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Introduction

Affective disorders, such as major depressive disorder and gen-
eralized anxiety disorder, are characterized by a negative infor-
mation processing bias whereby negative information is more
prominent than positive information.1,2 Early neural effects of

antidepressants on emotion processing biases may underpin
downstream changes associated with improvement of symp-
toms in people with affective disorders.2–4 There is a critical need
to better understand acute antidepressant action given low re-
sponse and remission rates to first-line treatment, resulting in
trial and error.5,6 Though it has been established that patients
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Background: Acute neural effects of antidepressant medication on emotion processing biases may provide the foundation on which
clinical outcomes are based. Along with effects on positive and negative stimuli, acute effects on neutral stimuli may also relate to anti -
depressant efficacy, yet these effects are still to be investigated. The present study therefore examined the impact of a single dose of the
selective serotonin reuptake inhibitor escitalopram (20 mg) on positive, negative and neutral stimuli using pharmaco-fMRI. Methods:
Within a double-blind, randomized, placebo-controlled crossover design, healthy women completed 2 sessions of treatment administra-
tion and fMRI scanning separated by a 1-week washout period. Results: We enrolled 36 women in our study. When participants were
administered escitalopram relative to placebo, left amygdala activity was increased and right inferior frontal gyrus (IFG) activity was
decreased during presentation of positive pictures (potentiation of positive emotion processing). In contrast, escitalopram was associated
with decreased left amygdala and increased right IFG activity during presentation of negative pictures (attenuation of negative emotion
processing). In addition, escitalopram decreased right IFG activity during the processing of neutral stimuli, akin to the effects on positive
stimuli (decrease in negative appraisal). Limitations: Although we used a women-only sample to reduce heterogeneity, our results may
not generalize to men. Potential unblinding, which was related to the subjective occurrence of side effects, occurred in the study; however,
manipulation check analyses demonstrated that results were not impacted. Conclusion: These novel findings demonstrate that a single
dose of the commonly prescribed escitalopram facilitates a positive information processing bias. These findings provide an important
lead for better understanding effects of antidepressant medication.



with affective disorders also negatively appraise neutral stimu -
li,7–9 investigations on the acute effects of antidepressants have
yet to account for such effects on neutral stimuli. If treatment
were to facilitate the processing of neutral stimuli — stimuli that
patients usually perceive as negative — in addition to positive
and negative stimu li, this would provide much-needed support
for the proposal that treatment improves negative biases across
stimuli by facilitating a positive information processing bias.2–4

In addition, previous findings on the acute effects of citalopram
on emotion processing10,11 must be updated by focusing on the
more commonly prescribed treatment, escitalopram.12 To these
ends, the present study examined the acute impact of escitalo-
pram on the processing of positive, negative and neutral images
to lay the framework for better understanding early physiologic
effects of current antidepressant treatment.

Affective disorders are related to impairment in mono amine
neurotransmitter systems and intracellular processes,13 which
are modulated by antidepressant treatment and lead to symp-
tom improvement.13,14 The most commonly prescribed class of
antidepressants is the selective serotonin reuptake inhibitor
(SSRI). Through serotonergic innervation of brain regions
linked to affective disorders,14,15  SSRIs act on brain regions re-
sponsible for the processing of emotional information.16,17 Our
recent meta-analysis17 of the impact of anti depressants on emo-
tion processing showed that SSRIs produce differential acute
effects on regional activation that depend on the type of emo-
tion stimuli used in the task. Single dose SSRI administration
impacts on both emotional reactivity and on appraisal and regu -
latory processes during the processing of complex emotional
scenes (e.g., Inter national Affective Picture System [IAPS]18).
The amygdala and inferior frontal gyrus (IFG) are key regions
implicated in emotion reactivity and its appraisal and regula-
tion, respectively,19,20 and are regions modulated by single dose
SSRI administration.17 While the amygdala reliably and auto-
matically21,22 responds to the salience of affective stimuli, the IFG
exerts top–down executive control over appraisal and affective
responses.23–25 Critically, the IFG plays an important role in at-
tenuating amygdala activity in response to affective stimuli,
 facilitating effective appraisal and regulation.25–27 The reciprocal
relationship between the IFG and the amygdala is apparent
during the appraisal and reappraisal of emotional stimuli,25,27

highlighting the IFG and amygdala as key components in an
emotional processing circuit. Depressed patients repeatedly
demonstrate increased amygdala activation and reduced IFG
activation, suggesting a lack of regulation on the part of the IFG
over amygdala function.28,29 Indeed, single dose and subchronic
SSRI treatment is associated with the normalization of activity
in these areas in both healthy11,30,31 and clinical samples.32,33

While the precise biological mechanisms of antidepressants
remain to be understood, recent theory suggests that anti -
depressants act, starting at the first dose, by changing the way
individuals process affective information.2–4 Cognitive neuro -
psychological models suggest that these changes lead to pro-
cessing environmental stimuli more positively and a relearn-
ing of affective associations, eventually leading to symptom
improvement.2–4 In addition, while antidepressant response
generally takes weeks before it is apparent clinically, an in-
creasing body of work has examined the ability to predict re-

sponse to antidepressant medications.5,34 Recent research10,11,35

has revealed that there are directly observable physiologic
changes that occur within hours of administering a single
dose, demonstrating that differential drug effects may be ob-
served following acute rather than chronic administration of
antidepressants before noticeable behavioural changes emerge.

Our earlier work using electroencephalography (EEG)
demonstrated that 20 mg of citalopram potentiates cortical elec-
trophysiological responses to positive emotional pictures and
attenuates responses to negative emotional pictures.10 We36 and
others2,4 have proposed that antidepressant-induced reductions
in clinical symptoms may be associated with these early neuro-
physiological and neuropsychological responses during the
processing of emotional stimuli and that these changes may be
observed. Given EEG’s lack of spatial resolution for subcortical
regions of interest (ROI; namely, the amygdala), pharmaco-
fMRI studies are required in order to further examine the
neuro physiology of regions involving both reappraisal (e.g.,
IFG) and reactivity (e.g., amygdala) during acute antidepres-
sant treatment, reflecting shifts from negatively  biased to more
positively biased appraisal and reactivity responses. Acute
pharmaco-fMRI studies11,31,37–41 have provided additional insight
into the responses of emotion circuitry and emotion bias as a
treatment target for SSRIs. However, examinations have yet to
challenge the emotion circuitry with complex images ranging
in emotional content to evoke differential cognitive appraisal
processes rather than simple emotional facial expressions that
elicit automatic processes related to basic emotional salience.42,43

Specifically, studies have yet to examine the effect of acute anti-
depressant treatment on neutral stimuli. This is an important
consideration given that patients with affective disorders28,29,44

display impairments in the conscious and controlled processing
of both emotional45,46 and neutral stimuli.7–9 Rather than consider
the impact of acute effects of antidepressants on neutral stimuli
as a condition of interest in its own right, treatment studies thus
far have employed neutral stimuli to serve as a contrast against
positive and negative emotional stimuli to isolate modulations
in neural activity due to emotion.10,11,31 Antidepressant treatment
may not modulate amygdala activity associated with reactivity
to low-arousal neutral stimuli; however, IFG activity associated
with appraisal and regulation may be impacted. If treatment
positively biases the appraisal of neutral stimuli, it could be ex-
pected that treatment impacts IFG activity in a similar way as
positive stimuli. Finally, escitalopram was selected for study
given increasing prescribing rates12 and its improved efficacy
over citalopram,47,48 which may have a neural explanation.49 Fur-
thermore, pharmaco-fMRI study of acute treatment effects on
emotional processing across differently valent categories is re-
quired to further cognitive neuropsychological models of anti-
depressant action.

Here we examine the acute impact of escitalopram adminis-
tration on neural responses to highly arousing positive and
negative pictures as well as low-arousal neutral pictures in
healthy participants. Consistent with and building on our pre-
vious findings,10 we predicted that the impact of escitalopram
on amygdala and IFG blood oxygen level–dependent (BOLD)
response would depend on emotional valence such that esci-
talopram would increase amygdala and decrease IFG BOLD

Outhred et al.

268 J Psychiatry Neurosci 2014;39(4)



Impact of escitalopram on emotional and neutral image processing

J Psychiatry Neurosci 2014;39(4) 269

 responses during the processing of high-arousal positive im-
ages and that escitalopram would decrease amygdala and in-
crease IFG BOLD responses during the processing of high-
arousal negative images. Based on the expectation that
treatment facilitates a positive information processing bias, we
also hypothesized that, similar to its effect during the process-
ing of positive stimuli, escitalopram would decrease IFG BOLD
responses during the processing of low-arousal neutral images.

Methods

Participants

We recruited right-handed, healthy women by advertisement
for participation in our study. We screened the women over the
telephone to ensure participants were medication-free (other
than hormonal contraceptives) and that they did not have
physical and psychiatric illness, symptoms of depression or
anxiety, which we assessed using the Patient Health Question-
naire50 and the Generalized Anxiety Disorder 7-item scale.51 Ad-
ditional exclusion criteria were history of previous psychiatric
illness or psychiatric medication use, illicit drug use, alco-
holism, smoking, brain injury, neurologic disorders, loss of con-
sciousness for longer than 5 minutes and contraindications for
fMRI scanning. Finally, we asked participants to abstain from
caffeine on the morning of the experiment. All participants pro-
vided informed consent in accordance with the Australian Na-
tional Health and Medical Research Council (NHMRC) guide-
lines. The Sydney University Human Research Ethics
Committee (13901), and the Northern Sydney Central Coast
Area Health Service Human Research Ethics Committee
(1105–178M) granted ethical approval. This trial was registered
with the Australian New Zealand Clinical Trials Registry
(ANZCTR; ACTRN12611000719932).

Experimental and emotion processing task design

All participants were tested under placebo (saccharin) and esc-
italopram (20 mg administered orally) conditions using a ran-
domized, double-blind, placebo-controlled crossover design
with a washout period of 1 week (or 5 half-lives; t1/2 = 26.7 h52).
An equal number of participants was assigned to receive either
treatment or placebo in their first testing session. Functional
MRI during an emotion processing task was conducted
4 hours post-treatment to coincide with expected peak phar-
macokinetic effects of escitalopram (mean tmax = 4.0 h;53 tmax =
3.0 ± 1.5 h52). A crossover design and checks for correct experi-
mental manipulation (instead of a mixed- models approach)
were used, as previously recommended and discussed.54,55

A block design emotion processing task was constructed
with 3 blocks of high-arousal positive pictures, 3 blocks of neg-
ative valance pictures, 3 blocks of low-arousal neutral valance
pictures and 9 blocks of fixation crosses (see the Appendix,
available at jpn.ca). Stimuli were selected from IAPS18 to elicit
complex emotion processing.56 The blocks of fixation crosses
were followed by each IAPS picture block. Each of the blocks
consisted of 5 pictures presented for 4 seconds each. During all
trials pictures were unique within and across sessions, with

participants having been randomly assigned to  either of
2 forms of the task in their first session. Blocks of pictures were
randomized within each form. A number of hormonal, behav-
ioural and neurophysiological manipulation checks were per-
formed (see the Appendix). These manipulation checks in-
cluded assessment of impact of potential unblinding of
treatment owing to the subjective occurrence of side effects on
the results of the study. The assessments showed no impact on
the results (see the Appendix).

Functional MRI data acquisition

Imaging was performed at Advanced Research and Clinical
Highfield Imaging, a dedicated research facility, using a 3.0 T
Siemens Trio scanner. Thirty-six consecutive axial slices
(4 mm thickness) parallel to the anterior–posterior commis-
sure covering the whole brain were imaged using a T2*-
weighted gradient-echo echo-planar imaging sequence (echo
time [TE] 32 ms, repetition time [TR] 2000 ms, matrix 64 × 64,
flip angle 90°). The field of view was 240 mm and the effec-
tive in-plane functional spatial resolution was 3.75 mm. For
each functional run, 360 volumes were collected after dis-
carding the first 6. For anatomic reference, high-resolution
whole brain images were also acquired under the following
parameters: TR 1570 ms, TE 3.22 ms, flip angle 15°, matrix
512 × 512 × 192 mm. Participant movement was minimized
by securing the head within the coil using padding.

Functional MRI data analyses
The imaging data were preprocessed and analyzed using the
image processing routines implemented within the statistical
parametric mapping software package SPM8 (www .fil .ion .ucl
.ac.uk/spm/software/spm8/; Wellcome Trust Centre for
Neuroimaging). Images for each participant were first cor-
rected for susceptibility-by-movement artifacts and then re-
aligned to the first volume of the time series. Realigned images
were spatially normalized into standard stereotactic space
(Montreal Neurological Institute [MNI] template) and
smoothed with an 8 mm full-width at half-maximum  Gaussian
kernel to minimize anatomic differences. The BOLD response
at each voxel was modelled with a canonical hemodynamic re-
sponse function and its temporal derivative.

For each participant, brain activation contrast images were
determined from the positive, negative and neutral images
contrasted against fixation images at each treatment session.
These individual contrast images were then used in the
 second-level random-effects model to determine regional re-
sponses for the whole sample. We conducted a whole brain
analysis to ensure the emotion processing task and treatments
activated regions associated with affective processing and
with our ROIs, which were the left and right amygdala and
the left and right IFG (as previously defined57,58). For the whole
brain analysis, we used an α threshold of p < 0.05,  family-wise
error (FWE)–corrected. For all a priori ROI analyses, we used
an α threshold of p < 0.05 (partial volume, uncorrected) and a
spatial extent of 20 or more voxels per cluster to control for
false-discovery rates associated with multiple comparisons
within the ROIs, in accordance with accepted guidelines.59,60



To determine the interaction effect of treatment (escitalopram,
placebo) × valence (positive, negative, neutral), we performed
an analysis of variance (ANOVA) on the valance > fixation
contrasts for the amygdala and IFG ROIs. This analysis was
then followed up with dependent samples t tests to determine
the direction of the effects. For each participant at each ses-
sion, percent signal changes for each of the positive, negative
and neutral pictures were estimated using MarsBaR.61 The
ROIs for percent signal change analysis were determined
from the significant SPM amygdala and IFG clusters at the
second-level analysis. This analysis was conducted to deter-
mine the effect of treatment on emotion processing.

Results

Participants

We enrolled 36 women (mean age 25.08 ± 6.49 yr) who met
our study inclusion criteria. Years of education ranged from
13 (completed high school) to 23 (completed graduate
school). All participants were of white European ethnogeo-
graphic ancestry. No participant tested positive on preg-
nancy tests conducted at each session.

Functional MRI results: whole brain and ROIs

The whole brain analysis of the average effect of picture presen-
tation collapsing across treatment conditions showed signifi-
cant activation of the left amygdala and bilateral IFG at p < 0.05,
FWE-corrected (for all other activations, see the Appendix,
Table S1). Therefore, these ROIs were used in consequent
analyses. The ROI analysis on the main effect for the emotion
processing task revealed significant activations for all ROIs (all
p < 0.05, partial volume, false-discovery rate [FDR]–corrected).
See the Appendix, Table S2, for statistics for the emotion pro-
cessing task effects with follow-up tests. The ROI analysis on
the main effect of treatment revealed significant activation for
the left IFG (k = 59, p = 0.012, uncorrected). See the Appendix,
Table S3, for statistics for treatment effects with follow-up tests.

Functional MRI results: treatment × emotion processing
interaction

The ROI analysis on the interaction effect of treatment and emo-
tion processing revealed significant activation within the right
IFG (k = 283, p < 0.001, uncorrected) and left amygdala (k = 50,
p = 0.006, uncorrected). See Table 1 for statistics for the interac-
tion effect between treatment and emotion processing with
 follow-up tests. The follow-up tests demonstrated that, relative
to placebo, escitalopram increased left amygdala and decreased
right IFG activation during positive emotion processing; de-
creased bilateral amygdala activation and increased right IFG
activation during negative emotion processing; and decreased
right IFG activation during neutral emotion processing. Consis-
tent with these follow-up tests, the percent signal changes ob-
tained at the individual participant level showed increased left
amygdala activation during positive stimuli and decreased left
amygdala activation in response to negative emotion processing

with escitalopram relative to pla cebo. Increased right IFG activ-
ity during negative stimuli and decreased right IFG activation
during positive stimuli was shown with escitalopram relative to
placebo. Parallel to the positive stimuli, percent signal changes
for the neutral stimuli showed decreased right IFG activation
with escitalopram relative to placebo (Fig. 1).

Discussion

The present study examined the impact of a single dose of the
SSRI escitalopram on the processing of high-arousal positive
and negative pictures and low-arousal neutral pictures in
healthy participants using pharmaco-fMRI. Building on previ-
ous findings,10,31 we found that a single dose of escitalopram in-
creased amygdala activation and decreased IFG activation dur-
ing the processing of positive images. By contrast, escitalopram
decreased amygdala activation and increased IFG activation
during the processing of negative images, consistent with previ-
ous findings. During the processing of low-arousal neutral
 images, escitalopram decreased IFG activation paralleling the
decrease in IFG activation during the processing of positive
stimuli. These findings suggest a  valence-specific modulation of
emotion processing regions with a single dose of escitalopram.

Consistent with predictions based on our earlier EEG find-
ings,10 the present pharmaco-fMRI study found that escitalo-
pram potentiated positive but attenuated negative emotion
processing. This was demonstrated by an increase in amygdala
activation (which may reflect increased salience21,22) and a de-
crease in IFG activation (which may reflect reduced reappraisal
and inhibition23–25) during the processing of positive pictures
and a decrease in amygdala activation (associated with de-
creased salience) and an increase in IFG activation (reappraisal
and greater inhibition) during the processing of negative pic-
tures. The present study’s findings with escitalopram and nega-
tive pictures are consistent with those of previous pharmaco-
fMRI studies that found decreased amygdala activation in
response to negative pictures after a single dose of fluvox -
amine31 and citalopram40 and negative faces after a single dose11

or a 7- to 10-day38 treatment of citalopram. Furthermore, the in-
crease in amygdala activation in response to positive pictures
with a single dose of escitalopram is consistent with findings
from studies on the effect of positive faces following 7- to 10-
day treatment with citalopram.38 To our knowledge, the present
study is the first to demonstrate increased amygdala activation
in response to positive pictures after a single dose of an SSRI.

With respect to neutral pictures, escitalopram decreased IFG
activity (reduced reappraisal and inhibition) in a similar man-
ner to that observed during the processing of positive pictures.
This observation is novel and suggests that a single dose of a
commonly prescribed antidepressant may begin to facilitate a
positive bias or decrease negative bias to neutral pictures by
reducing negative reappraisal. While a previous investigation
observed no change with neutral faces following treatment,11

our findings may be explained by increased complexity and
associated increases in frontal engagement associated with ap-
praisal processes of images that is subsequently impacted by
treatment.42,43 Our observations that a single dose of escitalo-
pram reduced IFG activity associated with appraisal and
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 inhibition, akin to the positive stimuli, is important given that
neutral stimuli tend to be experienced negatively by clinical
samples7–9 and that chronic treatment is associated with view-
ing these stimuli more positively.8 This finding also has impli-
cations for pharmaco-fMRI methodology in that employing
neutral stimuli as a contrast against emotional stimuli may be

problematic as treatment appears to impact on emotional as
well as neutral stimulus categories. Future work should deter-
mine whether the processing of neutral stimuli becomes more
positive or less negative, starting from a single dose.

In accordance with cognitive neuropsychological models of
antidepressant action,3,4 the acute neurophysiological changes

Table 1: Peak amygdala and IFG activation of the interaction between treatment and affective experience 

)INM(lexovkaeP

Group contrast; region k Peak t value* p value‡ x y z 

Interaction effect 
02583100.0<†19.7382GFIthgiR

40404010.0†57.4

21–4483610.0†12.4

01–4424710.0†51.4

Left amygdala 50 5.18† 0.006 –20 2 –16 

 4.79† 0.009 –20 –4 –18 

Positive pictures 
Escitalopram > placebo       

Left amygdala 56 2.24 0.013 –20 0 –16 

 1.95 0.025 –22 –4 –22 

Placebo > escitalopram       

02484900.093.284GFIthgiR

4–0444–120.050.292GFItfeL

Negative pictures 
Escitalopram > placebo       

24504100.050.3943GFIthgiR

24584700.094.2

22444800.034.2

016484010.053.2

88444–500.006.2511GFItfeL

 2.31 0.011 –40 44 –4 

Placebo > escitalopram       

Left amygdala 104 4.42 0.006§ –26 –2 –12 

61–262–§700.033.4

Right amygdala 109 3.13 0.001 24 2 –12 

 3.07 0.001 24 4 –16 

Neutral pictures 

Escitalopram > placebo       

2–0383–200.009.2501GFItfeL

210163–800.054.207GFItfeL

 2.14 0.017 –42 8 6 

Placebo > escitalopram       

034285500.036.265GFIthgiR

826165510.071.2

420205320.000.2

424284130.078.1

410484520.069.103GFIthgiR

 1.96 0.026 48 38 18 

 1.86 0.032 40 40 8 

 1.81 0.035 44 44 8 

 1.89 0.030 42 46 –6 

 1.89 0.030 42 44 –12 

 1.89 0.030 38 50 0 
 1.84 0.033 42 50 –2 

IFG = inferior frontal gyrus; MNI = Montreal Neurological Institute. 
*Unless otherwise indicated. 
†F2,210 statistic value. 
‡Partial volume, uncorrected p value, k = 20, unless otherwise indicated. 
§Partial volume, false-discovery rate–corrected p value. 



of escitalopram during presentation of positive, negative and
neutral images were not paralleled by changes in subjective rat-
ings of the valence of the stimuli (see the Appendix). Models
suggest that with chronic antidepressant treatment changes in
affect come with neuroadaptive changes and environmental
exposure that further potentiate and consolidate positive emo-
tion and information processing bias.3,4 To test these models
and determine whether neural changes increase over time, fu-

ture research should examine these measurable changes, track-
ing them over the first dose, the acute/early period and later
time periods of therapeutic treatment. Further support for
these models would stem from examination of graduated
dose–response changes in emotion processing biases with
graduated doses of antidepressant treatment. Critically, future
research is needed to examine whether the measureable, small
to moderate neural changes with single dose antidepressant
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Fig. 1: Percent signal change and regional activation illustrating a treatment-emotion processing interaction (error bars represent standard
error of the mean). AMY = amygdala; IFG = inferior frontal gyrus; ROI = region of interest.
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administration on positive, negative and neutral stimuli pro-
cessing are predictive of longitudinal changes in affect with
chronic treatment in patients with affective disorders. A single
dose rather than a subchronic or chronic experimental medi-
cine model may benefit future research on the prediction of
therapeutic response in patients and for treatment develop-
ment both in terms of time and cost.

The present findings suggest that the acute changes in emo-
tion bias characterized in cognitive neuropsychological
 models2–4 may be further illustrated, at least in part, by anti -
depressants’ potentiation of positive emotion and attenuation
of negative emotion, with potentiation being associated with a
profile of increased amygdala and decreased IFG activation,
and attenuation being associated with the reverse profile (de-
creased amygdala and increased IFG activation). These find-
ings are consistent with an increasing positive bias. In addi-
tion, a potential increase in positive bias or decrease in
negative bias toward neutral stimuli (decreased IFG activation
paralleling responses with positive stimuli) may be a novel
characterization of the acute changes with antidepressant
treatment. These considerations have been integrated into a
cognitive neuropsychological model of antidepressant action3

displayed in the Appendix, Figure S2. Future neuroimaging
studies involving emotion regulation tasks may help to fur-
ther illustrate interactions between these regions.

The acute effects of antidepressants appear to be similar be-
tween healthy11,30,31 and clinical samples,32,33,62 with studies report-
ing increased frontal and decreased limbic activation in response
to negatively valenced stimuli and decreased frontal and
 increased limbic activation in response to positively valenced
stimu li. This suggests that single dose outcomes in healthy indi-
viduals would be expected to have parallels to those in patients.
Circumventing the potential for the moderating effects of illness,
treatment, sex, race and associated factors, the present study
used a homogeneous, well-characterized sample of healthy,
white, European women. Nevertheless, the findings of the pre-
sent study, particularly the novel findings pertaining to treat-
ment modulation of neutral stimuli, need to be replicated in clini-
cal samples. While neurophysiological measures of the acute
effects of antidepressants hold promise for the prediction of their
clinical efficacy,5,34 the predictive ability of cognitive neuropsy-
chological models of antidepressant action remains to be tested.63

Limitations

A potential limitation of the present study was the potential un-
blinding of treatment condition (see the Appendix), with partici-
pants correctly guessing treatment condition over and above
chance. This guessing was associated with the subjective experi-
ence of side effects, consistent with those typically experienced
with escitalopram.47 However, guessing or side effects did not
have effects on BOLD activation of the amygdala or IFG during
the emotion processing conditions (see the Appendix). There-
fore, it is unlikely that unblinding and side effects confounded
the results of our study. Nonetheless, future research may con-
sider using an active placebo condition to control for the poten-
tial impact of side effects on treatment and emotion processing.
Another possible limitation of the present study was that we

used a women-only sample. Though we did not find differential
impacts of hormonal or menstrual status on BOLD activation
during emotion processing under each treatment condition (see
the Appendix), our findings may not be generalizable to men.
As men have different patterns of neurophysiological responses
to affective stimuli64 that are further differentiated by the valence
of the stimuli,65 it is imperative to extend our findings to men in
future studies, as drug effects may differ. Nevertheless, the
within-subjects design and extensive manipulation checks,
along with the use of a homogeneous, well-characterized sam-
ple, increase our confidence in the observed findings.

Conclusion

To our knowledge, we demonstrate for the first time that a
commonly prescribed SSRI antidepressant, escitalopram, dif-
ferentially impacts neural activation consistent with an in-
creasing positive bias toward positive and against negative
emotional stimuli. In addition, we observed a reduction in the
appraisal of neutral stimuli, which may have implications for
depressed individuals, who appraise such stimuli negatively.
Our study also has important methodological implications
with regards to baseline conditions in studies on the effects of
antidepressants, as treatment may impact on neutral as well
as emotional stimulus conditions. In addition to providing
important new data on the more commonly prescribed anti-
depressant escitalopram, our novel findings support and ex-
tend cognitive neuropsychological models of antidepressant
action. Further work in this domain may enable the develop-
ment of acute measures to predict treatment efficacy.

Acknowledgements: This research was supported by an Australian
Research Council Discovery Project Grant (DP0987332), a National
Health and Medical Research Council (NHMRC) Project Grant
(464863) and a NHMRC Career Development Award (571101)
awarded to A.H. Kemp. We acknowledge the support and assistance
of the local and international research students and laboratory volun-
teers throughout the project.

Competing interests: T. Outhred and A.H. Kemp are supported by an
Australian Postgraduate Award and an International Research Profes-
sorship from the Universidade de São Paulo, respectively. P.J. Nathan
is an employee at UCB Pharma and hold shares in the company.
G.S. Malhi has received research support from Astra Zeneca, Eli Lilly,
Organon, Pfizer, Servier and Wyeth. He has been a speaker for Astra -
Zeneca, Eli Lilly, Janssen Cilag, Lundbeck, Pfizer, Ranbaxy, Servier
and Wyeth. He has been a consultant for Astra Zeneca, Eli Lilly,
Janssen Cilag, Lundbeck and Servier. None declared for P. Das,
K.L. Felmingham and R.A. Bryant. 

Contributors: A.H. Kemp acquired the funding to conduct the study.
T. Outhred, P. Das, K.L. Felmingham, R.A. Bryant, G.S. Malhi and
A.H. Kemp designed the study. T. Outhred, P. Das, G.S. Malhi and
A.H. Kemp acquired and analyzed the data, which P.J. Nathan also
analyzed. T. Outhred wrote the article, which all authors reviewed
and approved for publication.

References

1. Beck AT. The evolution of the cognitive model of depression and
its neurobiological correlates. Am J Psychiatry 2008;165:969-77.

2. Roiser JP, Elliott R, Sahakian BJ. Cognitive mechanisms of treat-
ment in depression. Neuropsychopharmacology 2012;37:117-36.



3. Harmer CJ, Goodwin GM, Cowen PJ. Why do antidepressants take
so long to work? A cognitive neuropsychological model of anti -
depressant drug action. Br J Psychiatry 2009;195:102-8.

4. Pringle A, Browning M, Cowen PJ, et al. A cognitive neuropsycho -
logical model of antidepressant drug action. Prog Neuropsychopharmacol
Biol Psychiatry 2011;35:1586-92.

5. Kemp AH, Gordon E, Rush AJ, et al. Improving the prediction of
treatment response in depression: integration of clinical, cognitive,
psychophysiological, neuroimaging, and genetic measures. CNS
Spectrums 2008;13:1066-86.

6. Trivedi MH. Evaluation of outcomes with citalopram for depres-
sion using measurement-based care in STAR*D: implications for
clinical practice. Am J Psychiatry 2006;163:28-40.

7. Oliveira L, Ladouceur CD, Phillips ML, et al. What does brain response
to neutral faces tell us about major depression? Evidence from machine
learning and fMRI. PLoS ONE 2013;8:e60121.

8. Sheline YI, Barch DM, Donnelly JM, et al. Increased amygdala re-
sponse to masked emotional faces in depressed subjects resolves with
antidepressant treatment: an fMRI study. Biol Psychiatry 2001;50:651-8.

9. Brunetti M, Sepede G, Mingoia G, et al. Elevated response of human
amygdala to neutral stimuli in mild post traumatic stress disorder:
neural correlates of generalized emotional response. Neuroscience
2010; 168:670-9.

10. Kemp AH, Gray MA, Silberstein RB, et al. Augmentation of serotonin
enhances pleasant and suppresses unpleasant cortical electrophysio -
logical responses to visual emotional stimuli in humans. Neuroimage
2004;22:1084-96.

11. Murphy SE, Norbury R, O’Sullivan U, et al. Effect of a single dose of
citalopram on amygdala response to emotional faces. Br J Psychiatry
2009;194:535-40.

12. Stephenson CP, Karanges E, McGregor IS. Trends in the utilisation
of psychotropic medications in Australia from 2000 to 2011. Aust N
Z J Psychiatry 2013;47:74-87.

13. Belmaker RH, Agam G. Major depressive disorder. N Engl J Med
2008;358:55-68.

14. Stahl SM. Mechanism of action of serotonin selective reuptake in-
hibitors. J Affect Disord 1998;51:215-35.

15. Gillespie CF, Garlow S, Binder EB, et al. Neurobiology of mood
disorders. In: Schatzberg AF, Nemeroff CB, editors. The American
psychiatric publishing textbook of psychopharmacology. Arlington
(VA): American Psychiatric Publishing; 2011.

16. Duman RS, Monteggia LM. A neurotrophic model for stress-related
mood disorders. Biol Psychiatry 2006;59:1116-27.

17. Outhred T, Hawkshead BE, Wager TD, et al. Acute neural effects of se-
lective serotonin reuptake inhibitors versus noradrenaline reuptake in-
hibitors on emotion processing: implications for differential treatment
efficacy. Neurosci Biobehav Rev 2013;37:1786-800.

18. Lang PJ, Bradley MM, Cuthbert BN. International Affective Picture
System (IAPS): affective ratings of pictures and instruction manual.
Technical report A-8. Gainesville (FL): University of Florida; 2008.

19. Mayberg HS. Limbic-cortical dysregulation: a proposed model of
depression. J Neuropsychiatry Clin Neurosci 1997;9:471-81.

20. Lee H, Heller AS, van Reekum CM, et al. Amygdala-prefrontal
coupling underlies individual differences in emotion regulation.
Neuroimage 2012;62:1575-81.

21. Luo Q, Holroyd T, Majestic C, et al. Emotional automaticity is a
matter of timing. J Neurosci 2010;30:5825-9.

22. Pourtois G, Spinelli L, Seeck M, et al. Temporal precedence of emotion
over attention modulations in the lateral amygdala: intracranial ERP
evidence from a patient with temporal lobe epilepsy. Cogn Affect Behav
Neurosci 2010;10:83-93.

23. Depue BE, Curran T, Banich MT. Prefrontal regions orchestrate sup-
pression of emotional memories via a two-phase process. Science
2007; 317:215-9.

24. Miller EK, Cohen JD. An integrative theory of prefrontal cortex
function. Annu Rev Neurosci 2001;24:167-202.

25. Banks SJ, Eddy KT, Angstadt M, et al. Amygdala frontal connectivity
during emotion regulation. Soc Cogn Affect Neurosci 2007;2:303-12.

26. Phan KL, Fitzgerald DA, Nathan PJ, et al. Neural substrates for
voluntary suppression of negative affect: a functional magnetic
resonance imaging study. Biol Psychiatry 2005;57:210-9.

27. Wager TD, Davidson ML, Hughes BL, et al. Prefrontal-subcortical
pathways mediating successful emotion regulation. Neuron 2008;
59:1037-50.

28. Hamilton JP, Etkin A, Furman DJ, et al. Functional neuroimaging
of major depressive disorder: a meta-analysis and new integration

of baseline activation and neural response data. Am J Psychiatry
2012;169:693-703.

29. Siegle GJ, Thompson W, Carter CS, et al. Increased amygdala and de-
creased dorsolateral prefrontal BOLD responses in unipolar depres-
sion: related and independent features. Biol Psychiatry 2007;61:198-209.

30. McCabe C, Mishor Z. Antidepressant medications reduce subcortical-
cortical resting-state functional connectivity in healthy volunteers.
Neuroimage 2011;57:1317-23.

31. Takahashi H, Yahata N, Koeda M, et al. Effects of dopaminergic
and serotonergic manipulation on emotional processing: a phar-
macological fMRI study. Neuroimage 2005;27:991-1001.

32. Godlewska BR, Norbury R, Selvaraj S, et al. Short-term SSRI treat-
ment normalises amygdala hyperactivity in depressed patients.
Psychol Med 2012;42:2609-17.

33. Delaveau P, Jabourian M, Lemogne C, et al. Brain effects of anti -
depressants in major depression: a meta-analysis of emotional pro-
cessing studies. J Affect Disord 2011;130:66-74.

34. Pizzagalli DA. Frontocingulate dysfunction in depression: toward
biomarkers of treatment response. Neuropsychopharmacology 2011;
36:183-206.

35. Norbury R, Mackay CE, Cowen PJ, et al. The effects of reboxetine
on emotional processing in healthy volunteers: an fMRI study. Mol
Psychiatry 2008;13:1011-20.

36. Nathan PJ, Kemp AH, Harrison BJ. Antidepressants and emotional
processing. Neuropsychopharmacology 2003;28:1383.

37. Harmer CJ, Mackay CE, Reid CB, et al. Antidepressant drug treat-
ment modifies the neural processing of nonconscious threat cues. Biol
Psychiatry 2006;59:816-20.

38. Norbury R, Taylor MJ, Selvaraj S, et al. Short-term antidepressant treat-
ment modulates amygdala response to happy faces. Psychopharmacology
(Berl) 2009;206:197-204.

39. Brühl AB, Jäncke L, Herwig U. Differential modulation of emotion
processing brain regions by noradrenergic and serotonergic anti-
depressants. Psychopharmacology (Berl) 2011;216:389-99.

40. Brühl AB, Kaffenberger T, Herwig U. Serotonergic and noradren-
ergic modulation of emotion processing by single dose antidepres-
sants. Neuropsychopharmacology 2010;35:521-33.

41. McCabe C, Mishor Z, Cowen PJ, et al. Diminished neural process-
ing of aversive and rewarding stimuli during selective serotonin
reuptake inhibitor treatment. Biol Psychiatry 2010;67:439-45.

42. Britton JC, Taylor SF, Sudheimer KD, et al. Facial expressions and com-
plex IAPS pictures: common and differential networks. Neuroimage
2006;31:906-19.

43. Hariri AR, Tessitore A, Mattay VS, et al. The amygdala response to
emotional stimuli: a comparison of faces and scenes. Neuroimage
2002;17:317-23.

44. Mayberg HS. Modulating dysfunctional limbic-cortical circuits in
depression: towards development of brain-based algorithms for
diagnosis and optimised treatment. Br Med Bull 2003;65:193-207.

45. Mogg K, Bradley BP. Attentional bias in generalized anxiety disor-
der versus depressive disorder. Cognit Ther Res 2005;29:29-45.

46. Williams LM, Kemp AH, Felmingham K, et al. Neural biases to
covert and overt signals of fear: dissociation by trait anxiety and
depression. J Cogn Neurosci 2007;19:1595-608.

47. Cipriani A, Santilli C, Furukawa T, et al. Escitalopram versus other
antidepressive agents for depression. Cochrane Database Syst Rev
2009;(2):CD006532.

48. Montgomery SA, Baldwin DS, Blier P, et al. Which antidepressants
have demonstrated superior efficacy? A review of the evidence. Int
Clin Psychopharmacol 2007;22:323-9.

49. Windischberger C, Lanzenberger R, Holik A, et al. Area-specific
modulation of neural activation comparing escitalopram and citalo-
pram revealed by pharmaco-fMRI: a randomized cross-over study.
Neuroimage 2010;49:1161-70.

50. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9. Validity of a
brief depression severity measure. J Gen Intern Med 2001;16:606-13.

51. Spitzer RL, Kroenke K, Williams JBW, et al. A brief measure for as-
sessing generalized anxiety disorder: the GAD-7. Arch Intern Med
2006;166:1092-7.

52. Søgaard B, Mengel H, Rao N, et al. The pharmacokinetics of esci-
talopram after oral and intravenous administration of single and
multiple doses to healthy subjects. J Clin Pharmacol 2005;45:1400-6.

53. Alphapharm. Loxalate: product information [website of Alphapharm].
Sydney (AU): Alphapharm; 2012 Jan. p. 1–23. Available: www
.mimsonline .com.au/MIMSData/en-AU /FullXML /pdf /man08076
.pdf (accessed 2014 Mar. 26).

Outhred et al.

274 J Psychiatry Neurosci 2014;39(4)



Impact of escitalopram on emotional and neutral image processing

J Psychiatry Neurosci 2014;39(4) 275

54. Mills EJ, Chan A-W, Wu P, et al. Design, analysis, and presenta-
tion of crossover trials. Trials 2009;10:27.

55. Senn S, D’Angelo G, Potvin D. Carry-over in cross-over trials in
bioequivalence: theoretical concerns and empirical evidence.
Pharm Stat 2004;3:133-42.

56. Lang PJ, Greenwald MK, Bradley MM, et al. Looking at pictures:
affective, facial, visceral, and behavioral reactions. Psychophysiology
1993;30:261-73.

57. Tzourio-Mazoyer N, Landeau B, Papathanassiou D, et al. Automated
anatomical labeling of activations in SPM using a macroscopic anatom-
ical parcellation of the MNI MRI single-subject brain. Neuroimage
2002;15:273-89.

58. Maldjian JA, Laurienti PJ, Kraft RA, et al. An automated method
for neuroanatomic and cytoarchitectonic atlas-based interrogation
of fMRI data sets. Neuroimage 2003;19:1233-9.

59. Bennett CM, Wolford GL, Miller MB. The principled control of
false positives in neuroimaging. Soc Cogn Affect Neurosci 2009;
4:417-22.

60. Poldrack RA, Fletcher PC, Henson RN, et al. Guidelines for reporting
an fMRI study. Neuroimage 2008;40:409-14.

61. Brett M, Anton J, Valabregue R, et al. Region of interest analysis
using an SPM toolbox. 8th International Conference on Functional
Mapping of the Human Brain; June 2–6, 2002; Sendai, Japan.
Available: CD-ROM in NeuroImage 2002;16(2): abstract 497.

62. Di Simplicio M, Norbury R, Harmer CJ. Short-term antidepressant
administration reduces negative self-referential processing in the me-
dial prefrontal cortex in subjects at risk for depression. Mol Psychiatry
2012;17:503-10.

63. Harmer C. Emotional processing and antidepressant action. In:
Cowen PJ, Sharp T, Lau JYF, editors. Current topics in behavioral neuro-
sciences. Berlin (DE): Springer; 2012:209-22.

64. Kret ME, De Gelder B. A review on sex differences in processing
emotional signals. Neuropsychologia 2012;50:1211-21.

65. Kemp AH, Silberstein RB, Armstrong SM, et al. Gender differences
in the cortical electrophysiological processing of visual emotional
stimuli. Neuroimage 2004;21:632-46.

Change of addressChange of address
We require 6 to 8 weeks’ notice to ensure uninterrupted service. Please send your
current mailing label, new address and the effective date of change to:

CMA Member Service Centre

1870 Alta Vista Dr.
Ottawa ON  K1G 6R7
tel 888 855-2555 or 613 731-8610 x2307 
fax 613 236-8864
cmamsc@cma.ca


