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Today:
Emotions

Emotions:

1) Functional Imaging studies of basic emotions
2) Fear conditioning and the amygdala 
3) Aggression
4) Antisocial personality disorder / Psychopathy
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Ekman: Universality of emotional facial 
expressions

Anger

Disgust

Joy

Sadness

Fear

Surprise
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Ekman: Universality of emotional facial 
expressions

Paul Ekman found that the expression of six basic emotions, sadness, disgust, 
surprise, joy, fear, and anger is universal across cultures (Ekman and Friesen, 1971).

The expression of these emotions is important for social communication, but 
possibly they also serve direct functions, such as being more sensitive to visual 
information when opening the eyes widely during fear or surprise.
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Ekman: Universality of emotional facial 
expressions

Charles Darwin’s had the idea that facial expressions are evolved behaviors for 
emotional expression. In support of this, Paul Ekman found that the expression of 
six basic emotions, sadness, disgust, surprise, joy, fear, and anger is universal across 
cultures (Ekman and Friesen, 1971). Tested were for example Japanese and 
American subjects or the Fore people in Papua New Guinea.
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Functional imaging of basic emotions

Emotion fMRI meta-analysis: here, the results of several studies that have induced 
emotions (e.g., by showing images or presenting sounds/music) have been combined.

Hamann, TICS, 2012
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Functional imaging of basic emotions

Hamann, TICS, 2012

There are no focal “emotion centers” processing a single emotion, emotional processing occurs 
in wide-spread networks. However, as shown below, fear processing in particular involves the 
bilateral amygdala (in blue) more and sadness the orbitofrontal cortex (red/yellow).
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Fear conditioning

Fear is a set of psychological and bodily responses in response to threat.
In fear conditioning, we pair a neutral stimulus with an unpleasant event (A 
below). This will lead to Pavlovian conditioning, the previously neutral stimulus will 
elicit the fear response (B below).
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Fear conditioning

In a classical experiment, Kapp et al. (1979) lesioned 
rabbits in the central nucleus of the amygdala.

They then conducted fear conditioning with these 
rabbits and controls. They used a tone as conditioned 
stimulus (CS) and electrical eye lid shock as 
unconditioned stimulus (US).T

While normal rabbits (controls) showed a change of 
heart rate (deceleration as part of an orienting 
response) for both CS and US, the lesioned rabbits only 
showed it for US but not for the CS.

Amygdala lesions result in impaired fear conditioning.

lesion
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Amygdala?

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved
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Amygdala Lesions

Lesion of the bilateral temporal lobe (including in particular 
amygdala) can result in Klüver-Bucy syndrome (first shown in 
macaque monkeys):

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved

- Reduced visual recognition (basic 
visual functions normal), animals 
put objects in their mouth for 
exploration

- Reduction of fear and aggression

- Loss of social rank

- Increased interest in sex 
(hypersexuality)
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Amygdala Lesions

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved

In humans, the symptoms of bilateral lesions to the amygdala correspond 
to the Klüver-Bucy syndrome in monkeys.

Such cases are rare in humans, but
one famous case is the female 
patient S.M.:

She is friendly and trusting, she
can recognize people‘s faces, but
not whether a face is fearful. 
It is also difficult for her to 
recognize anger, but she is normal
in regard to recognizing sadness,
joy, or disgust.
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Amygdala Lesions

Feinstein et al., Current Biology, 2011

Patient S.M. reported no fear when handling a snake (A), wanted to 
touch a tarantula (B) and also reported no fear when led through a 
“haunted house”(C).
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Fear Conditioning:
Model

Fear conditioning leads to synaptic 
plasticity in the basolateral nuclei of the 
amygdala. These receive various sensory 
inputs: tone as CS and electric shock as 
US.  

The central nucleus of the amygdala 
serves as output to hypothalamus 
(triggers autonomic response such as 
heart rate changes) and brain stem.

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved
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Autonomic nervous system response

Rodrigues et al., Annu. Rev. Neurosci., 2009

The central nucleus projects to the 
hypothalamus (PVN: periventricular 
nucleus of the hypothalamus) which 
regulates the release of stress hormones 
(glucocorticoids: cortisol). 

A second pathway is to hypothalamic 
nuclei and brain stem areas that regulate 
the sympathetic nervous system (SNS: 
fight-or-flight system, will modulate 
heart rate and many other peripheral 
fear responses). 
Activation of the sympathetic nervous 
system will lead to epinephrine and 
norepinenephrine release.

The central nucleus of the 
amygdala serves as output to 
hypothalamus (triggers heart rate 
changes) and brain stem.
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Anger and Aggression
”Types” of emotion...

Anger is a basic emotion, often elicited by threat, frustration, stress, etc.

Aggression is a behavior (possibly as a result of the emotion anger) that is 
destructive and directed towards people, animals, or objects.

Predatory aggression: attacking an organism for food, often quiet, deadly 
and with little activation of the sympathetic nervous system.

Affective aggression: for show (to deter a threat), with vocalizations and 
high levels of activation of the sympathetic nervous system.
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Aggression and Amygdala

In 1954, Rosvold, Mirsky, and Pribram 
found that lesioning the bilateral 
amygdala in macaque monkeys led to 
a change of aggressive behavior in 
these monkeys and in social ranking 
in the group.

Rosvold et al., J.Comp.Physiol.Psychol., 1954
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Aggression and Amygdala
Original situation

Rosvold et al., J.Comp.Physiol.Psychol., 1954
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Aggression and Amygdala
After Riva

Rosvold et al., J.Comp.Physiol.Psychol., 1954
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Aggression and Amygdala
After Riva

Rosvold et al., J.Comp.Physiol.Psychol., 1954

While the two monkeys Dave and Zeke 
fell in rank after surgery, Riva exhibited 
more aggression and took over the 
lead of the group. 
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Aggression and Hypothalamus

Early experiments on cats and dogs (1920s) 
have shown that after removing the cerebral 
cortex (left), these animals exhibited “sham 
rage”: mild stimulation would lead to the 
animal showing aggressive behavior (without 
targeted attack).

If the anterior hypothalamus (2, left) was 
removed too, the animals still showed sham 
rage. If the posterior hypothalamus (3, left) 
was removed, the animals showed no sham 
rage, suggesting that the posterior 
hypothalamus is important for the expression 
of anger and aggression.

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved
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Aggression and Hypothalamus

Electrical stimulation of different nuclei in 
the hypothalamus leads to different behavior 
related to homeostasis or aggression: 
sniffing, panting, eating, fear, or anger.

Stimulating the medial hypothalamus (a, 
right), Flynn (1967) elicited affective 
aggression in cats (hissing, etc.). 

Stimulating the lateral hypothalamus (b, 
right), predatory aggression was elicited.

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved
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Aggression Circuit

Affective aggression: the medial hypothalamus projects to the periaquaeductal 
gray (PAG) matter (in midbrain), stimulation in this area leads to affective 
aggression, lesions in this area disrupt this behavior.

Predatory aggression: the lateral hypothalamus projects to the ventral tegmental 
area (in midbrain), stimulation in this area leads to predatory aggression, lesions 
in this area disrupt this behavior.

Bear, Neuroscience
Copyright©2016Wolters Kluwer-all rights reserved
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Psychopathy

While Hannibal Lecter of the “Silence of the 
lambs” is only a fictive character, Ted Bundy 
(right) has raped and murdered at least 36 
young female victims in the 1970s.

Bundy defended himself in court (he went to law 
school for some time) but was executed in 1989.

Why do people
commit such crimes?
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Psychopathy: Diagnosis

Antisocial Personality Disorder (after DSM-V):

Pervasive disregard for the rights of others, since age 15:
exhibits non-conformity to social norms, deceitful, irresponsible,
impulsive, aggressive, disregard for safety of self or others, 
lack of remorse.

Psychopathy is more narrowly defined including in addition to the above: 
lack of empathy, inflated and arrogant self-appraisal, superficial charm.

Prevalence around 3% of male and 1% of female population (some studies 
suggest lower rates, below 1%).
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Aggression:
Genetic/Environmental contributions

Both genetic but also environmental factors such as child maltreatment has 
been proposed to contribute to later antisocial behavior and personality.

Caspi et al. (Science, 2002) have 
shown an interaction between the 
MAOA gene and childhood 
maltreatment. Persons with low 
MAOA activity and severe 
maltreatment in childhood showed 
more antisocial behavior later.

MAOA gene: located in X 
chromosome, encodes monoamine 
oxidase A, which metabolizes the 
neurotransmitters norepinephrine, 
serotonin, and dopamine.
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Aggression:
Genetic/Environmental contributions

Monoamine oxidase A (MAOA) metabolizes the neurotransmitters 
norepinephrine, serotonin, and dopamine.

That means it removes these 
neurotransmitters from the 
synapse.

Increased levels of these neuro-
transmitters and increased 
aggression were seen in mice
in which the MAOA gene was
deleted.
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Fear conditioning and Psychopathy

One theory for the mechanism of antisocial psychopathy is a lack of 
fear conditioning. A study by Birbaumer et al. (2005) tested this:

Birbaumer et al., Archives of General Psychiatry, 2005

Neutral faces were paired with painful 
pressure (CS+) or not (CS-) for fear 
conditioning.
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Impaired fear conditioning in 
psychopathy

Both healthy controls and psychopaths 
understood that pain will follow CS+.

1: completely certain that pain will not follow
5: uncertain
9: completely certain that pain will follow

Skin conductance responses (indicating 
autonomic activity) went up for controls 
(for CS+ in the conditioning phase: AC1 
and AC2) but not for psychopaths.

Hab: habituation phase before conditioning
Ext: Extinction (“forgetting” the conditioning)

Birbaumer et al., Archives of General Psychiatry, 2005
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Impaired fear conditioning in 
psychopathy: functional imaging

Healthy controls showed wide-spread brain activity in fMRI 
during the conditioning: greater activation for CS+ > CS- 

While psychopaths showed 
some activity in the right 
amygdala during 
presentation of the 
conditioned stimulus (CS+ 
compared to CS-), controls 
showed stronger activity in 
areas related to fear 
conditioning (left amygdala, 
orbitofrontal cortex, etc.)

Birbaumer et al., Archives of General Psychiatry, 2005



32

Summary:
Emotions

1) Functional Imaging studies of basic emotions
The basic emotions anger, happiness, sadness, fear, disgust, and surprise 
are processed in overlapping neural networks with some dominance of 
the amygdala for fear processing.

2) Fear conditioning and the amygdala
Amygdala lesions can lead to lack of fear conditioning and the experience 

of fear. 
3) Aggression

Lesions of the amygdala can also lead to changes in social aggressive 
behavior. Areas in the hypothalamus are important for affective and 
predatory aggression.

4) Antisocial personality disorder / Psychopathy
People with antisocial personality disorder show deficits in fear 
conditioning and amygdala activation.
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