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1University Department of Psychiatry, Warneford Hospital, Oxford, UK; 2School of Psychology, University of St Andrews, Scotland

Enhancement of serotonin neurotransmission plays an important role in the antidepressant response to agents presently available to treat

depression. This response forms the major evidence for the role of serotonin in affective and social behaviour in humans. The present

study investigated the effects of acute administration of the selective serotonin reuptake inhibitor (SSR1), citalopram (10mg, i.v.) upon a

measure of emotional processing in healthy female volunteers. Subjects completed a facial expression recognition task following infusion

of citalopram or saline (between-subjects design, double-blind). Facial expressions associated with five basic emotionsFhappiness,

sadness, fearfulness, anger and disgustFwere displayed. Each face had been ‘morphed’ between neutral (0%) and each emotional

standard (100%) in 10% steps, leading to a range of emotional intensities. Mood and subjective experience were also monitored

throughout the testing session. Volunteers receiving citalopram detected a higher number of facial expressions of fear and happiness, with

reduced response times, relative to those given the placebo. By contrast, changes in the recognition of other basic emotions were not

observed following citalopram. Notable differences in mood were also not apparent in these volunteers. These results suggest that acute

administration of antidepressant drugs may affect neural processes involved in the processing of social information. This effect may

represent an early acute effect of SSRIs on social and emotional processing that is relevant to their therapeutic actions.

Neuropsychopharmacology (2003) 28, 148–152. doi:10.1038/sj.npp.1300004
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INTRODUCTION

Selective serotonin reuptake inhibitors (SSRIs) such as
fluoxetine and paroxetine are effective in a wide range of
emotional disorders, including depression, panic disorder,
obsessive compulsive disorder and social phobia (Fuller,
1995; Kent et al, 1998). The ability of SSRIs to potentiate
brain serotonin neurotransmission has been well charac-
terised in numerous studies of human and other animal
species (Beasley et al, 1992; Blier and De-Montigny, 1994),
but there is little understanding of the neuropsychological
mechanisms by which increases in brain serotonin function
could be translated into therapeutic efficacy in clinical
disorders characterised by emotional and social dysfunction.
Investigations with animals and humans suggest that

serotonin is involved in social behaviour. In nonhuman
primates, administration of SSRIs or the serotonin pre-
cursor, l-tryptophan, facilitated the acquisition of social
dominance, reduced aggression and increased the frequency
of affiliative behaviours such as grooming (Raleigh et al,
1991). Similarly, in healthy human volunteers, repeated (4
week) administration of the SSRI, paroxetine increased

cooperation in a problem-solving task and reduced ratings
of negative affect (Knutson et al, 1998). Administration of
l-tryptophan has also been reported to increase assertive
behaviours over a 12-day period in healthy volunteers
(Moskowitz et al, 2001). Taken together, these results
suggest that serotonergic mechanisms may be involved in
social affiliation and dominance.
Facial expressions are crucially important in social

cognition and communication, providing information con-
cerning the internal emotional states and intentions of other
people. Ekman (1992) has described a number of basic
emotions accompanied by specific facial expressions that
are universally recognised throughout the human societies
tested so far. Recognition of these different expressions
appears to be processed by neural substrates associated with
the behavioural functions of these emotions. For example,
the processing of fear from facial expressions is modulated
by the amygdala, which plays a wider role in both
conditioned and unconditioned fear (reviewed by Davis
and Whalen, 2001). Patients with bilateral lesions of this
structure show a selective impairment in the recognition of
fear (Adolphs et al, 1994, 1999; Broks et al, 1998), although
similar impairments have been reported following neuro-
logic damage unrestricted to the amygdala (Rapcsak et al,
2000). Neuroimaging studies in healthy volunteers reported
activation of the amydgala during the processing of fear
(Morris et al, 1996; Phillips et al, 1998), which correlatedReceived 6 November 2001; revised 6 June 2002; accepted 1 July 2002
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with the intensity of emotion presented (Morris et al, 1996).
By contrast, the anterior insula and caudate have been
implicated in the processing of disgust. Patients with
Huntington’s disease show impaired recognition of dis-
gusted facial expressions even before the appearance of
clinical symptoms, when the caudate nucleus is preferen-
tially affected (Gray et al, 1997). Insula and basal ganglia
damage has also been associated with an impairment in the
recognition of facial and vocal signs of disgust (Calder et al,
2000) and, consistent with this, the anterior insula shows
increased activity when viewing disgusted facial expressions
(Phillips et al, 1997, 1998).
We reasoned that differentiated neuronal representations

of the basic emotions might be accompanied by relatively
selective modulation by different neurotransmitters. Some
recent studies have described selective effects of pharma-
cological challenges on recognition of specific facial
expressions. For example, administration of the benzodia-
zapine diazepam specifically decreased the recognition of
anger (Blair and Curran, 1999) and fear (Zangara et al,
2002), while beta-adrenergic blockade impaired the proces-
sing of sad facial expressions (Harmer et al, 2001).
Peturbutation of a particular neurochemical system may,
therefore, lead to selective changes in the processing of one
or a subset of emotional expressions. This might impose
consequent biases in perception and interpersonal func-
tioning. Such effects would be of relevance to the
neurobiology of mood and anxiety disorders and also the
mode of action of the pharmacological agents used to treat
them.
Assessment of serotonergic function in the recognition of

facial expression was of particular interest given its central
role in the aetiology and treatment of mood disorder. There
exists little understanding of the role of this neurotrans-
mitter in normal emotional and social processing. Further,
investigation of the early effects of antidepressant drugs on
emotional processing may be pertinent to their clinical
effects on mood, anxiety and social performance seen after
longer term treatment. The present study, therefore,
assessed the acute effects of an SSRI (citalopram) relative
to placebo upon recognition of facial expression in healthy
volunteers. It was predicted that citalopram administration
would reduce the perception of negative facial expressions
of emotion, while facilitating identification of positive facial
expressions.

METHODS

Subjects

In all, 24 healthy female volunteers between the ages of 21
and 59 years took part in this study. Participants were
screened to exclude those with a current or previous history
of psychiatric disorder (assessed using a semistructured
interview for DSM IV) or significant physical illness.
All gave their written consent to participate in the study,
which was approved by the local ethical committee.
Volunteers were randomly allocated to receive citalopram
(10mg, i.v.) or placebo. These two groups were matched in
terms of age (mean age: 40.17 3.6 and 37.37 3.7 years,
respectively) and years of education (mean: 13.47 0.7; 14.
67 0.7).

Facial Expression Recognition

The facial expression recognition task featured five basic
emotionsFhappiness, sadness, fear, anger and disgustF
taken from the Ekman and Friesen (1976) Pictures of Affect
Series. These had been morphed between each prototype
and neutral using techniques described by Young et al
(1997). Briefly, this procedure involved taking a variable
percentage of the shape and texture differences between the
two standard images 0% (neutral) and 100% (full emotion)
in 10% steps. Four examples of each emotion at each
intensity were given. Each face was also given in a neutral
expression, giving a total of 210 stimuli presentations. Each
face was presented for 500ms and was immediately replaced
by a blank screen. Subjects made their response by pressing
a labelled key on a response box. The task was broken down
into three parts, with an untimed rest period between each
to prevent fatigue. Subjects were asked to respond as
quickly and as accurately as possible.

Subjective State

Subjective state was recorded using visual analogue scales
for the following variables: happiness, sadness, fear, disgust,
anger, alertness and anxiety. The Befindlichkeits Scale (BFS:
von Zerrsen et al, 1974) was also given to provide an
additional measure of mood.

Procedure

Subjects attended the laboratory at midday, having fasted
from breakfast, and an intravenous cannula was inserted.
After a 30-min rest period, subjects received infusion of
either citalopram 10mg or placebo over 30min in a double-
blind between-groups design. Subjects completed a facial
recognition task 30min after the end of the infusion.
Previous work indicates that plasma prolactin levels, which
are indicative of central serotonin, are elevated from the end
of the citalopram infusion for at least 2 h (Attenburrow et al,
2001). Subjective state was assessed at baseline and prior to
the psychological testing.

STATISTICS

Interrelationships between subjective ratings of mood and
energy were explored using principal component analysis
on the scores of all volunteers at baseline. Summed ratings
were analysed using two-way analysis of variance with
group (citalopram or placebo) and time of rating (baseline
or postinfusion) as factors.
Speed and accuracy from the facial expression recogni-

tion task were also analysed using two-way analysis of
variance with group and facial expression (anger, disgust,
fear, happiness, and sadness) as factors. Significant inter-
actions were analysed further using simple main effect
analyses. Analyses of covariance were used to control for
subjective mood on facial expression recognition.

RESULTS

Subjective State

Exploratory factor analysis on ratings of subjective state
yielded a three-factor solution, which accounted for 80% of
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the observed variance. These factors (from highest to lowest
eigenvalue) were negative affect, positive affect and anxiety
(see Table 1). There was no effect of citalopram on positive
mood or anxiety (see Table 1) although there was a
marginal interaction between time of rating and group in
terms of negative affect (F(1,22)¼ 4.2, p¼ 0.05). However,
pairwise comparisons at baseline (t(1,22)¼ 0.4, p¼ 0.7) and
after infusion (t(1,22)¼�0.5, p¼ 0.6) failed to reveal
significant differences between the two groups in negative
mood ratings.

Facial Expression Recognition

Compared to saline, citalopram-treated subjects were
selectively more accurate at identifying facial expressions
of fear and happiness in the absence of changes in
recognition of the other facial expressions (see Figure 1:
group� emotion interaction F(4,88)¼ 3.0, p¼ 0.03). Inclu-
sion of the three subjective state ratings (post-infusion) as
covariates did not abolish the significant differences
between the two groups in terms of fear (F(1,19)¼ 4.7,
po0.05) or happiness (F(1,19)¼ 5.1, po0.05) recognition.
Hence, the enhanced recognition of these emotions appears
unrelated to subjective state.
The number of emotions misclassified as fear and

happiness did not differ significantly between the two
groups, suggesting that increased recognition of these
emotions was not the result of a nondiscriminatory change
in labeling faces as these emotions (group� emotion:
F(5,110)¼ 1.6, p¼ 0.2; happiness F(1,22)¼ 1.5, p¼ 0.2; fear
F(1,22)¼ 1.6, p¼ 0.2).
Because of the possibility that these differences may

represent a change in speed–accuracy trade-off, the reaction
time of correct identifications was also computed. The
speed to identify facial expressions of fear and happiness
was selectively faster in subjects treated with citalopram
relative to placebo (Figure 1: happiness F(1,22)¼ 7.1,
p¼ 0.01; fear: F(1,22)¼ 4.5, po0.05; all other emotions
NS), suggesting that this SSRI improved the overall
efficiency with which these emotions were recognised.
These group differences were not affected by inclusion of
subjective ratings as covariates (fear: F(1,19)¼ 5.8, p¼ 0.03;
happiness: F(1,19)¼ 7.2, p¼ 0.02).
To explore the effect of citalopram in more detail,

accuracy of fear and happiness recognition was analysed
over the different morphed intensity levels presented in a

random order during this task (Figure 2). In both cases,
citalopram shifted the recognition function to the left: lower
levels of emotional intensity were recognised more con-
sistently in the citalopram-treated subjects, while the higher
levels were, as expected, at ceiling levels in both groups
(group� intensity: happiness F(9,198)¼ 2.8, po0.01; fear
F(9,198)¼ 3.6, po0.001). Examination of the other facial
expressions over different intensity levels failed to identify
any differences between citalopram- and placebo-treated
subjects in this more detailed analysis, confirming a
specific action on happiness and fear (main effect of
group and group� intensity interactions respectively:
sadness F(1,22)¼ 0.01, p¼ 0.9; F(9,198)¼ 1.4, p¼ 0.2;
anger F(1,22)¼ 1.4, p¼ 0.3; F(9,198)¼ 0.5, p¼ 0.9; disgust
F(1,22)¼ 0.2, p¼ 0.7; F(9,198)¼ 0.8, p¼ 0.6).

DISCUSSION

These data indicate that acute potentiation of central
serotonin neurotransmission facilitated the recognition of
facial expressions of happiness and fear. This effect was
highly selective: subjects were both faster and better at
detecting facial expressions of these emotions in the
absence of changes in processing other emotions. These
data are in line with the hypothesis that the recognition of
different emotional states involves dissociable neurocogni-
tive systems. In particular, serotonin may play a specific
role in the processes involved in the recognition of
happiness and fear.
The present differences in the recognition of emotional

states following citalopram occurred in the absence of
significant changes in subjective mood and were not
affected by inclusion of mood ratings as covariates. These
results suggest that shifts in the processing of emotional
information can occur independently, or at a lower thresh-
old, than overt differences in mood. As such, this model
may be useful in the detection of early effects of
antidepressants preceding the development of conscious
mood changes.
The present facilitation of happiness recognition is

consistent with evidence suggesting a role for serotonin in
social behaviour. Repeated SSRI administration has been
reported to increase affiliative behaviour in primates
(Raleigh et al, 1991) and humans (Knutson et al, 1998).
However, while the previous studies have measured

Table 1 Subjective State Ratings before and after Infusion of Citalopram or Placebo

Baseline Postinfusion

Placebo Citalopram Placebo Citalopram Significance

Negative mood 5.5 7.5 7.8 5.2 F(1,22)¼ 4.2, p¼ 0.05
(2.6) (4.3) (3.4) (3.8)

Positive mood 139.2 148.0 150.3 136.3 F(1,22)¼ 2.5, p¼ 0.1
(14.1) (14.5) (13.8) (14.3)

Anxiety 20.5 16.7 10.6 14.1 F(1,22)¼ 1.2, p¼ 0.3
(7.2) (3.4) (3.4) (3.6)

A principal analysis of the subjective state ratings at baseline revealed a three-factor solution: negative mood (anger,
disgust and fear); positive mood (happy, alertness and inverted sadness); and anxiety (anxiety and BFS ratings).
Statistical values represent the interaction term between group and time of rating.
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affiliative behaviour, the present results suggest that
enhanced perception of affiliative signals also occurs with
SSRI administration. Indeed, an enhanced perception of
happiness would be predicted to facilitate approach
behaviour and social interaction. These changes may also
be relevant to aspects of the action of SSRIs in patients
with depression, who have been reported to show negative
biases in the perception of social stimuli (eg Bouhuys et al,
1999).
Citalopram administration also facilitated the recognition

of fear from facial expression, which was contrary to our
hypothesis of reduced identification of negative emotions
following SSRI administration. This result may be related to
the fact that citalopram was given acutely in the present
study. Indeed, we have recently found decreased recogni-
tion of fearful, disgusted and surprised facial expressions
following a 7-day oral treatment with this SSRI (Harmer et
al, 2002). Opposite effects of acute and repeated adminis-
tration of antidepressants have also been reported in
preclinical models of anxiety (Griebel et al, 1994) and,
clinically, symptoms of agitation or panic can be exacer-
bated initially with SSRI treatment (Kent et al, 1998). Hence,
the present facilitation of fear recognition may reflect
enhanced processing of threatening cues in the environ-
ment following SSRI challenge.
A role for serotonin in the processing of fear-related

signals has been identified both in animal and human
models. In rats, serotonin levels in the amygdala increased
during inescapable stress and conditioned fear (Amat et al,
1998; Kawahara et al, 1993; Inoue et al, 1993). In humans,
acute administration of serotonin-receptor blockers has
been reported to decrease the development of conditioned

responses to an aversive loud noise as measured by
subjective report and skin conductance responses (Hens-
man et al, 1991; Silva et al, 2001). The role of the amygdala
in conditioned fear is well established (Maren, 2001); and
has also been implicated in the processing of fearful facial
expressions (Adolphs et al, 1994, 1999; Morris et al, 1996). It
is therefore possible that serotonergic input to the amygdala
may modulate the detection of fearful expressions in
addition to its role in conditioned anxiety in human and
animal models (see Graeff et al, 1996). It is tempting to
speculate that the increased and decreased fear perception
found after acute compared to repeated administration of
SSRIs relates to opposing effects on neural substrates
involved in fear processing such as the amygdala, and that
these changes may be relevant to the therapeutic actions of
SSRI in depression and anxiety, both of which have been
associated with amygdala hyperarousal (Drevets et al, 1992;
Sheline et al, 2001; Rauch et al, 2000).
In summary, acute administration of the SSRI citalopram

facilitated the recognition of fear and happiness from facial
expressions. These effects may relate to effects of serotonin
on affiliative behaviour and the processing of fear-related
cues. Further research is needed to assess whether these
effects interact with changes in the processing of facial

Figure 1 Performance in the facial expression recognition task following
citalopram (dark bars) or placebo (light bars). Top graph: Percentage of
correct responses for each emotion. Asterisks illustrate the statistical
significance of simple main effect analyses: *po0.05. Lower graph: Reaction
time of correct responses for each emotion. Simple main effect analyses
revealed a significant facilitation in the speed with which fear (po0.05) and
happiness (po0.02) were detected in the absence of changes in speed to
recognise other basic emotions.

Figure 2 Recognition of fear and happiness over the different intensity
levels of facial expression used in this task. -K-, following citalopram; -*-,
following placebo. Top graph: fear recognition. Lower graph: happiness
recognition. Asterisks illustrate the statistical significance of simple main
effect analyses: *po0.05, ***po0.001.
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expressions produced by mood and anxiety disorders. Also,
future studies should assess whether similar effects are
apparent in male as well as female volunteers. If confirmed,
these interpretations may begin to bridge the gap between
narrowly defined pharmacological theories of drug action and
an alternative, more integrated understanding based on
the function of brain networks subserving emotional
processing.
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