initial learning, but facilitated reversal learning. Treatment with
escitalopram, at similar doses as used in the present experiments, rapidly elevates brain
extracellular 5-HT levels which remains elevated for more than two hours (Ceglia et al.,
2004; Mork et al., 2003). The spatial acquisition session commonly lasted between 20–40
minutes. Thus, brain 5-HT levels would still be elevated after the completion of acquisition
testing, which could have affected the consolidation of the learned discrimination.
Specifically, an elevation of 5-HT levels post-acquisition may have impaired memory
consolidation that subsequently facilitated reversal learning. However, contrary to the idea
that escitalopram at 1.0 mg/kg impaired memory storage, a post-acquisition injection of
escitalopram did not affect memory retrieval. Thus, the present findings suggest that
escitalopram did not alter memory consolidation to affect reversal learning.

An alternative possibility is that escitalopram leads to state-dependent learning. In this
scenario, if a rat initially learned the spatial discrimination under escitalopram and received
saline during reversal learning a facilitation should be observed. Conversely, if a rat received
escitalopram on acquisition and reversal learning, it should be impaired on reversal learning.
Escitalopram at 1.0 mg/kg did not lead to state-dependent learning, because escitalopram
administered in the acquisition and reversal learning phase still led to enhanced reversal
learning performance. Another possibility is that an acute injection of escitalopram led to
plastic changes in the brain that outlasted the time in which the drug was effective, such that
beneficial effects of the drug on behavioral flexibility were still observed 24 hours later.

Brown et al. Page 13

J Psychopharmacol. Author manuscript; available in PMC 2012 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



However, if escitalopram has a longer lasting effect on behavioral flexibility, the present
findings suggest that it is somewhat limited. Escitalopram treatment administered post-
acquisition was not as effective in facilitating reversal learning as compared to
administration just prior to the reversal learning session.

There is accumulating evidence that abnormalities in the 5-HT transporter and behavioral
flexibility impairments are associated with conditions such as obsessive compulsive disorder
and autism spectrum disorders (Baumgarten and Grozdanovic, 1998; Doughery et al., 2004;
El Mansari and Blier, 2006; Owley et al., 2005; Zitterl et al., 2008; 2009). These among
other factors have resulted in individuals with obsessive-compulsive disorder and autism
spectrum disorder being treated with SSRIs (Denys et al., 2007; Owley et al., 2010). The
present findings suggest that treatment with a SSRI such as escitalopram may be effective in
reducing impairments in cognitive flexibility when conditions require inhibition of a learned
response pattern, as well as inhibition of a prepotent response pattern. Interestingly, acute
administration of the SSRI fluvoxamine significantly decreases repetitive behaviors in
autistic individuals (McDougle et al., 1996a). Conversely, short term tryptophan depletion
increases repetitive behaviors in autistic adults (McDougle et al., 1996b). These findings
suggest that 5-HT transmission influences repetitive behaviors in autism which can be
modified by treatments which block reuptake of 5-HT. The present results suggest that SSRI
treatment may also be effective in reducing other “insistence on sameness” symptoms in
autism spectrum disorder particularly when cognitive demands require inhibition of a
learned or an automatic response pattern.

The present experiment only investigated the effects of an acute dose of escitalopram.
Future experiments that involve chronic treatment with escitalopram will be important in
determining whether repeated treatment with this SSRI is also effective in improving
behavioral flexibility. In addition, the effects observed with escitalopram were in normal
rats. It is unclear whether SSRI treatment would have similar effects in animal models of
psychiatric disorders that exhibit behavioral flexibility deficits as in obsessive-compulsive
disorder and autism spectrum disorder. Although, a recent study reported that SSRI
treatment reduces social deficits in a mouse model of autism (Chadman, 2011). Furthermore,
clinical trials have used atypical antipsychotics, e.g. risperidone or olanzapine, in
combination with a SSRI to treat individuals with obsessive-compulsive disorder (Hollander
et al., 2003; Koran et al., 2000). These atypical anti-psychotics are known to have 5-HT2
antagonistic properties and have been shown to reduce obsessive thoughts (McDougle et al.,
2000). In a recent experiment, we demonstrated that blockade of the 5-HT2A but not 5-
HT2C, receptors, improved behavioral flexibility in a strategy switching test (Baker et al.,
2011). One possibility is that a combined therapy of a SSRI and 5-HT2A receptor antagonist
may be an effective treatment in alleviating cognitive flexibility deficits in conditions such
as obsessive compulsive disorder and autism spectrum disorder.
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Figure 1.
Experimental procedures for each study that illustrate the order in which treatments were
administered and behavioral testing occurred. SAL = saline and ESC = escitalopram.
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Figure 2.
Effect of escitalopram on acquisition in the elevated conflict test. Each rat received an i.p.
injection of either saline or escitalopram 30 minutes prior to testing. A) Mean (± SEM) trials
to criterion on acquisition. Escitalopram treatment at 0.03, 0.3 and 1.0 mg/kg significantly
reduced the number of trials to criterion. * = P < 0.05 vs. SAL. ** = P < 0.01 vs. SAL B)
Mean (± SEM) perseverative errors committed during acquisition. Escitalopram treatment
did not affect the number of perseverative errors. C) Mean (± SEM) regressive errors
committed during acquisition. Escitalopram, 0.03, 0.3 and 1.0 mg/kg significantly reduced
regressive errors. * = P < 0.05 vs. saline. ** = P < 0.01 vs. saline. D) Mean (± SEM) percent
probabilities of win-stay performance. Escitalopram treatment did not affect win-stay
performance. E) Mean (± SEM) percent probabilities of lose-shift performance.
Escitalopram treatment did not affect lose-shift performance. SAL = saline and ESC =
escitalopram.
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Figure 3.
Effect of escitalopram on open arm entries and open arm duration in the elevated plus-maze.
Each rat received an i.p. injection of either saline or escitalopram 1.0 mg/kg 30 minutes
prior to testing. A) Mean (± SEM) percent open arm entries. Escitalopram treatment did not
affect the percentage of open arm entries. B) Mean (± SEM) percent open arm duration.
Escitalopram treatment did not affect the percentage of time spent in the open arms. SAL =
saline and ESC = escitalopram.
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Figure 4.
Effect of escitalopram on performance in the single open arm test. Each rat received an i.p.
injection of either saline or escitalopram 1.0 mg/kg 30 minutes prior to testing. A) Mean (±
SEM) number of trials to reach criterion. Escitalopram treatment did not affect the number
of trials to criterion in the single open arm test. B) Mean (± SEM) latency to obtain a food
reward in the open in the first and last block of trials. Each block represents 10 trials.
Escitalopram treatment did not affect the latency to obtain a food reward. SAL = saline and
ESC = escitalopram.
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Figure 5.
Effect of escitalopram treatment on spatial acquisition and reversal learning. Each rat
received an i.p. injection of either saline or escitalopram 30 minutes prior to each test
session. The treatments on the x-axis represent the treatment received prior to acquisition
(top) and prior to reversal learning (bottom). A) Mean (± SEM) trials to criterion on place
acquisition. Escitalopram treatment did not affect acquisition. B) Mean (± SEM) trials to
criterion on reversal learning. Escitalopram 1.0 mg/kg – saline, saline – escitalopram 0.3
mg/kg, saline – escitalopram 1.0 mg/kg, escitalopram 1.0 mg/kg – escitalopram 1.0 mg/kg
significantly enhanced reversal learning. ** = P < 0.01 vs. SAL - SAL and SAL - ESC 0.03
and ESC 0.3 – SAL. * = P < 0.05 vs. SAL - SAL and SAL - ESC 0.03. C) Mean (± SEM)
perseverative errors committed during reversal learning. Escitalopram treatment did not
affect the number of perseverative errors. D) Mean (± SEM) regressive errors committed
during reversal learning. Escitalopram 0.3 and 1.0 mg/kg administered prior to acquisition,
reversal learning, or both significantly reduced regressive errors. * = P < 0.05 vs. SAL -
SAL. ** = P < 0.01 vs. SAL - SAL and SAL - ESC 0.03 mg/kg. E) Mean (± SEM) percent
probabilities of win-stay performance. The ESC 1.0- ESC 1.0 mg/kg group had enhanced
win-stay probabilities. * = P < 0.05 vs. SAL - SAL and SAL - ESC 0.03 mg/kg. F) Mean (±
SEM) percent probabilities of lose-shift performance. Escitalopram treatment did not affect
lose-shift performance. SAL = saline and ESC = escitalopram.
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