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Introduction

Human models of emotional processing provide 
a bridge between pharmacological and psychological 
accounts of depression and its treatment. In this re-
view we will consider how such models may be useful 
in explaining the psychological mechanisms by which 
successful treatments for depression exert their effects, 
and their potential applications.

The monoamine hypothesis—does 
manipulating central mononamine levels 

directly affect mood?

The late 1950s saw the chance discovery of the first 
psychiatric drugs, and with it a sea-change in psychia-
try moving from a largely psychoanalytic to a more 
biological approach—biochemical changes were now 
suggested to underlie the etiology of depression. In its 
simplest formulation, the monoamine hypothesis of 
depression states that low mood can be attributed to 
reduced central monoamine neurotransmission whilst 
antidepressant treatment works by reversing these 
changes.1 Evidence for the hypothesis came from data 
showing that antidepressants potentiated monoamine 
neurotransmission, that depleting monoamines could 
cause depressed mood, and that patients with depres-
sion might have abnormalities in these systems.2-4

 The hypothesis has generated much controversy, 
with a central issue of whether manipulating central 
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Human models of emotional processing suggest that the 
direct effect of successful antidepressant drug treatment 
may be to modify biases in the processing of emotional 
information. Negative biases in emotional processing 
are documented in depression, and single or short-term 
dosing with conventional antidepressant drugs reverses 
these biases in depressed patients prior to any subjective 
change in mood. Antidepressant drug treatments also 
modulate emotional processing in healthy volunteers, 
which allows the consideration of the psychological ef-
fects of these drugs without the confound of changes in 
mood. As such, human models of emotional processing 
may prove to be useful for testing the efficacy of novel 
treatments and for matching treatments to individual 
patients or subgroups of patients.            
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monoamine levels has a direct, causal effect on mood.5 
The clearest evidence for a direct link between mono-
amine neurotransmission and mood comes from the 
demonstration that reducing central monoamines can 
induce low mood. For example, nutritional manipula-
tion acute tryptophan depletion (ATD) lowers central 
serotonin neurotransmission6 and lowers mood in some 
groups of participants.7 However, the effects of ATD 
on mood are most reliable in those who have an un-
derlying vulnerability to depression, and the procedure 
does not reliably reduce mood in healthy volunteers.7 
Moreover, although antidepressant drugs are useful in 
treating low mood, Alec Coppen (one of the pioneers of 
antidepressant treatment) himself pointed out a serious 
problem in the argument that monoamines directly af-
fect mood: “[…] but monoamine deficiency is not the sole 
cause of the disorder, and although patients do respond 
to monoamine oxidase inhibitors and tryptophan they 
do not do so as quickly or effectively as with ECT.” 4 This 
remains true today, despite the development of newer 
treatments with reduced side-effect profiles, the pri-
mary target of the majority of antidepressant remains 
to increase monoamine neurotransmission, and it typi-
cally takes 2 to 6 weeks of treatment before clinically 
significant decreases in symptoms are seen.8

 Taking these findings together, it has become in-
creasingly difficult to argue that monoamines have a di-
rect effect on mood, and pharmacological explanations 
of antidepressant drug action have looked to the down-
stream neurophysiological effects of the drug to explain 
their efficacy.

The neurocognitive model of antidepressant 
drug action: is the direct effect of 

antidepressant treatment a modification of 
emotional processing?

Pharmacological accounts have emphasized a possible 
role for neural plasticity, and perhaps neurogenesis in 
particular, in explaining the delayed effects of antide-
pressant drugs on mood; for a review see ref 9. However, 
understanding how increasing or restoring neurogene-
sis would contribute to the relief of the psychological 
symptoms of depression in humans is challenging. In-
deed, we and others have argued that, given the great 
difficulty inherent in modeling the very human symp-
toms of mood disorders in animals, understanding the 
direct psychological effects of effective psychological 

treatment in humans will be key to understanding how 
these treatments work.10-12

 To this end, a large body of evidence has now con-
sidered the acute and short-term effects of antidepres-
sant treatment in both human healthy volunteers and 
depressed patients. The key hypothesis underlying this 
work has been that the direct effect of antidepressant 
treatment is to modify emotional processing.10-12 The 
term “emotional processing” here is used to describe 
the cognitive processing of emotional information, for 
example, the recognition of, memory for, and attention 
to emotional stimuli. The idea that biases in the pro-
cessing of emotional information plays a role in depres-
sion and the relief of its symptoms is not a new one, and 
has its roots in cognitive theories of depression. Indeed, 
cognitive theories of depression, for example Beck, 
Rush, Shaw and Emery,13 emphasize a key role for cog-
nitive biases in the maintenance of and treatment for 
depression. A large body of evidence now documents 
processing biases in memory, attention, recognition, and 
interpretation away from positive and towards negative 
stimuli in patients currently unwell with depression.14 
Memory biases have perhaps been best documented, 
with relatively consistent evidence for increased mem-
ory for negative compared with positive information 
in those currently suffering from depression, with the 
strongest evidence being for self-relevant information.15 
For example, compared with healthy control subjects, 
patients with depression remembered more negative 
than positive self-referent adjectives.16

 Given that such biases in cognitive processing are 
mood-congruent, establishing whether they play a caus-
al role in emotional vulnerability or are rather the result 
of low mood has been important. Probably the clearest 
evidence comes from studies which demonstrate that 
modifying processing biases can influence mood. The 
classic example of such a study is that by MacLeod et 
al17 in which attention for emotional stimuli in healthy 
volunteers was manipulated using a modified dot probe 
task. Their results showed that following a stress test, 
those who had been trained to preferentially attend to 
negative stimuli in the dot probe task reported more 
anxious symptoms.
 The cognitive neuropsychological model of antide-
pressant drug action10-12 therefore hypothesizes that the 
direct action of effective treatment for depression is to 
modify biases in emotional processing. These changes in 
the cognitive processing of emotional stimuli are linked 
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to the direct pharmacological action of the treatment, 
but they are dissociated in time from changes in mood 
which appear some weeks later in treatment. This delay 
between the direct action of the treatment and subse-
quent mood improvement is suggested to be caused by 
the need for relearning of emotional associations, which 
can only be achieved over time as the patient interacts 
with his or her social environment in the context of the 
modified processing bias.
 An important test of this model, then, is not only 
whether it is possible to show the existence of process-
ing biases in depression, but whether these can be re-
versed by antidepressant drug treatment on a timescale 
similar to the primary pharmacological target of the 
treatment and prior to any changes in mood. Evidence 
to support this comes from study in which the effects 
of a single dose of the selective noradrenaline reup-
take inhibitor (SNRI) reboxetine were compared with 
placebo in both depressed and healthy volunteers.18 In 
that study, compared with placebo-treated controls, de-
pressed patients who received placebo showed a bias 
away from positive emotional information in tasks 
measuring the recognition of facial expressions of emo-
tion and the categorization of, and subsequent memory 
for, self-referent adjectives. These negative biases in 
emotional processing were reversed in depressed pa-
tients who received the reboxetine treatment, and im-
portantly in the absence of any changes in subjective 
mood or anxiety, suggesting that they are a direct effect 
of the manipulation rather than an epiphenomenon of 
changes in mood.
 A number of studies have now examined whether 
such changes predict subsequent clinical improvements. 
Behaviorally, an increase in the recognition of happy 
faces following 2 weeks’ treatment with reboxetine or 
the selective serotonin reuptake inhibitor (SSRI) cita-
lopram has been shown to be correlated with clinical 
improvement in mood 4 weeks later.19 It has also been 
possible to demonstrate that neural changes following 
2 weeks of treatment with escitalopram are predictive 
of whether or not patients show a clinical response to 
the treatment 4 weeks later.20 In older adults with de-
pression, the recognition of happy facial expressions 
was marginally predictive of improvement following an 
8-week open-label treatment with citalopram.21 Inter-
estingly, this relationship became statistically significant 
when perceived level of social support was included in 
the model; this fits well with the cognitive neuropsycho-

logical explanation of antidepressant drug action which 
emphasizes the need for social interaction for subse-
quent remission following bias change.
 Thus, the cognitive neuropsychological model of 
antidepressant drug action hypotheses that the direct 
effect of effective antidepressant treatment is to reme-
diate biased emotional processing, and that this subse-
quently, and in interaction with the social environment, 
leads to later changes in mood. Data from patients with 
depression support the existence of processing biases, 
and that these remit following even a single dose of an 
antidepressant, prior to any clinically significant chang-
es in mood. Moreover, early changes in emotional pro-
cessing following treatment may be predictive of subse-
quent clinical improvement.

Behavioral effects of antidepressant drug 
treatments on emotional processing in 

healthy volunteers

A key prediction of the cognitive neuropsychological 
model is that it should be possible to employ behavioral 
and neural models of emotional processing to investi-
gate the effects of antidepressant treatment in healthy 
volunteers. This is useful for a number of reasons. For 
example, modeling depression in rodents is challenging, 
and the validity of such models has been questioned.22 
Moreover, healthy volunteers by definition do not have 
low mood, and so this approach allows the consideration 
of the psychological and neural effects of treatment 
free from the confound of altered mood or changes in 
mood state. Finally, healthy volunteer models might be 
a viable means of considering the potential efficacy of 
a putative antidepressant prior to taking it through to 
expensive and time-consuming phase 2 and 3 trials.
 Healthy volunteer models of emotional processing 
use a number of behavioral tasks to measure bias; in 
this section we specifically consider evidence from tasks 
assessing emotional memory and the recognition of fa-
cial expressions of emotion.

Emotional memory

Biases in emotional memory are perhaps the best docu-
mented of the emotional processing biases in depression, 
based on the early work by Bower23 on mood and mem-
ory. There is relatively consistent evidence for biases in 
explicit memory in depression; for a review see ref 24.
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 In line with the prediction of the cognitive neuropsy-
chological model, conventional antidepressant treat-
ments such as SSRIs and SNRIs can modulate emo-
tional memory in healthy volunteers. For example, 7 
days’ treatment with either an SSRI or SNRI increased 
positive relative to negative emotional recall,25 and in 
a separate study citalopram increased positive emo-
tional recognition memory.26 Following a single dose, 
the SNRI reboxetine positively modulated recall,27 but 
this was not seen in a study in which healthy volunteers 
were given a single dose of the SSRI citalopram.28

Facial emotional expression recognition

Being able to recognize the emotion portrayed in a fa-
cial expression is fundamental to social interaction. In 
depression, it has been suggested that interpersonal 
difficulties may contribute to vulnerability and mainte-
nance of the disorder,29 and moreover that impairments 
in the ability to recognize emotion in faces may lead 
to these difficulties.30 The prevalent view has been that 
depressed patients have negative biases in this skill; a 
recent meta-analysis, however, suggested rather a gen-
eral deficit in facial expression recognition, with some 
moderate evidence to suggest that the recognition of 
sadness is uniquely preserved, with large sample sizes 
being necessary to reliably detect this effect.31 Insuf-
ficient data in that meta-analysis meant that response 
bias could not be measured; moreover, both medicated 
and unmedicated patients were included, both of which 
may have limited the power of the meta-analysis to de-
tect specific bias.
 Seven days’ treatment with the SSRI citalopram 
reduced the recognition of the negative expressions of 
anger, fear, and disgust as well as surprise, in the ab-
sence of any changes in subjective mood. Moreover, it 
is possible to detect such positive changes within hours 
of just a single dose of an antidepressant, so that a single 
dose of the SNRI reboxetine increased the recognition 
of happy facial expressions.27 Studies considering the ef-
fects of a single dose of citalopram give more complex 
results, since they appear to show not only increases in 
happy recognition,32 but also increases in the processing 
of fearful expressions.28,32 Clinically certain antidepres-
sant treatments, including citalopram, have been asso-
ciated with early increases in anxiety; see for example 
ref 33. We have therefore suggested that these early in-
creases in fear processing reflect this and that, as in the 

clinic, longer-term dosing shows a reversal of this early 
bias towards threat.28 The pharmacological mechanism 
underlying this early increase in anxiogenic responding 
and subsequent reversal remains unclear, though can-
didate mechanisms involve desensitization of serotonin 
(5-HT)2a/c postsynaptic receptors34 or region-specific 
differences in net serotonin efflux following acute ad-
ministration. Nonetheless, the dissociation between im-
proved positive processing (occurring immediately and 
being sustained) and threat processing (often enhanced 
in the early stages of treatment and reversing) sug-
gest these may rely at least to some extent on separate 
mechanisms.
 Recent work using eye tracking suggests that anti-
depressant drug treatment may modify the pattern of 
the visual scanning of facial expressions.35,36 This may be 
one low-level perceptual mechanism underlying chang-
es in facial expression recognition following antidepres-
sant drug treatment.

Can changes in emotional processing 
following antidepressant drug treatment 

be explained simply in terms of changes in 
arousal or other nonspecific effects of the 

drug?

As reviewed above, evidence from healthy volunteer 
models of emotional processing suggest that both 7-day 
and single doses of common antidepressant drugs have 
positive effects on both emotional memory and the 
recognition of emotion in facial expressions. Unlike de-
pressed patients, however, healthy volunteers generally 
show positive biases in emotional processing at base-
line.37 This raises the possibility that changes in emo-
tional processing in healthy volunteers might simply 
reflect nonspecific changes in factors such as arousal, 
which amplify already present positive bias. The data, 
however, do not support this interpretation. Subjective 
effects of treatment are usually measured in such stud-
ies, and there is no evidence to suggest that changes in 
emotional processing are correlated with any change 
in subjective feelings of, for example, arousal. Indeed, 
where subjective effects have been reported, these have 
usually been negative effects associated with the drug’s 
side effects and thus there is, in fact, a clear dissociation 
between positive effects on emotional processing and 
the negative subjective effects of the drug. For example, 
in a single-dose study in healthy volunteers, the dual 
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5-HT and NA reuptake inhibitor duloxetine produced 
high levels of negative subjective effects, including in-
creases in nausea and dizziness.38 Although the drug did 
improve the recognition of one negative emotion (dis-
gust, an effect which may be associated with the nega-
tive side effects), in common with selective serotonin 
and noradrenaline treatments, positive effects on emo-
tional memory and the recognition of happy faces were 
also seen.

Neural correlates of depression and 
antidepressant treatment

Understanding the neural bases for negative biases in 
depression and their reversal following antidepressant 
treatment is important both to further corroborate the 
cognitive neuropsychological model, but also to begin 
to unpack the neural mechanisms underlying these 
changes. At the functional level, depression is conceived 
of as a network level disorder, meaning that multiple 
brain regions including frontal, striatal, and limbic areas 
in interaction account for the symptoms of the disor-
der.11,12,39-41

 Although a network level disorder, for the purposes 
of this review we focus on the effects of antidepressant 
drugs on the amygdala as one example of the possible 
underlying mechanisms of these drugs. A large body of 
work has considered amygdala function in relation to 
depression and antidepressant treatment. This is not 
least because this area is innervated by 5-HT inputs 
from dorsal raphe, but also because it has been suggest-
ed to be an important region in modulated responses 
to threat42 and appears to be hyperactive in depression; 
see for example ref 43. Facial expressions of emotion, 
and especially fearful expressions, have frequently been 
used to probe the function of this brain region, both in 
depression and following treatment, and several studies 
report increased amygdala responses to negative faces 
in depression.44,45 Antidepressant treatment modifies 
this, and hyperactive responses in the amygdala are nor-
malised following 7 days’46 or longer44,45 treatment with 
an SSRI. At shorter dosing regimens, the normalization 
of amygdala responses precedes changes in clinical sta-
tus.46 In healthy volunteers, SSRIs and SNRIs at dosing 
regimens of between 7 and 21 days show similar effects 
of reducing amygdala activity to threatening facial ex-
pressions47-50 or increasing amygdala responses to posi-
tive facial expressions.51

 A natural prediction from behavioral studies show-
ing that single doses of SSRI drugs can bias towards 
negative facial stimuli would be that amygdala respons-
es could be increased by acute citalopram treatment. 
In reality, however, the evidence following single-dose 
treatment is rather mixed, and both increases in amyg-
dala reactivity52 and decreases53 have been reported; 
see for example the recent review in ref 54 and meta-
analysis in ref 55. Reconciling these disparate findings is 
an ongoing area of research, but it will be important to 
take into account the nonspecific effects of the drug on 
brain function and individual differences in serotoner-
gic tone. For example, a recent study found that amyg-
dala activity was modulated following a single dose of 
citalopram in men homozygous for the long allele of the 
common polymorphism in the promotor region of the 
serotonin transporter gene (5HTTLPR), but not those 
who were homozygous for the short allele.56 The reli-
ability of the amygdala response to fearful faces over 
time may also need consideration. Over a 90-day peri-
od, this response was showed to be only moderate reli-
able, the implication of which is that longer scan periods 
and large sample sizes may be necessary to adequately 
power studies of this kind.57

How can we separate anxiolytic and 
antidepressant effects in healthy volunteer 

models of emotional processing?

The symptoms of low mood and anxiety are highly 
comorbid, and clinically some antidepressants, for ex-
ample SSRIs, are useful in treating anxious symptoms. 
Any useful model for assessing the effects of psycho-
active drugs must therefore be able to distinguish be-
tween those treatments which affect primarily anxious 
symptoms and those which affect the symptoms of low 
mood. The emotion-potentiated startle may be a behav-
ioral assay that is useful for making this distinction, and 
of all the behavioral assays of emotional processing, this 
task perhaps most closely parallels an animal model. 
Clinically, the benzodiazepine diazepam is useful for 
treating anxious symptoms but not low mood and in 
healthy volunteers a single dose of diazepam reduced 
overall startle responses.58  A comparison between the 
SSRI citalopram and the SNRI reboxetine is also use-
ful here, since the former, but not the latter, is useful in 
treating anxious symptoms. Seven days’ treatment with 
citalopram, but not reboxetine, reduced the emotion-
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potentiated startle,25 and in line with clinical experience 
and effects on fearful face recognition, a single dose of 
citalopram potentiates this startle response.59 Measures 
of emotional attention towards threat may also be es-
pecially relevant to anxious symptoms, perhaps particu-
larly with short duration of stimulus presentation.60,61 
In line with this, a single dose of diazepam modulated 
emotional attention away from fearful faces at very 
short stimulus durations, as measured by a dot probe 
task.58 As would be expected, 7 days treatment with 
citalopram but not reboxetine was shown to reduce 
attentional vigilance for fearful faces, also using a dot 
probe task.62 By contrast, a single dose of the anxiolytic 
diazepam did not result in changed facial expression 
recognition or emotion memory that would be consis-
tent with those seen following treatment with conven-
tional antidepressant medication.57,63 Taken together, 
this suggests that dot probe measures of emotional at-
tention and the emotion potentiated startle may be par-
ticularly sensitive to anxiolytic drugs, and that healthy 
volunteer models of emotional processing can be used 
to distinguish between drug efficacy for low mood and 
anxious symptoms.

Are human models of emotional processing 
just models of monoamine effects?

Although the majority of effective antidepressant drugs 
prescribed today still upregulate monoamine neuro-
transmission as their primary pharmacological action, 
their efficacy is imperfect, and there is continued effort 
to finding new and more effective treatments. Given 
that the evidence reviewed so far considers the effects 
of drugs that block the reuptake of serotonin and/or 
noradrenaline, one criticism of this healthy volunteer 
model of antidepressant drug action could be that the 
measures of emotional processing are rather a measure 
of monoaminergic receptor blockade. If this were the 
case, then such models would not be useful assays of 
putative antidepressant treatments with alternative 
pharmacological mechanisms, being a model of mono-
amine potentiation as opposed to one of antidepressant 
action.
 Considering the effects of antidepressant treat-
ments with diverse mechanisms of action in this human 
model is one way of addressing this issue. Mirtazapine 
is classified as a tetracyclic antidepressant having mul-
tiple receptor targets with effects at both dopamine and 

histamine receptors in addition to complex actions at 
multiple 5-HT receptors and adrenergic receptors. In 
healthy volunteers, a single dose of this drug modulated 
measures of emotional processing reducing the recog-
nition of fearful faces, attenuating the emotion-poten-
tiated startle, speeding up the categorization of posi-
tive words and inducing positive biases in emotional 
recall.64 At the neural level, a single dose of mirtazapine 
reduced right amygdala responses to fearful faces in 
a gender discrimination task.65 Similarly, agomelatine, 
which is both an agonist at the melatonergic receptors 
(M1 and M2) and a 5-HT2C receptor antagonist, had 
positive effects in the emotional processing model, re-
ducing the recognition of sad faces, increasing positive 
affective memory, and reducing the emotion-potentiat-
ed startle.66

Can human models of emotional 
processing be used to discriminate 

between effective and noneffective 
putative antidepressant treatments?

A clear implication of this model of antidepressant 
drug action is that it should be possible to employ 
healthy volunteer models of emotional processing as 
an assay for putative novel treatments.10 Emotional 
processing  models in healthy volunteers may be more 
relevant to the human psychological disorder than ani-
mal models which have questionable validity,22 and as 
such could be a useful step in the drug discovery pro-
cess prior to engaging in expensive phase II and III 
clinical trials.
 Proof of concept experimental studies using the neu-
rokinin (NK)1 receptor antagonist aprepitant67,68 and 
the N-methyl d-aspartate (NMDA) receptor antagonist 
memantine69 support the utility of this approach. The 
NK1 receptor antagonists such as aprepitant were sug-
gested as potential antidepressant agents on the basis of 
demonstrating antidepressant like effects in several ani-
mal models of depression70 and performed well in ear-
ly, small-scale clinical trials.71,72 In large phase III trials, 
however, aprepitant failed to replicate positive effects in 
depression.73 Consistent with this, in healthy volunteer 
models following both a single dose67 and 7-day repeated 
dosing68 aprepitant showed some limited effects on emo-
tion processing, but these effects were more restricted 
and less consistent than the effects seen on emotional 
processing following conventional antidepressant treat-
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ment. Following this, a study with the combined NK1 
receptor antagonist and serotonin reuptake inhibition 
agent GSK424887 was the first to use this healthy volun-
teer model of emotional processing in a phase I clinical 
trial.74 Here, a single dose of GSK424887 was compared 
with both citalopram and placebo, with negligible effects 
on emotional processing.
 Following both single doses of citalopram   (reflect-
ing possible early anxiogenic responses)28,59 and acute 
tryptophan depletion75 negative changes in emotional 
processing can be measured in healthy volunteer mod-
els (although it is important to note that following a 
single dose of citalopram positive shifts in emotional 
processing on some measures are seen in addition to 
these effects on threat relevant processing). This sug-
gests the intriguing possibility that these models might 
also allow the screening of novel drugs for potential 
unwanted depressogenic effects. Further evidence to 
corroborate this possibility comes from studies consid-
ering the effects of the cannabinoid antiobesity agent 
rimonabant, which found that both single and repeat-
ed (7 days) dosing with  this agent resulted in nega-
tive biases emotional memory.76,77 In line with these 
findings, in 2009 rimonabant was withdrawn from the 
market because of concerns about depressogenic side 
effects.
 Together these results suggest that healthy volun-
teer models of emotional processing may be useful in 
phase I screening of drugs, both to look for antidepres-
sant efficacy and unwanted depressogenic side effects. 
Further work will be required to optimize the study 
design and to determine parameters that could be used 
for go/no-go decisions for drug development pathways. 
In addition, although more novel antidepressant treat-
ments such as agomelatine and mirtazapine have been 
tested in this model, all of the drug treatments that 
have been studied within this emotional processing 
model include at least some effects on serotonin and/
or noradrenaline. Further studies to consider treat-
ments with alternative neurochemical mechanisms 
of action will be necessary to validate the emotional 
processing model as a useful screening tool. Evidence 
from studies showing effects on emotional processing 
following nonpharmacological treatments for depres-
sion such as vagus nerve stimulation78 and negative ion 
treatment79 provide some preliminary evidence for the 
utility of the model in testing treatments with diverse 
mechanisms of action.

Is it possible to use human models of 
emotional processing to stratify treatment 

for depression?

A clear prediction of the model is that early, direct ef-
fects of treatment underlie subsequent mood improve-
ment.10 Amongst the many problems inherent in treat-
ing depression is the issue of how to match individual 
patients or subgroups of patients to the appropriate 
pharmacological intervention. Many patients do not 
respond to first-line treatment, and the delay between 
starting treatment and measurable clinical effects on 
mood means that being able to predict treatment ef-
ficacy early in treatment therefore has the potential to 
significantly expedite and improve treatment outcomes. 
Since there is evidence that models of emotional pro-
cessing predict treatment response, it might be possible 
to use changes in performance on these tasks following 
a single dose of a drug to predict its suitability for par-
ticular patient. Whilst theoretically possible, this indi-
vidualized approach to the use of antidepressant drug 
treatments would require further work to quantify the 
amount of change on a particular measure or measures 
of emotional processing that is needed in the short term 
to provide a fair prediction  of longer-range mood im-
provement.40 Current work is focusing on using math-
ematical approaches to develop algorithms for estimat-
ing the amount of variance explained by differences in 
performance on emotional processing measures.
 We have also previously suggested that models of 
emotional processing might facilitate stratified medi-
cine by matching subgroups of patients with similar 
clusters of symptoms to drugs which may be particular-
ly effective for these particular symptom clusters.80 As 
an example of this, it has previously been suggested that 
abnormalities in NA neurotransmission might primar-
ily underlie symptoms of anhedonia and a loss of posi-
tive affect, whilst abnormalities in 5-HT neurotrans-
mission might be more closely related to increases in 
negative affect such as sadness.81 Preliminary evidence 
from existing data on the effects of drugs which primar-
ily potentiate NA and those that primarily potentiate 
5-HT suggest that broad patterns of effects in emotion-
al processing may be associated with these two differ-
ent classes of drugs, and in particular, that drugs which 
potentiate noradrenaline may have more prominent ef-
fects in upregulating positive aspects of emotional pro-
cessing.80 Whilst further studies will be needed to direct-
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ly test this hypothesis, this does provide support for the 
idea that emotional processing models may be useful 
for determining differential effects of different classes 
of antidepressant drugs with implications for stratified 
treatment. Imaging measures taken at baseline prior 
to treatment may also be useful in differentiating be-
tween treatment responses to specific antidepressants. 
In a study comparing the SSRIs escitalopram and ser-
traline and the dual 5-HT and NA reuptake inhibitor 
venlafaxine-XR, amygdala hyporeactivity to happy and 
fearful faces at baseline predicted clinical responses 
across treatments, but amygdala hyperreactivity to sad 
faces specifically predicted a nonresponse to venlafax-
ine-XR.82 More research will be needed to determine 
whether these results are related to treatment effects 
on NA.

Why do some antidepressant drugs 
work so quickly?

Until very recently the question most frequently asked 
about antidepressant drugs has been: why do they take 
so long to work? The cognitive neuropsychological 
model of antidepressant drug treatment can account for 
this delay before clinically significant effects on mood, 
suggesting that the primary psychological target of 
these treatments is to modify emotional processing and 
that it takes time and interaction with the social envi-
ronment for this modulated processing to subsequently 
affect mood. It has been suggested that the modification 
of emotional bias may be the final common pathway 
by which all antidepressant drug treatments exert their 
positive effects on mood,10-12 and we have reviewed evi-
dence from drugs with diverse pharmacological actions 
to support this. If this is correct, then how can newly 
discovered fast-acting antidepressant treatments such 
as ketamine83 and scopolamine,84 which produce effects 
on mood within hours or days of treatment, be accom-
modated within the model?
 There is evidence that in humans ketamine pro-
duces positive biases in emotional processing,85 but if 
the hypothesis that time and interaction with the social 
environment are necessary is correct, then it is difficult 
to explain how this psychological change could be so 
quickly translated into changes in mood. Back transla-
tion to animal models may provide an answer to this 
conundrum. Recent work suggests that it is possible to 

measure affective biases in rodents using simple learn-
ing and subsequent preference tasks.86 Using this ap-
proach, it was possible to differentiate between the 
effects of the serotonin and noradrenaline reuptake 
inhibitor venlafaxine (delayed onset) and the NMDA 
receptor antagonist ketamine (rapid onset). Venla-
faxine, but not ketamine, induced positive bias in this 
model when administered prior to the learning phase. 
However, only ketamine, and not venlafaxine, could 
reverse a negative bias acquired during learning in a 
subsequent preference test. These novel findings sug-
gest that fast-acting antidepressant treatments may be 
able to retrogradely interfere with existing memories, 
effectively recoding existing associations, which would 
be expected to result in much faster changes in mood. 
These data are corroborated by human emotional pro-
cessing models in which ketamine has been shown to 
increase positive false memory.85

Conclusions and future directions

Drug effects on human models of emotional process-
ing support the cognitive neuropsychological model of 
antidepressant drug action, whereby the direct effect of 
these treatments is to bias the processing of affective 
information. In between-group comparisons in healthy 
volunteer models, different effects for effective vs non-
effective treatments have been revealed,  and as such 
may be a useful step between preclinical animal trials 
of putative novel treatments and large and expensive 
phase 2 and 3 trials. Human models of emotional pro-
cessing may also prove an effective means of predicting 
treatment response very early in treatment. Studies to 
quantify the amount of change in emotional processing 
necessary early in treatment to see subsequent clinical 
improvement will be necessary to both of the above uses 
of these models. Novel, fast-acting antidepressants have 
been a challenge to this model of antidepressant drug 
action, but the use of measures of affective biases in 
rodent models provides a possible explanation for how 
these drugs might work so quickly, and underscores the 
utility of back-translation to animal models.  o 
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