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Abstract

Mood is conceptualized as a long-lasting emotional state, which can have profound implications for
mental and physical health. The development of neuroimaging methods has enabled significant advances
towards elucidating the mechanisms underlying regulation of mood and emotion; however, our under-
standing of mood and emotion dysregulation in stress-related psychiatric disorders is still largely lacking.
From the cognitive-affective neuroscience perspective, achieving deeper, more mechanistic understanding
of mood disorders necessitates detailed understanding of specific components of neural systems involved
in mood dysregulation and stabilization. In this review, we provide an overview of neural systems
implicated in the development of a long-term negative mood state, as well as those related to emotion and
emotion regulation, and discuss their proposed involvement in mood and anxiety disorders.
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Introduction cognitive control and regulation of emotions (Erk ef al.
2010; Johnstone et al. 2007). However, the link between
failure to properly regulate emotional responses and
mood disorder psychopathology has not been firmly
established, and failed emotional regulation has also

Accumulating evidence suggests that mood states in
general, and dysregulated mood states in particular,
can have a profound impact on mental and physical

health. Major depressive disorder (MDD) for example, been associated with various forms of anxiety dis-

orders (Amstadter, 2008), suggesting that failure to ap-
propriately regulate activity in the emotion-processing
networks under stressful circumstances can be seen in
stress-related psychiatric disorders in general. Shared
symptoms and high comorbidity repeatedly found

commonly conceptualized as a disorder of mood dys-
regulation is a leading cause of worldwide disability
(McKenna et al. 2005). Yet, our current understanding
of the mechanisms underlying mood dysregulation
and stabilization is still very limited.

In the past decade, research in emotional cognitive
neuroscience has begun to outline the neurocircuitry
involved in higher level processes that regulate
emotion (Critchley, 2005; Ochsner & Gross, 2005),
and recent studies suggest that MDD patients have
difficulties in recruiting brain regions involved in

between mood disorders and anxiety disorders
(de Graaf ef al. 2002; Kessler et al. 2005) further support
the notion of potentially shared mechanisms of psy-
chopathology. However, from the cognitive-emotional
neuroscience perspective a deeper, more mechanistic
understanding of MDD and of other related psycho-
pathologies, e.g. anxiety disorders, requires delin-
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and stabilization, with emphasis on these linked to the
development of the most common manifestation of
mood dysregulation — depression. We first consider
the constructs of emotion and mood, and review re-
cent human neuroimaging studies that examined the
neurocircuitry of emotion and emotion regulation, and
that of mood and mood instability. Next, we discuss
the neuroimaging literature that examined recent ap-
proaches aiming to enhance emotion modulation and
to improve mood symptoms. Throughout, we also at-
tempt to highlight evidence that points towards the
differences and the commonality in the neurocircuitry
implicated in MDD and other stress-related psychi-
atric disorders.

Emotion and mood

Although the terms emotion and mood are frequently
used interchangeably, and both denote an affective/
motivational state, it is necessary here to clarify the
distinction between the constructs of mood and emo-
tion in considering the mechanisms of mood dys-
regulation and stabilization. In this review, we adopt
a convention that has been used extensively in the
literature to distinguish between these two terms, ac-
cording to which, ‘emotion” is understood as having a
character of reactivity, usually brief, intense and cir-
cumscribed, related to a specific environmental event
(Ekman, 1999). On the other hand, mood is conceived
as a more stable and constant characteristic, with a
tendency to be more comprehensive and not as linked
to specific circumstances (Ellis & Moore, 1999). The
usefulness of this distinction can be immediately evi-
dent when considering the potential differences in the
neurocircuitry involved or in the psychopathology
linked to these constructs. As a transient, cue-linked
affective state, emotion-regulation deficits are likely to
contribute to emotional arousal and exaggerated affect
e.g. acute fear often present in the anxiety disorders,
while mood dysregulation is more likely to lead to
chronic, sustained negative moods, pervasive sadness
or anhedonia, that are a hallmarks of mood disorders
like MDD. This in turn, suggests that if indeed differ-
ent neural mechanisms are involved in emotional
modulation and mood dysregulation, understanding
these differences will lead to better understanding of
both common and distinct neurocircuitry involved in
the psychopathology of MDD and anxiety disorders.
It is important, however, to keep in mind that while
the proposed distinction is useful to highlight the
differences between the two constructs, moods and
emotions are generally viewed as closely intercon-
nected. For example, moods are thought to facilitate

emotional reactivity to mood-congruent stimuli. In
line with this concept, a recent study demonstrated
that induction of depressed mood disrupts the neuro-
circuitry of emotion regulation and enhances pain
unpleasantness (Berna ef al. 2010). This result is con-
sistent with our own findings, demonstrating that
sadness enhances the experience of pain via neural
activation in the anterior cingulate cortex (ACC) and
amygdala (Yoshino et al. 2010). Interestingly, the same
relationship might not hold in the presence of overt
psychopathology; a recent meta-analysis indicated
that depressed individuals in general report a reduced
emotional response to negative stimuli (Bylsma et al.
2008). Although depressive mood should potentiate
negative emotional reactivity by the logic of mood
facilitation, this seems to be not necessarily the case in
MDD patients who have excessive negative mood.
This meta-analysis as well as a recent study (Ellis ef al.
2009) support the emotion context insensitivity hy-
pothesis (Rottenberg et al. 2005) which predicts that
individuals experiencing sad mood will show dimin-
ished reactivity to emotionally evocative stimuli and
will not differentiate emotional responses across con-
texts. Finally, in addition to mood affecting emotional
responses, transient emotional response could also
affect long-term mood development. It is intuitively
plausible that mood states reflect to some degree a
cumulative function of experience of shorter term,
emotional episodes. It is interesting to note here that,
as we discuss later, it is possible that specific cognitive
styles or biases are particularly relevant for both ex-
periencing frequent negative emotion and less positive
emotion, and also for the development of a longer
term negative mood state seen in MDD.

Neurocircuitry of emotion and emotion regulation

The neurocircuitry of emotion has been extensively
studied using functional neuroimaging approaches
(Phan et al. 2002, 2004b). Among the brain regions
linked to emotions, the amygdala is the region that
most reliably activates to stimuli that predict threat,
implicating its involvement in fear and anxiety states
(Etkin, 2010). For example, positron emission tom-
ography and functional magnetic resonance imaging
(fMRI) studies have reported amygdala activation in
response to emotionally negative pictures/photo-
graphs (Britton et al. 2006; Hariri et al. 2002; Irwin ef al.
1996; Lane et al. 1997 ; Paradiso et al. 1999 ; Phan et al.
2003; Reiman et al. 1997; Taylor et al. 1998), odours
(Zald & Pardo, 1997), and tastes (Zald et al. 1998).
In concert with this proposed role, abnormalities in
amygdala response have been reported in many
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stress-related psychiatric disorders. For example, exag-
gerated amygdala activation is the consistent finding
in anxiety disorders, e.g. post-traumatic stress disorder
(PTSD), social phobia, and specific phobia (Shin &
Liberzon, 2010). In addition, fMRI studies have also
reported excessive amygdala activation to negatively
valenced stimuli in acutely depressed patients
(Davidson ef al. 2003; Fu et al. 2004 ; Sheline et al. 2001;
Surguladze et al. 2005), which normalizes following
antidepressant treatment (Fu et al. 2004; Sheline et al.
2001).

Emotional responses, however, do not occur inde-
pendently of attentional resources, cognitive context,
strategic goals and other complex brain functions
that can influence and modify these responses. The
capacity to modulate emotional responses by attention
or cognitive goals has been termed ‘emotion regu-
lation” encompassing different types of regulatory pro-
cesses that can control the physiological, behavioural,
and experimental components of affective responses
(Gross & Thompson, 2007). Deficits in regulatory
capacity of emotions, rather than abnormal activation
of primary regions involved in the generation of
emotional responses could also contribute to abnormal
emotional responses, expressed in exaggerated amyg-
dala activation. The regions of the prefrontal cortex
(PFC) have most consistently been implicated in cog-
nitive control processes, including emotion regulation.
For example, numerous fMRI studies have observed
increases in activities in the ventrolateral, dorsolateral,
and dorsomedial prefrontal cortices (VIPFC, dIPFC,
and dmPFC) when participants were instructed to
deploy cognitive strategies such as reappraisal that re-
duce negative emotional experience (Ochsner & Gross,
2005). However, the precise location and laterality
of these PFC regions vary among studies, perhaps be-
cause of subtle differences in stimuli, emotions, or
strategy used (Ochsner & Gross, 2008). In spite of these
differences, the dIPFC is generally implicated in the
effortful manipulation or interpretation of the stimulus
(Delgado et al. 2008; Ochsner et al. 2002). Reduced
dIPFC activation during active emotion regulation has
been reported in MDD (Erk ef al. 2010) and social
anxiety disorder (SAD) patients (Goldin et al. 2009).
A recent study also suggests that such reduced
dIPFC activation during active regulation is associated
with a lack of sustained emotion regulation effect seen
in MDD (Erk et al. 2010).

The vmPFC and hippocampus are also implicated
in regulation of amygdala activity. The example is re-
ported in the process of extinction learning (Quirk &
Mueller, 2008). As in other types of learning, extinction
occurs in three phases: acquisition, consolidation, and
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retrieval. Following the animal literature, recent hu-
man imaging studies distinguish between extinction
acquisition and extinction retrieval by examining
subjects both during extinction training as well as 24 h
later (Delgado ef al. 2006; Rauch et al. 2006). During
extinction retrieval, several studies have reported sig-
nificant activation of the vmPFC (Kalisch et al. 2006;
Milad et al. 2007; Phelps et al. 2004). Furthermore,
Milad et al. observed that the amount of extinction re-
trieval was highly correlated with vmPFC activity and
vmPFC thickness (Milad ef al. 2005). The hippocampus
is also activated during extinction retrieval in studies
that manipulate context (Kalisch et al. 2006 ; Milad et al.
2007), suggesting that a prefrontal-hippocampal net-
work is involved in contextual modulation of extinc-
tion. Consistent with the idea that PTSD is related to
the failure to consolidate and retrieve memory for ex-
tinction, PTSD patients exhibit deficits in extinction
retention (Orr ef al. 2000), along with reduced vmmPFC
and hippocampal volume and activity, and increased
amygdala activity (Bremner, 2006; Gilbertson ef al.
2002; Liberzon & Martis, 2006; Shin ef al. 2006).

To fully understand the neurocircuitry implicated
in emotions and emotion regulation, data from ana-
tomical connectivity studies have to be considered.
Structural connectivity studies suggest that the dIPFC
does not project directly to the amygdala (Barbas, 2000;
McDonald ef al. 1996), and its influence on the amyg-
dala is thought to be mediated by vmPFC (Hartley &
Phelps, 2010). Recently, the idea that the lateral PFC
regions engaged by cognitive emotion regulation stra-
tegies may influence the amygdala, diminishing fear
through similar vmPFC connections that are thought
to inhibit the amygdala during extinction have been
proposed and demonstrated by identifying an over-
lapping region of the vmPFC across these techniques
for diminishing fear (Delgado ef al. 2008). These results
are consistent with the suggestion that vmPFC may
play a general regulatory role in diminishing fear
across a range of paradigms (Kim et al. 2003; Urry
et al. 2006). Interestingly, the data from a recent study
(Johnstone et al. 2007) suggest the inappropriate
engagement of lateral PFC-vmPFC-amygdala inhibi-
tory circuitry during efforts to reappraise negative
emotional stimuli might also be one of the factors
involved in MDD pathophysiology.

Neurocircuitry of mood and mood instability

Although MDD is a complex set of symptoms, a pro-
found change in mood is its most characteristic fea-
ture. MDD thus provides a rich context for exploring
the neurocircuitry of mood and mood instability.
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The area most reproducibly implicated in MDD is
the subgenual ACC (sgACC). This region was initially
shown to display an MDD-associated reduction in
blood flow and glucose metabolism, with a corre-
sponding reduction in grey-matter volume of the left
sgACC (Drevets et al. 1997). Since this initial report,
reduced sgACC volume has been repeatedly repli-
cated (Drevets et al. 2008). On the other hand, imaging
studies that assessed sgACC activity controlling for
partial volume effects, indicated increased resting
glucose metabolism or blood oxygen level-dependent
(BOLD) activity in the sgACC and inflalimbic cortex of
depressed patients (Inagaki et al. 2007; Kumano ef al.
2007; Mah et al. 2007). In line with these data, sgACC
metabolism and cerebral blood flow are higher in the
depressed, ummedicated phase vs. the remitted phase
in MDD subjects (Drevets et al. 2002 ; Hasler et al. 2008;
Mayberg et al. 1999 ; Neumeister et al. 2004). These data
are consistent with observations that experimentally
induced sadness increases regional blood flow in the
sgACC (George et al. 1995; Mayberg et al. 1999).
Furthermore, various MDD treatments, including anti-
depressant treatment (Holthoff et al. 2004; Mayberg
et al. 2000), electroconvulsive therapy (Nobler et al.
2001), and deep-brain stimulation of the sgACC
(Mayberg et al. 2005), lead to decreased activity of the
sgACC following treatment. Although ample litera-
ture implicates sgACC as a critical structure in MDD
pathology as mentioned above, it is important to em-
phasize that other parts of the ACC, e.g. dorsal ACC
(dACC), commonly implicated in conflict monitoring
(Botvinick, 2007; Yeung et al. 2004), might also be in-
volved in MDD pathophysiology (Davidson et al. 2002).
For example, decreased dACC activation has been
repeatedly reported with neuroimaging techniques
(Bench et al. 1992; George et al. 1997; Holmes &
Pizzagalli, 2008), and evidence suggests that MDD
patients might display conflict monitoring dysregu-
lation in paradigms generating competition among
response options (Ottowitz et al. 2002). These deficits
might be related to MDD symptomatology such as
indecisiveness. Interestingly, antidepressant effects of
deep-brain stimulation on sgACC have been reported
to be associated with not only decreased blood flow in
sgACC, but also increased blood flow in the down-
stream areas including dACC (Mayberg et al. 2005).

In addition to pervasive sadness, MDD seems also
to involve diminished activation of positive emotion.
Anhedonia, or loss of pleasure or interest in previously
rewarding stimuli, is seen as one of the core features of
MDD (APA, 2000). Thus, MDD could involve failure
to activate a positive emotional response in the ap-
propriate context, or difficulty in sustaining a response

involving positive emotion, in addition or as an alter-
native to abnormal regulation of negative mood states.
As for the neural substrates, the nucleus accumbens
(NAc), and fronto-striatal network have been im-
plicated in reward processing (Knutson & Cooper,
2005; Knutson & Wimmer, 2007; Wise, 2002) and
positive emotion regulation (Kim & Hamann, 2007). A
recent study (Heller et al. 2009) suggested that patients
with MDD suffer from an inability to sustain reward-
related activity that is reflected in the fronto-striatal
network across time, and that this deficit is associated
with reduced positive affect. Interestingly, the neuro-
transmitter which is most strongly linked to reward
processing is dopamine. Previous research indicated
that midbrain dopaminergic neurons show a pattern
of signalling the magnitude, delay and probability of
rewards (Roesch et al. 2007; Schultz, 2007) and code
negative motivation and aversive events (Matsumoto
& Hikosaka, 2009), while MDD has been associated
with abnormalities in dopaminergic function in some
studies (Kapur & Mann, 1992; Nestler & Carlezon,
2006). However, for many years research into
the pathophysiology of MDD focused mainly on
the serotonergic system because of the efficacy of
most commonly prescribed antidepressants — selective
serotonin reuptake inhibitors (SSRIs). Future research
will have to further clarify dopamine’s role in the
pathophysiology of MDD. Recent reports of serotonin
involvement in reward processing (Kranz et al. 2010)
further support the possible involvement of reward
system abnormalities in the psychopathology of MDD.
Although complex interactions between neuromodu-
lators like serotonin and dopamine in reward systems
exist, a computational theory proposed that serotonin
controls the time scale of reward prediction, and that
the increased rate of discounting future reward value
may explain certain aspects of depressive behaviour:
when future rewards have values near zero, the opti-
mal strategy is not to act (Doya, 2002). We studied
brain activations linked to the choice of delayed
reward, and found increased activity in the dorsal
raphe nucleus, which is the serotonergic nucleus and
provides a substantial proportion of serotonin’s inner-
vation to the forebrain (Tanaka et al. 2004). Con-
sidering that serotonin appears to play a major role in
MDD, future experiments using delayed reward para-
digms could be designed to further examine potential
pathophysiology in patients with MDD.

Finally, as stated earlier, in the case of humans
neither emotional nor mood states exist outside the
cognitive context, and thus cognition can serve as a
potent modulator of mood, and cognitive styles and
biases can contribute to both the development and the
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alleviation of long-term negative mood states seen
in MDD. Per definition, negative view of the self, of
the world, and of the future, as well as recurrent
and uncontrollable negative thoughts that often re-
volve around the self, are debilitating symptoms of
depression (APA, 2000). At the same time, one of the
most effective interventions for depression, cognitive
behavioural therapy (CBT), focuses on modifying
biased interpretations and dysfunctional automatic
thoughts and proposes that changes in cognition will
lead to improvement of negative mood (Beck, 1976).
Understanding the neurocircuitry involved in the
modulatory effects of cognition on mood, e.g. negative
view of the future and self, is important in under-
standing the neurocircuitry of mood and mood insta-
bility.

In this context, negative view of the future may be
conceptualized as the enhanced anticipation of nega-
tive events. Functional neuroimaging studies, includ-
ing ours, have been used to study the neurocircuitry
of this phenomenon. Most of such studies have
employed emotional expectancy cues that can be
characterized as instantiating high levels of certainty
with regard to the emotional valence of forthcoming
pictures. Using this methodology, the expectation of
a negative event induced activation in multiple pre-
frontal regions including the dIPFC (Nitschke et al.
2006), vIPFC (Herwig et al. 2007 a, 2007 b; Simmons et al.
2004; Ueda et al. 2003), mPFC (Ueda et al. 2003), OFC
(Nitschke et al. 2006), ACC (Bermpohl et al. 2006;
Herwig et al. 2007a,2007b; Nitschke et al. 2006; Ueda
et al. 2003), amygdala (Nitschke et al. 2006; Ueda et al.
2003) and insula (Nitschke et al. 2006; Simmons et al.
2004, 2006). Recently, using fMRI, we studied anti-
cipation of negative condition, and demonstrated that
ACC modulates preparatory activation for the coming
negative event (Onoda ef al. 2008). Although such hy-
pervigilance to impending threat can be adaptive by
virtue of allowing an individual to prepare for and
prevent aversive outcomes, it may also lead to experi-
encing frequent negative emotions and developing a
longer term negative mood state. Although there are
few studies examining neural activation associated
with anticipation of emotional stimuli in MDD at the
present, such studies appear to be important in under-
standing the potential role of cognitions in mood dys-
regulation.

Negative view of the self is one of the key cognition
biases seen in MDD. Researchers have reliably demon-
strated a depression-related bias in the self-referential
processing of the negative emotional stimuli (Banos
et al. 2001 ; Bradley & Mathews, 1983; Derry & Kuiper,
1981; Dobson & Shaw, 1987). In addition, other work
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suggested that a negative self-focus can increase nega-
tive emotionality in both healthy controls (Pyszczynski
& Greenberg, 1987) and depressed patients (Ingram,
1990). Recent neuroimaging studies of healthy partici-
pants have implicated medial PFC (mPFC) in self-
referential processing (Fossati et al. 2003, 2004 ; Kelley
et al. 2002; Northoff & Bermpohl, 2004 ; Northoff et al.
2006). In addition, imaging studies of self-referential
encoding tasks indicate that the mPFC, the ACC
and the amygdala are activated during the processing
of emotional information (Fossati et al. 2003, 2004;
Gusnard et al. 2001; Phan et al. 2004a). Our study of
healthy participants (Yoshimura et al. 2009) also found
activation in both the mPFC and rostral ACC (rACC)
during the self-referential processing of negative
emotional words. However, little is known about the
brain function that underlies negative views of the self
in depressive patients. Recently, we examined brain ac-
tivation associated with the self-referential processing
of negative emotional stimuli in MDD (Yoshimura
et al. 2010). Compared to normal controls, depressed
patients showed hyperactivity in the mPFC and rACC
during the self-referential processing of negative
words (Fig. 1). Furthermore, the activity in these re-
gions during self-referential processing was correlated
with depressive symptom severity, and rACC activity
mediated the correlation between mPFC activity
and depressive symptoms. Increased functional con-
nectivity between the rACC, mPFC, and amygdala,
was found in MDD, relative to control participants,
suggesting that the relationship between the mPFC,
rACC, and amygdala might reflect the interaction be-
tween self-referential and negative emotional infor-
mation processing in the development of depressive
symptoms.

Approaches to enhance emotional modulation

Although the ability to respond emotionally to salient
cues is critical for adaptive human function, our ability
to modify or control the nature of our emotional re-
sponses as circumstances change is equally important.
Recent attention has been given to the role of such
emotion regulation in the development and mainten-
ance of stress-related psychiatric disorders. Indeed,
there is an emerging consensus linking emotional
dysregulation with depression (Ochsner & Gross,
2007), and with anxiety disorders (Amstadter, 2008).
As a result, emotion regulation training is commonly
included, explicitly or implicitly in CBT (Berking et al.
2008) which is effective for anxiety disorders (Hofmann
& Smits, 2008) and MDD (Simons et al. 1986). Although
at this point little is known about the specific
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Fig. 1. Brain activation of MDD and normal controls performing a self-referential task using positive and negative emotional
words as stimuli (Yoshimura ef al. 2010). Axial sections display (a) the medial prefrontal cortex (mPFC) and (b) rostral anterior
cingulate cortex (rACC), showing significant effect (second-order interaction from three-way ANOVA). Clusters of activity are
overlaid on T1-weighted anatomical images. Graphs to the right of each image display signal change (parameter estimates)
across each group and condition, relative to the control condition (uncorrected p <0.001, >10 voxels). The light blue bar
corresponds to the self-positive condition, the dark blue bar to the self-negative condition, the orange bar to the other-positive

condition, and the red bar to the other-negative condition.

emotion-regulation strategies or abilities that can
be enhanced to effectively treat all stress-related psy-
chiatric disorders, anxiety disorders in particular
might involve dysfunction in the extinction of fear
learning (Rauch et al. 2006), and are effectively treated
by extinction-based exposure therapies (Foa, 2006;
Garakani et al. 2006; Rothbaum & Schwartz, 2002).
Recent research suggests that facilitation of extinction
learning through pharmacological means may en-
hance the efficacy of such extinction-based therapies
(Anderson & Insel, 2006; Quirk & Mueller, 2008;
Ressler et al. 2004; Walker et al. 2002). However, neural
mechanisms involved in this type of facilitation are not
well outlined and thus functional neuroimaging stu-
dies examining these processes are urgently needed.
Among the cognitive strategies to modulate
emotion, reappraisal has proved effective for down-
regulating intense negative emotions (Ochsner &
Gross, 2004), and is proposed to mirror the cognitive
processes used during CBT. One of the goals of CBT
is to enable the patient to form more realistic evidence-
based appraisals of situation, thereby regulating the

associated emotional responses (Allen et al. 2008).
Such a process probably assumes abnormally high
activation in the amygdala as a ‘generator’ of specific
symptoms and relies on strengthening of the lateral
PFC-vmPFC-amygdala inhibitory circuitry as de-
scribed earlier. Consistent with this suggestion, a re-
cent study reported that fMRI activation in response to
fearful faces in the amygdala and sgACC a, a sub-
region of the vmPFC, predicts success of CBT in PTSD
patients (Bryant et al. 2008). The efficacy of such treat-
ment may rely on the functional integrity of this neural
circuitry and the success with which individuals are
able to engage these regulatory mechanisms.

Approaches to improve mood symptoms

MDD is usually treated with either medication or an
evidence-based psychotherapy. Among the medi-
cations, antidepressants which potentiate serotonin
neurotransmission are the first-line treatement for
MDD. Recently there has been growing interest in the
neurotorophic actions of antidepressants, (Manyji et al.
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Fig. 2. Regression analysis of BOLD signal by expected future reward with different discount rates (Tanaka et al. 2007).

Voxels within the striatum (3D mesh surface) showing a significant correlation (p <0.001 in one-sample ¢ test, uncorrected for the
multiple comparison, =12 subjects) with V(t) at different settings of y are shown with colour codes (red: y =0.6; orange: 0.7;
yellow: 0.8; green: 0.9; cyan: 0.95; blue: 0.99). Red- to yellow-coded voxels, correlated with reward prediction at shorter scales,
are predominantly located in the ventral part of the striatum (ventral putamen and nucleus accumbens), while the green- to
blue-coded voxels, correlated with reward prediction at longer time scales, are located in the dorsal part of the striatum (dorsal
putamen and caudate body). V(t) is the reward value at time t. y is the discount factor, and a small y (high discounting rate) leads
to an inability to select a delayed reward over a smaller immediate reward.

2001), and it has been observed that SSRIs have a direct
influence on adult neurogenesis (Jacobs et al. 2000),
particularly in the dentate gyrus within the hippo-
campus (Malberg et al. 2000; Sheline et al. 2003). Such
actions may be able to reverse structural and cellular
deficits associated with depression and may facilitate
learning and memory processes in which serotonin
has also been shown to have a central role (Meneses,
2003). It is important to emphasize that dopamine,
implicated in reward processing as mentioned above
and in memory processing (Takahashi et al. 2008),
might also be involved in the antidepressant action.
Historically, amphetamines were one of the first agents
used to combat symptoms of depression (Warneke,
1990). Indeed, several pharmacological agents that
stimulate dopamine have antidepressant-like effects
(Papakostas, 2006), and sertraline [arguably a more
effective SSRI agent (Cipriani et al. 2009)] increases the
extracellular levels of not only of serotonin but also of
dopamine in the NAc and striatum of rats (Kitaichi
et al. 2010). Serotonin and dopamine interact inter-
dependently, and learning and memory depends
at least in part on short- or long-lasting changes of
synapses affected by the modulatory influence of sero-
tonin and dopamine occurring at the synaptic level.
Interestingly, it has recently been suggested that

positive re-biasing of automatic processing produced
by acute antidepressant treatment might, in an inter-
personal environment, lead to changes in the strategic
processing and behaviour associated with conscious
emotional processing which becomes translated into
improved mood (Harmer, 2008). In our own studies
conducted under three different tryptophan con-
ditions (depletion, Trp — ; loading, Trp + ; and control),
which induced changes in total plasma tryptophan
levels correlated with the cerebrospinal serotonin
levels (Carpenter ef al. 1998; Williams et al. 1999), we
suggested that serotonin may adjust the rate of delayed
reward discounting (Tanaka et al. 2007; Schweighofer
et al. 2008). In these studies, we observed significant
differences in activation of the striatum for reward
prediction at different time scales that was modulated
by serotonin level (Tanaka et al. 2007) (Fig. 2). Thus,
SSRIs may allow a different perspective for our on-
going evaluation of the future, at least in part through
the improved ability to predict future reward. Such
modulatory effect by serotonin and dopamine on
learning and memory could play a role in improving
mood, with the time delay factor that is also charac-
teristic of the antidepressant effects of SSRI biases
(Harmer, 2008). In other words, the therapeutic actions
of antidepressants, at least partially, can be attributed
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Fig. 3. Magnetic resonance imagines showing the key brain areas in emotion and mood regulation. (2) The hippocampus and
amygdala; (b) the ventromedial prefrontal cortex (vmPFC), dorsomedial prefrontal cortex (dmPFC), subgenual anterior
cingulate cortex (sgACC), rostral anterior cingulate cortex (rACC), dorsal anterior cingulate cortex (dACC), and the dorsal raphe
nucleus; (c) dorsal striatum and ventral striatum, (d) dorsolateral prefrontal cortex (dIPFC) and ventrolateral prefrontal cortex
(VIPFC). Areas in yellow lettering are those we consider more relevant to long-term mood regulation and MDD pathophysiology
than emotion regulation and anxiety disorder pathophysiology in this review.

to their effects on learning rather than direct effects on
mood itself, and this mechanism can help to explain in
part why the effects of antidepressants are seen some
time after initiation of treatment. Interestingly, a recent
study reported that behavioural activation therapy for
MDD, results in improved functioning of reward
neurocircuitry, including the dorsal striatum during
reward anticipation (Dichter et al. 2009).

In addition to antidepressant medication, other
treatments are also effective in improving mood symp-
toms of MDD. These include, CBT and other forms
of psychotherapy, such as interpersonal therapy
(de Mello et al. 2005), electroconvulsive therapy
(UKECT Review Group, 2003), electrical stimulation of
the vagus nerve (Nahas et al. 2005), and chronic
stimulation of the sgACC (Mayberg ef al. 2005).

Among these treatments, CBT, along with anti-
depressant medication has been the focus of the most
intensive research efforts, both with regard to the
outcome it produces, and the mechanisms that might
explain its effect. A recent review suggested that
CBT effectively exercises the PFC, possibly yielding
increased inhibitory function of this region, while
antidepressant medications might target amygdala

function more directly (DeRubeis et al. 2008). CBT
may bring about the conscious, volitional changes in
the way that patients process emotion-relevant infor-
mation, whereas antidepressants bring about the more
automatic unconscious modulatory effects on learning,
memory, and cognitive biases. This difference might
play a role in the return of depressive symptoms after
medication is stopped. It may explain, at least in part,
the difference between CBT and antidepressant ther-
apy in terms of their effects in the early and later phase
of the illness such as the enduring effect of CBT
(DeRubeis et al. 2008). At a psychological level, the aim
of CBT for depression can be seen as teaching patients
to see things in a broader perspective and to incor-
porate more contexts into their analysis of emotional
information. As proposed recently (Bar, 2009), restruc-
turing the ability for broad perspective (and thus more
associative processing) may be important in general to
elicit improvements of mood symptoms. However,
there is initial evidence that general emotional support
may also beneficially alter an individual’s appraisal
of a potentially stressful event. Recently, we demon-
strated that emotional support enhances PFC activity,
which in turn may lead to a weakened affective
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response in the ACC (Onoda et al. 2009). It is possible
that ‘emotional support’ is perceived as positive
social interaction, and social interaction has a well-
established role in regulation of neuroendocrine stress
response (Foley & Kirschbaum, 2010), that in turn has
been implicated in MDD pathophysiology (Gold ef al.
2002 ; Holsboer, 2000).

Summary

In the current review, we briefly outlined neural re-
gions implicated in the development of a long-term
negative mood state, as well as those linked to emo-
tions and emotional regulation, and discussed their
potential relevance to the pathophysiology of mood
and anxiety disorders. Summary observations we
consider important for better understanding of the
neural mechanisms of mood dysregulation and stabil-
ization are as follows (for key brain regions see Fig. 3):
(1) Exaggerated amygdala activation seems to be the
consistent finding common for both mood and anxiety
disorders. (2) A large and growing body of research
implicates the ventromedial and dorsolateral sectors
of the PFC as key neural substrates underlying emotion
regulation. (3) Pharmacological agents that facilitate
extinction learning or that facilitate improved ability to
predict future reward could serve as adjuncts to CBT
for anxiety disorders and MDD, respectively ; however,
functional neuroimaging studies examining effects
of these strategies on brain activation patterns are
urgently needed. (4) Involvement of the sgACC im-
plicated in regulation of negative emotional state is
especially prominent in neuroimaging studies of
MDD. (5) In addition to suggested emotion regulation
deficiency, diminished activation of positive emotion
and negative cognitive biases appear to be the potential
contributors to the development of a long-term nega-
tive mood state seen in MDD, implicating ventral
striatum and ACC circuitry in these processes. (6)
Approaches to restructure the ability for broad
perspective, to alter self-referential thinking or even
to change perception of social support may elicit
improvements of mood symptoms by altering the
activity of lateral and medial regions of PFC. We
hope that the present review can help us to better
understand the mechanisms of mood dysregulation
and stabilization from the perspective of emotional-
cognitive neuroscience.

Acknowledgements

We thank our colleagues and collaborators in-
cluding Shinpei Yoshimura, Atuo Yoshino, Keiichi

Mood dysregulation and stabilization — 689

Onoda, Kazutaka Ueda, Saori C. Tanaka, Nicolas
Schweighofer, and Kenji Doya, for their critical con-
tributions to the work described in this review.

Statement of Interest

None.

References

Allen LB, McHugh RK, Barlow DH (2008). Emotional
Disorders: a Unified Protcol. New York: Guilford Press.

Amstadter A (2008). Emotion regulation and anxiety
disorders. Journal of Anxiety Disorders 22, 211-221.

Anderson KC, Insel TR (2006). The promise of extinction
research for the prevention and treatment of anxiety
disorders. Biological Psychiatry 60, 319-321.

APA (2000). Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision. Washington DC:
American Psychiatric Association.

Banos RM, Medina PM, Pascual J (2001). Explicit and
implicit memory biases in depression and panic disorder.
Behaviour Research and Therapy 39, 61-74.

Bar M (2009). A cognitive neuroscience hypothesis of mood
and depression. Trends in Cognitive Sciences 13, 456—463.

Barbas H (2000). Connections underlying the synthesis of
cognition, memory, and emotion in primate prefrontal
cortices. Brain Research Bulletin 52, 319-330.

Beck AT (1976). Cognitive Therapy and the Emotional Disorders.
New York: International University Press.

Bench CJ, Friston KJ, Brown RG, Scott LC, et al. (1992).
The anatomy of melancholia — focal abnormalities of
cerebral blood flow in major depression. Psychological
Medicine 22, 607-615.

Berking M, Wupperman P, Reichardt A, Pejic T, ef al.
(2008). Emotion-regulation skills as a treatment target in
psychotherapy. Behaviour Research and Therapy 46,
1230-1237.

Bermpohl F, Pascual-Leone A, Amedi A, Merabet LB, et al.
(2006). Dissociable networks for the expectancy and
perception of emotional stimuli in the human brain.
Neuroimage 30, 588-600.

Berna C, Leknes S, Holmes EA, Edwards RR, et al. (2010).
Induction of depressed mood disrupts emotion regulation
neurocircuitry and enhances pain unpleasantness.
Biological Psychiatry 67, 1083-1090.

Botvinick MM (2007). Conflict monitoring and decision
making: reconciling two perspectives on anterior cingulate
function. Cognitive, Affective and Behavioral Neuroscience 7,
356-366.

Bradley B, Mathews A (1983). Negative self-schemata in
clinical depression. British Journal of Clinical Psychology 22,
173-181.

Bremner JD (2006). Traumatic stress: effects on the brain.
Dialogues in Clinical Neuroscience 8, 445-461.

Britton JC, Phan KL, Taylor SF, Welsh RC, et al. (2006).
Neural correlates of social and nonsocial emotions: an
fMRI study. Neuroimage 31, 397-409.

120z Jequisideg g0 uo 1senb Aq | 1.8/9/189/5/G 1 /elome/dull/wod dno-olwepeoe//:sdiy wols pepeojumoq



690 S. Yamawaki et al.

Bryant RA, Felmingham K, Kemp A, Das P, et al. (2008).
Amygdala and ventral anterior cingulate activation
predicts treatment response to cognitive behaviour
therapy for post-traumatic stress disorder. Psychological
Medicine 38, 555-561.

Bylsma LM, Morris BH, RottenbergJ (2008). A meta-analysis
of emotional reactivity in major depressive disorder.
Clinical Psychology Review 28, 676-691.

Carpenter LL, Anderson GM, Pelton GH, Gudin JA, et al.
(1998). Tryptophan depletion during continuous CSF
sampling in healthy human subjects.
Neuropsychopharmacology 19, 26-35.

Cipriani A, Furukawa TA, Salanti G, Geddes JR, et al.
(2009). Comparative efficacy and acceptability of
12 new-generation antidepressants: a multiple-treatments
meta-analysis. Lancet 373, 746-758.

Critchley HD (2005). Neural mechanisms of autonomic,
affective, and cognitive integration. Journal of Comparative
Neurology 493, 154-166.

Davidson RJ, Irwin W, Anderle M]J, Kalin NH (2003). The
neural substrates of affective processing in depressed
patients treated with venlafaxine. American Journal of
Psychiatry 160, 64-75.

Davidson R]J, Pizzagalli D, Nitschke JB, Putnam K (2002).
Depression: perspectives from affective neuroscience.
Annual Review of Psychology 53, 545-574.

de Graaf R, Bijl RV, Smit F, Vollebergh WA, et al. (2002).
Risk factors for 12-month comorbidity of mood, anxiety,
and substance use disorders: findings from the
Netherlands Mental Health Survey and Incidence Study.
American Journal of Psychiatry 159, 620-629.

de Mello MF, de Jesus Mari J, Bacaltchuk J, Verdeli H, et al.
(2005). A systematic review of research findings on the
efficacy of interpersonal therapy for depressive disorders.
European Archives of Psychiatry and Clinical Neuroscience
255, 75-82.

Delgado MR, Nearing KI, Ledoux JE, Phelps EA (2008).
Neural circuitry underlying the regulation of
conditioned fear and its relation to extinction. Neuron 59,
829-838.

Delgado MR, Olsson A, Phelps EA (2006). Extending animal
models of fear conditioning to humans. Biological
Psychology 73, 39-48.

Derry PA, Kuiper NA (1981). Schematic processing and
self-reference in clinical depression. Journal of Abnormal
Psychology 90, 286-297.

DeRubeis R]J, Siegle GJ, Hollon SD (2008). Cognitive
therapy vs. medication for depression: treatment outcomes
and neural mechanisms. Nature Reviews Neuroscience 9,
788-796.

Dichter GS, Felder N, Petty C, Bizzell ], et al. (2009). The
effects of psychotherapy on neural responses to rewards in
major depression. Biological Psychiatry 66, 886-897.

Dobson KS, Shaw BF (1987). Specificity and stability of
self-referent encoding in clinical depression. Journal of
Abnormal Psychology 96, 34-40.

Doya K (2002). Metalearning and neuromodulation.

Neural Networks 15, 495-506.

Drevets WC, Bogers W, Raichle ME (2002). Functional
anatomical correlates of antidepressant drug treatment
assessed using PET measures of regional glucose
metabolism. European Neuropsychopharmacology 12,
527-544.

Drevets WC, Price JL, Simpson JR, Todd RD, et al. (1997).
Subgenual prefrontal cortex abnormalities in mood
disorders. Nature 386, 824-827.

Drevets WC, Savitz J, Trimble M (2008). The subgenual
anterior cingulate cortex in mood disorders. CNS Spectrums
13, 663-681.

Ekman P (1999). Basic emotions. In: Dalgleish T, Power MJ
(Eds), Handbook of Cognition and Emotion (pp. 45-60).

New York: John Wiley & Sons.

Ellis AJ, Beevers CG, Wells TT (2009). Emotional
dysregulation in dysphoria: support for Emotion Context
Insensitivity in response to performance-based feedback.
Journal of Behavior Therapy and Experimental Psychiatry 40,
443-454.

Ellis HC, Moore BA (1999). Mood and memory. In:
Dalgleish T, Power MJ (Eds), Handbook of Cognition and
Emotion (pp. 191-210). New York: John Wiley & Sons.

Erk S, Mikschl A, Stier S, Ciaramidaro A, et al. (2010).
Acute and sustained effects of cognitive emotion
regulation in major depression. Journal of Neuroscience 30,
15726-15734.

Etkin A (2010). Functional neuroanatomy of anxiety: a neural
circuit perspective. Current Topics in Behavioral
Neurosciences 2, 251-277.

Foa EB (2006). Psychosocial therapy for posttraumatic
stress disorder. Journal of Clinical Psychiatry 67 (Suppl. 2),
40-45.

Foley P, Kirschbaum C (2010). Human hypothalamus-
pituitary-adrenal axis responses to acute psychosocial
stress in laboratory settings. Neuroscience and Biobehavioral
Reviews 35, 91-96.

Fossati P, Hevenor SJ, Graham SJ, Grady C, ef al. (2003). In
search of the emotional self: an fMRI study using positive
and negative emotional words. American Journal of
Psychiatry 160, 1938-1945.

Fossati P, Hevenor SJ, Lepage M, Graham SJ, et al. (2004).
Distributed self in episodic memory: neural correlates of
successful retrieval of self-encoded positive and negative
personality traits. Neuroimage 22, 1596-1604.

Fu CH, Williams SC, Cleare AJ, Brammer MJ, et al. (2004).
Attenuation of the neural response to sad faces in major
depression by antidepressant treatment: a prospective,
event-related functional magnetic resonance imaging
study. Archives of General Psychiatry 61, 877-889.

Garakani A, Mathew SJ, Charney DS (2006). Neurobiology
of anxiety disorders and implications for treatment. Mount
Sinai Journal of Medicine 73, 941-949.

George MS, Ketter TA, Parekh PI, Horwitz B, et al. (1995).
Brain activity during transient sadness and happiness
in healthy women. American Journal of Psychiatry 152,
341-351.

George MS, Ketter TA, Parekh PI, Rosinsky N, et al. (1997).
Blunted left cingulate activation in mood disorder subjects

120z Jequisideg g0 uo 1senb Aq | 1.8/9/189/5/G 1 /elome/dull/wod dno-olwepeoe//:sdiy wols pepeojumoq



during a response interference task (the Stroop). Journal of
Neuropsychiatry and Clinical Neurosciences 9, 55-63.

Gilbertson MW, Shenton ME, Ciszewski A, Kasai K, et al.
(2002). Smaller hippocampal volume predicts pathologic
vulnerability to psychological trauma. Nature Neuroscience
5, 1242-1247.

Gold PW, Drevets WC, Charney DS (2002). New insights
into the role of cortisol and the glucocorticoid receptor in
severe depression. Biological Psychiatry 52, 381-385.

Goldin PR, Manber T, Hakimi S, Canli T, et al. (2009).
Neural bases of social anxiety disorder: emotional
reactivity and cognitive regulation during social and
physical threat. Archives of General Psychiatry 66, 170-180.

Gross JJ, Thompson RA (2007). Emotion regulation:
conceptula foundations. In: Gross JJ (Ed.), Handbook of
Emotion Regulation (pp. 3-24). New York: Guilford Press.

Gusnard DA, Akbudak E, Shulman GL, Raichle ME (2001).
Medial prefrontal cortex and self-referential mental
activity: relation to a default mode of brain function.
Proceedings of the National Academy of Sciences USA 98,
4259-4264.

Hariri AR, Tessitore A, Mattay VS, Fera F, et al. (2002). The
amygdala response to emotional stimuli: a comparison of
faces and scenes. Neuroimage 17, 317-323.

Harmer CJ (2008). Serotonin and emotional processing: does
it help explain antidepressant drug action?
Neuropharmacology 55, 1023-1028.

Hartley CA, Phelps EA (2010). Changing fear: the
neurocircuitry of emotion regulation.
Neuropsychopharmacology 35, 136-146.

Hasler G, Fromm S, Carlson PJ, Luckenbaugh DA, et al.
(2008). Neural response to catecholamine depletion in
unmedicated subjects with major depressive disorder in
remission and healthy subjects. Archives of General
Psychiatry 65, 521-531.

Heller AS, Johnstone T, Shackman AJ, Light SN, et al.
(2009). Reduced capacity to sustain positive emotion in
major depression reflects diminished maintenance of
fronto-striatal brain activation. Proceedings of the National
Academy of Sciences USA 106, 22445-22450.

Herwig U, Baumgartner T, Kaffenberger T, Bruhl A, et al.
(2007 a). Modulation of anticipatory emotion and perception
processing by cognitive control. Neuroimage 37, 652-662.

Herwig U, Kaffenberger T, Baumgartner T, Jancke L
(2007b). Neural correlates of a ‘pessimistic” attitude when
anticipating events of unknown emotional valence.
Neuroimage 34, 848-858.

Hofmann SG, Smits JA (2008). Cognitive-behavioral therapy
for adult anxiety disorders: a meta-analysis of randomized
placebo-controlled trials. Journal of Clinical Psychiatry 69,
621-632.

Holmes A]J, Pizzagalli DA (2008). Response conflict and
frontocingulate dysfunction in unmedicated participants
with major depression. Neuropsychologia 46, 2904-2913.

Holsboer F (2000). The corticosteroid receptor hypothesis of
depression. Neuropsychopharmacology 23, 477-501.

Holthoff VA, Beuthien-Baumann B, Zundorf G, Triemer A,
et al. (2004). Changes in brain metabolism associated with

Mood dysregulation and stabilization 691

remission in unipolar major depression. Acta Psychiatrica
Scandinavica 110, 184-194.

Inagaki M, Yoshikawa E, Kobayakawa M, Matsuoka Y, et al.
(2007). Regional cerebral glucose metabolism in patients
with secondary depressive episodes after fatal
pancreatic cancer diagnosis. Journal of Affective Disorders
99, 231-236.

Ingram RE (1990). Self-focused attention in clinical disorders:
review and a conceptual model. Psychological Bulletin 107,
156-176.

Irwin W, Davidson R], Lowe MJ, Mock BJ, et al. (1996).
Human amygdala activation detected with echo-planar
functional magnetic resonance imaging. Neuroreport 7,
1765-1769.

Jacobs BL, van Praag H, Gage FH (2000). Adult brain
neurogenesis and psychiatry: a novel theory of depression.
Molecular Psychiatry 5, 262-269.

Johnstone T, van Reekum CM, Urry HL, Kalin NH, et al.
(2007). Failure to regulate: counterproductive recruitment
of top-down prefrontal-subcortical circuitry in major
depression. Journal of Neuroscience 27, 8877-8884.

Kalisch R, Korenfeld E, Stephan KE, Weiskopf N, et al.
(2006). Context-dependent human extinction memory is
mediated by a ventromedial prefrontal and hippocampal
network. Journal of Neuroscience 26, 9503-9511.

Kapur S, Mann JJ (1992). Role of the dopaminergic system in
depression. Biological Psychiatry 32, 1-17.

Kelley WM, Macrae CN, Wyland CL, Caglar S, et al. (2002).
Finding the self? An event-related fMRI study. Journal of
Cognitive Neuroscience 14, 785-794.

Kessler RC, Chiu WT, Demler O, Merikangas KR, et al.
(2005). Prevalence, severity, and comorbidity of 12-month
DSM-1V disorders in the National Comorbidity Survey
Replication. Archives of General Psychiatry 62, 617-627.

Kim H, Somerville LH, Johnstone T, Alexander AL, et al.
(2003). Inverse amygdala and medial prefrontal cortex
responses to surprised faces. Neuroreport 14, 2317-2322.

Kim SH, Hamann S (2007). Neural correlates of positive and
negative emotion regulation. Journal of Cognitive
Neuroscience 19, 776-798.

Kitaichi Y, Inoue T, Nakagawa S, Boku S, et al. (2010).
Sertraline increases extracellular levels not only of
serotonin, but also of dopamine in the nucleus accumbens
and striatum of rats. European Journal of Pharmacology 647,
90-96.

Knutson B, Cooper JC (2005). Functional magnetic resonance
imaging of reward prediction. Current Opinion in Neurology
18, 411-417.

Knutson B, Wimmer GE (2007). Splitting the difference:
how does the brain code reward episodes? Annals of the
New York Academy of Sciences 1104, 54-69.

Kranz GS, Kasper S, Lanzenberger R (2010). Reward and the
serotonergic system. Neuroscience 166, 1023-1035.

Kumano H, Ida I, Oshima A, Takahashi K, et al. (2007).
Brain metabolic changes associated with predispotion to
onset of major depressive disorder and adjustment
disorder in cancer patients — a preliminary PET study.
Journal of Psychiatric Research 41, 591-599.

120z Jequisideg g0 uo 1senb Aq | 1.8/9/189/5/G 1 /elome/dull/wod dno-olwepeoe//:sdiy wols pepeojumoq



692  S. Yamawaki et al.

Lane RD, Fink GR, Chau PM, Dolan RJ (1997). Neural
activation during selective attention to subjective
emotional responses. Neuroreport 8, 3969-3972.

Liberzon I, Martis B (2006). Neuroimaging studies of
emotional responses in PTSD. Annals of the New York
Academy of Sciences 1071, 87-109.

Mah L, Zarate CA, Singh J, Duan YF, et al. (2007). Regional
cerebral glucose metabolic abnormalities in bipolar II
depression. Biological Psychiatry 61, 765-775.

Malberg JE, Eisch A]J, Nestler EJ, Duman RS (2000).
Chronic antidepressant treatment increases neurogenesis
in adult rat hippocampus. Journal of Neuroscience 20,
9104-9110.

Manji HK, Drevets WC, Charney DS (2001). The
cellular neurobiology of depression. Nature Medicine 7,
541-547.

Matsumoto M, Hikosaka O (2009). Two types of dopamine
neuron distinctly convey positive and negative
motivational signals. Nature 459, 837-841.

Mayberg HS, Brannan SK, Tekell JL, Silva JA, ef al. (2000).

Regional metabolic effects of fluoxetine in major
depression: serial changes and relationship to clinical
response. Biological Psychiatry 48, 830-843.

Mayberg HS, Liotti M, Brannan SK, McGinnis S, et al.
(1999). Reciprocal limbic-cortical function and
negative mood: converging PET findings in depression
and normal sadness. American Journal of Psychiatry 156,
675-682.

Mayberg HS, Lozano AM, Voon V, McNeely HE, et al.
(2005). Deep brain stimulation for treatment-resistant
depression. Neuron 45, 651-660.

McDonald A]J, Mascagni F, Guo L (1996). Projections of

the medial and lateral prefrontal cortices to the amygdala:

a Phaseolus vulgaris leucoagglutinin study in the rat.
Neuroscience 71, 55-75.

McKenna MT, Michaud CM, Murray CJ, Marks JS (2005).
Assessing the burden of disease in the United States
using disability-adjusted life years. American Journal of
Preventive Medicine 28, 415-423.

Meneses A (2003). A pharmacological analysis of an
associative learning task: 5-HT(1) to 5-HT(7) receptor
subtypes function on a pavlovian/instrumental
autoshaped memory. Learning and Memory 10, 363-372.

Milad MR, Quinn BT, Pitman RK, Orr SP, et al. (2005).
Thickness of ventromedial prefrontal cortex in humans is
correlated with extinction memory. Proceedings of the
National Academy of Sciences USA 102, 10706-10711.

Milad MR, Wright CI, Orr SP, Pitman RK, et al. (2007).
Recall of fear extinction in humans activates the
ventromedial prefrontal cortex and hippocampus in
concert. Biological Psychiatry 62, 446-454.

Nahas Z, Marangell LB, Husain MM, Rush A], ef al.
(2005). Two-year outcome of vagus nerve stimulation
(VNS) for treatment of major depressive episodes.
Journal of Clinical Psychiatry 66, 1097-1104.

Nestler EJ, Carlezon WA (2006). The mesolimbic dopamine
reward circuit in depression. Biological Psychiatry 59,
1151-1159.

Neumeister A, Nugent AC, Waldeck T, Geraci M, et al.
(2004). Neural and behavioral responses to tryptophan
depletion in unmedicated patients with remitted major
depressive disorder and controls. Archives of General
Psychiatry 61, 765-773.

Nitschke JB, Sarinopoulos I, Mackiewicz KL, Schaefer HS,
et al. (2006). Functional neuroanatomy of aversion
and its anticipation. Neuroimage 29, 106-116.

Nobler MS, Oquendo MA, Kegeles LS, Malone KM, ef al.
(2001). Decreased regional brain metabolism after ect.
American Journal of Psychiatry 158, 305-308.

Northoff G, Bermpohl F (2004). Cortical midline structures
and the self. Trends in Cognitive Sciences 8, 102-107.

Northoff G, Heinzel A, de Greck M, Bermpohl F,
et al. (2006). Self-referential processing in our brain-a
meta-analysis of imaging studies on the self. Neuroimage
31, 440-457.

Ochsner KN, Bunge SA, Gross JJ, Gabrieli JD (2002).
Rethinking feelings: an FMRI study of the cognitive
regulation of emotion. Journal of Cognitive Neuroscience 14,
1215-1229.

Ochsner KN, Gross JJ (2004). Thinking makes it so: a social
cognitive neuroscience approach to emotion regulation. In:
Baumeister RF, Vohs KD (Eds), Handbook of Self-regulation :
Research, Theory, and Applications (pp. 229-255). New York:
The Guilford Press.

Ochsner KN, Gross JJ (2005). The cognitive control of
emotion. Trends in Cognitive Sciences 9, 242-249.

Ochsner KN, Gross JJ (2007). The neural architecture of
emotion regulation. In: Gross JJ (Ed.), Handbook of
Emotion Regulation (pp. 87-109). New York: The Guilford
Press.

Ochsner KN, Gross JJ (2008). Cognitive emotion regulation:
insights from social, cognitive and affective
neuroscience. Current Directions in Psychological Science 17,
153-158.

Onoda K, Okamoto Y, Nakashima K, Nittono H, et al.
(2009). Decreased ventral anterior cingulate cortex activity
is associated with reduced social pain during emotional
support. Social Neuroscience 4, 443-454.

Onoda K, Okamoto Y, Toki S, Ueda K, et al. (2008). Anterior
cingulate cortex modulates preparatory activation during
certain anticipation of negative picture. Neuropsychologia
46, 102-110.

Orr SP, Metzger L], Lasko NB, Macklin ML, et al. (2000).
De novo conditioning in trauma-exposed individuals with
and without posttraumatic stress disorder. Journal of
Abnormal Psychology 109, 290-298.

Ottowitz WE, Dougherty DD, Savage CR (2002). The neural
network basis for abnormalities of attention and executive
function in major depressive disorder: implications for
application of the medical disease model to psychiatric
disorders. Harvard Review of Psychiatry 10, 86-99.

Papakostas GI (2006). Dopaminergic-based
pharmacotherapies for depression. European
Neuropsychopharmacology 16, 391-402.

Paradiso S, Johnson DL, Andreasen NC, O’Leary DS, et al.
(1999). Cerebral blood flow changes associated with

120z Jequisideg g0 uo 1senb Aq | 1.8/9/189/5/G 1 /elome/dull/wod dno-olwepeoe//:sdiy wols pepeojumoq



attribution of emotional valence to pleasant, unpleasant,
and neutral visual stimuli in a PET study of normal
subjects. American Journal of Psychiatry 156, 1618-1629.

Phan KL, Taylor SF, Welsh RC, Decker LR, et al. (2003).
Activation of the medial prefrontal cortex and extended
amygdala by individual ratings of emotional arousal: a
fMRI study. Biological Psychiatry 53, 211-215.

Phan KL, Taylor SF, Welsh RC, Ho SH, et al. (2004a).
Neural correlates of individual ratings of emotional
salience: a trial-related fMRI study. Neuroimage 21,
768-780.

Phan KL, Wager T, Taylor SF, Liberzon I (2002). Functional
neuroanatomy of emotion: a meta-analysis of emotion
activation studies in PET and fMRI. Neuroimage 16,
331-348.

Phan KL, Wager TD, Taylor SF, Liberzon I (2004b).
Functional neuroimaging studies of human emotions. CNS
Spectrums 9, 258-266.

Phelps EA, Delgado MR, Nearing KI, LeDoux JE (2004).
Extinction learning in humans: role of the amygdala and
vmPFC. Neuron 43, 897-905.

Pyszczynski T, Greenberg J (1987). Self-regulatory
perseveration and the depressive self-focusing style:

a self-awareness theory of reactive depression.
Psychological Bulletin 102, 122-138.

Quirk GJ, Mueller D (2008). Neural mechanisms of
extinction learning and retrieval. Neuropsychopharmacology
33, 56-72.

Rauch SL, Shin LM, Phelps EA (2006). Neurocircuitry
models of posttraumatic stress disorder and extinction:
human neuroimaging research — past, present, and future.
Biological Psychiatry 60, 376-382.

Reiman EM, Lane RD, Ahern GL, Schwartz GE, et al. (1997).
Neuroanatomical correlates of externally and internally
generated human emotion. American Journal of Psychiatry
154, 918-925.

Ressler KJ, Rothbaum BO, Tannenbaum L, Anderson P,
et al. (2004). Cognitive enhancers as adjuncts to
psychotherapy : use of D-cycloserine in phobic individuals
to facilitate extinction of fear. Archives of General Psychiatry,
61, 1136-1144.

Roesch MR, Calu DJ, Schoenbaum G (2007). Dopamine
neurons encode the better option in rats deciding between
differently delayed or sized rewards. Nature Neuroscience
10, 1615-1624.

Rothbaum BO, Schwartz AC (2002). Exposure therapy for
posttraumatic stress disorder. American Journal of
Psychotherapy 56, 59-75.

Rottenberg J, Gross JJ, Gotlib IH (2005). Emotion context
insensitivity in major depressive disorder. Journal of
Abnormal Psychology 114, 627-639.

Schultz W (2007). Multiple dopamine functions at
different time courses. Annual Review of Neuroscience 30,
259-288.

Schweighofer N, Bertin M, Shishida K, Okamoto Y, et al.
(2008). Low-serotonin levels increase delayed reward
discounting in humans. Journal of Neuroscience 28,
4528-4532.

Mood dysregulation and stabilization — 693

Sheline YI, Barch DM, Donnelly JM, Ollinger JM, et al.
(2001). Increased amygdala response to masked emotional
faces in depressed subjects resolves with antidepressant
treatment: an fMRI study. Biological Psychiatry 50, 651-658.

Sheline YI, Gado MH, Kraemer HC (2003). Untreated
depression and hippocampal volume loss. American Journal
of Psychiatry 160, 1516-1518.

Shin LM, Liberzon I (2010). The neurocircuitry of fear, stress,
and anxiety disorders. Neuropsychopharmacology 35,
169-191.

Shin LM, Rauch SL, Pitman RK (2006). Amygdala,
medial prefrontal cortex, and hippocampal function in
PTSD. Annals of the New York Academy of Sciences 1071,
67-79.

Simmons A, Matthews SC, Stein MB, Paulus MP (2004).
Anticipation of emotionally aversive visual stimuli
activates right insula. Neuroreport 15, 2261-2265.

Simmons A, Strigo I, Matthews SC, Paulus MP, et al. (2006).
Anticipation of aversive visual stimuli is associated with
increased insula activation in anxiety-prone subjects.
Biological Psychiatry 60, 402—409.

Simons AD, Murphy GE, Levine JL, Wetzel RD (1986).
Cognitive therapy and pharmacotherapy for depression.
Sustained improvement over one year. Archives of General
Psychiatry 43, 43-48.

Surguladze S, Brammer MJ, Keedwell P, Giampietro V,
et al. (2005). A differential pattern of neural response
toward sad vs. happy facial expressions in major
depressive disorder. Biological Psychiatry 57, 201-209.

Takahashi H, Kato M, Takano H, Arakawa R, et al. (2008).
Differential contributions of prefrontal and hippocampal
dopamine D(1) and D(2) receptors in human cognitive
functions. Journal of Neuroscience 28, 12032-12038.

Tanaka SC, Doya K, Okada G, Ueda K, et al. (2004).
Prediction of immediate and future rewards differentially
recruits cortico-basal ganglia loops. Nature Neuroscience 7,
887-893.

Tanaka SC, Schweighofer N, Asahi S, Shishida K, et al.
(2007). Serotonin differentially regulates short- and
long-term prediction of rewards in the ventral and dorsal
striatum. PLoS One 2, €1333.

Taylor SF, Liberzon I, Fig LM, Decker LR, et al. (1998). The
effect of emotional content on visual recognition memory:
a PET activation study. Neuroimage 8, 188-197.

Ueda K, Okamoto Y, Okada G, Yamashita H, et al. (2003).
Brain activity during expectancy of emotional stimuli:
an fMRI study. Neuroreport 14, 51-55.

UKECT Review Group (2003). Efficacy and safety of
electroconvulsive therapy in depressive disorders:

a systematic review and meta-analysis. Lancet 361, 799-808.

Urry HL, van Reekum CM, Johnstone T, Kalin NH, et al.
(2006). Amygdala and ventromedial prefrontal cortex
are inversely coupled during regulation of negative
affect and predict the diurnal pattern of cortisol
secretion among older adults. Journal of Neuroscience 26,
4415-4425.

Walker DL, Ressler KJ, Lu KT, Davis M (2002). Facilitation
of conditioned fear extinction by systemic administration

120z Jequisideg g0 uo 1senb Aq | 1.8/9/189/5/G 1 /elome/dull/wod dno-olwepeoe//:sdiy wols pepeojumoq



694  S. Yamawaki et al.

or intra-amygdala infusions of D-cycloserine as assessed
with fear-potentiated startle in rats. Journal of Neuroscience
22, 2343-2351.

Warneke L (1990). Psychostimulants in psychiatry. Canadian
Journal of Psychiatry 35, 3-10.

Williams WA, Shoaf SE, Hommer D, Rawlings R, et al.
(1999). Effects of acute tryptophan depletion on plasma and
cerebrospinal fluid tryptophan and 5-hydroxyindoleacetic
acid in normal volunteers. Journal of Neurochemistry 72,
1641-1647.

Wise RA (2002). Brain reward circuitry: insights from
unsensed incentives. Neuron 36, 229-240.

Yeung N, Botvinick MM, Cohen JD (2004). The neural
basis of error detection: conflict monitoring and
the error-related negativity. Psychological Review 111,
931-959.

Yoshimura S, Okamoto Y, Onoda K, Matsunaga M, et al.
(2010). Rostral anterior cingulate cortex activity mediates

the relationship between the depressive symptoms and the
medial prefrontal cortex activity. Journal of Affective
Disorders 122, 76-85.

Yoshimura S, Ueda K, Suzuki S, Onoda K, et al. (2009).
Self-referential processing of negative stimuli within the
ventral anterior cingulate gyrus and right amygdala.
Brain and Cognition 69, 218-225.

Yoshino A, Okamoto Y, Onoda K, Yoshimura S, et al. (2010).
Sadness enhances the experience of pain via neural
activation in the anterior cingulate cortex and amygdala:
an fMRI study. Neuroimage 50, 1194-1201.

Zald DH, Lee JT, Fluegel KW, Pardo JV (1998). Aversive
gustatory stimulation activates limbic circuits in humans.
Brain 121: 1143-1154.

Zald DH, Pardo JV (1997). Emotion, olfaction, and the
human amygdala: amygdala activation during aversive
olfactory stimulation. Proceedings of the National Academy
of Sciences USA 94, 4119-4124.

120z Jequisideg g0 uo 1senb Aq | 1.8/9/189/5/G 1 /elome/dull/wod dno-olwepeoe//:sdiy wols pepeojumoq



