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Abstract Rationale: Psychotropic medication affects
cognition and brain function, making it a potential con-
founder in functional neuroimaging studies of psychiatric
patients. Objective: To determine whether the sub-acute
administration of an antidepressant (escitalopram) would
induce differences in cognitive performance and asso-
ciated brain function, which could be observed within the
normal power of a functional imaging study. Materials
and methods: Healthy adults (N=10) received a short
course of escitalopram (10 mg/day for 7 days). Partici-
pants performed a parametric working memory (WM) task
during BOLD fMRI, both while medication-free and after
medication. To control for order effects, the medication-
free examination was completed by half the subjects before
starting medication and by the other half at least one week
after medication. Results: Escitalopram had no significant
effect on WM accuracy or reaction time. Preliminary
analysis of the imaging data revealed no significant
(pcorrected<0.05) differences in memory-load-dependent
activation between conditions. However, small volume
correction analysis of regions that were significant prior to

correction for multiple comparisons highlighted between
condition differences in regions likely to be susceptible to
antidepressant effects (i.e. thalamus, anterior cingulate and
inferior frontal gyrus). Conclusions: These results suggest
that the sub-acute administration of antidepressants in
healthy controls does not affect cognitive or hemodynamic
function in healthy adults to a magnitude greater than one
standard deviation unit. Therefore, the confounding effect
of antidepressants on signal intensity in imaging studies of
medicated, depressed individuals may be limited.
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Introduction

The absence of cognitive side effects of antidepressant
medication enhances patients’ treatment compliance
(Amado-Boccara et al. 1995). A disruption of cognitive
function resulting from antidepressant medication, howev-
er, is not only of clinical concern; it is also an important
confounder in empirical investigations of major depressive
disorder (MDD). It is important, therefore, in studies of
cognition and brain function to identify and quantify
changes that are associated with antidepressants.

In contrast to tricyclic antidepressants (TCAs), the
selective serotonin reuptake inhibitors (SSRIs) appear to
have little or no detrimental effect on simple or complex
psychomotor performance (e.g. Fairweather et al. 1996,
1997; Hindmarch 1988). Indeed, there is evidence to
suggest that SSRIs may actually facilitate psychomotor
function (e.g. Hindmarch and Bhatti 1988; Hindmarch and
Harrison 1988; Hasbroucq et al. 1997; Loubinoux et al.
2005; Nathan et al. 2000a,b) and other aspects of cognitive
function, such as information-processing capacity (Nathan
et al. 2000a,b). An early review of the effects of long-term
drug administration in normal, healthy volunteers failed to
find evidence of a significant effect on either short-term
memory (STM) or long-term memory (LTM) after either
TCA or SSRI treatment (Amado-Boccara et al. 1995).
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However, more recent studies suggest that, while having no
effect on immediate recall, the acute administration of
some SSRIs enhances delayed recall and recognition in
LTM (Harmer et al. 2002). Moreover, there may be a
differential effect of SSRIs, depending on the affective
nature of stimuli that are used in tests of memory and
perception. For example, sub-acute administration of
citalopram or reboxetine to healthy controls (i.e. 20 or
8 mg/day, respectively, for 7 days) has been shown to
reduce the identification of negative faces and enhance
recall of positive emotional material in the absence of any
significant alteration of the affective state of participants
(Harmer et al. 2004). Thus, there is some controversy in the
literature as to whether SSRIs facilitate cognitive function
in a general or specific manner or whether they have no
significant effect.

Relatively few neuroimaging studies have considered
the direct effects of antidepressants on brain function.
There are, however, a handful of studies that have noted
significant effects in both normal, healthy and MDD
samples. In healthy participants, SSRIs alter blood flow in
thalamus, hypothalamus and cingulate cortex (Geday et al.
2005) and result in changes in brain activity (e.g. Del Ben
et al. 2005; Mckie et al. 2005). For example, a single
administration of i.v. citalopram was shown to result in a
time-dependent increase in activation in the hippocampus,
caudate, amygdala, striatum and thalamus (Mckie et al.
2005) and a significant attenuation of activation in
response to aversive stimuli in a ‘Go–NoGo’ task in both
Brodmann Area (BA) 47 and the right amygdala (Del Ben
et al. 2005). An attenuation of activation was also seen in
BA 11 in response to reward (vs loss) conditions. Similarly,
alterations in brain metabolism are associated with clinical
response in patients with MDD on antidepressants (e.g.
Davidson et al. 2003; Davies et al. 2003; Drevets et al.
2002; Kalin et al. 1997; Kennedy et al. 2001; Mayberg et
al. 2000). Such alterations are commonly seen in areas that
are functionally altered in MDD, such as the frontal and
limbic cortices (e.g. Kennedy et al. 2001; Mayberg et al.
2000), and, in particular, the anterior cingulate cortex
(ACC; Davidson et al. 2003; Drevets et al. 2002; Kennedy
et al. 2001; Mayberg et al. 2000). A significant association
between rCBF pretreatment and treatment outcome in
some studies supports the relationship between blood flow
and treatment response (e.g. Saxena et al. 2003).

The investigation of brain-behaviour responses to
antidepressants is confounded by a variety of factors. For
example, an improvement of the affective state associated
with antidepressant treatment may account for the func-
tional changes noted in post-treatment studies of depressed
patients. There may be an interaction between medication
and affective state. Antidepressants may directly or indi-
rectly affect the nature of the observed signal in specific
neuroimaging methods, e.g. antidepressant-induced chang-
es in blood volume or flow could result in global or
regional changes in the observed BOLD signal. In light of

data that are indicative of notable metabolic antidepressant
effects in both normal, healthy individuals and clinical
populations, it is important to quantify the contribution of
such effects in functional neuroimaging studies of MDD.

The aim of this investigation was to determine whether a
short course of an SSRIs (escitalopram) given at a typical
clinical dose would affect brain function measured using
BOLD EPI fMRI during the performance of a working
memory task (the n-back task) in normal, healthy vol-
unteers. In light of previous evidence of a facilitatory effect
of SSRIs on both psychomotor function and LTM, it was
hypothesized that escitalopram would facilitate WM per-
formance and would lead to alterations in brain metabolism
in regions commonly associated with the affective profile
of treatment-responsive MDD patients.

Materials and methods

The study was approved by the Lothian NHS Board,
Psychiatry and Psychology Research Ethics Committee
and the management board of the Lothian Primary Care
NHS Trust. Written informed consent was obtained from
all participants.

Design

A counter-balanced crossover cohort design with within-
subjects factors of medication status (medication-free vs
post-medication) and level of difficulty of the n-back task
(0-, 1-, 2-, and 3-back) was employed. Analysis focused on
the effect of these factors upon accuracy (percentage
correct) and reaction time (RT/ms) on the n-back task.

Participants

Participants (N=10, right-handed, seven male; mean
age=24.6 years, mean estimated IQ=106.0, mean years of
education=15.1) were opportunistically sampled from the
general population. Exclusion criteria included any history
of significant or relevant physical illness (including, but not
limited to, heart attack, stroke, diabetes, liver disease, or
other major physical illness), psychiatric or neurological
illness; pregnancy; implanted metallic objects; and the
consumption of any psychoactive or vasoactive medica-
tions. Participant eligibility was confirmed by their general
practitioner (GP). Two participants identified themselves as
suffering from mild dyslexia after consent. Given that we
were interested in a visuospatial, as opposed to verbal,
variant of the n-back task and in brain regions outside of
the network of areas that show abnormal activity in
dyslexic adults and children (see Shaywitz and Shaywitz
2005 for a review), both of these participants were retained
in the study. Volunteers received £50 for expenses.
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Materials and procedure

Affective assessments Prior to each scanning session,
participants completed the Beck Depression Inventory
(BDI; Beck et al. 1961), the Stress Arousal Checklist
(SAC; Mackay et al. 1978), and the Alderley Park State
Anxiety Questionnaire (APSAQ; Walker 1990). These
self-assessment measures provide estimates of the pre-
sence/absence of depression, state stress and arousal and
state anxiety, respectively.

Neuropsychological assessments For eight participants,
the National Adult Reading Test (NART; Nelson and
Willison 1991) was used to estimate full-scale Wechsler
Adult Intelligence Scale- Revised (WAIS-R; Wechsler
1981) IQ. However, given that dyslexia is a disorder that
may confound performance on the NART, the two par-
ticipants who identified themselves as dyslexic instead
completed a short-form of the WAIS-R, which consisted of
four non-verbal WAIS-R subtests (‘information’, ‘picture
completion’, ‘arithmetic’ and ‘block design), and has been
shown to provide reliable estimates of full-scale WAIS-R
IQ (Guilmette et al. 1999).

In addition to WM, participants also completed other
cognitive measures. Two subtests of the Test of Everyday
Attention (TEA; Robertson et al. 1994), i.e. the Elevator
Counting with Distraction (ECD) and Visual Elevator
(VE) tasks were used to measure auditory selective atten-
tion and cognitive flexibility, respectively. These tasks are
sensitive to aspects of cognitive function that have been
noted as being impaired in MDD, and are assumed to be
reliant on the integrity of frontal lobe function, which has
been shown to alter by SSRI medications in both normal,
healthy and MDD participants. Participants also attempted
the Rey Auditory Verbal Learning Test (RAVLT; Rey
1964), which assesses learning and memory (constructs
that may also be affected by SSRIs). In the RAVLT, par-
ticipants learn a list of 15 words (List A), over five
learning trials. They are then given a single trial on which
to learn a new list (List B), after which there is an imme-
diate and then a delayed test of retention of items from the
initial list. These additional cognitive measures were
completed prior to each scanning session.

A block-design paradigm was employed during func-
tional imaging. During fMRI, participants undertook a
visuospatial version of the n-back task. Variations of the
n-back task have been used in both clinical and non-
clinical populations (e.g. Callicott et al. 1999; Casey et al.
1998; Gevins and Cutillo 1993; Jansma et al. 2000;
Nystrom et al. 2000). The variant of the n-back task used
in this study involved the presentation of blocks of images
of four numbered boxes. A coloured dot appeared in one
of the boxes, the position of which was varied between
images. Participants pressed the button corresponding to
either: (a) the dot’s current position (0-back); (b) its
position in the previous picture (1-back); (c) its position
two pictures previously (2-back); or (d) its position three
pictures previously (3-back). There were 14 images in
each 1-, 2- or 3-back block while each 0-back block had

nine images. The inter-stimulus interval was 3 s, and the
task level to be attempted for a given block was indicated
by a 3-s prompt screen. Participants completed a full
practice run of the n-back task (10 blocks each of the
1-, 2-, and 3-back levels, each separated by a block of
0-back) after screening and prior to scanning. Within each
scanning session, participants also completed ten sets of
each of the n-back trials, spread over two acquisition
phases, consisting of five blocks each of 1-, 2-, and 3-back
trials.

Medication Participants received 10 mg/day of escitalo-
pram (‘Cipralex’/‘Lexapro’) for 7 days. Escitalopram is
the pure S-enantiomer of the racemic bicyclic phthalane
derivative citalopram. In comparison to its parent com-
pound, it can be administered in lower effective doses and
with reduced side effects.

Functional MRI BOLD echo planar imaging (EPI) with
TR=2.5 s, TE=40 ms, 90° flip angle, 24 cm field of view,
and a 64×64 in-plane resolution was carried out in a 1.5-
Tesla GE Signa MRI scanner fitted with echo speed
gradients and using the standard head coil. Functional
images were acquired in the para-axial plane, with a slice
thickness of 5 mm. Data were acquired in two functional
imaging sessions, with each functional acquisition period
lasting 18 min and 55 s. Structural images (T1- and T2-
weighted) were also acquired for each participant.

Integrated Functional Imaging System (IFIS; PST:
Pittsburgh, PA, USA) software and hardware were used
to present the WM paradigm and to log behavioural
responses. Task instructions and stimulus items were
presented on an LCD display mounted on the head coil.
Participants responded to each item using ergonomically
shaped pushbutton units, which had a button located
underneath the thumb and each fingertip. Participants were
instructed as to which pushbutton corresponded to each
response type (i.e. thumb=1, index finger=2, etc.).

Imaging analysis Functional imaging data were analysed
using SPM99 (http://www.fil.ion.ucl.ac.uk/spm). BOLD
EPI images were reconstructed to ANALYSE format
(Mayo Foundation, Rochester, MN, USA). These images
were registered to their mean; the mean co-registered to
the T1-image, the T1-image spatially normalized and the
transformation to normalize the T1-image was then
applied to the co-registered EPI images. A linear affine
transformation was used, followed by non-linear defor-
mation; images were re-sampled using sinc interpolation
to cubic voxels of size 8 mm3. Normalized images were
then smoothed spatially to minimize residual inter-
participant differences, using a 3-D Gaussian filter
(6×6×6 mm3 FWHM). Initially, fixed-effects contrasts
were constructed for each participant that determined
regions of significantly altered activity associated with the
linear increase in difficulty of the n-back task. Second-
level random-effects contrasts were then constructed for
the group both within- and between-conditions. Coordi-
nates of significant clusters (pcorrected<0.05) were con-
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verted from MNI to Talairach space (Talairach and
Tournoux 1988), using a non-linear transformation. The
anatomical location of significant clusters was determined
using the Talairach Daemon Database (Lancaster et al.
1997, 2000). Whole brain [rather than region of interest
(ROI) analysis] was used to determine the global effect of
escitalopram on brain activity, rather than just in regions
presumed to be involved in working memory or those
regions associated with MDD. However, to partially
address the reduced power of the whole brain analysis, a
secondary, small volume correction (SVC) analysis (i.e.
5-mm sphere, with fixation point at the local maxima) was
conducted for those clusters with a previously demonstra-
ted effect of antidepressant medication, and which were
significant (puncorrected<0.001) in the between-condition
comparison.

Procedure Participants were allocated to one of two sub-
groups. Group A completed their first test session, which
included all affective, cognitive and neuroimaging assess-
ments, on the same day as screening (i.e. Day 1). They
then took 10 mg/day of escitalopram for the after 7 days.
On the final day on which they took escitalopram (i.e. on
Day 8), and not more than 6 h after they had taken the final
dose, they completed the second test session. Session 2
mimicked session 1, but did not include n-back training or
IQ assessment. Group B completed the same assessments,
although the order of medication-free and post-medication
scans for this group was reversed, such that after pre-
scanning assessment (i.e. on Day 1) group B participants
were given their medication, which they took for 7 days
before returning to their first scanning session (i.e. on
Day 8). Individuals in this group then remained medica-
tion-free for 7 days prior to returning for their second
scanning session (i.e. on Day 15).

On the day of their post-medication scan, participants
provided a blood sample (10 ml collected from an ante-
cubital vein into lithium heparin tubes) prior to scanning.
Plasma was separated by centrifugation and stored in
clearly labelled tubes at −20°C. Blood plasma was
analysed for total S-citalopram and total N-desmethylcita-
lopram (norcitalopram) using high-performance liquid
chromatography.

Results

Medication The average time between the final dose of
escitalopram and scanning was 230 min (s.d.=78.59,

minimum=115, maximum=340). High-performance liquid
chromatography analysis of blood plasma detected S-
citalopram (range=0.01–0.03 mg/l) in all participants, and
N-desmethylcitalopram (minimum=0.01 mg/l) in six
individuals.

Affective assessments (See Table 1): Paired-samples t-tests
revealed that there was no significant difference in the
mean BDI and SAC scores of participants pre- and post-
medication. However, sub-acute administration of escita-
lopram did result in a significant increase in the magnitude
of self-rated state anxiety (t(9)=2.17, p=0.03), as measured
using the APSAQ. Included in this assessment are
statements pertaining to both affective and physical symp-
toms of anxiety (e.g. ‘I feel I can cope’, ‘I have butterflies
in my stomach’). Participants received a single score on
this measure, summarizing changes in cognitions, emo-
tions or physical symptoms related to anxiety, thus,
making it difficult to ascertain whether changes in score
between conditions were the result of subjective feelings
of anxiety or alterations in more objective symptoms (e.g.
physical restlessness).

Behavioural assessments Participants received two accu-
racy scores (an absolute score and a scaled score) for each
TEA subtest. On the VE task, participants also received
absolute and scaled RT scores, based on the average time
(in seconds) taken to make attentional switches on those
items that they correctly responded to. Scaled scores for
the TEA subtests take into account the absolute score and
the age-dependent normal distribution of scores. Paired-
samples t-tests revealed no statistically significant differ-
ences before and after medication on either of the TEA
measures, suggesting that the sub-acute administration of
escitalopram did not significantly affect auditory selective
attention, cognitive flexibility or psychomotor function.

Several outcome measures can be derived from the
RAVLT: novel learning, interference of novel learning
with prior learning and the type and number of errors
made. A 5×2 (learning trial×medication status) within-
subjects ANOVA, examining novel learning, revealed
a main effect of learning trial F(4, 36)=33.00, p<0.001),
but no main effect of medication status and no interaction
between these factors were seen. Post-hoc paired
Bonferroni-corrected t-tests indicated a significant
(p(corrected)≤0.0125) difference in the mean number of
items recalled between the first and second and between
the second and third trials (t(9)=−4.64, p=0.001 and t(9)=
−4.20, p=0.002, respectively). The effect of the interfer-

Table 1 Average score and distribution of scores on each of the affective measures: medication-free versus post-medication

Medication-free Post-medication Paired difference mean (SD)

Mean (SD) Min–max Mean (SD) Min–max

BDI 2.0 (2.9) 0–9 3.6 (3.3) 0–10 −1.6 (3.2)
SAC—Stress 7.7 (1.1) 5–9 7.3 (1.5) 5–9 +0.4 (1.2)
SAC—Arousal 6.0 (2.2) 1–9 6.3 (1.9) 3–10 −0.3 (2.7)
APSAQ 16.5 (3.0) 12–22 19.3 (3.2) 13–24 −2.8 (4.1)
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ence learning trial on the subsequent recognition of
previously learned items was also examined. A paired t-
test comparison of the extent of interference (i.e. the
difference in the number of words from the original list
recalled before and after interference learning) experi-
enced before and after medication revealed no statistically
significant effect of sub-acute administration of escitalo-
pram on the interference effect.

The n-back task Accuracy and RT data obtained during
performance of the n-back task were each analysed using a
2×2×4 (medication status×within-scan session×task diffi-
culty) within-subjects ANOVA (see Fig. 1). There was a
significant main effect of task difficulty for both accuracy
and RT (F(1.48, 13.27)=8.26, p=0.008 and F(1.73, 15.54)=48.67,
p<0.001), a significant main effect of scanning session
(F(1, 9)=9.47, p=0.013) on RT and a significant interaction
between session and difficulty (F(3, 27)=6.83, p=0.001) on
RT also. However, there was no significant main effect of
medication status on the accuracy or RT, and no other
interactions reached significance. Linear contrasts for the
effect of n-back on accuracy and RT (F(1, 9)=12.32,
p=0.007 and F(1, 9)=9.47, p=0.013) and for the level of
n-back and the interaction between session and difficulty
(F(1, 9)=16.29, p=0.003) were also significant. Post-hoc
paired-samples t tests, again using Bonferroni correction,
demonstrated that participants were significantly faster to
respond to 0-back items in the second functional imaging
acquisition session (t(9)=4.74, p=0.001); however, all other
comparisons of RT between sessions were non-significant.

fMRI Results (see Fig. 2)

Medication-free condition Memory-load-dependent in-
creases in activity were noted in the left hemisphere
(LH) in a cluster comprising both superior and inferior
parietal lobes, and in the precentral gyrus, bilaterally in the

middle and superior frontal gyri, and in the right
hemisphere (RH) in the cerebellum. Load-dependent
decreases occurred in the left middle, inferior and superior
frontal, angular and middle temporal gyri and in a LH
cluster of activation comprising the claustrum and the
superior temporal gyrus. Significant decreases were also
seen in the RH in the pre- and post-central gyri, in the
cerebellum, and in the parahippocampal and superior
temporal gyri, and in a number of inter-hemispheric
clusters with local maxima in the lingual, middle occipital
and medial frontal gyri.

Post-medication condition Memory-load-dependent in-
creases were found in the LH in the insula and in a
cluster involving the inferior and superior parietal lobules
and the precuneus. Significant increases were also seen in
the RH in the insula and inferior and middle frontal gyri,
and in two interhemispheric clusters—both encompassing
the superior and middle frontal gyri (one more anterior
than the other, i.e. BA10 and BA6). Significant decreases
in activity were noted in the LH in the middle temporal
and angular gyri, the lingual gyrus and the hippocampus,
in the RH in cingulate gyrus and in interhemispheric
clusters, i.e. in the superior frontal gyrus, the cuneus, and
the cingulate gyrus.

Medication-free vs post-medication Random effects,
paired-samples t-tests revealed no clusters of statistically
different (increase or decrease; pcorrected<0.05) activation
between medication-free and post-medication conditions.
Thus, suggesting that the sub-acute administration of
escitalopram did not have a differential effect on either
regional or global brain activity during the performance of
the n-back task. However, as noted, the whole-brain
analysis used to compare conditions and the correction for
multiple comparisons may have been too conservative
given the within-subjects nature of this study and the small
sample size. Therefore, a secondary ROI analysis was

Fig. 1 a Mean accuracy (percentage correct) of participants at each
level of n-back before and after taking a sub-acute dose of
escitalopram (i.e. 10 mg/day for 7 days); b mean reaction time of
participants (ms) at each level of n-back before and after the sub-

acute administration of escitalopram; c mean reaction time at each
level of n-back during the first and second functional imaging
acquisition sessions, irrespective of medication status
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conducted, in which an SVC analysis was conducted on
regions that: (1) showed significant load-dependent acti-
vation prior to correction and (2) had local maxima in
regions that have demonstrated antidepressant-dependent
effects in other studies. The results of this analysis (see
Table 2) were indicative of load-dependent increases in

clusters in the left thalamus, right caudate and right ACC,
and load-dependent decrease in the left inferior frontal
gyrus. These clusters were small (range=8–32 mm3), and
one, therefore, has to be cautious in interpreting their
significance.

Table 2 Small volume correction analysis of medication-free vs post-medication conditions—summary of a priori regions (i.e. those areas
that have shown drug-dependent changes in activity in other investigations) of significantly increased/decreased activation associated with
linear increase in task difficulty

Condition Contrast Cluster coordinates
(x, y, z)

Hemisphere* BA Location KE z-score† Significance
(p(corrected))

Medication-free vs
post-medication

Increase −8, −38, 14 LH 25 Thalamus and pulvinar 1 3.30 0.023
2, 8, −4 RH Anterior cingulate 3 3.29 0.015

−22, −28, 6 LH Thalamus and pulvinar 1 3.21 0.023
−10, −36, 12 LH Thalamus and pulvinar 1 3.19 0.023
16, 24, 8 RH Caudate and caudate body 1 3.15 0.023

Medication-free vs
post-medication

Decrease −44, 28, −12 LH 47 Inferior frontal gyrus 4 3.38 0.013

Noted in this table are those clusters of significant (puncorrected<0.001) activation which demonstrated significant (pcorrected<0.05) changes in
activity after small volume correction analysis (i.e., 5-mm sphere, with fixation on the local maxima for a given cluster)

Fig. 2 Regions of significant
activation for participants across
all scanning sessions (i.e. both
medication-free and post-medi-
cation scans): a clusters of
statistically significant increase
associated with the linear in-
crease in difficulty of n-back
(i.e. random effects, pcorrected<0.05);
b clusters of statistically signif-
icant decrease associated with
the linear increase in difficulty
of n-back (i.e. random effects,
pcorrected<0.05). Both image
pairs highlight the global maxi-
ma for the given contrast—
rendered on glass brain image
(from SPM99) and on the T1
structural image for one of the
participants in this study
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Discussion

There was an increase of state anxiety associated with the
sub-acute administration of escitalopram, but no increase in
stress or arousal, nor any emergence or reduction of
symptoms of major depression. Although there are data in
healthy adults that suggest an enhancing effect of SSRIs on
affective processing in the absence of changes in observed
mood, including anxiety (Harmer et al. 2004), animal
models of affect have demonstrated that acute administra-
tion of SSRIs leads to temporary elevation in anxiety
(Burghardt et al. 2004). Similarly, it is not uncommon to
observe early elevation of anxiety in patients in the initial
phase of SSRI treatment, subsequently followed by a
reduction in anxiety (Boyer and Feighner 1992; Goldstein
and Goodnick 1998; Gorman et al. 1987; Masand and
Gupta 1999). This effect is not seen consistently and is
more likely to occur in patients with a tendency to panic. In
future investigations, it would be appropriate to include an
affective measure to further explore this effect and to
determine whether it is associated with post-drug altera-
tions in brain activity.

Sub-acute administration of escitalopram did not have a
significant impact upon WM (the n-back task), cognitive
flexibility (the VE task), auditory selective attention (the
ECD task), verbal learning and recall (both immediate and
delayed; the RAVLT), or on psychomotor performance (the
VE and the n-back). This contradicts those studies demon-
strating a post-SSRI improvement in cognition in healthy
controls (e.g. Hindmarch and Bhatti 1988; Hindmarch and
Harrison 1988; Hasbroucq et al. 1997; Loubinoux et al.
2005; Nathan et al. 2000a,b; Harmer et al. 2002), but is
supported by the observations of some other investigations
(e.g. Fairweather et al. 1997; Hindmarch 1988, 1995;
Hindmarch and Kerr 1994; Nathan et al. 2000b). This may
be a consequence of using healthy participants, although a
number of studies have shown that both acute and chronic
administration of antidepressant medication have a similar
impact upon cognitive function in control and clinical
populations (Amado-Boccara et al. 1995). Alternatively, in
light of data suggesting that the SSRI effect on cognitive
function may be associated with the emotional valence of
stimuli (Harmer et al. 2004) the lack of an effect on
cognition in our study may be due to the neutral nature of
the stimuli. Our sample size of ten may have limited
statistical power and thus increased the chances of type-II
errors. For a post-hoc power calculation, we used the effect
size from a previous investigation in which we observed
significant group difference on the n-back task (Rose and
Ebmeier 2006). The results of this analysis suggested that,
for Cohen’s d=1.21, α=0.05, and β=0.8, a minimum
sample size of 20 participants would be required to detect
significant behavioural differences. Therefore, we may not
have had enough power with ten subjects to detect sig-
nificant behavioural differences with our sample size,
which was typical for a functional neuroimaging study.

The observed memory-load-dependent reduction in RT
on the n-back task, in conjunction with a decrease in
accuracy, could be indicative of a speed/accuracy trade-off

as the task became more difficult. However, in previous
studies of MDD patients and healthy controls, we found
effects of n-back difficulty on RT only between 0- and 1-
back conditions in the laboratory (Rose and Ebmeier
2006), while there was a load-dependent reduction in RT
when the task was performed inside the scanner (Rose et al.
2006). If there is a speed/accuracy trade-off during perfor-
mance of our version of the n-back task then it may be
specific to an aspect of the scanner environment (e.g.
increased anxiety, increased distractibility etc.). None-
theless, we were interested in differences associated with
administration of escitalopram, and it appears that this
effect was consistent across conditions, therefore, even if
there is a trade-off it appears not to be differentially af-
fected by the sub-acute administration of SSRI medication.

It has been argued that functional imaging data provide a
more sensitive measure of pharmacological effects than
cognition or behaviour. However, the whole-brain analyses
did not reveal changes in brain activity (increase and
decrease associated with the n-back task) between medi-
cation-free and post-medication sessions. Memory-load-
dependent changes were seen in putative WM regions in
both conditions (e.g. increased frontal and parietal activity
and decreases in a diffuse range of areas). Despite some
apparent qualitative differences in the activation maps in
the medication-free and post-medication conditions, these
did not reach statistical significance between the treatment
conditions. Acute administration of citalopram, which
contains the same primary active ingredient as escitalo-
pram, appears to affect activation in thalamus, hypothal-
amus, amygdala and cingulate cortex (e.g. Del Ben et al.
2005; Geday et al. 2005; Mckie et al. 2005), suggesting that
our analysis, which controlled conventionally for multiple
comparisons, may have been too conservative. Therefore,
we conducted a secondary analysis using these areas as a
priori small search volumes. This analysis revealed
significant changes in these selected areas. There was a
post-medication (vs medication-free) decrease in activation
in the rostral/subgenual cingulate cortex (BA 24), a region
that appears to be significantly more active in MDD
patients, compared to controls, during performance of the
same WM task (Rose et al. 2006). Moreover, the pre-
liminary fixed-effects analysis also revealed a cluster that
was less active post-medication, with a local maximum in
the same region (BA 24; KE=280, p=0.008). The random-
effects model used in SPM99, designed to take account of
between-subjects rather than within-subjects variation,
may have been too stringent for the between-conditions
effects that we were interested in.

There are a number of potential limitations to consider
when interpreting the study outcomes. First, the sub-acute
administration of an SSRI to normal, healthy participants
with no history of psychiatric illness may not be com-
parable to chronic administration in MDD patients. In
patients, there is complex interaction of factors (e.g. state
affect and medication history), which may contribute to
both the cognitive and functional effects of SSRIs. Further-
more, there may be significant differences in the effect of
sub-acute vs chronic drug administration and the dose used
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here, although representative, was relatively low compared
with some clinical drug regimens. Second, while the
number of participants was typical of many imaging
studies, there is evidence of reduced statistical power (in
both cognitive and functional analyses), which could have
reduced our ability to detect important between-conditions
differences. Other ways to improve our study include a full
psychiatric interview with participants prior to participa-
tion, a single- or double-blind procedure for drug admin-
istration, parallel rather than “crossover” design, but there
is clearly a trade-off with participant acceptability and cost.
Finally, differences between the outcomes of this study and
others (e.g. Harmer et al. 2004) may be due to the route of
administration (e.g. oral vs i.v.) and drug dose.

In conclusion, our data indicate preserved cognitive
function and brain activation after the sub-acute adminis-
tration of escitalopram in healthy adults within a sample
size typically used in imaging studies. These results clearly
require replication and extension with both a larger sample
of normal, healthy controls and in clinically depressed,
medicated patients, which would allow for the clarification
of treatment-specific, illness-specific and interaction effects.
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