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Drugs which inhibit the re-uptake of monoamines in the brain are
effective in the treatment of depression; however, the neuropsycholo-
gical mechanisms which lead to the resolution of depressive symptoma-
tology are unclear. Behavioral studies in healthy volunteers suggest that
acute administration of the selective norepinephrine reuptake inhibitor
reboxetinemodulates emotional processing. The current study therefore
explored the neural basis of this effect. A single dose of reboxetine (4mg)
or placebo was administered to 24 healthy volunteers in a double-blind
between-group design. Neural responses during categorisation and
recognition of self-referent personality trait words were assessed using
event-related functional Magnetic Resonance Imaging (fMRI). Rebox-
etine had no effect on neuronal response during self-referent categor-
isation of positive or negative personality trait words. However, in a
subsequent memory test, reboxetine reduced neuronal activation in a
fronto-parietal network during correct recognition of positive target
words vs. matched distractors. This was combined with increased speed
to recognize positive vs. negative words compared to control subjects
and suggests facilitated memory for positive self-referent material.
These results support the hypothesis that antidepressants have early
effects on the neural processing of emotional material which may be
important in their therapeutic actions.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

There is still something of a conceptual gap between the
psychological and neurobiological approaches to the understanding
and treatment of depression. While cognitive psychological theories
suggest that negative biases in the cognitive processing and memory
of self-referent information are key features in the development and
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maintenance of depression (Beck et al., 1979), current neurobiolo-
gical views of depression hypothesize abnormalities in cellular
pathology involving, for example, such basic processes as
synaptogenesis and neurogenesis in key brain regions involved in
emotional regulation (for review, see Duman andMonteggia, 2006).
Such views have important implications for the treatment of de-
pression utilizing either psychological approaches which aim to
reverse negative biases in information processing or pharmacolo-
gical strategies targeting underlying cellular or neurotransmitter
dysfunction. Although in practice these treatments are often
combined, we have little understanding of their interaction or over-
lapping effects.

Recent behavioral evidence in healthy volunteer studies
suggests that antidepressant drugs also modify the cognitive pro-
cessing of emotional information. In particular, administration of
both noradrenergic and serotonergic antidepressants increase the
relative processing of positive vs. negative emotional information
in healthy volunteers in a variety of paradigms such as facial
expression recognition, emotional memory and attention (Harmer
et al., 2003, 2004). These effects of antidepressant drugs can be
seen from the beginning of treatment. For example, a single dose of
the selective noradrenalin reuptake inhibitor (SNRI) reboxetine
significantly facilitated speed to categorize positive vs. negative
self-referent personality trait words and enhanced memory for
these positive words in healthy volunteers (Harmer et al., 2003).
Such effects were also found after short-term (7-day) administra-
tion of reboxetine in a separate study (Harmer et al., 2004) and in
both studies, effects occurred in the absence of changes in sub-
jective mood.

Neuroimaging studies have demonstrated that encoding of
emotional self-referent trait words engages the medial prefrontal
cortex (mPFC), while subsequent successful memory reactivates the
mPFC, as well as lateral prefrontal, premotor, parietal and occipital
regions (Fossati et al., 2004). Enhanced occipito-parietal response to
emotional compared to neutral information is believed to reflect
increased attentional processing of biologically significant or
personally relevant events (Vuilleumier, 2005). A study assessing

mailto:catherine.harmer@psych.ox.ac.uk
http://dx.doi.org/10.1016/j.neuroimage.2007.05.036


905K. Miskowiak et al. / NeuroImage 37 (2007) 904–911
the neural basis for the changes in emotional processing after 7 days
of reboxetine administration found a distinct pattern of effects in
these regions (Norbury et al., submitted for publication). Reboxetine
increased neuronal response during self-referent categorisation of
positive words and reduced response in during subsequent recogni-
tion of positive versus negative words in fronto-parietal regions. This
is consistent with increased attention to positive self-referent words
paired with reduced cognitive demand during retrieval of these
words. Such changes in the relative processing of positive vs.
negative self-referent material may be an important mechanism for
the therapeutic actions of antidepressant drugs.

The time-course of antidepressant drug action on the neural
processing of self-referent emotional information is unknown. The
current study therefore investigated the effects of a single dose of
reboxetine vs. placebo on the neuronal responses during the self-
referent categorisation and incidental memory of personality trait
words in healthy volunteers using event-related fMRI. In light of
the facilitated processing of positive vs. negative material after
single (Harmer et al., 2003) and repeated administration (Harmer
et al., 2004; Norbury et al., submitted for publication), we aimed to
test the following specific predictions: Firstly, that reboxetine
would increase the attentional processing and BOLD response in
fronto-parietal regions during the categorisation of positive vs.
negative words, introducing a positive bias. Secondly, that
reboxetine would reduce BOLD response for positive vs. negative
words within these regions during subsequent retrieval memory.
This would be consistent with a relative ease of memory for
positive self-referent words (e.g. Fletcher et al., 1996; Gould et al.,
2003; Harmer et al., 2003).

Materials and methods

Subjects

Ethical approval of the study's methods was obtained from the
Oxford Psychiatry Research Ethics Practice (OPREC). Healthy
volunteers between the ages of 23 and 38 years were screened
using the Structured Clinical Interview for DSM-Clinical Version
(SCID-IV) (Frances et al., 1995) to exclude current or previous
history of psychiatric disorder and/or substance or alcohol abuse,
and/or serious neurological or physical problems. Subjects who
reported any current use of illicit drugs were excluded.
Participants were also screened to be free of medication other
than contraceptives. Functional magnetic resonance scanning also
required the following exclusion criteria: spectacles, heart pace-
maker, mechanical heart valve or any mechanical implants,
potential pregnancy, and claustrophobia. After complete descrip-
tion of the study to the subjects, written informed consent was
obtained.

Experimental design

Twenty four healthy volunteers were randomly allocated to
receive either reboxetine (4 mg) or placebo in a double-blind
between-groups design. The reboxetine and placebo groups were
matched for: gender (7 males and 5 females in each group), age
(mean=28.1 years, S.D.=3.0, and mean=26.6 years, S.D.=4.5,
respectively) and IQmeasured with the National Adult Reading Test
(Nelson, 1982) (test score: mean=118, S.D.=9, and mean=114,
S.D.=8, respectively). Subjects fasted for 3 h prior to and during
study participation to ensure similar rates and levels of reboxetine
absorption. As previous work indicates that levels of salivary
cortisol (indicative of central norepinephrine levels) peak approxi-
mately 2 h after the administration of reboxetine and remain elevated
for at least 2 h (Hill et al., 2003), fMRI and psychological testing
were initiated 2 h after drug/placebo administration.

Verbal stimuli

For the emotional categorisation task, a list of 60 personality
trait words was constructed from the Anderson's list of personality
trait words (Anderson, 1968). Within this list, there were an equal
number of unambiguously positive and negative words (e.g.
perceptive, talented, generous, selfish, hostile, and pompous).
Positive and negative words were matched on length, written
frequency (Francis and Kucera, 1982), and meaningfulness
(Anderson, 1968). Each word occurred only once leading to a
total of 60 presentations.

For the incidental memory task, a list of 120 personality trait
words was created from the Anderson's list (1968), of which 60
had been encoded previously in the categorisation task (old words)
and 60 were distractors (new words). There were an equal number
of unambiguously positive and negative distractor words, which
were matched to the old words on length, written frequency, and
meaningfulness.

Task design

fMRI scans were acquired while subjects first performed the
emotional categorisation task, immediately followed by the
incidental recognition task. Stimuli were presented on a personal
computer using e-prime software (version 1.0; Psychology Soft-
ware Tools Inc., Pittsburgh, PA) and projected onto a opaque
screen at the foot end of the scanner bed.

In the emotional categorisation task, each trial consisted of a
fixation cross displayed for 500 ms immediately replaced by a per-
sonality trait word displayed for 500ms. Thewordswere presented in
random order, the inter-trial interval (ITI) varied between 4000 and
9000 ms, and the total task time was 7.5 min. During this time
subjects were instructed to, as quickly and accurately as possible,
categorize the words as likeable or dislikeable in a self-referential
fashion. Hence, each personality trait word prompted a ‘likeable’ or
‘dislikeable’ response and participants indicated their decision by
pressing either a left or right key on a response pad with their right
middle and index fingers. Response keys (left vs. right) were
counterbalanced across the two experimental groups.

Emotional categorisation was immediately followed by an
unexpected incidental recognition task. In this task, subjects were
asked to indicate, as quickly and accurately as possible, whether or
not they remembered having seen the particular words in the
preceding task, again by pressing either a right or left key on the
response pad according to the version administered. Trial pre-
sentation was identical to that during the emotional categorisation
task, and total task time was 12 min. During both tasks, accuracy
and reaction time were recorded with e-prime software.

Visual stimulation paradigm

To explore whether any drug-related effects on neuronal
responses during categorisation and retrieval of personality trait
words were due to global effects of reboxetine on baseline blood
flow or neuronal coupling, neural activation was assessed with a
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control visual stimulation paradigm. A flashing checkerboard
(frequency=8 Hz) was presented in blocks of 21 s alternating with
21 s of a stationary fixation cross for a total of 8 cycles, during
which time subjects were instructed to lie with their eyes open.

Mood scales

Mood and subjective state were assessed at three intervals; at
baseline before drug administration (time −15 min), before the
scan (+90 min), and at the end of the study (+300 min). This was
achieved by administering the visual analogue scales (VAS) of
happiness, sadness, disgust, anger, fright, anxiety, and alertness,
the State and Trait Anxiety Questionnaires (STAI), and the
Befindlinchkeits Scale (BFS). The BFS provides a measure of
normal variation in mood and energy by asking the participants to
check one word of a word pair which best describes their current
state (e.g. carefree vs. brooding). Monitoring mood and subjective
state allowed for the control of any effects related to major shifts of
mood during the experiment. The Beck Depression Inventory
(BDI) and the Trait Anxiety Questionnaire were used to control for
any significant differences in mood between groups.

Salivary cortisol

To confirm the absorption of reboxetine at the time of testing,
saliva samples were obtained three times during the experiment
(−15 min, +90 min, and +300 min). Saliva cortisol was measured
using an in-house double antibody radioimmunoassay (intra- and
inter-assay coefficients of variation were 3% and 10%, respec-
tively; lower limit of detection was 0.5 mmol/l).

fMRI data acquisition

Imaging data were collected using a Siemens Sonata scanner
operating at 1.5 T located at the Oxford Centre for Clinical
Magnetic Resonance Research (OCMR). Functional imaging
consisted of 35 T2⁎-weighted echo-planar image slices [repetition
time (TR)=3000 ms, echo time (TE)=50 ms, matrix=64×64],
3 mm3 isotropic voxels. To facilitate later co-registration of the
fMRI data into standard space, we also acquired a Turbo FLASH
sequence [TR=12 ms, TE=5.65 ms] voxel size=1 mm3. A total of
154 volumes were acquired during the emotional categorisation
task, 244 volumes throughout the subsequent recognition task, and
56 volumes in the control visual stimulation paradigm. The first two
volumes in each session were discarded to avoid T1 equilibration
effects.

fMRI data analysis

fMRI data were pre-processed and analyzed using FEAT
(FMRIB Expert Analysis Tool) version 3.0, part of FSL (FMRIB
Software Library) (www.fmrib.ox.ac.uk/fsl). Data from two
volunteers (one from each drug group) was excluded because of
claustrophobia during scanning and failure to record behavioral
data, respectively; fMRI analysis was consequently run on 22
volunteers. Pre-processing included within-subject image realign-
ment, non-brain removal, spatial normalisation to a standard
template (Montreal Neurological Institute [MNI] 152 stereotactic
template) using an affine procedure and spatial smoothing using a
Gaussian kernel (5 mm full-width-half-maximum). The time series
in each session was high pass-filtered (Gaussian-weighted LSF
straight line fitting, with sigma=40 s). FSL was used to compute
individual subject analyses in which the time series were pre-
whitened to remove temporal autocorrelation (Jezzard et al., 2001).

An event-related design was employed to explore the rapid
BOLD responses triggered by categorisation and recognition of
personality trait words. Events were specified as occurring at the
presentation of word stimuli and were modeled separately by
convolving the onset of each word using a canonical
haemodynamic response function with a standard deviation of
3 s and a mean lag of 6 s (Jezzard et al., 2001). For the
emotional categorisation task, events were designated according
to affect (positive and negative words). For the recognition task,
events were identified according to whether or not the word had
been presented in the previous categorisation task (old vs. new),
whether the word was positive or negative, and whether the
word was correctly identified as old (hit) or new (correct
rejection). Four event types were therefore modeled: positive/hit,
positive/correct rejection, negative/hit and negative/correct rejec-
tion. To identify any drug effects in areas involved in retrieval
processes for positive and negative words rather than valence
per se, we contrasted positive/hits with positive/correct rejections
and negative/hits with negative/correct rejections (i.e. drug by
task interactions).

Individual subject data were combined at the group level using
random effects analyses (Woolrich et al., 2004). Z (Gaussian T )
statistic images were thresholded using clusters determined by
Z=2.0 and a corrected cluster significance of p=.05. Correction of
p-values was based on spatial extent according to random field
theory. Foci of activation were localized using Talairach co-
ordinates (Stereotactic Atlas of the Human Brain) (Talairach and
Tournoux, 1988). For regions where a significant drug group by
task interaction was observed, percent BOLD signal change was
extracted and examined with analysis of variance. Significant
interactions were explored further with simple main effect analyses
to identify the profile of drug effect. For the control stimulation
paradigm, we compared mean percent BOLD signal change in
subjects given reboxetine vs. placebo within a region of the
occipital (calcarine) cortex consistently activated by photic stimuli
(Maldjian et al., 2003).

Statistical analysis of behavioral and mood data

Behavioral data were analyzed using repeated-measures
analysis of variance (ANOVA) with group and valence as factors.
To obtain a further measure of memory accuracy corrected for the
subject's response tendency, signal detection theory was applied.
The proportion of correctly recognized words (cr) and of falsely
recognized words (fr) constitute the parametric sensitivity measure:
d′= .5((cr− fr) (1+cr− fr) / 4c (1− fr)), with a higher d-value
reflecting greater accuracy of memory (Grier, 1971).

Subjective state ratings were also analyzed using repeated
measures ANOVA with group as the between-subjects factor and
time of rating (3 levels: −15 min, +90 min, and +300 min) as the
within-subjects factors.

Results

Subjective state and absorption of drug

The two groups were similar in terms of general mood,
indicated by no significant differences in BDI and STAI scores
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Fig. 1. Speed to recognize positive vs. negative personality trait words under
reboxetine (n=11) and placebo (n=11). Lines show the mean response
times; error bars show the standard error (σM).
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(pN .1 for all comparisons). Control of the relevant transient mood
changes revealed that there were in no significant differences
between the two groups overall (all pN .2). However, volunteers
receiving reboxetine reported feeling subjectively more alert
(F(1,22)=5.59, p=.03). Baseline salivary cortisol levels were
similar; 15.7 vs. 15.1 mmol/l in the reboxetine and placebo
groups, respectively. However, reboxetine significantly increased
cortisol levels compared to placebo at the latter time points
(F(1,22)=6.6, p=.02), in line with the expected neuroendocrine
effects of this drug.

Performance

Accuracy in both categorisation and memory tasks was high in
both groups (average accuracy in categorisation: 92%, incidental
memory 74%; Table 1). There was a main effect of valence on
categorisation speed with reduced response times to positive vs.
negative words (F(1,20)=9.26, p=.006). Reboxetine had no
significant effect on speed (pN .1) or accuracy (pN .08) of
emotional categorisation (Table 1). Accuracy of recognition
corrected for response bias was also not affected by reboxetine
(all pN .7; Table 1). Reboxetine-treated subjects were, however,
significantly faster at recognizing positive compared with negative
words than those receiving placebo (valence×group: (F(1,20)=
4.67, p=.04; Table 1 and Fig. 1).

Task- and group-related BOLD change

Emotional categorisation

Main effect of task
Self-referent categorisation of positive and negative person-

ality trait words activated the left medial and inferior frontal gyri
and the right occipito-temporal cortex (for cluster maxima see
Table 2). Negative trait words specifically activated right-side
precentral and cingulate gyri, while positive words also produced
a significant left-lateralized precuneus response (Table 2).
Table 1
Performance during the emotional categorisation and incidental memory tasks for

Task and performance measure Reboxetine (n=11) Placebo (n=11)

Mean S.D. Mean S.D.

Emotional categorisation
Accuracy (proportion correct responses)

Positive words 0.97 0.04 0.89 0.14
Negative words 0.94 0.05 0.89 0.10

Response times (ms)
Positive words 525.8 217.1 689.2 286.4
Negative words 625.4 225.7 794.4 281.0

Incidental memory
Accuracy (proportion correct responses)

Positive hits 0.82 0.11 0.72 0.24
Negative hits 0.72 0.16 0.70 0.21

Accuracy corrected for response bias
Positive d′ values 0.082 0.05 0.075 0.07
Negative d′ values 0.070 0.061 0.071 0.06

Response times (ms)
Positive hits 737.3 199.3 921.4 317.4
Negative hits 889.3 276.4 917.8 289.2
Effects of reboxetine
A whole brain analysis revealed no interaction between group

and valence and also no effect of reboxetine on neuronal responses
when considering positive and negative words separately. Extraction
of mean percent signal change from the network of regions activated
by self-referent categorisation of positive and negative words,
including the hypothesized medical prefrontal cortex, revealed no
effects of reboxetine on neural responses to these words (all pN .6).

Incidental memory

Main effect of task
Correct recognition of negative target (vs. negative distractor)

words produced significant activation within the left-lateralized
middle temporal gyrus and inferior and superior parietal cortex (for
cluster maxima see Table 2), whereas correct recognition of positive
target words vs. matched distractors specifically activated a partly
the reboxetine and placebo groups

Analysis

Main effect of valence Interaction Main effect of group

F P F P F P

F(1,20)=0.52 0.48 F(1,20)=1.42 0.25 F(1,20)=3.35 0.08

F(1,20)=9.26 0.006 F(1,20)=0.007 0.93 F(1,20)=2.59 0.12

F(1,20)=4.63 0.04 F(1,20)=2.89 0.11 F(1,20)=0.58 0.46

3 F(1,20)=0.58 0.47 F(1,20)=0.13 0.73 F(1,20)=0.01 0.91
5

F(1,20)=4.25 0.05 F(1,20)=4.67 0.04 F(1,20)=0.91 0.35



Fig. 2. Neural response during the recognition of positive personality trait
words vs. matched positive distractors and effects of reboxetine. Areas
marked with green are the regions significantly activated during successful
retrieval across all subjects. Reboxetine reduced activation during successful
retrieval in a fronto-parietal network (marked with blue) compared to
placebo. Images are thresholded at Z=2.0, p=.05, corrected. Plot of mean
percent BOLD signal change during recognition of positive personality trait
words and matched distractors modelled against Baseline (fixation periods)
in the region of significant drug group× task interaction (blue areas). Bars
show the mean; error bars show the standard error (σM).

Table 2
Peak cluster activation in brain regions of significantly increased BOLD
response during the emotional categorisation and incidental memory tasks
across all subjects (main effect of task) and effects of reboxetine (interaction)

Task and region Z-value Coordinates

x y z

Emotional categorisation
Main effect of negative words

L inferior frontal gyrus (BA 19) 4.59 −52 −72 −4
R precentral gyrus (BA 6) 4.14 52 −6 52
R cingulate gyrus (BA 24) 3.96 10 8 36
R occipito-temporal junction (BA 37/19) 5.28 50 −60 −10

Main effect of positive words
L inferior frontal gyrus (BA 44) 5.2 −54 16 28
L precuneus (BA 7) 3.37 −20 −68 44
L inferior occipital gyrus (BA 19) 6.08 −44 −82 −12
R inferior occipital gyrus (BA18) 5.3 46 −84 −6

Incidental memory
Main effect of correct discrimination
of negative targets vs. distractors
L middle temporal gyrus (BA 21) 4.03 −56 −30 −10
L inferior parietal cortex (BA 40) 4.01 −40 −58 50

Main effect of correct discrimination
of positive targets vs. distractors
R parieto-occipital sulcus (BA 7/19) 4.56 20 −62 20

Interaction (positive targets-
positive distractors×group)
R superior parietal cortex (BA 7) 4.47 20 −66 59
R medial frontal gyrus (BA 6) 4.91 20 −14 60

MNI coordinates (x, y, z) refer to peak activation within each cluster
identified thresholded at Z=2.0 and Pb.05, corrected. BA: Brodmann area.
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overlapping cluster encompassing the right precuneus, superior
parietal cortex and parieto-occipital sulcus (Fig. 2, for cluster
maxima see Table 2).

Effects of reboxetine
The whole brain analysis revealed a significant group by task

interaction during correct recognition of positive target words vs.
matched distractors within a right-lateralized fronto-parietal net-
work, including the medial frontal gyrus, precuneus, and superior
and inferior parietal cortex (Fig. 2, for cluster maxima see Table 2).
Extraction and analysis of mean percent signal change in these
regions revealed a significant main effect of recognizing positive
targets vs. distractors (F(1,20)=7.75, p=.01; Fig. 2). Further, signal
change analysis demonstrated that the group by task interaction in
this network represented a specific decrease in neuronal activation
during retrieval of positive words (F(1,20)=36.36, p=.01; positive/
hits: t=−3.9, df=20, p=.001; Fig. 2) and increased response to
novel distractor words (positive/correct rejections: t=2.67, df=20,
p=.02; Fig. 2) under reboxetine vs. placebo. Recognition of
negative target words vs. matched distractors in these regions was
not significantly modulated by reboxetine; if anything, there was a
trend in the opposite direction (F(1,20)=3.29, p=.09), suggesting
that the effects in these regions were specific for retrieval of positive
words.

Visual stimulation control experiment

Analysis of mean percent BOLD signal change within the
occipital ROI during presentation of visual checkerboard stimuli
revealed no differences between groups (pN .1), suggesting that the
observed effects of reboxetine were not caused by non-specific
haemodynamic changes.

Discussion

In the current study, a single dose of the antidepressant
reboxetine to healthy volunteers had no effect on neural response
during self-referent categorisation of positive and negative words.
However in a subsequent incidental memory task, reboxetine-
treated volunteers displayed a specific reduction in right-lateralized
fronto-parietal network during the retrieval of positive words,
accompanied by increased speed to recognize positive vs. negative
words. The present results complement previously reported
behavioral effects of acute administration of reboxetine to healthy
volunteers (Harmer et al., 2003) and highlight key neural areas,
which may be involved in these actions.

Neural systems subserving emotional categorisation

Self-referent categorisation of both positive and negative trait
words activated a largely overlapping network of left-lateralised
inferior and medial frontal gyri and right-side occipito-temporal
regions. This is consistent with medial and inferior frontal
involvement in the processing of self-referent (Fossati et al., 2003)
and emotional (Kuchinke et al., 2005) information, respectively, and
with attentional recruitment of occipito-temporal areas in response
to emotional vs. neutral stimuli (e.g. Kuniecki et al., 2003;Moratti et
al., 2004). Increased activation in the cingulate to negative words
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and in the precuneus to positive words is compatible with a role of
these regions in the processing of and attention to emotional
information (Vogt et al., 1992; Maddock et al., 2003; Aalto et al.,
2002; Paradiso et al., 1999).

Emotional categorisation: effects of reboxetine

Contrary to our hypothesis and to previous evidence that acute
administration of reboxetine increases speed to categorisation
positive vs. negative words (Harmer et al., 2003), we found no
effects of reboxetine on the speed of categorisation or neuronal
response to self-referent positive or negative words. These results
also contrast with the effects of 7 days reboxetine administration
which increased activation within frontal and parietal cortex during
classification of self-referent likeable trait words (Norbury et al.,
submitted for publication). Taken together, these observations
imply that repeated administration of antidepressants may have
greater or more robust effects on emotional categorisation than
acute administration.

Neural systems subserving incidental memory

Successful recognition of negative self-referent personality trait
words vs. matched distractors activated the left-hemisphere inferior
parietal and inferior temporal gyrus. These areas have also been
highlighted in previous studies exploring the neural correlates of
self-referent processing (Kircher et al., 2000), emotional proces-
sing (Bremner et al., 2003; Ruby and Decety, 2004), and successful
retrieval memory (van der Veen et al., 2006). Correct recognition
of positive target vs. distractor words activated a cluster of parietal
regions overlapping with the areas activated during retrieval of
negative words as well as the right precuneus. This is consistent
with the involvement of the precuneus in emotion processing
(Teasdale et al., 1999; Ochsner et al., 2004), spatial attention
(Cavanna and Trimble, 2006) and recognition memory (von
Zerssen et al., 2001; Cavanna and Trimble, 2006).

Incidental memory: effects of reboxetine

An incidental recognition task was used in the place of the free
recall approach employed in the previous behavioral studies
(Harmer et al., 2003) because of its compatibility with the fMRI
procedure. Although a scanning environment may be sub-optimal
for detection of behavioral effects of drugs (e.g. Miskowiak et al.,
2007; Norbury et al., submitted for publication), this task revealed
increased efficiency (in this case speeded reaction times) to
recognize positive words following reboxetine, consistent with the
positive bias in free recall previously reported (Harmer et al.,
2003).

To explore effects of reboxetine on the neural systems
involved in retrieval processes rather than valence per se, we
contrasted responses for successfully recognized words with
matched distractor words. No effects of reboxetine on neuronal
activation were observed during retrieval of negative material.
However, during the successful recognition of positive words,
reboxetine decreased activation in a fronto-parietal network
involving the medial frontal gyrus and increased response in
these regions to matched positive distractor words. By contrast,
there was no effect of reboxetine in these regions during retrieval
of negative words suggesting a valence-specific modulation.
Extraction of BOLD signal change revealed activation of this
fronto-parietal network during retrieval processes across all
subjects, which indicates that reboxetine modulated memory-
relevant neural processes.

The decreased recruitment of neural resources during retrieval of
positive target words under reboxetine is consistent with reduced
cognitive load for positive material as predicted and is similar to the
effects seen following 7 days administration of reboxetine which
also decreased medial frontal and parietal response during retrieval
of positive self-referent characteristics (Norbury et al., submitted for
publication). Specifically, increased retrieval effort has been
associated with blood flow increase within frontal regions in an
explicit memory task in which effort to recall an event was
dissociated from the actual recollection of it (Schacter et al., 1996).
Indeed, Rugg and Wilding (2000) have suggested that the neural
correlates of increasing effort is manifest as increased activity of
whatever brain regions are engaged by the retrieval task in question.
Such a hypothesis is consistent with neuroimaging studies of
cognitive function in schizophrenia (Callicott et al., 2003) which
report that patients whose working memory performance is similar
to that of healthy control subjects use greater prefrontal resources,
while patients without such exaggerated prefrontal activity achieve
lower memory accuracy. Indeed, our interpretation that the reduced
recruitment of neural resources represents facilitated memory for
positive words receives support by the speeded recognition of
positive vs. negative target words in volunteers given reboxetine vs.
placebo.

Pharmacological fMRI

It is important when examining the effects of a drug
manipulation on BOLD responses with fMRI to assess whether
the observed effects could be the result of more global effects of
the drug on blood flow or neural coupling. However in the present
study, reboxetine had no effect on neural response within the ROI
in primary visual cortex consistently activated by photic stimula-
tion. It is therefore likely that the observed effect of reboxetine on
fronto-parietal activation was specific for retrieval of positive
personality trait words rather than a result of global haemodynamic
changes.

The use of healthy non-depressed subjects

Together with our previous findings (Harmer et al., 2003, 2004,
2006), the current data indicate that monoaminergic antidepressants
increase the relative processing of positive vs. negative emotional
information in healthy volunteers both in terms of behavioral and
neural responses. In light of this and the prevalent negative biases in
emotional processing in depressed patients, we have hypothesized
that the facilitation of positive vs. negative emotional processing is a
general mechanism of antidepressant drugs important in their
therapeutic actions (Harmer et al., 2004). Studying the mechanisms
of these drugs in healthy non-depressed subjects has the advantage
of avoiding certain confounding variables, such as effects of changes
in mood and medication. However, it remains necessary to assess
whether the same processes occur in depressed patients early on in
antidepressant drug treatment.

Conclusions

In summary, we demonstrated that a single dose of reboxetine
to healthy volunteers reduced neuronal activation in a fronto-
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parietal network during retrieval of positive personality trait words
and increased recognition speed for positive vs. negative words.
Together these findings provide support for the hypothesis that
antidepressants may bias memory and learning in a positive
fashion quickly after commencement of antidepressant treatment.
Such a mechanism would be compatible with cognitive–be-
havioral theories of depression, which emphasize the importance
of negative biases in the maintenance of depressive illness. Future
studies are required to assess the effects of longer term
administration of reboxetine in depressed subjects and to assess
whether these early effects of antidepressants on emotional
processing are predictive of the therapeutic response to these
drugs.

Acknowledgments

This study was supported by the Medical Research Council,
UK.

CH is in the receipt of grant support from Merck Sharpe and
Dohme and has advised Lundbeck, Pivital and Servier in the last
2 years.

PJC has advised Lundbeck, Eli Lilly and Servier in the last
2 years.

GMG is in the receipt of grant support from Sanofi-Aventis,
honoraria for talks in industry sponsored symposia and has advised
AstraZeneca, BMS, Lundbeck, Pivital, Sanofi, Servier and Wyeth
in the last 2 years.
References

Aalto, S., Naatanen, P., Wallius, E., Metsahonkala, L., Stenman, H., Niem, P.M.,
Karlsson, H., 2002. Neuroanatomical substrata of amusement and sadness: a
PET activation study using film stimuli. NeuroReport 13, 67–73.

Anderson, N., 1968. Likeableness ratings of 555 personality trait words.
J. Pers. Soc. Psychol. 9, 272–279.

Beck, A.T., Rush, A.J., Shaw, B.F., Emery, G., 1979. Cognitive Therapy of
Depression. Guilford, New York.

Bremner, J.D., Vythilingam, M., Vermetten, E., Southwick, S.M.,
McGlashan, T., Staib, L.H., Soufer, R., Charney, D.S., 2003. Neural
correlates of declarative memory for emotionally valenced words in
women with posttraumatic stress disorder related to early childhood
sexual abuse. Biol. Psychiatry 53, 879–889.

Callicott, J.H., Mattay, V.S., Verchinski, B.A., Marenco, S., Egan, M.F.,
Weinberger, D.R., 2003. Complexity of prefrontal cortical dysfunction in
schizophrenia more than up and down. Am. J. Psychiatry 160, 2209–2215.

Cavanna, A.E., Trimble, M.R., 2006. The precuneus: a review of its
functional anatomy and behavioural correlates. Brain 129, 564–583.

Duman, R.S., Monteggia, L.M., 2006. A neurotrophic model for stress-
related mood disorders. Biol. Psychiatry 59, 1116–1127.

Fletcher, P.C., Shallice, T., Frith, C.D., Frackowiak, R.S., Dolan, R.J., 1996.
Brain activity during memory retrieval. The influence of imagery and
semantic cueing. Brain 119, 1587–1596.

Fossati, P., Hevenor, S.J., Lepage, M., Graham, S.J., Grady, C., Keightley,
M.L., Craik, F., Mayberg, H., 2004. Distributed self in episodic memory:
neural correlates of successful retrieval of self-encoded positive and
negative personality traits. NeuroImage 22, 1596–1604.

Frances, A., First, M.B., Pincus, H.A., 1995. DSM-IV Guidebook.
American Psychiatric Press, Washington, DC.

Francis, W.N., Kucera, A., 1982. Frequency Analysis of English Usage:
Lexicon and Grammar. Houghton Mifflin, Coston, MA.

Gould, R.L., Brown, R.G., Owen, A.M., ffytche, D.H., Howard, R.J., 2003.
fMRI BOLD response to increasing task difficulty during successful
paired associates learning. NeuroImage 20, 1006–1019.
Grier, J.B., 1971. Nonparametric indices for sensitivity and bias: computing
formulas. Psychol. Bull. 75, 9424–9429.

Harmer, C.J., Hill, S.A., Taylor, M.J., Cowen, P.J., Goodwin, G.M., 2003.
Toward a neuropsychological theory of antidepressant drug action:
increase in positive emotional bias after potentiation of norepinephrine
activity. Am. J. Psychiatry 160, 990–992.

Harmer, C.J., Shelley, N.C., Cowen, P.J., Goodwin, G.M., 2004. Increased
positive versus negative affective perception and memory in healthy
volunteers following selective serotonin and norepinephrine reuptake
inhibition. Am. J. Psychiatry 161, 1256–1263.

Harmer, C.J., Mackay, C.E., Reid, C.B., Cowen, P.J., Goodwin, G.M., 2006.
Antidepressant drug treatment modifies the neural processing of
nonconscious threat cues. Biol. Psychiatry 59, 816–820.

Hill, S.A., Taylor, M.J., Harmer, C.J., Cowen, P.J., 2003. Acute reboxetine
administration increases plasma and saliva cortisol. J. Psychopharmacol.
17, 273–275.

Jezzard, P., Matthews, P.M., Smith, S.M., 2001. Functional MRI an
Introduction to Methods. Oxford Univ. Press, Oxford, pp. 251–253.

Kircher, T.T., Senior, C., Phillips, M.L., Benson, P.J., Bullmore, E.T.,
Brammer, M., Simmons, A., Williams, S.C., Bartels, M., David, A.S.,
2000. Towards a functional neuroanatomy of self processing: effects of
faces and words. Brain Res. Cogn. Brain Res. 10, 133–144.

Kuchinke, L., Jacobs, A.M., Grubich, C., Vo, M.L., Conrad, M., Herrmann,
M., 2005. Incidental effects of emotional valence in single word
processing: an fMRI study. NeuroImage 28, 1022–1032.

Kuniecki, M., Urbanik, A., Sobiecka, B., Kozub, J., Binder, M., 2003.
Central control of heart rate changes during visual affective processing
as revealed by fMRI. Acta Neurobiol. Exp. (Wars.) 63, 39–48.

Maddock, R.J., Garrett, A.S., Buonocore, M.H., 2003. Posterior cingulate
cortex activation by emotional words. Hum. Brain Mapp. 18, 30–41.

Maldjian, J.A., Laurienti, P.J., Kraft, R.A., Burdette, J.H., 2003. An
automated method for neuroanatomic and cytoarchitectonic atlas-based
interrogation of fMRI data sets. NeuroImage 19, 1233–1239.

Miskowiak, K., O'Sullivan, U., Harmer, C.J., 2007. Erythropoietin enhances
hippocampal response during memory retrieval in humans. J. Neurosci.
27, 2788–2792.

Moratti, S., Keil, A., Stolarova, M., 2004. Motivated attention in emotional
picture processing is reflected by activity modulation in cortical attention
networks. NeuroImage 21, 954–964.

Nelson, H., 1982. National Adult Reading Test (NART). Test Manual.
NFER-Nelson, Windsor.

Norbury, R., Mackay, C.B., Cowen, P.J., Goodwin, G.M., Harmer, C.J.,
submitted for publication. The effects of reboxetine on emotional
processing in healthy volunteers: an fMRI study.

Ochsner, K.N., Knierim, K., Ludlow, D.H., Hanelin, J., Ramachandran, T.,
Glover, G., Mackey, S.C., 2004. Reflecting upon feelings: an fMRI
study of neural systems supporting the attribution of emotion to self and
other. J. Cogn. Neurosci. 16, 1746–1772.

Paradiso, S., Johnson, D.L., Andreasen, N.C., O'Leary, D.S., Watkins, G.L.,
Ponto, L.L.B., Hichwa, R.D., 1999. Cerebral blood flow changes
associated with attribution of emotional valence to pleasant, unpleasant,
and neutral visual stimuli in a PET Study of normal subjects. Am. J.
Psychiatry 156, 1618–1629.

Ruby, P., Decety, J., 2004. How would you feel versus how do you think she
would feel? A neuroimaging study of perspective-taking with social
emotions. J. Cogn. Neurosci. 16, 988–999.

Rugg, M.D., Wilding, E.L., 2000. Retrieval processing and episodic
memory. Trends Cogn. Sci 4, 108–115.

Schacter, D.L., Savage, C.R., Alpert, N.M., Rauch, S.L., Albert, M.S., 1996.
The role of hippocampus and frontal cortex in age-related memory
changes: a PET study. NeuroReport 7, 1165–1169.

Talairach, J., Tournoux, P., 1988. Co-Planar Stereotaxic Atlas of the Human
Brain. Thieme, New York.

Teasdale, J.D., Howard, R.J., Cox, S.G., Ha, Y., Brammer, M.J., Williams,
S.C., Checkley, S.A., 1999. Functional MRI study of the cognitive
generation of affect. Am. J. Psychiatry 156, 209–215.

van der Veen, F.M., Evers, E.A., van Deursen, J.A., Deutz, N.E., Backes,



911K. Miskowiak et al. / NeuroImage 37 (2007) 904–911
W.H., Schmitt, J.A., 2006. Acute tryptophan depletion reduces
activation in the right hippocampus during encoding in an episodic
memory task. NeuroImage 31, 1188–1196.

Vogt, B.A., Finch, D.M., Olson, C.R., 1992. Functional heterogeneity in
cingulate cortex. The anterior executive and posterior evaluative regions.
Cereb. Cortex 2, 435–443.

von Zerssen, G.C., Mecklinger, A., Opitz, B., von Cramon, D.Y., 2001.
Conscious recollection and illusory recognition: an event-related fMRI
study. Eur. J. Neurosci. 13, 2148–2156.

Vuilleumier, P., 2005. How brains beware: neural mechanisms of emotional
attention. Trends Cogn. Sci. 9, 585–594.

Woolrich, M.W., Behrens, T.E., Beckmann, C.F., Jenkinson, M., Smith,
S.M., 2004. Multilevel linear modelling for FMRI group analysis
using Bayesian inference. NeuroImage 21, 1732–1747.


	Single dose antidepressant administration modulates the neural processing of self-referent pers.....
	Introduction
	Materials and methods
	Subjects
	Experimental design
	Verbal stimuli
	Task design
	Visual stimulation paradigm
	Mood scales
	Salivary cortisol
	fMRI data acquisition
	fMRI data analysis
	Statistical analysis of behavioral and mood data

	Results
	Subjective state and absorption of drug
	Performance

	Task- and group-related BOLD change
	Emotional categorisation
	Main effect of task
	Effects of reboxetine

	Incidental memory
	Main effect of task
	Effects of reboxetine

	Visual stimulation control experiment

	Discussion
	Neural systems subserving emotional categorisation
	Emotional categorisation: effects of reboxetine
	Neural systems subserving incidental memory
	Incidental memory: effects of reboxetine
	Pharmacological fMRI
	The use of healthy non-depressed subjects

	Conclusions
	Acknowledgments
	References


