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Background: Previous research indicates that antidepressants can reste the balance
between negative and positive emotional processing earlyitreatment, indicating a role
of this effect in later mood improvement. However, less is kown about the effect of
antidepressants on reward processing despite the potentiarelevance to the treatment
of anhedonia. In this study, we investigated the effects ofraacute dose of the atypical
antidepressant (dual dopamine and noradrenaline reuptakénhibitor) bupropion on
behavioral measures of emotional and reward processing ingalthy volunteers.

Methods: Forty healthy participants were randomly allocated to doule-blind
intervention with either an acute dose of bupropion or pladaeo prior to performing the
Emotional Test Battery (ETB) and a probabilistic instruméad learning task.

Results: Acute bupropion signi cantly increased the recognition ombiguous faces as
happy, decreased response bias toward sad faces and reducedttentional vigilance for
fearful faces compared to placebo. Bupropion also reduced agative bias compared to
placebo in the emotional recognition memory task (EMEM). Bie was no evidence that
bupropion enhanced reward processing or learning. Insteacbupropion was associated
with reduced likelihood to choose high-probability wins ad increased score on a
subjective measure of anhedonia.

Conclusions:  Whilst acute bupropion decreases negative and increases patve
emotional processing, it has an adverse effect on reward pressing. There seems to
be a dissociation of the acute effects of bupropion on positie emotional processing and
reward processing, which may have clinical implications faanhedonia early in treatment.
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INTRODUCTION MATERIALS AND METHODS

Patients suering from major depressive disorder (MDD) The authors assert that all procedures contributing to this
display negative biases in emotional processing across wark comply with the ethical standards of the relevant nationa
range of cognitive domains, including perception, attenfionand institutional committees on human experimentation and
and memory (—4). The neuropsychological theory of with the Helsinki Declaration of 1975, as revised in 2008. Al
antidepressant action hypothesizes that the direct action gdarticipants provided written informed consent.
antidepressants is to decrease negative emotional progessin

and increase positive emotional processing early in treatment

prior to any mood improvement, indicating a role of this Participant Recruitment, Screening, and

change in the therapeutic e ect of the antidepressaint ( Randomization

7). Indeed, acute or 7 day administration of the selectiven reverse power calculation using the e ect sizes observed in
serotonin reuptake inhibitor citalopram or the noradrena&in preceding studies of other antidepressants [esy9){ indicated
reuptake inhibitor reboxetine was found to increase they sample size of 20 participants per treatment group would
recall of positive self-referent words and the perception ope su cient to detect a signi cant di erence between the two
ambiguous faces as happy in both healthy volunte€s@ treatment groups with a power of 0.95. Therefore, a total of 40
and MDD patients (1) in the absence of any changes inhealthy participants were recruited and deemed to be free from
mood. either current or past history of any Axis 1 DSM-IV psychiatric
The majority of research on the e ects of antidepressants haginess via assessment with the Structured Clinical In®mwi
been conducted using selective serotonin and/or noradie@a (SCID) for DSM-IV (21). They also had no physical medical
reuptake inhibitors (SSRIs/SNRIs) and several questionsiremaconditions, were free of any medications or drugs that could
Firstly, MDD is not only characterized by low mood but also aimpact upon the safety or e ect of bupropion for at least 3 weeks
loss of interest or pleasure in previously enjoyed activiieewn  and naive to the behavioral tasks.
as anhedonia. It is becoming clearer that whilst SSRIs or SNRIs Participants were randomly allocated to double-blind
reduce negative biases in emotional processing to improve loltervention with either an acute dose (150 mg) of sustained
mood, they do not fully correct the experience of anhedonid (  release bupropion or placebo. Administration of the treatment
and may actually exacerbate reward de cifis3)( Pre-clinical, in identical capsules by an independent member of sta
physiological studies evidence a role of dopamine in rewardnsured that both the participant and investigator remained
(14, 15). Therefore, it has been hypothesized that anhedonilind to the treatment received. Participants were strati for
and abnormal reward-based decision making in probabilistiggender and matched for age and National Adult Reading Test
instrumental learning tasks observed in MDDE-18) involve  (NART)-derived verbal 1Q 2). Note that an additional group
changes in the dopamine system. Indeed, an acute dose 0fof20 participants were also recruited and randomized to a no
dopaminergic enhancing drug (L-DOPA) has previously beenreatment group to assess the in uence of the placebo e eet, th
found to increase the likelihood of choosing high-probaili results of which are reported in Huneke et &23); however, all
wins during a probabilistic instrumental learning task compé  hypotheses for both studies were made a priori.
to a dopamine antagonist (haloperidol) in healthy volunteers A 3 h wait period followed treatment administration since this
(19. It has therefore been suggested that atypical, dopaminerdis the t,ax of the sustained release formulation of bupropion
antidepressants may act on such aberrant reward processithg aand allowed for testing at maximum plasma concentration
be better suited to treat anhedoniad). (24). Participants then completed the Emotional Test Battery
It is unclear whether positive emotional processing andETB) and a probabilistic instrumental learning task to asse
reward processing are dierent expressions of the samemotional and reward processing. Subjective mood was also
underlying system Z0), or whether they are independent assessed via completion of a variety of questionnaires before
processes in the manifestation of the symptom clusters in MDDand after treatment administration and behavioral ass&sgm
As such, emotional and reward processing may be either gimila Firstly, the Hamilton Rating Scale for Depression (HAM-ID2}(
or dierentially a ected by antidepressants with an e ect on was administered via a semi-structured interview with arteai
dopamine function such as bupropion, a dual dopamine andxperimenter. The rest of the questionnaires were self-tepor
noradrenaline reuptake inhibitor. questionnaires completed on a computer and included the Adult
Therefore, here we investigated the acute e ects of bupropio&ysenck Personality Questionnaire (EPQJ)( the Full Mood
compared to placebo on commonly used behavioral measuresid Anxiety Symptom Questionnaire (MASQ), the Positive and
of emotional and reward processing in healthy volunteersNegative A ect Schedule (PANAS} (), the Be ndlichkeits Scale
Speci cally, we aimed to investigate whether bupropion hagBFS) £8), the Snaith-Hamilton Pleasure Scale (SHAPS)),(
similar e ects to SSRIs and/or SNRIs acting to reduce negativend a side-e ects questionnaire listing the side-e ects most
biases in emotional processing, or has more specic e ectsommon for bupropion. The SHAPS comprises 14 items with
on positive emotional or reward processing. Since bupropiorach item describing a pleasurable situation covering one of
increases dopamine function, we hypothesized that it wouldour domains of pleasure: interests / pastimes, social iotama,
speci cally increase positive emotional processing and rdwarsensory experience and food/drink, with a higher score iatiiig
sensitivity in a probabilistic instrumental learning task. higher anhedonia. After treatment administration and beioaal
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assessment, participants repeated the PANAS, BFS, SHAPS, Statistics
side-e ects questionnaires. Reaction times for all tasks (with the exception of the EREC
where a 2min time limit is imposed) were trimmed at the
Emotional Test Batte ry participant level: reaction times above 3 standard deviatfoom
the mean or below 200 ms were excluded prior to calculating the

The ETB (Plvital, Oxford, UK) is designed to assess the o .
. . . N ean. Data for all tasks was normally distributed allowing tise
processing of a variety of aectively valenced stimuli and"

comprises ve validated, computerized cognitive tasks naased of parametric statistical tests.

follows: Facial Expression Recognition Task (FERT), Emation e 22?; dfrrr?gzasi?gg a;a;ksic;fo:‘r:/irii:;(?e \(NAaI\Sl O?/la;lﬁfhdtrszilrrﬁer?
Categorization Task (ECAT), Facial Dot-Probe Task (FDOT).cP Y

Emotional Recall Task (EREC), and Emotional Recognitior"?.roUp (bupropion, placebo) as the between-subject factor and

. di erent within-subject factors depending on the task (FERT:
Memory Task (EMEM). These tasks have previously bee . ; . ]
described in full {1, 30). “In brief, the FERT comprises a series][']’1Ce emotion; ECAT/EREC/EMEM: word valence; FDOT: face

. N - o - - emotion, masking). Signi cant interactions were followeg
of facial expressions associated with six basic emotiorgeran .~
. . : with independent samples-tests between the two treatment
disgust, fear, happy, sad and surprise at a range of di erent

) . . . : . groups. Since previous studies have found both citalopram and
intensity levels and participants are required to identifye th . : . .

) . . ; . reboxetine to increase the perception of ambiguous faces as
emotion of the face. Signal detection theory is used to pm@vid . .

. T ) . happy in both healthy volunteer§€10) and MDD patients (1),

estimates of target sensitivity (d') and beta. The ECAT casgy . -

. I . a planned comparison of the recognition of happy faces between
a series of positively and negatively valenced self-refererds

. . 2 (Proups was completed for the FERT.

"J.md parpcypants are required fo indicate whether they woul For the probabilistic instrumental learning task, participsin
like or dislike to be referred to as each word. In the FDOT, thetotalin less than the initial £5 were assumed, to not have
attentional vigilance to happy or fearful faces can be deteechi 9 . .

- . . . understood the task and were excluded (6 in total: 3 from the
from participants response latency to indicate the alignmet bupropion group and 3 from the placebo group). Data was then
a dot probe appearing in the place c_)f one_of the .f?‘ces' Thgveraged across the two runs and analyzed using independent
EREC is a surprise free recall task during which participants aré

. L .~ sampleg-tests between the two treatment groups.
required to remember as many of the positively and negatively
valenced self-referent words from the ECAT as they can inr2 mi
Finally, the EMEM comprises self-referent words from the ECATRESULTS
and previously unseen self-referent words that participantés a Participant Demographics and
required to classify as familiar or novel3(). Further details for Characterization

each task are provided in tif&upplementary Material o )
There were no signi cant di erences between treatment groups
with regards to gender, age, NART-derived verbal 1Q andlbese

Probabilistic Instrumental Learning Task scores on the HAM-D and self-report questionnair@alfle S).
The probabilistic instrumental learning task was a modi ed
version of that described in Pessiglione et dl9(and has Changes in Subjective Mood
previously been described in fulB@). “Task stimuli consisted There were no signi cant main e ects of treatment group or &m
of two pairs of symbols with one pair associated with winby treatment group interactions for any of the questioneair
outcomes (win £1 or no change) and the other associated wittheasuring subjective mood, apart from the SHAPS. A time by
loss outcomes (lose £1 or no change). Each symbol in tHeeatment group interaction was observed for the SHARG )
pair corresponded to reciprocal probabilities (0.7 or 0.3) af th D 5.95,p < 0.05] with a signi cant di erence in the change
associated outcomes occurring. in SHAPS score over time between the placebo and bupropion

Participants rst performed a shortened, 10 trial groups fzg) D 2.44,p < 0.05]. Paired-tests found SHAPS
familiarization version of the task. Participants then penfied  score to decrease in the placebo group, although not signtigan
two 60 trial runs (30 win trials and 30 loss trials) with eacmr ( 1.25 3.77,p D 0.15), but increase in the bupropion group
containing a di erent set of 4 symbols. Participants began thavith a trend toward signi cance@1.40 3.17,p D 0.06). Side-
task with £5. On each trial, participants were randomly presdnt € ect ratings were very low with the majority of participants
with a pair of symbols on a display screen for 4,000 ms, wittiating that side-e ects were absent (1.00) pre- and post-tremim
each symbol randomly positioned either to the left or the tigh (Table S3.
of a central xation cross. Participants were required to cke . .
between the two symbols in order to maximize their winnings ACUte Ef.fec'[s of Bupropion on Emotional
Once a choice was made, outcome feedback was providddrocessing
Participants should use the outcome feedback to gradualiy leaFacial Expression Recognition Task
the symbol-outcome associations over time, such that theRuring the FERT, participants are required to recognize
consistently choose the symbol with the high-probabilitynwi emotional facial expressions. Signal detection theory isl use
and avoid the symbol with the high-probability loss. Outcometo provide estimates of target sensitivity (d') and beta. For %
measures were end total, amount won and amount lost, choicgccuracy in recognizing emotional facial expressions etheas
frequency and reaction time averaged across the two runs.”  no signi cant main e ect of treatment groupH;, 3gyD 0.97pD
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0.33] or face emotion by treatment group interactidfd 190D  Emotional Recognition Memory Task

0.89,p D 0.49]. Correspondingly, there was also no signi cantThe EMEM comprises the words from the ECAT and previously

main e ect of treatment group ff;, 33y D 1.00,p D 0.32] or unseen words that participants are required to classify as

face emotion by treatment group interactioR§ 190)D 0.43,p  familiar or novel. A signicant word valence by treatment

D 0.83] for d'. In a planned comparison of the recognition of group interaction was found for both novel words misclasdi e

happy faces between groups, the bupropion group were founas familiar F 3g) D 10.24,p < 0.01] and familiar words

to show signi cantly higher % accuracydgy D 2.33,p < misclassi ed as novelHq, 3g D 7.34,p < 0.01]. Figure 3A

0.05] and d' f3ey D 2.18,p < 0.05] for happy faces than the suggests that bupropion increases the familiarity of positive

placebo groupKigure 1B). Furthermore, a signi cant intensity words and decreases the familiarity of negative words. When

of face emotion by treatment group interaction was found forconsidering just false alarms (novel words misclassied as

the % accuracy for recognizing happy fadgg [z42)D 3.14,p<  familiar), there was no signi cant di erence between groups

0.01], with the bupropion group displaying signi cantly higtté  for positive words {zgy D 0.65,p D 0.52] but the bupropion

accuracy for recognizing happy faces at lower intensitiestha group displayed signi cantly increased beta for negativedsor

placebo group [30% happiness intenstiygy D 2.45p < 0.05; compared to the placebo groupgdgy D 2.25,p < 0.05]

40% happiness intensityzg) D 2.73,p < 0.01] Figure 1A).  (Figure 3B).

There was a trend toward signi cance for a face emotion by . )

treatment group interaction for betaFs, 185D 2.17,p D 0.06] ~Acute Effects of Bupropion on Reward Processing

with independentt-tests nding an e ect of treatment group ndependent sampletstests did not nd a signi cant di erence

on the beta for sad faces only. The bupropion group displayefietween treatment groups for the total monetary amount at the

a signi cantly higher beta value for sad faces compared to thénd of the task ffzgy D 0.51,p D 0.61], the amount won

placebo groupt{sgy D 2.32,p < 0.05], indicating bupropion [tz D 0.20,p D 0.85] or the amount losttfzs) D  1.18,p

may induce a response bias away from sad fdgigsife 10). D 0.24] Figure 4A). A repeated measures ANOVA did nd a
There was no signicant main e ect of treatment group task condition by treatment group interaction for reactitime

[F1, 37yD 0.01,p D 0.94] or face emotion by treatment group [F(1, 38)D 5.73,p < 0.05], with the bupropion group displaying
interaction [Fs, 185)D 0.35,p D 0.88] for reaction time. slower reaction times in the win vs. loss condition compared t
the placebo groupHigure 4B).

In order to provide more temporal information about reward
learning di erences between treatment groups, learning csirve
were produced for each treatment group depicting trial-bigitr
the proportion of participants that chose the correct symbol in
the win condition, associated with high-probability win attae
incorrect symbol in the loss condition, associated withhaig
probability loss Figure 5A). Both treatment groups learnt to
choose the high-probability win and avoid the high-probalili
loss by about trial 10. To assess reward sensitivity aftaemifes
Facial Dot-Probe Task the proportion of participants choosing the correct symbol in the
In the FDOT, the attentional vigilance to happy or fearful face win and loss conditions was averaged over the remainingia@tr
can be determined from participants' response latency to @@ic of the task where learning had plateauéd)( The bupropion
the alignment of a dot probe appearing in the place of one ofroup was found to be signi cantly less likely to choose the
the faces. There was a signi cant face emotion by masking kyorrect symbol in the win condition compared to placeligd,
treatment group interaction for attentional vigilancg({, 3gyD D 3.00,p< 0.01] Figure 5B).

5.45,p < 0.05]. This was found to be driven by a signi cant
face emotion by treatment group interaction for unmaskecks
[F, 38D 4.30,p < 0.05], with the bupropion group displaying DISCUSSION

signi cantly reduced explicit attentional vigilance for orasked 1,0 present study aimed to investigate whether bupropion has
fearful faces compared to the placebo grogge) D 2.00,p < gjmilar e ects to SSRIs and/or SNRIs acting to reduce negative

Emotional Categorization Task

During the ECAT, participants are required indicate as quicd
they can whether they would like or dislike to be referred o a
various positively and negatively valenced words. Therensas
signi cant main e ect of treatment groupf1, 3gyD 3.11,p D
0.09] or word valence by treatment group interactidy[ 3g) D
0.01,pD 0.91] for reaction time.

0.05] Figure 2). biases in emotional processing, or has more specic e ects
on positive emotional or reward processing. Since bupropion
Emotional Recall Task increased dopamine function, we hypothesized that it would

The EREC is a surprise free recall task during which participantspeci cally increase positive emotional processing and rdwar
are required to remember as many of the positively andsensitivity on a probabilistic instrumental learning tasiiarly
negatively valenced self-referent words from the ECAT a&y th to other dopamine acting drug4.6). An acute dose of bupropion

can in 2min. There was no signi cant main e ect of treatment signi cantly increased the recognition of ambiguous faees
group or word valence by treatment group interaction for ot happy, decreased response bias toward sad faces and reduced
number of words correctlyH;, 38y D 1.22,p D 0.28;F1, 35D  attentional vigilance for fearful faces compared to placebo.
2.00,p D 0.17] and falselyH;, 3gyD 0.17,p D 0.68;F1, 3gyD  Bupropion also reduced negative bias compared to placebo in
0.38,pD 0.54] recalled. the (EMEM). There was no evidence that bupropion enhanced
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reward processing or learning; rather the drug treatment wasegative biases in depression and reducing the in uence isf th
associated with reduced sensitivity to high-probabilitysvand  maintaining factor {—7).
increase in score on a subjective measure of anhedonia ceaipar The pro le of e ects overlaps with the e ects of SNRIs
to placebo. to a greater extent than SSRI).(Speci cally, in addition to
the positive biasing e ect, SSRIs paradoxically increase fear
processing early in treatment. For example, an acute dose of
Emotional Processing the SSRI citalopram was found to increase the startle response
Whilst an acute dose of bupropion did produce a slight(32 and the recognition of fearful faces3). However, an acute
increase in positive emotional processing, with an increase idose of the SNRI reboxetine was not found to have any e ect
the recognition of ambiguous faces as happy, it was actual§n fear processingdj, similarly to bupropion in the present
found to have stronger e ects on decreasing negative emation Study. Reboxetine has also been found to increase the regni
processing, with a decrease in the response bias for s&fl happy faces in the FERT and alter the balance of memory
faces, attentional vigilance to fearful faces and negaiime for self-referent words, causing an increase in recall oftjvesi
in emotional recognition compared to placebo. These e ectgvords or decrease in the recall of negative wofgsl (). Whilst
on emotional processing are similar to those seen with SSRIgboxetine acts primarily as an SNRI, some have reported that
and/or SNRIs §-10) and have been hypothesized to be anit also increases dopaminergic activity in the frontal carte
early mechanism of antidepressant drug action; by reversing4 35). Likewise, although dopamine reuptake inhibition is the
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FIGURE 5 | (A) Learning curves for each treatment group depicting trial-p-trial the proportion of participants that chose the corret symbol in the win condition,
associated with high-probability win (top lines) and the gorrect symbol in the loss condition, associated with highprobability loss (bottom lines) during the
probabilistic instrumental learning task(B) Proportion of participants choosing the correct symbol inle win and loss conditions averaged over the last 20 trials dhe
probabilistic instrumental learning task where learningau plateaued. Asterisks denote the degree of signi cance otsined for planned comparisons (*ff < 0.01).

mechanism of action most commonly attributed to bupropion, the likelihood of choosing the stimulus associated withhhig
the exact neuropharmacological actions of bupropion remaimprobability win. Such a pro le is similar to that seen in depriess
elusive, due to di erent action vitro vs.in vivo (36, 37). In  itself (16-18) and bupropion may therefore be predicted to
vitro, bupropion is more potent at inhibiting dopamine than worsen anhedonia at least early in treatment. However, waist
noradrenaline reuptake (I§3 of 2.0 and 5.0, respectively3d)  be taken when interpreting these results obtained in a saniple o
but the inhibition of dopamine reuptake itself is not partictla  healthy volunteers with regards to depression. Key di erarioe
robust and was not thought to have pharmacological relevanaeward and emotional processing between healthy and degtesse
(39). In contrast,in vivo, an acute dose of bupropion has beenindividuals are likely to have a large impact upon the e ects of
found to a ect the ring rate of noradrenaline neurons in the bupropion.
locus coeruleus of the rat at doses more similar to thoseiredqu Indeed, in a healthy system with roof levels of dopamine,
for antidepressant-like activity in animal model89 40). It  acute inhibition of the reuptake of dopamine could lead to a
seems that the e ects of bupropion on emotional processingaradoxical decrease in cell ring via activation of the presytic
may be mediated via noradrenaline and/or dopamine and furtheautoreceptors 41). It has previously been shown, at least in
research is required in this area. rats, than an acute dose of bupropion induced an autoreceptor-
mediated reductionin the ring of brain stem dopamine neur®n

) (40, 42). Subsequent down-regulation of the autoreceptors may
Reward Processing be required to reverse these e ects, allow an increase iretradd
It has previously been shown that administration of drugshwit of dopamine in the synapse and improve reward processing in
dopaminergic enhancing activity can improve performance orhealthy participants43).
probabilistic instrumental learning tasks in healthy voleers. Bupropion could also di erentially a ect the phasic vs. tonic
For example, administration of L-DOPA, the metabolic preaurs ring of dopamine neurons. Phasic ring refers to a transient
of dopamine, was found to signi cantly increase the likelildoof ~ burst of ring following presynaptic input in response to a
choosing the stimulus associated with high-probability w&imd  stimulus and plays a crucial role in associative reward liegrn
subsequently the amount of money won during a probabilistiq44). Tonic ring refers to sustained ring at a constant frequey
instrumental learning task, compared to the dopamine receptoregulated by frontal activity in order to set the background
antagonist haloperidol 19). Therefore, it could be expected level of dopamine and subsequently the responsivity of the
that an acute dose of bupropion with dopaminergic enhancinglopaminergic systemif). Administration of bupropion may act
activity would also improve performance on a probabilisticto increase tonic levels of dopamine but as a result decréase t
instrumental learning task in healthy volunteers; howevtkis  responsivity of the dopaminergic system such that phasic ring
was not found to be the case. Instead, bupropion reduce actually reduced. This may reduce reward discriminapilit
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such that the participant believes the neutral and win outcemeneurotransmitters, how they interact and their downstream

are of a similar magnitude4§). As such participants fail to or e ects needs to be unraveled. If the adverse e ects of acute

are slower to learn the association of a particular stimulith w bupropion on reward processing are found to occur in MDD

high-probability win, thereby disrupting instrumental reweh individuals, the use of bupropion to speci cally target anhe@don

learning. should be monitored early in treatment for any initial worseg
SSRIs have also been shown to reduce reward processing, &danhedonic symptoms.

example, short-term treatment with the SSRI citalopram, but

not the SNRI reboxetine, reduced ventral striatal, and \entr ETHICS STATEMENT

medial/orbitofrontal cortex activation in response to clotate

reward (L3). However, more recent research suggests thatlongefjs  study was carried out in accordance with the

term treatment with SSRIs has a bene cial e ect on rewardecommendations of the Central University Research Ethics

processing, with 2 week cqalopram t(eatment increasing rdwa -, mittee (CUREC, University of Oxford) with written

learning and the e ort applied to obtain rewardéf). Similarly, informed consent from all subjects. All subjects gave emitt

chronic administration of bupropion may be required for the informed consent in accordance with the Declaration of Heltsi

bene cial e ects on _reward processing, in correspondence V\."tq'he protocol was approved by the Central University Research
the delay in the action of antidepressants to produce a Climc%thics Committee

important therapeutic e ect. Further research into the longer

term e ects of bupropion on reward processing in MDD patients

is required. AUTHOR CONTRIBUTIONS

The bupropion group also displayed a slight increase in

SHAPS score, and therefore, anhedonia, compared to placeP¥V: RB, and NH recruited volunteers for this study and anaty/ze

over time. The slight increase in anhedonia may be assaciatéhe data; CH, MB, and PC were involved in study and task design

with acute adverse e ects of bupropion on reward processin@nd oversaw the running and analysis of the study. AW drafted

and may have clinical implications when starting treatmeithw the rstdraft of the paper and all authors revised this draft.

bupropion. With the exception of the SHAPS, all of these e ects

occurred in the absence of any changes in subjective mooEEUNDING

This provides evidence that antidepressants acting on a range

of neurotransmitters, including serotonin, noradrenadirand This work was funded by the Medical Research Council (grant

dopamine, all have early e ects on the processing of a ectivéiumber: HQRWNTO) and supported by the NIHR Oxford

stimuli prior to mood improvement. Our results therefore fogr ~ Health Biomedical Research Centre. The views expressed are

support the neuropsychological theory of antidepressant actio those of the authors and not necessarily those of the NHS,
the NIHR, or the Department of Health. Preparation of the

CONCLUSION article was supported by funding awarded to AW by the NIHR
Oxford Health Biomedical Research Centre. CH has received

Despite its alternative mechanism of action involving dopaeni  consultancy fees from Plvital, Servier, and Lundbeck. She i

an acute dose of bupropion appears to have a similar pro |glirector of Oxford Psychologists Ltd. and holds shares in the

of eects on emotional and reward processing to othersame company. She has received grant income from Lundbeck,

antidepressants. Acute bupropion acts to restore the balan&ervier, Sunovion, Johnson and Johnson and UCB. PC has
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reward processing may only occur in MDD individuals or

following repeated administration. As such, thereisadisgmn SUPPLEMENTARY MATERIAL

ofthe acute e ects of bupropion on positive emotional processing

and reward processing in healthy volunteers indicating theyrhe Supplementary Material for this article can be found

may be dierent processes in the manifestation of theonline at: https://www.frontiersin.org/articles/10.38&syt.

symptom clusters in MDD; however, the roles of di erent 2018.00482/full#supplementary-material
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