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Acute fluoxetine modulates emotional processing in
young adult volunteers
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Background. Fluoxetine is generally regarded as the first-line pharmacological treatment for young people, as it is be-
lieved to show a more favourable benefit:risk ratio than other antidepressants. However, the mechanisms through which
fluoxetine influences symptoms in youth have been little investigated. This study examined whether acute adminis-
tration of fluoxetine in a sample of young healthy adults altered the processing of affective information, including posi-
tive, sad and anger cues.

Method. A total of 35 male and female volunteers aged between 18 and 21 years old were randomized to receive a single
20 mg dose of fluoxetine or placebo. At 6 h after administration, participants completed a facial expression recognition
task, an emotion-potentiated startle task, an attentional dot-probe task and the Rapid Serial Visual Presentation.
Subjective ratings of mood, anxiety and side effects were also taken pre- and post-fluoxetine/placebo administration.

Results. Relative to placebo-treated participants, participants receiving fluoxetine were less accurate at identifying anger
and sadness and did not show the emotion-potentiated startle effect. There were no overall significant effects of fluox-
etine on subjective ratings of mood.

Conclusions. Fluoxetine can modulate emotional processing after a single dose in young adults. This pattern of effects
suggests a potential cognitive mechanism for the greater benefit:risk ratio of fluoxetine in adolescent patients.
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Introduction concern has been expressed about the risk of antidepres-
sant-induced adverse behavioural reactions, such as
anxiety/agitation, hostility and suicidal behaviour
(Jureidini et al. 2004). Indeed, it appears from controlled
trials that young people taking selective serotonin
reuptake inhibitors (SSRIs) exhibit more suicidal behav-
iour than those taking placebo (Martinez et al. 2005;
Hammad et al. 2006). However, the incidence of fatal sui-
cide is not increased and, in fact, lowered rates of SSRI
prescribing to adolescents following regulatory warn-
ings in the USA and Europe were associated with an
increased number of attempted and completed suicides
at a population level (Gibbons et al. 2007; Lu et al. 2014).
Unlike many other antidepressants, the SSRI fluoxe-
tine is thought to have a favourable risk:benefit ratio
in children and adolescents with moderate to severe de-
pression (Whittington et al. 2004) and is the only SSRI
currently approved in the UK (National Institute for
Health and Clinical Excellence, 2005). In the USA, fluox-
etine was the only antidepressant approved for use in
youth until 2009, when escitalopram also gained US
Food and Drug Administration (FDA) clearance
(National Institute for Health and Clinical Excellence,
2005). Why fluoxetine might have a more favourable

Major depressive disorder (MDD) in adolescence is com-
mon and results in significant occupational and psycho-
social impairment, including risk for suicide (Kovacs
et al. 1993; Weissman et al. 1999). The lifetime prevalence
of MDD in this age period has been estimated to range
from 15 to 20%, which is comparable with the lifetime
rate of adult MDD (Birmaher ef al. 1996). Clinically, the
presentation of depression in young people is largely
similar to the symptoms seen in adulthood, although de-
pressed youth may exhibit increased irritability rather
than (or in addition to) the typical sadness associated
with adult depression. Therefore, irritability is included
as a cardinal symptom in the diagnosis of MDD
among children and adolescents but not adults
(American Psychiatric Association, 2013).

The use of antidepressant medication in adolescents
and young people has been controversial because
many medications that are effective in older adults ap-
pear to have a less favourable risk:benefit ratio in
young people (Whittington ef al. 2004). Particular
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benefit:risk profile than other antidepressants in this
age is unclear, although it has been suggested that its
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long half-life could be advantageous in less compliant
patients (Smith, 2009).

The neuropsychological effects of fluoxetine have been
little investigated in humans. Our group has studied sin-
gle doses of a wide range of antidepressants in adult
healthy volunteers. For instance, a single dose of both
the selective noradrenergic reuptake inhibitor (NRI)
reboxetine and the serotonin-norepinephrine reuptake
inhibitor (SNRI) duloxetine has been shown to increase
the recognition of happy facial expressions (Harmer
et al. 2003b, 2008). In contrast, acute administration of
the SSRI citalopram increases not only the processing of
positive information (as reflected in an enhanced recog-
nition of happy faces and attentional vigilance to positive
words) but also threat processes (increased recognition of
fearful faces and startle responses) (Harmer et al. 20034;
Browning et al. 2007). We have suggested that the pro-
duction of positive emotional bias underlies the antide-
pressant action of drugs effective in treating depression,
whilst increased threat processing may be responsible
for the worsening of anxiety seen in some patients at the
initiation of SSRI treatment (Kent et al. 1998). Following
repeated treatment with SSRIs, the acute effects on threat
processing are reversed and an anxiolytic profile becomes
apparent (Burghardt et al. 2004).

Given the critical need to better understand the
mechanisms underlying antidepressant action in
young people, the present study investigated the acute
neuropsychological effects of fluoxetine in tasks
known to be sensitive to both positive and negative/ad-
verse effects of antidepressants on emotional processing
(see Harmer et al. 2011). More specifically, we used a
facial expression recognition task (FERT) to examine
the perception and interpretation of key facial expres-
sions. The attentional dot-probe paradigm and the
Rapid Serial Visual Presentation (RSVP) were used to
measure biases of attention towards negative/threaten-
ing and positive stimuli. Finally, an emotion-potentiated
startle task (EPST) measured the affective modulation of
the startle reflex (taken as an index of fear). By using
these paradigms, our primary aim was to investigate
whether fluoxetine, like the SSRI citalopram, produced
evidence of acute increases in threat processing in a
sample of young adult volunteers who, because of
their age, may be more susceptible to the adverse effects
of antidepressants. A secondary aim was to test if fluox-
etine had any effects on additional affective information,
including happy, sad and anger cues.

Method

Participants

A total of 35 healthy volunteers aged between 18 and
21 years were recruited using posters and web advertise-
ments. Given National Institute for Health and Clinical
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Excellence (NICE) and FDA concerns that antidepres-
sants may increase the risk of suicidal ideation and behav-
iour in young people up to 25 years old, we chose the 18—
21 years age range as it falls between the late adolescence
and young adulthood period, and avoids the ethical con-
straints of administering drugs to healthy adolescents
aged below 18 years.

All participants were given a standard medical
screening and administered the Structured Clinical
Interview for DSM-IV Axis I Disorders (First et al.
1997) to determine suitability for participation in the
study. Exclusion criteria included: current medical prob-
lems; personal history of psychiatric illness, including
alcohol/substance abuse; first-degree family history of
bipolar disorder; smoking frequency greater than five
cigarettes per day; pregnancy or breast-feeding; usage
of recreational drugs within the last 3 months; and cur-
rent use of psychotropic medication. To avoid retest ef-
fects, participants who had taken part in studies
involving the same tasks were also excluded.

Ethical approval for this study was obtained from the
Berkshire Research Ethics Committee (10/H0505/2). All
participants gave written and verbal consent prior to
their participation in this study, and were reimbursed
with £80 for their time.

Experimental design

Participants arrived at the laboratory in the morning
and were randomized to receive either 20 mg of fluoxe-
tine or a matched placebo, in a double-blind procedure.
This resulted in 17 participants in the fluoxetine group
and 18 in the placebo group. Following drug/placebo
administration, participants sat in a quiet room until
the testing session began. During this time, participants
were free to read, work and/or use their laptops, and
were also carefully monitored for potential side effects.
In order to guarantee that fluoxetine had reached its
peak level, which has been shown to be after 6-8 h
(Rossi et al. 2004), the behavioural testing session started
6 h after drug/placebo administration.

Participants were asked to refrain from alcohol on
the night before and to limit caffeine consumption to
one cup on the testing morning. Participants were
not allowed to smoke or drink any additional caffeine
for the duration of the study. For lunch, participants
were offered a selection of light meals. The premenstr-
ual week was also avoided for testing.

Measures

This study included a series of questionnaires aimed at
investigating changes in subjective mood, as well as
behavioural paradigms which have previously shown
to be sensitive to detect biases in emotional processing
after acute administration of several antidepressants,
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therefore serving as sensitive markers of the early
mechanisms potentially underlying the clinical effects
of these agents (Pringle ef al. 2011).

Subjective ratings

At the screening visit, participants completed the trait
version of the State-Trait Anxiety Inventory (STAI-T;
Spielberger et al. 1970) and the Eysenck Personality
Questionnaire (EPQ; Eysenck & Eysenck, 1975). The
National Adult Reading Test (NART; Nelson &
Wilson, 1991) was also administered in order to obtain
an estimate measure of verbal intelligence quotient
(IQ). On the testing day, participants were asked to
complete the following questionnaires: the Beck
Depression Inventory (BDI; Beck et al. 1961) and the
state version of the STAI (STAI-S; Spielberger et al.
1970) in order to assess mood and anxiety symptoms;
Visual Analogue Scales (VAS) to assess alertness, con-
tentedness and calmness symptoms (Bond & Lader,
1974); the Positive and Negative Affective Schedule
(PANAS; Crawford & Henry, 2004); the Jitteriness
Rating Questionnaire (JRQ; Sinclair et al. 2009) to
measure sensitively symptoms of anxiety and agi-
tation; and, finally, an adapted version of the
Antidepressant Side-Effect Checklist (ASEC; Uher
et al. 2009). The STAI-S, VAS, PANAS, JRQ, VAS and
ASEC were administered twice, before the drug/pla-
cebo administration and at the end of the testing
session.

FERT

This paradigm measures the ability to identify and dis-
tinguish different facial expressions, being considered
a probe of interpretation bias. Facial stimuli include
different intensities of positive and negative facial
expressions, therefore allowing the assessment of
subtle facial discrimination in the face of complex
and ambiguous emotions (Harmer et al. 2011). More
specifically, the task stimuli included six basic emo-
tions taken from the Ekman & Friesen (1976) Pictures
of Affect Series: happiness, sadness, fear, anger, sur-
prise and disgust. These facial expressions were
morphed between each prototype and neutral, using
techniques described by Young et al. (1997). Briefly,
this procedure involves taking a variable percentage
of the shape and texture differences between neutral
(0%) and each emotional standard (100%) in 10%
steps, leading to a range of emotional intensities.
Four examples of each emotion at each intensity were
given (total of 10 individuals). Each face was also
given in a neutral expression, giving a total of 250 stim-
uli presentations. Facial stimuli were presented in a
random order for 500 ms, being immediately replaced
by a blank screen. Participants were asked to make
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their response as accurately and as quickly as possible
by pressing a labelled key on a response box. The out-
come measures in this task include: (1) percentage of
correct responses (i.e. the number of faces correctly
identified as containing any intensity of a particular
emotion); (2) percentage of misclassifications (false
hits); and (3) reaction times (RTs) (to emotions cor-
rectly identified).

EPST (electromyography; EMG)

The EPST measures the eye-blink reaction to different
emotional and neutral stimuli using EMG recordings.
The eye-blink response is considered the first and fast-
est element of the startle response (Lang et al. 1990),
being an indicator of the fear reaction in both humans
and animals. This version of the paradigm included
pictures from the International Affective Picture
System, designed to elicit positive, negative or neutral
emotions (Lang et al. 2005). These stimuli had been
rated and selected such that the negative and positive
pictures were similar in terms of arousal but opposite
in valence, whereas the neutral pictures were low on
arousal and average on valence. Stimuli were pre-
sented for 13 s (inter-trial interval of between 11 and
15s, mean 13 s) on a 43 cm cathode ray tube (CRT)
computer screen approximately 1 m away from the
participant. The eye-blink component of the startle re-
sponse was recorded from the orbicularis oculi using
EMG (EMG-startle response system; San Diego
Instruments, USA). Acoustic probes were 50 ms, 95
dB bursts of white noise with a nearly instantaneous
rise time and were delivered binaurally through head-
phones (delivered at 1.5, 4.5 or 7.5 s following picture
onset). Within each block of 21 pictures, probes were
delivered on five of each trial type (neutral, positive
or negative). To limit expectation of the noise, two
trials per valence did not contain any startle probes
and three probes per block were given within the inter-
trial interval. To habituate participants to the startle
probes and to orient them to the procedure, participants
viewed an introductory set of nine neutral pictures and
received nine startle probes (two of these within
the inter-trial interval). We then calculated eye-blink
reflex magnitudes and z-transformed those to normalize
data and reduce inter-subject variability. A more
detailed description is given elsewhere (Browning
et al. 2007).

Attentional dot-probe task

This paradigm assesses attention to positive versus
negative stimuli using an RT measure. Two faces
with different facial expressions are presented verti-
cally on the computer screen and replaced by a cue
(two dots) to which the volunteer has to respond.
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The rationale behind this task is that if participants
have allocated their attention to the negative stimulus
and the dot appears in the same place, they should
be relatively faster to respond than if the dots appear
in the opposite location. Pairs of photographs of 20
individuals displaying different emotions were taken
from the Japanese and Caucasian Facial Expressions
of Emotion and Neutral Faces (JACFEE/JACNeuF)
sets of facial expressions (Matsumoto & Ekman,
1988). There were three types of face pairs: (1) two neu-
tral expressions (neutral-neutral); (2) a fearful face and
a neutral face (fearful-neutral); and (3) a happy face
and a neutral face (happy-neutral). Each pair com-
prised facial expressions from the same individual.
On each trial, one of the faces occupied the top half
of the screen and the other the half bottom, with a cen-
tral fixation cue appearing in the middle. The emotion-
al faces (i.e. fearful and happy faces) appeared in both
locations with equal frequency. In addition, there were
two types of conditions: subliminal and supraliminal,
in which the faces were presented for 100 ms or 1000
ms respectively. Participants were asked to report the
orientation of the dots as quickly and as accurately as
possible by pressing the corresponding labelled key
on a keyboard. Consistent with Murphy et al. (2008),
attentional vigilance scores were calculated for each
participant by subtracting the mean RT from trials
when probes appeared in the same position as the
emotional face (congruent trials) from trials when
probes appeared in the opposite position to the
emotional word (incongruent trials). Therefore, posi-
tive scores suggest an attentional vigilance towards
the emotional stimuli, whilst negative scores indicate
attentional bias away from the emotional stimuli.
Zero scores suggest no bias towards the emotional
face.

RSVP

This paradigm measures the processing of different
word valences under conditions of restricted attentional
resources (‘attentional blink effect’). Participants were
asked to attend to a series of rapidly presented words
and to focus on two word targets (T1 and T2), while
the time between these two targets was varied. We
used a modification of the RSVP paradigm reported
previously (Raymond et al. 1992; Anderson & Phelps,
2001) where each trial consisted of 15 words [two tar-
gets (bright green) and 13 distractors (black)], each pre-
sented for 100 ms and immediately followed by the
subsequent stimulus. Participants were required to
type the target words using the keyboard. The targets
consisted of T1 and T2 words and were presented in
bright green, as opposed to the black colour of the dis-
tractors. T1 stimuli were 56 neutral words averaging
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4.38 letters in length. Distractor items were 79 neutral
words of much longer length (average=11.66 letters),
in order to appropriately mask all target stimuli and
also to maintain distinctiveness between the target
and distractor stimuli. Six trial lags were introduced
from lag 2 [one distractor between the two targets
(T1-T2), stimulus onset asynchrony (SOA)=200 ms] to
lag 7 [six distractors presented between the two targets
(T1-T2), SOA =700 ms]. We used neutral (e.g. arm, iron,
owl), positive (e.g. gift, honour, cheer) and negative (e.g.
abuse, rage, betray) words as T2 stimuli, selected from
the Affective Norms for English Words (ANEW) data-
base (Bradley & Lang, 1999). The T2 stimuli were
matched for average word length, written word fre-
quency and familiarity (Kucera & Francis, 1967;
Coltheart, 1981). Positive and negative words were
also matched for arousal ratings. The outcome measure
in this task was the percentage of T2 words correctly
identified when preceded by a correct identification of
the T1 word.

Statistical treatment

Data were analysed by using IBM SPSS 22 software
(USA). Baseline characteristics [age, body mass index
(BMI), IQ, EPQ, STAI, jitteriness, VAS, PANAS and
BDI], excluding gender, were analysed by using inde-
pendent ¢ tests. Gender was analysed using a 2 test.
The self-report scales used to assess the effects of fluox-
etine (i.e. STAI-S, PANAS, ASEC and JRQ) were ana-
lysed using a mixed-design (split-plot) analysis of
variance (ANOVA), with time (pre- and post-drug/pla-
cebo administration) and group (fluoxetine v. placebo)
as within- and between-subjects factors, respectively.
The experimental tasks were analysed by using
a mixed-design (split-plot) analysis of covariance
(ANCOVA) with group (fluoxetine v. placebo) as the
between-subject factor and average STAI-S as a covari-
ate. To explore the effects of gender on the FERT and
startle response, the same analysis was repeated with
gender as the between-subject factor. Within-subject
factors were emotion/valence (FERT, attentional
dot-probe, RSVP and startle response), stimulus pres-
entation (attentional dot-probe) and lag type (RSVP).
Significant interactions in the ANCOVA were further
explored using follow-up pairwise comparisons or sep-
arate repeated-measures ANOVAs. When sphericity
was violated, Greenhouse Geisser corrections were
reported, but uncorrected degrees of freedom are
reported for clarity. Due to skewness in distribution,
the RTs for the FERT were submitted to a log-
transformation that proved successful in ensuring nor-
mality. A p value lower than 0.05 was used to denote
statistical significance. Marginal differences with a p
value lower than 0.10 are also reported. Partial eta
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Table 1. Baseline characteristics
Placebo (1n=18) Fluoxetine (n=17) [4 Significance
Age, years 19.33 (1.19) 19.88 (0.86) 0.128 N.S.
Gender, n 0.862 N.S.
Male 9 8
Female 9 9
BMI, kg/m? 22.6 (2.75) 22.7 (2.89) 0.960 N.S.
Verbal IQ: NART 117.16 (4.53) 117.81 (5.62) 0.706 N.S.
EPQ neuroticism 6.44 (3.38) 4.76 (3.56) 0.162 N.S.
EPQ psychoticism 2.94 (1.98) 2.24 (1.79) 0.276 N.S
EPQ extraversion 15.33 (3.29) 15.00 (4.33) 0.798 N.S.
Trait anxiety: STAI-T 34.28 (6.29) 33.77 (6.96) 0.820 N.S.
Depression: BDI 1.72 (1.99) 1.41 (1.91) 0.641 N.S.

Data are given as mean (standard deviation) unless otherwise indicated.
N.s., Non-significant; BMI, body mass index; 1Q, intelligence quotient; NART, National Adult Reading Test; EPQ, Eysenck
Personality Questionnaire; STAI-T, Spielberg State Trait Anxiety Inventory — Trait; BDI, Beck Depression Inventory.

squared (77%) and Cohen’s d are reported as measures of
effect size for ANOVAs and independent t tests,
respectively.

Results
Baseline characteristics

There were no significant differences between the
groups in terms of age, gender distribution, BMI, 1Q
(as measured using the NART), EPQ scales, trait
anxiety (STAI-T) and depression (BDI-I) symptoms
(all p’'s>0.17; see Table 1). Participants were also
matched for contentedness, alertness and calmness
(VAS) and for positive and negative affect (PANAS)
at baseline (all p’s>0.25). However, there were mar-
ginal differences in STAIL-S (t3;,=2.021, p=0.052, d=
0.706) and jitteriness symptoms (t33=1.749, p=0.090,
d=0.597). The placebo group revealed higher scores
in both these scales (see Table 2).

Subjective changes

There was no main effect of group or interaction with
group when assessing jitteriness (JRQ), side effects
(ASEC) or affect (PANAS) (all p’s>0.25). However,
the placebo group showed increased state anxiety
(STAIL-S) across time points, i.e. even at baseline
(main effect of group: Fj3=6.970, p=0.013, ;7§=
0.184). This measure was therefore controlled for in
subsequent analyses.

When considering contentedness VAS ratings, there
was a trend for a main effect of group (F129=2.901,
p=0.099, 71§=O.091) and for an interaction between
group and time (Fi,0=3.678, p=0.065, #,=0.113).
Participants on placebo showed overall increased
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scores in this scale. The interaction with time was dri-
ven by group differences at time-point 2, with the pla-
cebo group again revealing higher scores (Fy,9=4.493,
p=0.043, 11;2,=0.134). Fluoxetine did not modulate the
ratings from the calmness VAS (emotion x group:
F129=0.038, p=0.847, ;1}2, =0.001) or alertness (emotion
x group: Fj9=0.015, p=0.904, 175 =0.001).

A summary of the scores obtained in these measures
is provided in Table 2.

FERT

There was a significant interaction between emotion
and group when considering accuracy levels (Fg 192 =
2.358, p=0.032, 17§=0.069). Follow-up pairwise com-
parisons revealed that participants receiving fluoxetine
were less accurate at identifying anger [F;3,=5.011,
p=0.032, n§=0.135; placebo: 51.21%, 95% confidence
interval (CI) 45.46-56.96%; fluoxetine: 41.81%, 95%
CI 35.88-47.74%)] and sadness (Fq3,=5.022, p=0.032,
17,%=0.136; placebo: 58.13%, 95% CI 51.68-64.59%;
fluoxetine: 47.56%, 95% CI 40.91-54.22%). They also
showed a trend to be more accurate at identifying hap-
piness (F13=3.282, p=0.079, #,=0.093; placebo:
62.54%, 95% CI 58.16-66.92%; fluoxetine: 68.34%,
95% CI 63.82-72.86%). No significant differences
were seen in the remaining expressions (all p’s>0.20)
(see Fig. 1a).

When analysing the RT taken to detect the facial
expressions, a trend for an interaction effect between
facial expression and group was seen (Fg 19, =2.053,
p=0.061, n§=0.060). Consistent with the decreased
accuracy to detect anger, participants receiving fluoxe-
tine showed a trend to be slower to detect this emotion
(F1,32=3.169, p=0.085, ;75 =0.090; placebo: 1761.78 ms,
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Table 2. Subjective state changes

Placebo (n=18) Fluoxetine (n=17)

Pre Post Pre Post
State anxiety: STAI-S 31.59 (6.76) 34.71 (7.79) 27.13 (5.86) 28.00 (5.84)
Jitteriness: JRQ 5.06 (6.18) 5.56 (7.37) 2.18 (2.88) 3.59 (3.97)
Side-effects: ASEC 1.67 (1.37) 2.44 (1.76) 1.18 (1.13) 2.12 (2.39)
PANAS+ 27.94 (5.47) 26.94 (7.36) 28.29 (5.88) 26.24 (7.05)
PANAS— 11.50 (2.41) 13.72 (5.38) 10.71 (1.49) 11.24 (2.86)
VAS alertness 34.38 (14.91) 40.74 (16.90) 27.97 (9.50) 34.79 (11.09)
VAS contentedness 26.15 (17.81) 34.84 (17.55) 21.51 (4.95) 23.53 (11.77)

VAS calmness 31.11 (13.85) 37.68 (17.54) 26.13 (11.24) 31.45 (17.44)

Data are given as mean (standard deviation).

STAI-S, Spielberg State Trait Anxiety Inventory — State; JRQ, Jitteriness Rating Questionnaire; ASEC, Antidepressant
Side-Effect Checklist; PANAS+, positive items from the Positive and Negative Affective Schedule; PANAS—, negative items
from the Positive and Negative Affective Schedule; VAS, Visual Analogue Scales.

95% CI 1560.11-1963.45 ms; fluoxetine: 2060.14 ms,
95% CI 1852.20-2268.09 ms). The other comparisons
revealed a p value greater than 0.28 (see Fig. 1b).

Finally, when considering the number of misclassifi-
cations, there was no interaction between emotion and
group (Fg192=1.148, p=0.334, 77;% =0.035) or main effect
of group (Fy3<1, p>0.9, ;=1.000).

Repeating this analysis with gender as an additional
between-groups factor showed that this variable did
not influence the effects of fluoxetine on any the mea-
sures (as revealed by a lack of emotion x group x gen-
der interaction for accuracy: Fg1g0=0.644, p=0.695,
nf, =0.021; misclassifications: Fg150=0.341, p=0.798,
1, =0.011; and RTs: Fg150=1.801, p=0.101, 7, =0.057).

Emotion-potentiated startle

Data from one participant were removed in the fluox-
etine group due to excessive noise in the EMG trace.
The analysis was therefore performed with 34 partici-
pants in total. A split-plot ANCOVA (with average
STAI-S again as a covariate) revealed a significant
interaction between valence and group treatment
(F2,62=5.139, p=0.009, 11§=0.142). There was no main
effect of group (Fy3,=0.370, p=0.547, ;7§=O.012).

In order to explore the interaction between group
and valence further, separate repeated-measures
ANOVAs were conducted for the two groups. This
analysis revealed an effect of picture valence in the pla-
cebo group (Fp3,=3.612, p=0.039, 17§=0.184), but
not in the fluoxetine group (F;2s=2.500, p=0.100,
;7§=0.152). The participants on placebo showed the
normal emotion-potentiated startle effect, with the
z-transformed scores for the unpleasant pictures
(0.211, 95% CI 0.081-0.341) being significantly higher
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than those for neutral (—0.177, 95% CI —0.303 to
—0.051; p=0.002) and pleasant (—0.067, 95% CI
—0.166 to 0.032; p = 0.008) pictures. However, this emo-
tion potentiation of the startle response was abolished
in the fluoxetine group (all p’s>0.21; see Fig. 2a).

Repeating this analysis with gender as an additional
between-groups factor showed that this variable did
not influence the effects of fluoxetine on the
z-transformed scores (as revealed by a lack of valence
x group x gender interaction: F,s5=0.163, p=0.850,
1y =0.006).

When considering raw scores, there was a trend for a
significant interaction between emotion and group
(F2,62=3.376, p=0.066, 11%=0.O98) but no main effect
of group (Fy31=0.416, p=0.524, ,=0.013), reflecting
the same pattern seen in the z-transformed scores
(see Fig. 2b).

Attentional dot-probe task

There were no significant differences in accuracy rates
between the two groups (placebo mean: 93.9%, fluoxe-
tine: 93.8%; t33=0.160, p=0.874, d=0.053). Incorrect
trials were therefore not included in the RT analysis.
In order to minimize the influence of outliers, trials
with response times that were above 1200 ms and
below 200 ms, as well as those that were 3 standard
deviations above or below the mean RT (computed
after the first cropping), were excluded (Browning
et al. 2012).

A 2x2x2 split-plot ANCOVA was computed, with
valence (happy v. fearful) and stimulus presentation
(short v. long) as within-subject variables, group (pla-
cebo v. fluoxetine) as a between-subjects factor and av-
erage STAI as a covariate. This analysis failed to reveal
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Fig. 1. (a) Accuracy of facial expression recognition in the
fluoxetine and placebo groups. Values represent percentage
of correct responses summed over the different intensity
levels for that emotion. (b) Average reaction times of facial
expression recognition. Only correct responses were
considered in the averaging of reaction times. Values are
adjusted means, with standard errors represented by
vertical bars. * p<0.05, +p <0.10. neut, Neutral; ang, angry;
disg, disgust; hap, happy; surp, surprised.

a significant interaction between valence and group
(F1,33=2.718, p=0.109, 77§=0.078) or a main effect of
group (F;,33=0.034, p=0.855, ;72 =0.001).

RSVP

The analysis for this task was performed with 33 par-
ticipants (16 in the fluoxetine group and 17 in the pla-
cebo) due to technical problems in data acquisition for
two subjects. Consistent with previous studies using
this task (Anderson & Phelps, 2001; De Martino et al.
2008), data were segregated into early (lags 2-3, 260—
390 ms) and late lag (lags 6-7, 780-910 ms). We per-
formed a 3 x2 x 2 drug split-plot ANCOVA: T2 stimu-
lus valence (positive, negative, neutral) x lag (early v.
late) x group (fluoxetine v. placebo).

The analysis revealed a trend for a main effect of lag
(F1,30=3.105, p=0.088, 775 =0.094). Follow-up pairwise
comparisons revealed a higher number of correct
responses in late versus early lags (87.60% v. 75.13%).
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There was no main effect of group, valence or any sign-
ificant interactions with lag and valence (all p’s >0.20).

Discussion

This study investigated the influence of acute fluoxe-
tine administration on a battery of tasks previously
shown to be sensitive to both the positive and negative
effects of SSRIs on emotional processing (Harmer et al.
2011). Our primary aim was to test whether fluoxetine
would increase threat processing in this sample of
young adult volunteers. A secondary goal was to test
if fluoxetine modulated the processing of additional
emotional cues, including sadness, happiness and
anger. Contrary to our prediction, fluoxetine did not
show an anxiogenic profile. Rather, the emotion-
potentiated startle effect, a measure of fear processing,
was abolished in the fluoxetine group when compared
with placebo. Beyond this effect, fluoxetine reduced
the recognition of angry and sad faces and led to a
marginal increase in the accuracy to recognize happy
faces. This decrease in negative versus positive proces-
sing occurred in the absence of any overall improve-
ment in mood or anxiety, which suggests an
immediate, direct effect of fluoxetine on emotional pro-
cessing. Indeed, there was a small effect for those re-
ceiving fluoxetine to report lower levels of
contentedness compared with placebo treatment.
Even though this effect was small and restricted to
one measure, it also highlights the dissociation be-
tween subjective ratings and early effects of antide-
pressants on emotional processing.

Lack of acute anxiogenic effects of fluoxetine

Contrary to our initial prediction, fluoxetine did not re-
veal anxiogenic-like effects in this sample of young
adult volunteers, showing instead a profile more con-
sistent with anxiolysis. Indeed, fluoxetine (relative to
placebo) abolished the typical increase in the magni-
tude of startle responses during the presentation of un-
pleasant pictures. The startle paradigm is a
well-established measure of fear and anxiety, and
highly sensitive to the clinical effects of anxiolytic
drugs (see Davis et al. 1993). An abolition or reduction
of fear-potentiated responses has been found previously
with acute administration of the anti-anxiety drug dia-
zepam (Patrick et al. 1996; Murphy et al. 2008).
Likewise, preclinical models using shock-induced voca-
lizations and conditioned freezing have reported anxio-
lytic effects after acute administration of fluoxetine
(Schreiber et al. 1998; Nakamura & Kurasawa, 2001),
but see Kurt et al. (2000). However, it should be noted
that there was no reduction in the recognition of fearful
faces in the current study, which suggests that
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fluoxetine is not having a broad anxiolytic-like effect at
this early stage.

The abolition of fear-potentiated responses by fluoxe-
tine (v. placebo) is in contrast with previous studies
showing that a single dose of the SSRI citalopram
increases the processing of threat-related stimuli, as
reflected by an increased recognition of fearful facial
expressions (Harmer et al. 20034; Browning et al. 2007)
and higher emotional reactivity in the startle paradigm
(Browning et al. 2007; Grillon et al. 2007). Such findings
are thought to reflect the mechanisms responsible for
the anxiogenic reactions seen with some patients at
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early stages of SSRI treatment (Kent et al. 1998). It is no-
table that fluoxetine failed to show the anxiogenic
profile seen previously with citalopram, a difference
that may be explained by the specific pharmacodynamic
properties of fluoxetine, or by the characteristics of this
population itself, given that previous studies using sin-
gle doses of citalopram included participants who were,
on average, slightly older (average of 24 years in the
Browning et al. 2007 study; average age of 3740 years
in the Harmer ef al. 20034 study).

Despite belonging to the same class, citalopram
and fluoxetine have a number of pharmacological


https://doi.org/10.1017/S0033291715000240

differences that could underlie their contrasting acute
effects on threat processing. For example, fluoxetine
shows an affinity for the serotonin 2C (5-HT,c) recep-
tor that is close to its affinity for the 5-HT transporter
(Hoffman et al. 1991) and about five-fold greater than
that of citalopram (Palvimaki et al. 1999). Together
with evidence that fluoxetine acts functionally as a
5-HT,c receptor antagonist, these findings have led
to the proposal that some of its effects may be mediated
via blockade of 5-HT,¢ receptors, in addition to the well-
characterized inhibition of the serotonin transporter (Ni
& Miledi, 1997).

Notably, the abolition of potentiated fear responses
reported in the present study is consistent with a
5-HT,c antagonism mechanism. Drugs that act as
antagonists at this receptor have been shown to de-
crease anxiety-related responses in pre-clinical and
human studies (e.g. Kennett et al. 1997; Martin et al.
2002; Arnone et al. 2009). An example is the 5-HT,¢ an-
tagonist mirtazapine, which decreases the processing
of threat-related information as well as startle
responses in healthy volunteers (Arnone et al. 2009).

The current study did not detect any robust effect of
fluoxetine on the tasks used to measure attentional vig-
ilance towards positive and threatening information
(i.e. attentional dot-probe and RSVP). Attentional
bias towards threat is a key feature of anxiety and
can be modulated by drug and psychological treat-
ments that have clinical effects in these disorders
(Murphy et al. 2008; Reinecke et al. 2013). This absence
of effect therefore provides further evidence that acute
fluoxetine does not induce an anxiogenic-like profile in
young healthy people, although this interpretation is
limited due to the absence of a basic fear vigilance ef-
fect in the placebo group, specifically in the attentional
dot-probe task. Given our findings from the FERT, fu-
ture research may wish to include anger cues in these
measures, to assess the likely contribution of attention
versus perceptual changes in anger processing follow-
ing fluoxetine administration.

Finally, it should be noted that the current findings
do not exclude the possibility that fluoxetine and
other SSRIs may increase the processing of anxiety-
related stimuli in vulnerable patients. A subset of
both adult and young depressed patients experience
adverse effects upon initiation of antidepressant treat-
ment (Jick et al. 2004; Jureidini et al. 2004), which corro-
borates the need to explore the mechanisms and risk
factors underlying these effects. Relevant to this is evi-
dence suggesting that adverse reactions to SSRIs are
influenced by variables such as drug metabolism
(Bresen, 2004) and genotypic differences (Perlis et al.
2003; Kronenberg et al. 2007). There is consequently a
need to identify both genetic and psychological mar-
kers that can reliably predict which patients are most
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susceptible to encounter adverse side effects after the
initiation of antidepressant treatment.

Early effects of fluoxetine on anger processing

A prominent finding of the current study is the effect
of fluoxetine on anger processing. Fluoxetine was
shown to decrease the accuracy to correctly identify
angry faces and there was also a trend for a slower rec-
ognition of this emotion. This highlights an important
mechanism through which fluoxetine may act to allevi-
ate symptoms in adolescent MDD. Indeed, anger is a
hallmark feature of irritability, which is one of the
core symptoms of childhood and adolescent de-
pression (American Psychiatric Association, 2013).
There is also evidence suggesting that depressive
symptoms in adolescence are associated with an
increased processing of anger (van Beek et al. 2006)
and sadness (Schepman et al. 2012), as well as a
decreased perception of happy faces (Beek & Dubeas,
2008). This is consistent with clinical evidence showing
that sadness and irritability are two prominent symp-
toms of juvenile MDD.

The importance of anger/irritability in depression has
been a focus of increasing interest (Safer, 2009; Fava
et al. 2010; Judd et al. 2013). Recent clinical studies sug-
gest that irritability is common among depressed adults
(Fava et al. 2010; Judd ef al. 2013), indicative of earlier
onset and increased disease severity (Verhoeven et al.
2011; Judd et al. 2013), as well as a potential marker
for a diagnostic subtyping symptom (Perlis et al.
2009). In adolescence, irritability is a cardinal symptom
for establishing an MDD diagnosis and seems to affect
one-third of depressed youth in community samples
(Stringaris et al. 2013) and up to 30-85% in clinically de-
pressed populations (Strober et al. 1981; Ryan et al.
1987). There is growing evidence for the implications
of irritability as a developmental symptom relevant
for both the aetiology and the clinical presentation of
depression. Stringaris et al. (2013) recently reported
that irritability, when manifested during adolescent
MDD, is more frequent in males, and is also associated
with an increased risk for co-morbid disruptive symp-
toms and sleep disturbances. Additional studies high-
light the behavioural impairment associated with
irritability in adolescence and the potential aetiological
role of this symptom in the development of depressive
states, especially in light of evidence suggesting that ir-
ritability predicts depression in early and late adult-
hood (Leibenluft et al. 2006; Stringaris et al. 2009;
Stringaris & Goodman, 2009; Dougherty et al. 2013),
and also shares common genetic underpinnings with
this disorder (Stringaris et al. 2012).

The influence of fluoxetine on anger processing is also
of interest in view of the effects of serotonin on anger
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and aggressive behaviours more broadly. Fluoxetine
increases 5-HT levels through inhibition of the serotonin
transporters and has important effects in alleviating
anger symptoms across different populations, including
depressed patients with anger attacks (e.g. Fava et al.
2010), patients with intermittent explosive disorder
(Coccaro & Kavoussi, 1997) and females with pre-
menstrual disorder suffering from irritability (Steinberg
et al. 2012). In line with this, experimental manipulations
that reduce serotonin levels via acute tryptophan de-
pletion have the opposite effect of increasing aggression-
related responses, particularly in individuals high in irri-
tability (e.g. Cleare & Bond, 1995; Bjork et al. 2000; Bond
et al. 2001; for a review, see Young, 2013). The current
finding that fluoxetine reduces perception of anger,
even after a single dose, is therefore consistent with
these actions and supports the use of this emotional pro-
cessing model to characterize and explore mechanisms
relevant to antidepressant drug action.

Fluoxetine reduces perception of sad facial
expressions

Fluoxetine was found to decrease the processing of sad
facial expressions. This effect is again opposite to that
seen in MDD in adult and young people, where
patients are more likely to identify ambiguous facial
expressions as sad (Gur et al. 1992; Schepman et al.
2012). In a recent meta-analysis of Dalili et al. (2014),
the recognition of sadness (but not of other emotions)
was found to be preserved in depressed patients,
which is consistent with contemporary models of de-
pression emphasizing the role of negative cognitive
bias in the aetiology and maintenance of depressive
states (Beck, 1976). There is also emerging evidence
suggesting that MDD in childhood and adolescence
is characterized by a pattern of negative thoughts
that influences different levels of cognitive processing.
Youth with subclinical/clinical depression, or those at
increased risk for developing MDD, have been sug-
gested to recall more negative material (relative to
positive) in memory tasks (Bishop et al. 2004), and to
attend more to negative cues (Joormann et al. 2007),
therefore corroborating the premises of cognitive mod-
els of depression, first developed and validated with
adults (Beck, 1976). Taken together, this suggests an
important mechanism by which fluoxetine may act to
reverse negative biases that characterize depression in
young people. The extent to which this effect of fluox-
etine may generalize to other age groups remains to be
determined.

It is also interesting to note that the reduction of sad-
ness recognition by fluoxetine is consistent with a
5-HT,c antagonism, given that 7-day treatment with
the 5-HT,c antagonist agomelatine was shown to
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impair the processing of sad facial expressions in the
same facial recognition paradigm used here (Harmer
et al. 2011). The similarities between the effects of fluox-
etine and agomelatine on sadness may therefore result
from a shared 5-HT,¢ antagonistic property that is not
found with other SSRIs such as citalopram, as dis-
cussed earlier. Future studies are needed in order to
clearly assess this hypothesis.

Limitations

This study has a number of limitations that should be
considered when interpreting the results. In order to
clearly characterize the unique mechanisms of fluoxe-
tine, it would have been useful to dissociate the effects
of this drug from other SSRIs, such as citalopram, on
emotion processing. Forthcoming studies should di-
rectly compare the effects of these drugs within the
same experiment.

This study had a double-blind design, which was
maintained throughout the study, as neither the parti-
cipants nor the experimenter were disclosed the infor-
mation on the randomization assignment. The
absence of overall differences in subjective state (in-
cluding side effects) also suggests that participants
did not detect overall subjective changes in mood or
anxiety, which is in line with previous published stu-
dies involving single doses of antidepressants (e.g.
Browning et al. 2007; Arnone et al. 2009). However,
a limitation of the current study was that a manipu-
lation check was not carried out, i.e. by asking parti-
cipants to guess which experimental group they were
assigned to.

Conclusion

Our findings suggest that a single dose of fluoxetine
has direct effects on the way emotional information is
processed in young healthy people including the pro-
cessing of angry and sad facial expressions. Given
the key role of anger in the clinical presentation of ado-
lescent depression, the reduction in anger perception
following fluoxetine highlights a potential mechanism
through which this treatment may exert its clinical
action.

Fluoxetine also abolished fear-potentiated responses
in comparison with placebo, which was contrary to our
initial hypothesis. The mechanism of action of fluoxe-
tine in this respect show potentially important differ-
ences from other antidepressants such a citalopram,
which is pertinent in face of evidence that fluoxetine
has a more favourable benefit:risk profile in compari-
son with this and other antidepressants in young peo-
ple with depression (Whittington et al. 2004). Future
research should clarify the mechanisms underlying
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the apparent higher efficacy and tolerability of fluoxe-
tine in depressed adolescents in comparison with other
drugs.
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