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Preface

The discipline of affective neuroscience is concerned with the underlying
neural bases of emotion and mood. The past 30 years have witnessed an
explosion of research in affective neuroscience that has addressed questions such
as: which brain systems underlie emotions? How do differences in these systems
relate to differences in the emotional experience of individuals? Do different
regions underlie different emotions, or are all emotions a function of the same
basic brain circuitry? How does emotion processing in the brain relate to bodily
changes associated with emotion? And, how does emotion processing in the brain

interact with cognition, motor behaviour, language, and motivation?



How are emotions and moods embodied in the brain? This is the central
question posed by affective neuroscience - an endeavour that integrates the
efforts of psychologists, psychiatrists, neurologists, philosophers, and biologists.
Affective neuroscience uses functional neuroimaging, behavioural experiments,
electrophysiological recording, animal and human lesion studies, and animal and
human behavioural experiments in seeking a better understanding of emotion
and mood at the neurobiological and psychological levels and their interface.

In this article, | outline the historical development of affective
neuroscience (see Timeline). | begin by reviewing the pioneering work of William
James® and Charles Darwin?. This is followed by discussion of the early functional
neuroanatomical models of emotion of Cannon and Bard, Papez and MaclLean.
The review then briefly outlines our current knowledge of the contribution of key
brain regions, including the prefrontal cortex, amygdala, hypothalamus and
anterior cingulate cortex, to the processing of emotions, before considering
contemporary theoretical accounts of how these regions might interact. Finally,
some thought is given to the future directions of affective neuroscience.

Two fathers of affective neuroscience

In 1872 Charles Darwin published a ground-breaking book — The
expression of the emotions in man and animals?®. It was the culmination of 34
years of work on emotion and made two important contributions to the field. The
first was the notion that animal emotions are homologues for human emotions - a
logical extension of Darwin’s early work on evolution®. Darwin sought to show this
by comparing and analysing countless sketches and photographs of animals and
people in different emotional states to reveal cross-species similarities (see Figure
1). He also proposed that many emotion expressions in humans, such as tears
when upset or baring the teeth when angry, are vestigial patterns of action. The
second contribution was the proposal that a limited set of fundamental or ‘basic’
emotions are present across species and across cultures (including anger, fear,

surprise and sadness).



These two ideas had a profound influence on affective neuroscience by
promoting the use of research in animals to understand emotions in humans and
by giving impetus to a group of scientists who espoused the view that different
basic emotions had separable neural substrates®.

Ten years later, William James, in his seminal paper What is an emotion?*,
controversially proposed that emotions are no more than the experience of sets
of bodily changes that occur in response to emotive stimuli in the world. So, if we
meet a bear in the woods, it is not the case that we feel frightened and run;
rather, running away follows directly from our perception of the bear and our
experience of the bodily changes involved in running is the emotion of fear.
Different patterns of bodily changes thereby code different emotions. Similar
ideas were developed in parallel by Carl Lange in 1885°, providing us with the
James-Lange theory of emotions.

The James-Lange theory was challenged in the 1920s by Walter Cannon®’,
on several grounds: total surgical separation of the viscera from the brain in
animals did not impair emotional behaviour; bodily or autonomic activity cannot
differentiate different emotional states; bodily changes are typically too slow to
generate emotions; and artificial hormonal activation of bodily activity is
insufficient to generate emotion. Recent research has cast doubt on Cannon’s
claims. Emotional responses can be distinguished (at least partly) on the basis of
autonomic activity®; emotions were less intense when the brain was disconnected
from the viscera in Cannon'’s studies; and some artificial manipulations of organ
activity can induce emotions - for instance, intravenous administration of
cholecystokinin (a gastric peptide) can provoke panic attacks®.

The James-Lange theory has remained influential. Its main contribution is
the emphasis it places on the embodiment of emotions, especially the argument
that changes in the bodily concomitants of emotions can alter their experienced

intensity. Indeed, most contemporary affective neuroscientists would endorse a



modified James-Lange view in which bodily feedback modulates the experience of

emotion (see below).

Early theories of affective neuroanatomy

The Cannon-Bard Theory

Cannon’s criticism of the James-Lange theory arose from his investigations
with Bard of the effects of brain lesions on the emotional behaviour of cats.
Decorticated cats were liable to make sudden, inappropriate and ill-directed anger
attacks - a phenomenon that Cannon and Bard labelled “sham rage”. Cannon and
Bard argued that if emotions were the perception of bodily change, then they
should be entirely dependent on having intact sensory and motor cortices. The
fact that removal of the cortex did not eliminate emotions, they proposed, must
mean that James and Lange were wrong.

On the basis of data such as these, Cannon and Bard proposed the first
substantive theory of the brain mechanisms of emotion’®**. They argued that the
hypothalamus is the brain region that is involved in the emotional response to
stimuli and that such responses are inhibited by evolutionarily more recent
neocortical regions. Removal of the cortex frees the hypothalamic circuit from
top-down control, allowing uncontrolled emotion displays such as sham rage.

Cannon and Bard’s work illustrates the benefits of two important
methodologies in affective neuroscience. Firstly, the use of animal emotions as
human homologues, as proposed by Darwin?. Secondly, the use of surgical brain
lesions to understand emotions, based on the logic that any changes after
surgery must reflect processes that involved the lesioned part of the brain.

The Papez circuit

In 1937, James Papez proposed a scheme for the central neural circuitry
of emotion - now known as the “Papez circuit” (see Figure 2)*2. Papez proposed
that sensory input into the thalamus diverged into upstream and downstream —

the separate streams of “thought” and “feeling”. The thought stream was



transmitted from the thalamus to the sensory cortices, especially the cingulate
region. Via this route sensations were turned into perceptions, thoughts and
memories. Papez proposed that this stream continued beyond the cingulate
cortex via the cingulum pathway to the hippocampus and, via the fornix, to the
mammillary bodies of the hypothalamus and back to the anterior thalamus via
the mammillothalamic tract. The feeling stream, on the other hand, was
transmitted from the thalamus directly to the mammillary bodies, allowing the
generation of emotions (with downward projections to the bodily systems), and
thence, via the anterior thalamus, upwards to the cingulate cortex. According to
Papez, emotional experiences were a function of activity in the cingulate cortex
and could be generated through either stream. Downward projections from the
cingulate to the hypothalamus also allowed top-down cortical regulation of
emotional responses. Papez’s paper was a remarkable achievement, especially
given that it was allegedly written in just a few days. Many of the pathways that
Papez proposed exist, although there is less evidence that all the regions he
specified are central to emotion.

MacLean’s limbic system

A more broadly supported anatomical model (in terms of current data) of
the brain regions involved in emotion was proposed by Paul MacLean in
1949%3(see Figure 3). MacLean’s model elaborated on Papez’s and Cannon and
Bard’s original ideas and integrated them with the knowledge provided by the
seminal work of Kluver and Bucy. In 1939 Kluver and Bucy** had shown that
bilateral removal of the temporal lobes in monkeys led to a characteristic set of
behaviours (the “Kluver-Bucy syndrome”) that included a loss of emotional
reactivity, increased exploratory behaviour, a tendency to examine objects with
the mouth, hypersexuality and abnormal dietary changes including copraphagia
(eating of faeces). These studies suggested a key role for temporal lobe

structures in emotion — a centrepiece in MacLean’s theory.



MacLean viewed the brain as a triune architecture® consisting of: 1) the
evolutionarily ancient reptilian brain (the striatal complex and basal ganglia)
which he saw as the seat of primitive emotions such as fear and aggression; 2)
the “old” mammalian brain (which he originally called the “visceral brain™) which
augments primitive reptilian emotional responses such as fear and also elaborates
the social emotions. This brain system includes many of the components of the
Papez circuit — the thalamus, hypothalamus, hippocampus and cingulate cortex —
along with important additional structures, in particular the amygdala and the
prefrontal cortex; and, 3) the “new” mammmalian brain consisting mostly of the
neocortex, which interfaces emotion with cognition and exerts top-down control
over the emotional responses driven by other systems.

MacLean’s essential idea was that emotional experiences involve the
integration of sensations from the world with information from the body. In a
neo-Jamesian view, he proposed that events in the world lead to bodily changes.
Messages about these changes return to the brain where they are integrated with
ongoing perception of the outside world. It is this integration that generates
emotion experience. MacLean proposed that such integration was the function of
the visceral brain, in particular the hippocampus, and three years later he
introduced the term “limbic system” for the visceral brain®.

MacLean's limbic system concept survives to the current day as the
dominant conceptualisation of the “emotional brain”, and the structures that he
identified as important have been the focus of much of the research in affective
neuroscience since his original publication. However, the notion of the limbic

I'” and theoretical

system has more recently been criticised on both empirica
grounds®®. A number of the limbic system structures— the hippocampus, the
mammiliary bodies, and the anterior thalamus — seem to play a much smaller
role than MacLean imagined. Some of them seem to be more involved in higher

cognitive processes such as declarative memory. Nevertheless, other brain

regions identified by Cannon and Bard, Papez and MacLean seem to be integral to



emotional life — notably, the ‘reptilian brain’ (the ventral striatum and the basal
ganglia) and the limbic structures of the amygdala, hypothalamus, cingulate
cortex, and prefrontal cortex. In the next four sections, | examine how research
on these four limbic regions has developed since MacLean’s original paper (see
Figure 4). Other brain regions (thalamus, nucleus accumbens, ventral pallidum,
hippocampus, septum, insula, somatosensory cortices, and brain stem) have also
been implicated in the processing of emotion; however, detailed discussion of
these areas is beyond the scope of this review (but see below for a discussion of
the insula cortex and its potential involvement in disgust).
The amygdala

The original work on Kluver-Bucy syndrome* involved surgical removal of
almost the entire temporal lobes in monkeys. However, Weiskrantz*® showed that
bilateral lesions of the amygdala were sufficient to induce the orality, passivity,
strange dietary behaviour and increased exploratory tendencies of the syndrome.
Removal of the amygdala also permanently disrupted the social behaviour of
monkeys, usually resulting in a fall in social standing®. The aspiration lesions
used in these early studies were anatomically inexact. However, more recent
studies involving ibotenic acid lesions have provided similar results, albeit with
less severe Kluver-Bucy behaviours®?2. This line of research established the
amygdala as one of the most important brain regions for emotion, with a key role
in processing social signals of emotion (particularly involving fear), in emotional
conditioning, and in the consolidation of emotional memories.

The amyqgdala and social signals of emotion

Selective amygdala damage in humans is rare but seems not to lead to
many Kluver-Bucy signs®. A Kluver-Bucy-like syndrome only becomes apparent
in humans after more extensive bilateral damage, including the rostral temporal
neocortex®*. One of the first studies of human amygdala lesions showed that
amygdala damage can lead to impairments in the processing of faces and other

social signals®®. This finding builds on single-unit recording studies in animals that



have shown that amygdala neurons can respond differently to different faces®®
and can respond selectively to dynamic social stimuli such as approach

behaviour?’. Later studies?®?°

indicated that the processing of emotional facial
expressions, especially fear, was particularly impaired in humans with amygdala
lesions®°. This involvement of the amygdala in the processing of facial expression
has been supported by functional neuroimaging studies. Morris and colleagues
using Positron Emission Topography (PET)*! and Breiter and colleagues using
functional magnetic resonance imaging (fMR1)*? showed selective brain activation
in the amygdala in response to the presentation of fearful faces. The amygdala is
also selective for certain emotions, especially fear, in vocal expressions®3. Such
amygdala activation by fearful faces occurs even when the faces are presented so

quickly that the subject is unaware of them3*+*°

, or are presented in the blind
hemifield of patients with blindsight*®. Nevertheless, there is evidence that
amygdala activation can be modulated by attention. Pessoa and colleagues, for
example, showed that the amygdala did not respond differentially to emotional
faces when attentional resources were recruited elsewhere, indicating that

emotional processing in the amygdala is susceptible to top-down control®’.

The amygdala and fear conditioning

In fear conditioning, meaningless stimuli come to acquire fear-inducing
properties when they occur in conjunction with a naturally threatening event such
as an electric shock. For example, if a rat hears a tone followed by a shock, after
a few such pairings it will respond fearfully to the tone, showing alterations in
autonomic (e.g. heart rate and blood pressure), endocrine, and motor (e.g.
freezing) behaviour, along with analgesia and somatic reflexes such as a
potentiated startle response. Fear conditioning has been extensively studied
(mostly in animals), protypically by Blanchard and Blanchard®®, and more recently

3943 among many others.

and extensively by Joseph LeDoux and his colleagues
This body of research has highlighted the role played by two afferent routes

involving the amygdala that can mediate such conditioning. The first is a direct



thalamo-amygdala route that can process crude sensory aspects of incoming
stimuli and directly relay this information to the amygdala, allowing a very early
conditioned fear response if any of these crude sensory elements are signals of
threat. This echoes psychological ideas about emotion activation, notably Zajonc’s
position regarding emotions without cognition**. The second route is a thalamo-
cortico-amygdala pathway that allows more complex analysis of the incoming
stimulus and delivers a slower conditioned emotional response.

Fear conditioning in humans has been less extensively studied. However, a
number of important findings exist. First, Angrilli and colleagues® described a
man with extensive right amygdala damage who showed a reduced startle
response to a sudden burst of white noise. The patient also seemed relatively
immune to fear conditioning, as this startle response was not potentiated by the
presence of aversive slides to provide an emotional backdrop - a technique that
reliably potentiates startle in healthy subjects. Second, Bechara and colleagues®*®
described a patient with bilateral amygdala damage who again failed to fear-
condition to aversive stimuli but could nevertheless report the facts about the
conditioning experience. In contrast, another patient with hippocampal damage
successfully acquired a conditioned fear response but had no explicit memory of
the conditioning procedure - indicating that fear conditioning depends on the
amygdala. Third, Morris and colleagues showed differential amygdala activation
for fear-conditioned angry faces that had been previously paired with an aversive
noise, compared to angry faces that had not been paired with noise®®. Fourth, in
line with LeDoux’s ideas*’, there is evidence from functional neuroimaging that
such conditioning to faces operates via a subcortical thalamo-amygdala route.
Finally, as well as its role in fear conditioning, the amygdala has also been
implicated in appetitive conditioning®®.

The amygdala and memory consolidation

In a seminal study, Cahill and colleagues reported on a patient with

amygdala damage who did not show the usual enhanced memory for emotional



aspects of stories (compared with non-emotional aspects)*. This was confirmed
in another patient with nearly selective amygdala damage®®. Subsequent PET
studies showed that levels of glucose metabolism in the right amygdala during
encoding could predict the recall of complex negative or positive emotional stimuli
up to several weeks later®**2. These studies indicate that the amygdala is
involved in consolidation of long-term emotional memories. As well as its role in
memory, the amygdala has been associated with the modulation of other
cognitive processes such as visual perception®s.

The prefrontal cortex (PFC)

In 1848 Phineas Gage, a construction site foreman, was tamping down
gunpowder in a blast hole with a 1-metre-long iron rod when the powder
exploded, propelling the rod straight through his head. It entered just under his
left eyebrow and exited through the top of his skull, before landing 20 metres
away. Miraculously, Gage recovered, but as his physician Harlow noted®® “he was
no longer Gage”. The previously amiable and efficient man had become someone
for whom the “balance, so to speak, between his intellectual faculties and his
animal propensities seems to have been destroyed”. He was now irreverent,
impatient, quick to anger and unreliable.

The radical changes in personality and emotional behaviour of Phineas
Gage represent an early human lesion study of the effects of PFC damage on
emotions. Since Gage’s time, the prefrontal cortex has been implicated in
emotion in many ways, but there is no consensus as to its exact functions. In this
section, | consider three contemporary views of PFC functioning and their
historical antecedents.

The PFC and reward processing

Rolls’ work on the orbitofrontal region of the PFC>**" proposes that it is
“involved in learning the emotional and motivational value of stimuli”®®.
Specifically, he suggests that PFC regions work together with the amygdala to

learn and represent relationships between new stimuli (secondary reinforcers)



and primary reinforcers such as food, drink and sex. Importantly, according to
Rolls, neurons in the PFC can detect changes or reversals in the reward value of
learned stimuli and change their response accordingly. These ideas have been
based on 30 years of electrophysiological and brain imaging studies of humans
and animals and derive from the pioneering work of Mowrer in the 1950s and
1960s°2. | will return briefly to Roll’s conceptualisation of emotions in terms of
reward later.

The PFC and bodily signals

As discussed above, the James-Lange theory of the embodiment of
emotions was heavily criticised by Cannon. However, since the mid-twentieth
century there has been a revival of a modified version of the James-Lange
approach, which proposes that bodily signals interact with other forms of
information to modulate emotional intensity, rather than being the single
determining factor. In 1962, Schachter and Singer®® showed that similar patterns
of bodily arousal could be experienced as anger or happiness depending on the
social and cognitive context. Such studies on the interaction of bodily information
and cognition to generate emotional experience provided the subtstrate for one of
the more influential cognitive theories of emotion, as outlined by Mandler in
1975°%°. More recently, Damasio and colleagues have continued this tradition of
promoting a key role for bodily feedback in emotion, this time implicating the PFC
(especially the ventro-medial PFC), with their presentation of the somatic marker
hypothesis (SMH)®*"®*. The SMH builds on the earlier work of Nauta®® who used
the term “interoceptive” markers rather than somatic markers, and Pribram®®,
who used the phrase “feelings as monitors”, and reflects the original ideas of
James-Lange. Basically, somatic markers are physiological reactions, such as
shifts in autonomic nervous system activity, that tag previously emotionally
significant events. Somatic markers therefore provide a signal delineating which
current events have had emotion-related consequences in the past. Damasio

argues that these somatic codes are processed in the ventromedial PFC, thus



enabling individuals to navigate themselves through situations of uncertainty
where decisions need to be made on the basis of the emotional properties of the
present stimulus array. In particular, somatic markers allow decisions to be made
in situations where a logical analysis of the available choices proves insufficient.
Damasio’s group have used human lesion studies to support these
arguments. In 1991°’ they described the patient EVR — a “modern day Phineas

262

Gage”™“ - whose cognitive functioning and explicit emotional knowledge were
more or less intact but who had great difficulty with situations of uncertainty
where the subtle emotional values of multiple stimuli need to be processed (for
example, social situations) - a state of affairs that Nauta termed “interoceptive
blindness”®°. They propose that EVR is unable to utilise somatic markers due to
his ventro-medial PFC damage and therefore tries, and fails, to deal with complex
situations of uncertainty using logical reasoning alone.

In a famous study, Bechara, Damasio, and colleagues®® asked patients
with ventro-medial PFC damage (including EVR) to play a card game in which
they could win or lose a reward and for which they had to figure out the best
strategy as they went along. The trick to winning on the card task was to ignore
the immediate rewards on offer and become sensitive to the delayed rewards.
Control participants could do this based on “hunches”, which they could not
articulate, about which cards to choose. Furthermore, these healthy controls
evidenced bodily responses (elevated skin conductance) in anticipation of poor
card choices. In contrast, patients with damage to the ventro-medial PFC did not
learn to perform the task in this way and did not show the skin conductance
response. The argument was that for the healthy subjects, somatic markers
develop in the early trials of the task which then provide signals to guide later
card choices®®®°. The subjects are unaware of these signals but can act on them —
making intuitive or hunch decisions that “feel” right. However, the patients lack
the brain regions to process these somatic markers. They cannot use such

information and so cannot perform the task.



The PFC and ‘top-down’ reqgulation

Davidson and colleagues have proposed a different function for the PFC.
They argue that prefrontal regions (as well as the anterior cingulate cortex, see
below) send ‘bias signals’ to other parts of the brain to guide behaviour towards
the most adaptive current goals’® . Often behavioural choices are in danger of
being heavily influenced by the immediate affective consequences of a situation
(for example, immediate reward), even though the most adaptive response might
be, for example, to delay gratification (not unlike the optimal behaviour required
on the Bechara gambling task described above). Davidson and colleagues suggest
that the PFC promotes adaptive goals in the face of strong competition from
behavioural alternatives linked to immediate emotional consequences’. In this
model, left-sided PFC regions are involved in approach-related appetitive
(positive) goals and right-sided PFC regions are involved in the maintenance of
goals that require behavioural inhibition and withdrawal (negative). This ‘valence-
asymmetry hypothesis’ is discussed in more detail below.

The anterior cingulate cortex (ACC)

Contemporary affective neuroscientists view the ACC as a point of
integration of visceral, attentional and emotional information that is critically
involved in the regulation of affect and other forms of top-down control’®"’. It has
also been suggested that the ACC is a key substrate of conscious emotion
experience’® (as suggested by Papez) and of the central representation of
autonomic arousal’®.

The ACC has generally been conceptualised in terms of a dorsal “cognitive”
subdivision and a more rostral, ventral “affective” subdivision’®. The affective
subdivision of the ACC is routinely activated in functional imaging studies
involving all types of emotional stimuli’®®%8%, Present thinking suggests that it

monitors conflict between the current functional state of the organism and any

new information that has potential affective or motivational consequences. When



such conflicts are detected, the ACC projects information about the conflict to
areas of PFC where adjudications among response options can occur’®.

The Hypothalamus

In the 1920s, Walter Hess conducted a series of experiments in which he
implanted electrodes into the hypothalamic region of cats®*. Electrical stimulation
of one part of the hypothalamus led to an “affective defence reaction” associated
with increased heart rate, alertness, and a propensity to attack. Hess could
induce animals to act angry, fearful, curious or lethargic as a function of which
brain regions were stimulated. These results showed that a simple train of
electrical impulses can bring about a co-ordinated and sophisticated, recognisable
emotional response. Furthermore, the response is not stereotyped but can be
made in a skilfully targeted manner. In addition, different brain regions seemed
to be associated with pleasure-approach and distress-avoidance responses.

Olds and Milner in 1954 performed electrical stimulation studies in rats
to show that the hypothalamus was also involved in the processing of rewarding
stimuli. The rats would press a lever to deliver electrical “self-stimulation” to the
hypothalamus continuously for 75% of the time for up to 4 hours a day. Similar
arguments concerning the hypothalamus and reward were made by Heath in
19728 in studies investigating self-stimulation via electrodes in human subjects.
The hypothalamus therefore seems to be part of an extensive reward network in
the brain also involving the prefrontal cortex>®, amygdala®, and ventral
striatum®. Numerous other electrical stimulation studies have identified further

roles for the hypothalamus in motivations such as sex and hunger®”-28,

Single, dual and multiple emotion systems

How do the different brain regions that have been implicated in emotion
interact with each other? What are the emotion systems in the brain? Theories of
how the functional neuroanatomy of emotion operates systemically range from

single-system models, in which the same neural system underlies all emotions, to



views that propose a combination of some common brain systems across all
emotions, allied with separable regions dedicated more closely to the processing
of certain individual emotions such as fear, disgust and anger (multiple-system
models).

Single-system models

The proposals of Cannon and Bard, Papez (see Figure 2), MacLean (see
Figure 3) and, to some extent, Damasio, are all good examples of single-system
models. A further example, alluded to in the discussion of Davidson’s work

above’, is the “right-hemisphere hypothesis” originally proposed by Mills in
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1912% and expanded by Sackeim and Gur and others . In its simplest

form, this hypothesis emphasised a specialised role of the right hemisphere in all

aspects of emotion processing®®*

, though more refined views have proposed that
hemispheric specialisation is restricted to the perception and expression of
emotion, rather than its experience®.

Dual-system models

Davidson’s valence asymmetry model is related to the right-hemisphere
hypothesis, with the emphasis in this case being on differential contributions of
the left and right hemispheres to positive and negative emotions,
respectively’®’*. Other dual-system theorists, beginning with Schneirla in 1959,
have proposed that emotions can be broken down into approach and withdrawal
components, and have used different terminology and proposed different
neuroanatomical substrates for each component; for example, behavioural
activation and behavioural inhibition systems®®°’; approach and withdrawal
systems’®; and appetitive and aversive systems®®. Finally, Rolls proposed a dual-
system approach that conceptualises emotions in terms of states elicited by
positive (rewarding) and negative (punishing) instrumental reinforcers, within a

dimensional space®®®’.



Multiple-systems models

Other theorists, inspired by the prototypical work of Darwin?, have
proposed that a small set of discrete emotions are underpinned by relatively
separable neural systems in the brain'®°19 Some of the key research in support
of this multi-system view has come from human lesion studies and from
functional neuroimaging. | have mentioned above a number of studies linking the
processing of fear to the amygdala?®30-33:46:104.105 gimjlar studies are beginning to
emerge with respect to disgust. Phillips and colleagues used fMRI to show that
perception of facial expressions of disgust was associated with activation in the
anterior insular cortex'°®. This is consistent with early work by Penfield and Faulk
in 1955%% indicating that electrical stimulation of the insula in humans produced
sensations of nausea and unpleasant tastes and sensation in the stomach.
Following this up, Calder and colleagues reported a patient with left hemisphere
damage affecting the insula and basal ganglia, including the striatum. The patient
showed a clear selective impairment in recognising both facial and vocal signals
of disgust, and impaired experience of disgust'®®. Similar findings have been
reported in patients with Huntington’s disease'®® - a condition that affects the
striatum - and in carriers of the Huntington’s disease gene''°. There has been

111,112 and

relatively little work to on the neural substrates of other emotions
recent meta-analyses show that the clearest support is for separable neural
substrates for fear and disgust, focusing on the amygdala and insula/basal

80,81

ganglia respectively , with other brain regions, notably the PFC and ACC, being

activated for all emotions (see above).

The future of affective neuroscience

A historical analysis of the development of affective neuroscience reveals
that many more brain regions than initially supposed are involved in the
processing of emotion and mood. In many ways this mirrors developments at the

psychological level of explanation, where there is an increasing understanding of



the pervasive influence of emotions on all forms of psychological processing. An
impressive body of knowledge is accumulating about the roles of individual
regions of the brain, such as the amygdala, in emotion processing. However,
there is less consistency, and little hard empirical data, about the detailed
interactions of these regions as part of a broader emotion system. A key
challenge for the future is to address these issues.

Related to this is the challenge of integrating psychological models of
emotion with neuroscientific models. At the psychological level of explanation,
there are multiple routes to the generation of emotion - some reflecting
‘automatic’ or conditioned emotional responses and some representing emotions
derived from online appraisals of current circumstances****'°. There is a relative
paucity of discussion and research on the underlying neural basis of appraisal-
driven emotions and this is an important research question if any rapprochement
between neural and psychological levels of explanation is to be achieved.

The conscious experience of emotion is clearly a crucial feature and has
been the focus of a recent influential theoretical paper by Lambie and
Marcel**®*’ There has been little theory or research on the underlying neural
substrates of emotion experience, with the exception of the work of Richard
Lane’®, and this is likely to be a focus of future efforts.

Future progress in affective neuroscience will be depend on the emergence
of new technologies and methods. The advent of functional brain imaging has
transformed the field in the last ten years and new forms of imaging such as
diffusion tensor imaging (DTI), which enables non-invasive tracing of white
matter tracts, will lead to further leaps in our understanding. Another recent
methodology with enormous potential is transcranial magnetic stimulation (TMS)
- a technique that enables a researcher or clinician to temporarily activate or
deactivate specific regions of cortex and to observe the behavioural or neural
consequences. These advances will be complemented by more research utilising

multiple methodologies, integrating functional imaging, pharmacology, TMS,



psychophysiology, cognitive psychology, as well as the emerging field of
behavioural genetics*®.

The main focus of this review has been on so-called ‘normal’ emotions.
However, there is an increasing interest in the neural substrates of abnormal
emotion states™® and of psychiatric disorders such as depression*?°, as well as
the neural correlates of individual differences in normal emotions, for example,
variations in “affective style”’?. These issues will surely come further into the

spotlight in the decades to come.



Figures and text box

Figure 1 - Drawings and photographs used by Darwin (2) to illustrate
cross-species similarities in emotion expression - in this case
anger/agqgression.

Figure 2 The Papez circuit theory of the functional neuroanatomy of
emotion (12)

Papez argued that sensory messages concerning emotional stimuli arriving
at the thalamus get directed to both the cortex (stream of thinking) and
the hypothalamus (stream of feeling). Papez proposed a series of
connections from the hypothalamus to the anterior thalamus (a) and on to
the cingulate cortex (b). Emotional experiences or feelings occur when the
cingulate cortex integrates these signals from the hypothalamus with
information from the sensory cortex. Output from the cingulate cortex to
the hippocampus (c) and thence the hypothalamus (d) allow top-down
cortical control of emotional responses. Reproduced from LeDoux
(1996)(17).

Figure 3 - MacLean’s limbic system theory of the functional neuroanatomy
of emotion (13)

The core feature of MacLean’s limbic system theory was the hippocampus,
illustrated here as a seahorse. According to MacLean, the hippocampus
received sensory inputs from the outside world as well as information
from the internal bodily environment (viscera and body wall). Emotional
experience was a function of integrating these internal and external
information streams.

HYP. = Hypothalamus

Figure reprinted from MacLean (1949)(13).

Figure 4 - Key structures within a generalised emotional brain

The figure does not show the relative depths of the various structures,

merely their two-dimensional location within the brain schematic. As this

is a lateral view only one member of bilateral pairs of structures can be
121

seen. Figure adapted from Berridge (2003)“".



Timeline

1868 - Harlow describes the effects of prefrontal cortex damage to
Phineas Gage**

1872 - Charles Darwin publishes The expression of emotions in man and
animals?

1884 - William James proposes his bodily theory of emotion®

1885- Lange proposes a similar theory to James®

1912 - Mills first proposes a right hemisphere hypothesis of emotion®
1931 - The Cannon-Bard theory of emotion is outlined®

1937 - Kluver and Bucy publish their work on temporal lobectomy**
1937 - Papez outlines his theory of emotion?

1943 - Hess and Bruger describe their work on single cell recording in the
hypothalamus®?

1949 - MacLean proposes his tripartite ‘limbic’ model of emotion™®

1956 - Weiskrantz describes the effects of amygdala ablation in
monkeys*®

1956 - Schneirla outlines an approach-withdrawal model of emotion®

1962 - Schachter & Singer describe experiments indicating the importance
of cognitive factors in determining the nature of emotion experience®®

1970/1971 — Pribram and Nauta propose early versions of the somatic
marker hypothesis®®°®

1975 - Mandler publishes Mind and emotion®

1980 - Zajonc argues the case for emotion in the absence of cognition**
1982 - Lazarus argues the case for emotions requiring cognition*??
1982 - Gray publishes The neuropsychology of anxiety®’

1983 - Ekman and colleagues propose that different basic emotions can
be distinguished autonomically®

1986 - LeDoux proposes multiple amygdala pathways for fear
conditioning43

1991 - Antonio Damasio outlines his somatic marker hypothesis61



1992 - Panksepp coins the term Affective Neuroscience'®®

1994 - Adolphs et al. describe impaired recognition of emotion in facial
expressions following bilateral damage to the human amygdala®®

1995 - Bechara et al. show that the amygdala is necessary for fear
conditioning but not for explicit memory of the conditioning experience®®
1996 - Cahill et al. reveal how the amygdala is important in the
consolidation of emotional memories®*

1997 - Phillips et al. propose the insula as a specific neural substrate for
perceiving facial expressions of disgust*®®

2000 - Damasio et al. publish work indicating different brain regions
underlying different emotions*®3

2000- Calder et al. describe a patient with impaired insula and basal
ganglia damage who showed impaired recognition and experience of
disgust*®

2002 - Lawrence et al. show how sulpiride selectively impairs facial
recognition of anger**?

2002 - Lambie and Marcel publish their theory of conscious emotion
experience®’

2002 — Hariri et al. show that amygdala response to emotive stimuli varies as
a function of serotonin transporter gene variation'*
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