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Abstract Rationale: Deficiencies in serotonin function
have been associated with irritability and aggression but
enhancing serotonin has also been shown to promote so-
cial status and affiliative behaviour in non-human pri-
mates and more recently in humans. Objectives: To in-
vestigate the effects of citalopram, a selective serotonin
reuptake inhibitor (SSRI), on social behaviour with a
flatmate and a stranger. Methods: Ten pairs of healthy
volunteers took part in a randomized double-blind cross-
over study of 2 weeks treatment with citalopram
(20 mg/day) and placebo with a 2-week washout period.
In each pair, one person (subject) took the tablets and the
other (flatmate) received no treatment. On the last day of
each treatment period, the subjects socially interacted
with a confederate behaving as a responsive person in a
stranger-dyadic social interaction paradigm. After the in-
teraction, subjects played the Mixed-motive game, which
measures cooperative behaviour and communication,
with the confederate. The flatmates evaluated the social
behaviour of the subjects before and at the end of the
treatment periods. Results: On citalopram, the subjects
were rated as significantly less submissive by their flat-
mates and they showed a dominant pattern of eye contact
in the stranger-dyadic social interaction paradigm. They
also reduced the number of points they awarded them-
selves and sent more cooperative messages during the
game. Conclusions: These results indicate that adminis-
tration of an SSRI can modify social status in different
interactions and increase affiliative behaviour. They im-
plicate a role for serotonin in modulating social aspects
of behaviour.

Keywords Serotonin · Social behaviour · Affiliation ·
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Introduction

Depression can have profound effects on social function-
ing and an individual’s quality of life. These impair-
ments do not just affect the depressed individual but ex-
tend to family, friends, the workplace and society. Anti-
depressant drug treatment, in general, is associated with
improved social functioning (Weissman 2000) but anti-
depressants have effects on multiple neurotransmitter
systems and so this has often been assumed to be a non-
specific change related to clinical improvement. Recent
evidence showing the selective noradrenergic reuptake
inhibitor (NARI), reboxetine, to be more effective than
fluoxetine, a selective serotonin reuptake inhibitor
(SSRI), on social adaptation despite equivalent clinical
efficacy (Dubini et al. 1997; Massana 1998) challenges
this idea and suggests that the processes can be separat-
ed. Therefore, these two groups of specifically acting an-
tidepressants may influence different aspects of social
functioning related to depression.

An inverse relationship between central serotonin
neurotransmission and irritability and aggression has
been found in both animals and humans. Most of this
work has concentrated on deficiencies associated with
pathological aggression (Virkkunen and Linnoila 1993)
but some work has found a similar inverse relationship
between hormone responses to fenfluramine, a 5-HT re-
leaser and uptake inhibitor, and questionnaire measures
of hostility and aggression in the normal population
(Cleare and Bond 1997; Manuck et al. 1998). In addi-
tion, Manuck et al. (1998) found that the prolactin re-
sponse to fenfluramine was positively related to consci-
entiousness, indicating positive benefits related to a nor-
mally functioning serotonergic system. This evidence is
correlational but lowering brain synthesis of serotonin
via the technique of acute tryptophan depletion has also
been shown to increase aggression on laboratory tasks
(Bond and Wingrove 2001).

It might therefore be predicted that treatment with
agents which enhance serotonin will decrease aggression
and there is some clinical evidence to support this (Coc-
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caro and Kavoussi 1997). In order to examine this ques-
tion further, Knutson et al. (1998) specifically studied
the effects of serotonin on social behaviour in healthy
volunteers by using paroxetine, an SSRI. Paroxetine
(20 mg) or placebo were administered for a period of
4 weeks and both self-ratings and performance on a co-
operative puzzle task were assessed after 1 and 4 weeks
treatment. Paroxetine decreased self-rated negative affect
and hostility in healthy volunteers and increased aff-
iliative behaviour when they were engaged in the task
with another untreated volunteer. This result supports a
role for serotonin in cooperative or affiliative behaviour
as well as aggression, but animal work has also indicated
a role in social status. Thus lowering serotonin has been
associated with losing status and increasing serotonin
promotes the acquisition of dominance in male vervet
monkeys (Raleigh et al. 1991).

Recently, Moskowitz et al. (2001) have studied the ef-
fects of increasing serotonin on behaviours denoting
agreeableness-quarrelsomeness and dominance-submis-
sion during daily social interactions recorded by healthy
volunteers. They administered tryptophan (1 g three
times a day) and placebo for 12 days each in a crossover
design. Tryptophan increased self-reported dominance
but only decreased quarrelsomeness when it was given
after placebo. The authors explain this as a carryover ef-
fect which may have occurred because, when given first,
tryptophan initiated change in the interaction cycles of
participants with others which then persisted. It should
also be noted that the washout period between treatment
periods was only 2 days. This study indicates that seroto-
nin may have effects on social behaviour which are wid-
er than aggression and which are not associated with any
mood effects. The event-contingent recording method
which they used is more naturalistic than laboratory
work, but all the data are dependent on self-report and
there is no objective verification.

The aim of the present study was to employ different
objective methods of measuring of social interaction to
examine the effects of serotonin. Although all SSRIs are
selective for serotonin, chronic treatment with both flu-
oxetine and paroxetine has been found to induce changes
in noradrenergic transmission in both animal and human
studies (e.g. Lundmark et al. 1994; Redrobe et al. 1998).
These additional actions of some SSRIs may hinder our
understanding of the specific role of serotonin on social
behaviour. We therefore chose to examine the effects of
citalopram, the most selective SSRI, on the social behav-
iour of healthy volunteers with a stranger in a stranger-
dyadic social interaction and with their flatmate, based
on the flatmate’s independent report.

Materials and methods

Subjects

Ten pairs of same-sex healthy volunteer flatmates (six male pairs
and four female pairs) were recruited for this experiment. Exclu-
sion criteria were current or previous history of psychiatric illness,

current physical illness, and current use of any medication. All
volunteers gave written informed consent and the study was ap-
proved by the Institutional Ethical Committee.

Design and drugs

A randomized, double blind, placebo-controlled crossover trial of
citalopram versus placebo was conducted. In each of the ten pairs
of volunteers, one (subject) volunteered to take the tablets and the
other (flatmate) received no treatment. Citalopram (20 mg/day)
and placebo were administered orally as identical capsules for
2 weeks. The subjects were randomly assigned to receive either ci-
talopram or placebo first and there was a 2-week washout period
following the first treatment.

Rating scales

Depression and anxiety were assessed with the Beck Depression
Inventory (BDI) (Beck et al. 1988) and the trait version of the
State Trait Anxiety Inventory (STAI) (Spielberger et al. 1970).
The Positive and Negative Affect Scale (PANAS) (Watson et al.
1988) was used to measure two dimensions of current affect: posi-
tive and negative. Each dimension contains ten items rated on a
1–5 scale. The Social Adaptation Self-evaluation Scale (SASS)
(Bosc et al. 1997) was used to assess levels of social functioning.
There are 21 items and the scores range from 20 to 60. A nine-
item Bodily Symptom Scale (BSS) measured drug side effects.
Subjects were asked to rate dryness of mouth, anxiety, sweating,
palpitations, nausea, dizziness, irritability, physical tiredness and
concentration on 100-mm visual analogue scales between absent
and severe. The Post Encounter Scale (PES) (Coyne 1976) is a
seven-item self-report inventory to assess the level of rejection of
a particular person. Each item is rated on a scale of 1–6. The Com-
munication Checklist (Hokanson et al. 1980) is a 24-item invento-
ry to allow dyads to communicate during the mixed-motive game
which was administered via a computer. The checklist measures
six different types of communication: extrapunitiveness, coopera-
tiveness/friendliness, ingratiation, sadness/self-devaluation, blam-
ing partner/devalued feeling, helplessness/withdrawal. Each item
is rated on a scale of 0–4. The Impact Message Inventory (IMI)
(Kiesler et al. 1985) is a 90-item self-report inventory to assess
eight different types of covert reactions toward a specified person
(flatmate) evoked during interpersonal transactions: dominant,
friendly-dominant, friendly, friendly-submissive, submissive, hos-
tile-submissive, hostile, hostile-dominant. The Two Dimension
Social Interaction Scale (2DSIS) (Tse and Bond 2001a) is a 20-
item observer rating scale to assess the four different categories of
social behaviour: active participate, active nonparticipate, passive
participate and passive nonparticipate. Each item is rated on a
scale of 1–7.

The mixed-motive game

This is a modified version of the Prisoner Dilemma game (Ho-
kanson et al. 1980). There are 30 trials in the game which are di-
vided into two sections. Between each section, participants are re-
quired to fill in the communication checklist to send to their part-
ner. They then receive one from their partner. Each trial involves
selecting a particular scheme of pay-off. Each pay-off scheme in-
dicates how points are being distributed to each of the two play-
ers. This selection is based on two sequential choices by the two
players. The first choice is decided by one player (confederate).
The player has three sets of pay-off schemes from which to
choose a particular set. In the current experiment, the choice of
the confederate was predetermined such that the three schemes
were selected evenly over the whole game. The second choice is
decided by the other player (participant) who selects one option
from the set chosen by the first player. In this selection procedure,
the second person has a higher power to determine how many
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marks to distribute to the first person. The participants were
therefore able to give the confederate more points (ingratiating),
the same points (co-operative) or lower points (punitive) than
themselves.

Dyadic interaction and social behaviour variables measured

The confederates were two females and two males recruited from
a university drama department. They were blind to the experimen-
tal hypothesis and were trained for 6 h to play one role based on a
study conducted by Sacks and Bugental (1987). This role repre-
sented a quiet but responsive person. The confederates were in-
structed to respond to the participant’s conversation slowly with
relevant topics. They smiled and engaged in eye contact during
conversation. They spoke little and rarely initiated conversation,
but the topics were relevant to the participants. Five behavioural
variables were chosen for measurement: total duration of speech
(SPEECH); proportion of speech by subject with eye contact
(GAZE1); proportion of speech by subject without any eye contact
(NOGAZE2); proportion of subject eye contact during confederate
speech (LOOK3); and proportion without any eye contact from
subject during confederate speech (NOLOOK4). The absolute
amount of these social behaviours might be strongly affected by
the role of the confederate, and so proportions such as GAZE,
NOGAZE, LOOK, and NOLOOK were used to produce a better
inference of the treatment effects.

Voice recording and speech analysis

Three different simple short stories consisting of 60 words and
lasting approximately 30 s were read by the volunteers. All story
readings were done in an acoustically shielded room and digitally
recorded on a computer with a sampling interval of 60×10–6 s.
Speech analysis was based on a study conducted by Stassen et al.
(1998). The acoustic variables included: (1) total pause duration
(only pauses ≥250 ms were included), (2) total duration of speech
including pauses, (3) duration of active speech without pauses, 
(4) mean energy per second, (5) variation of energy per second.

Procedure

At baseline, subjects completed the BDI, STAI, PANAS, BSS and
SASS and then they were asked to read a passage aloud while
their voice was recorded. Flatmates were asked to complete the
IMI and 2DSIS based on their impression of the subject in the last
2 weeks. On the test day of each treatment phase (day 14 of each
treatment period), subjects and flatmates completed the question-
naires as at baseline and the subjects were asked to read a passage
aloud while their voice was recorded. The subjects were then led
to a waiting room, equipped with a hidden camera where the sex-
matched confederate was sitting. As soon as the subject entered

the waiting room, video recording started and was continued for
3 min. Immediately following this, subjects were led to a game
room equipped with a computer where they filled in the PES and
their voice was recorded. They were then given instructions for
the computer game, which they were told they would be playing
with the volunteer (confederate), whom they had just met. At the
end of the study, all participants were debriefed and their 
permission to use the video recording was sought. All subjects
gave written permission. The video recordings were analysed 
by a graduate psychologist and an experienced observer who
were blind to drug treatment. The graduate psychologist mea-
sured the duration of the selected social behaviours for each sub-
ject. The observer rated the subject’s social interaction by using
the 2DSIS.

Data analysis

The results were analysed using SPSS. To measure the effects of
citalopram on depression, anxiety, and social interaction (i.e. IMI
and 2DSIS), the two baseline measures at the beginning of each
treatment period were used as covariates and analysis of covari-
ance (ANCOVA) for crossover trials was performed as recom-
mended by Senn (1993). Significance levels were adjusted for
multiple comparisons (P=0.0063) in the IMI. Treatment by order
interaction was evaluated as suggested by Hills and Armitage
(1979). The effects of citalopram on social behaviour in the
stranger-dyadic social interaction paradigm were analysed ac-
cording to recommendations by Hills and Armitage (1979) to
minimize the period effects. However, the reactions of the sub-
jects toward the confederate might have also influenced social be-
haviour in the interaction and so PES scores were used as a co-
variate in this analysis. To examine drug effects on acoustic vari-
ables, two separate ANCOVAs were performed for speech before
and after the social interaction. For the acoustic variables on the
test day (before the social interaction), the baseline measures of
the beginning of each treatment period were used as a covariate.
For those after the social interaction, the measures just before the
social interaction were chosen as covariates. The estimated mar-
ginal (EM) means during placebo and citalopram treatment are
reported.

Results

There were no differences at baseline in age or scores on
the BDI, STAI, PANAS and SASS between those who
started with citalopram and those who started with place-
bo. The means for the overall group are shown in Ta-
ble 1. There were no significant differences between ci-
talopram and placebo treatment on positive or negative
mood or SASS scores (Table 2). There were no signifi-
cant differences between citalopram and placebo on bod-
ily symptoms (Table 3). 1 GAZE was calculated by measuring the total duration of eye

contact while the subject was speaking divided by the total dura-
tion of speech (SPEECH)

2 NOGAZE was calculated by summing the duration of each sen-
tence spoken by the subject during which the subject showed no
eye contact at all divided by the total duration of speech
(SPEECH)

3 LOOK was calculated by measuring the total duration of eye
contact while the confederate was speaking divided by the total
duration of speech by the confederate

4 NOLOOK was calculated by summing the duration of each sen-
tence spoken by the confederate during which the subject showed
no eye contact at all divided by the total duration of speech by the
confederate

Table 1 Mean (SD) questionnaire scores of volunteers (n=10) at
baseline

Age (years) 21.30 (2.00)
State trait anxiety inventory: total score 35.50 (10.48)
Beck depression inventory: total score 4.70 (5.12)
Social adaptation self-evaluation scale: total score 44.40 (7.81)

PANAS
Positive subscale 31.70 (6.58)
Negative subscale 14.80 (4.13)
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Impact message inventory

A significant difference on the dimension of submissive-
ness was found between the two treatments (t7=–4.29;
SE=0.26; P=0.004). The flatmates reported the subjects
to be significantly less submissive when they were tak-
ing citalopram than placebo (EM means: placebo 11.88,
citalopram 10.72). No treatment by order effect was
found.

Flatmates’ rating of 2DSIS

No significant effects were found on the 2DSIS.

Voice recording and speech analysis

No significant effects were found on the two ANCOVA
speech analyses.

Mixed motive game and communication checklist

The subjects awarded themselves significantly fewer
points on the mixed motive game after citalopram than
after placebo (Table 4). On the communication checklist,
a significant difference between treatments was found on
the dimension of cooperativeness. The subjects sent sig-
nificantly more cooperative messages when they were
taking citalopram than when taking placebo. There was
also a trend for them to send slightly more messages of
sadness or self-devaluation (P<0.06). There were no sig-
nificant differences on the PES between the two treat-
ments (EM means: placebo 24.50, citalopram 25.80). No
treatment by order effect was found.

Social behaviour during the stranger-dyadic 
social interaction

The EM means for the five social behaviours are shown
in Table 5. Significant treatment effects were found on
two of the behavioural variables, GAZE and LOOK. Ci-

Table 2 Estimated marginal
mean (SD) questionnaire 
scores of volunteers for the 
two treatment phases

Placebo (n=10) Citalopram (n=10)

Social adaptation self-evaluation scale 43.75 (1.04) 44.65 (1.07)
State trait anxiety inventory: total scores 36.00 (1.08) 36.30 (1.06)
Beck depression inventory: total scores 4.75 (1.19) 3.45 (1.19)

PANAS
Positive subscale 30.52 (2.46) 32.18 (2.44)
Negative subscale 15.69 (1.58) 16.01 (1.70)

Table 3 Estimated marginal
mean (SD) bodily symptoms
scores for the two treatment
phases

Citalopram (n=10) Placebo (n=10) t8 P value

Dry mouth 25.10 (8.92) 26.4 (8.92) –0.15 0.89
Anxiety 14.5 (6.23) 15.8 (6.23) 0.21 0.84
Sweating 12.6 (3.62) 8.36 (3.62) 1.19 0.27
Palpitations 10.6 (8.87) 16.1 (8.87) –0.62 0.55
Nausea 17.0 (8.81) 12.9 (8.81) 0.47 0.65
Dizziness 6.5 (5.53) 14.5 (5.53) –1.45 0.19
Irritability 10.40 (5.29) 14.8 (5.29) –0.83 0.43
Tiredness 36.1 (9.17) 28.5 (9.17) 0.83 0.43
Concentration 27.7 (8.43) 26.8 (8.43) 0.13 0.90

Table 4 Estimated marginal
mean (SE) participant and con-
federate scores on the Mixed
Motive game and on the com-
munication checklist for the
two treatment phases

Placebo (n=10) Citalopram (n=10) t7 P value

Mixed motive game
Participant’s score 68.80 (1.89) 64.20 (1.93) –2.41 0.05*
Confederate’s score 7.91 (14.86) 10.49 (15.14) 0.17 0.87

Communication checklist scores
Extrapunitive 1.81 (0.28) 1.89 (0.28) 0.28 0.79
Cooperative 6.46 (0.98) 8.75 (1.00) 2.31 0.05*
Ingratiation 5.22 (1.17) 5.28 (1.19) 0.06 0.96
Sadness 0.98 (0.20) 1.42 (0.20) 2.22 0.06
Blaming 1.22 (0.62) 1.68 (0.63) 0.73 0.49
Helplessness 4.03 (0.44) 4.17 (0.45) 0.32 0.76*P<0.05, citalopram vs placebo

treatment
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talopram significantly increased eye contact when the
subject was speaking (GAZE) and significantly reduced
subject eye contact when the confederate was speaking
(LOOK). No treatment by order effect was found. The
observer did not rate any differences between treatments
on the 2DSIS.

Discussion

The objective of the present study was to elucidate the
role of serotonin on social behaviours by administering
citalopram (and placebo) in a double-blind, crossover
study for 2 weeks. Two different types of social interac-
tion were examined objectively. Firstly, behaviour during
everyday interactions was evaluated by a flatmate and
secondly, behaviour with a stranger was observed under
controlled laboratory conditions and subsequent perfor-
mance on an interactive task was scored. Citalopram was
found to have effects on both types of interaction in heal-
thy subjects which might have implications for its effects
in clinical groups. The subjects reported no significant
differences between the two treatments on side effects.

The subjects’ flatmates noted changes in their behav-
iour during citalopram administration. They rated a de-
crease in submissiveness on the IMI. This change was
not accompanied by any other changes, for example in
hostility or dominance. This result might be a sign of in-
creased assertiveness or independence. On the IMI, the
items associated with the concept of submissiveness are,
for example: “When I am with this person it appears to
me that he sees me as superior”. When the flatmates re-
ported that the subjects aroused these kinds of feelings in
them to a lesser extent, the decrease in scores could be
interpreted as an increase in the subject’s assertive be-
haviour, resulting in a more equal relationship. This sort
of change is consistent with other findings. For example,
treatment with clomipramine for 4 weeks has been
shown to improve assertiveness in ten depressed patients
(Schubert 1988).

The enhancement of serotonin by the administration
of tryptophan (1 g three times daily) has been shown to
increase dominant behaviour in healthy volunteers as
measured by a 46-item self-report asking about behav-
iour during daily interactions recorded by the subject
(Moskowitz et al. 2001). The items corresponding to
dominance were: “I made a suggestion”; “I expressed an
opinion”; “I gave information”; “I spoke in a clear firm
voice”. An increase in these types of behaviour could
also be understood as an increase in assertion, especially

when self-rated. However, there was also some evidence
of increased dominance in the present study. In the
stranger-dyadic social interaction paradigm, 2-weeks’
treatment with citalopram was found to increase eye con-
tact while the subject was speaking and reduce it while
the confederate was speaking, compared to treatment
with placebo. It has been suggested that this pattern of
eye contact represents non-verbal behavioural signals of
dominance (Linkey and Firestone 1990; Senior and 
Barnes 1999; Snyder and Sutker 1977). The function of
dominance is to gain social status in a group. These re-
sults are consistent with animal research showing that
when tryptophan or fluoxetine is administered to subor-
dinate male vervet monkeys, they achieve dominance
status (Raleigh et al. 1991). The sequence of behavioural
changes observed with drug administration in monkeys
also parallel those seen in naturalistic conditions. Al-
though the current results are also consistent with those
of Moskowitz et al. (2001), evidence of increased domi-
nance was only found with a stranger rather than a
friend, whereas they found no difference in the pattern of
behaviour across the different interactions described by
the subjects. However, it should be borne in mind that
their results are based on self-report, whereas those pre-
sented here are based on observed behaviour.

After the stranger interaction, the subjects played the
mixed motive game. In this game, the subjects had the
power to control the distribution of scores. After citalo-
pram, they reduced the number of points that they
awarded to themselves compared to placebo. This may
have been an indication of affiliative behaviour by the
dominant partner in this particular interaction. The sub-
jects also sent more cooperative/friendly messages to the
confederate during the game after citalopram. Items rep-
resentative of cooperative communication include “I feel
friendly towards you”, “I enjoy working with you on
this”. An increase in these kinds of messages provides
additional evidence of affiliative behaviour. There was a
tendency for them to slightly increase messages of self-
devaluation, for example “Maybe with practice, I will do
better”. However, these scores were still very low and,
coupled with the other significant changes, this may also
be seen as an expression of a desire for friendship. These
results then confirm the role of serotonin in promoting
some forms of social affiliation and lend support to other
recent studies demonstrating prosocial effects of both
SSRIs and tryptophan (Knutson et al. 1998; Moskowitz
et al. 2001).

Most of the work examining possible effects of sero-
tonin on social behaviour has concentrated on hostility

Placebo (n=10) Citalopram (n=10) t7 P value

GAZE 0.42 (0.02) 0.48 (0.02) 3.04 0.02*
NOGAZE 0.08 (0.04) 0.07 (0.04) –0.24 0.82
LOOK 0.85 (0.26) 0.74 (0.26) –4.30 0.004*
NOLOOK 0.05 (0.01) 0.09 (0.01) 1.98 0.09
SPEECH 79.89 (19.26) 75.57 (19.44) –0.46 0.66

Table 5 Estimated marginal
means (SE) of the five social
behaviours in the participants
during the 3-min social interac-
tion in the two treatment phases

*P<0.05, citalopram vs placebo
treatment



or aggression, but social status or dominance in non-hu-
man primates is not primarily determined by aggression.
Dominant male monkeys are known to have higher lev-
els of 5-HIAA in the cerebrospinal fluid which may be
related to their status, but these levels have also been
shown to correlate with measures of sociability (Mehl-
man et al. 1995). Pharmacologically increasing central
nervous system serotonin functioning in subordinate
male vervet monkeys, housed in social groups, has been
shown to increase the frequency of positive social inter-
changes and thus their social rank (Raleigh et al. 1991).
In a similar way, prosocial effects of fluoxetine have also
been found in juvenile rats (Knutson and Panksepp
1996). When dominant rats were treated with 10 days
fluoxetine, pinning asymmetry between the dominant
and subordinate pair collapsed to zero, indicating a more
playful, equal partnership.

SSRIs are effective in a wide range of disorders in-
cluding those with profound social effects not linked to
aggression, e.g. social anxiety disorder, and so the en-
hancement of serotonin might be expected to have wider
prosocial effects. In verification of this, positive effects
have been found on measures of personality in various
patient groups. Patients with major depressive disorder
have been found to show improvement on all but one
scale of the Karolinska Scales of Personality after
24 weeks’ treatment with sertraline or citalopram
(Ekselius and von Knorring 1999). Many of these scales
measure anxiety- or hostility-related traits but improve-
ment has also been shown on socialization which may
resemble the character factors of the Temperament and
Character Inventory (TCI) (Cloninger et al. 1993). In-
creased scores on the character factors, self-directedness
and cooperativeness, of the TCI have been found after
4–6 months’ paroxetine treatment in patients suffering
from generalized anxiety disorder (Allgulander et al.
1998). Similar results have been found in patients with
unipolar depression who received treatment with either
an SSRI or psychotherapy (Black and Sheline 1997;
Richter et al. 2000). It is possible that because depressed
patients have lower scores on the character factors in
general (Richter et al. 2000), these factors might be relat-
ed to illness as well as trait factors, and therefore might
be responsive to antidepressant treatment. However, im-
provements in self-directedness have also recently been
shown in healthy subjects with no evidence of depres-
sion after 2 weeks’ administration of citalopram (Tse and
Bond 2001b). Thus SSRIs appear to have effects on the
social aspects of personality which are separate from
their antidepressant properties.

A recent study has found that, although both fluoxe-
tine, an SSRI, and reboxetine, a specific noradrenaline
reuptake inhibitor, lead to higher social functioning on
the Social Adaptation and Self-evaluation Scale (SASS)
in depressed patients after 8 weeks’ treatment (Dubini et
al. 1997), reboxetine is significantly more effective. The
SASS was specifically developed for this study (Bosc et
al. 1997) and measures global social functioning in many
situations by self-report. It does not measure actual so-

cial behaviour. The SASS was administered in the cur-
rent study but scores did not change after 2 weeks on ci-
talopram compared to the scores on placebo. This was
probably because the subjects had high levels of social
functioning at the start of the study, allowing little room
for improvement. Their mean score of 44.4 was similar
to norms for healthy subjects (Bosc et al. 1997) and for
depressed patients in remission (Dubini et al. 1997). In
contrast, their behaviour on objectively measured social
behaviour did show changes.

It is likely that specific modulation of serotonin and
noradrenaline result in different patterns of social ef-
fects. In a previous study, the effects of a single dose of
reboxetine (4 mg), citalopram (10 mg) and placebo were
compared on cooperative social behaviour in a stranger-
dyadic social interaction procedure in healthy volunteers
(Tse and Bond 2002). Reboxetine was found to increase
cooperation in the game situation, in which the volun-
teers both communicated and played more cooperatively
with a drug-free passive, non-responsive partner, where-
as citalopram was not significantly different from place-
bo on these measures. Reboxetine therefore has more
clear-cut immediate effects on observed social behav-
iour but the current study shows that citalopram does
exert some effects after 2 weeks. Social behaviour is de-
pendent on the social environment and the effects of ci-
talopram were different in the different situations. The
subjects displayed decreased submissiveness towards
their flatmate but there was no evidence of increased
dominance. However, in an interaction with a stranger,
the subjects displayed eye gaze patterns indicative of
dominance, followed by affiliative social behaviours
during the game. The stranger-dyadic social interaction
might have been more threatening to the subjects, and
the display of dominant social behaviour before the
game might therefore represent a protective mechanism
against any potential threat, followed by cooperative be-
haviour once they felt reassured by a friendly, respon-
sive confederate. This pattern may have been different
with a non-responsive confederate as used in our first
study (Tse and Bond 2002). Reboxetine, on the other
hand, may promote social bonding with different kinds
of individual.

The present study shows that serotonin has effects on
human social interaction beyond those demonstrated on
hostility and aggression. The results confirm affiliative
effects found in healthy volunteers after paroxetine using
a different interactive task (Knutson et al. 1998) and ex-
tend them to include interactions with a flatmate. How-
ever, we did not find any significant effects on positive
or negative affect, and so mood changes cannot account
for the prosocial effects found. These results then con-
tribute to the expanding body of work implicating a role
for serotonin in modulating social aspects of personality
and behaviour.
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