Neural Substrates of Fear
Experiment looking at the behavioural response of cats if you
introduce a noxious stimulus
- If you remove the cerebrum but keep the hypothalamus in
tact with the rest of the brain then you can elicit rage,
aggression and fearful responses
Indicated that the hypothalamus must be somehow involved in integrating the response to
fearful stimulation
The cingulate gyrus is a 5 layered cortex (rather than 6) involved in the cognitive
aspects of emotional behaviour
The medial temporal lobe is important in emotion as it contains the amygdala which is
a region of subcortical grey matter
Activation of the amygdala during judgements of trustworthiness
Subjects were shown pictures of individuals; in the explicit condition
they were told to assess whether these people seem trustworthy or not
and in the implicit condition they were not told what to do
The results showed that both amygdala are active during the process of
making judgements but there is some asymmetry
Also showed that the amygdala is active in proportion to how uncertain
you are about the person
Activation of the amygdala in the implicit condition indicated that when we look at people we
innately make judgements about them even if we are not told to do so
Experience of fear associated with predictors of harm
A rat experiment involved pairing a shock stimulus with a preceding sound/warning
- The behaviour that the rat exhibited when it was shocked was the same as the
behaviour exhibited when the sound was presented alone
There is a pathway in the rat brain that mediates the association of auditory
and aversive somatic stimuli
- Input enters the auditory system and then goes to the cortex via a
thalamic nucleus
- Information can then go directly to the amygdala or to the auditory
cortex
- The amygdala receives cortical input, direct thalamic input and noxious
information and then activates cortical regions that give rise to the conscious
experience of fear

Associative learning in the amygdala is involved in emotional function
- Inputs from both of these two pathways impinge onto that cell
- The nociceptive pathway is strong enough to strengthen the
auditory pathway; it is Heterosynaptic LTP
Calcium leads to a variety of second messenger activations

Structural Plasticity
There is strengthening of synapses that correlate with output pattern
The activity of the left eye induces these neurons’ ability to sprout new
connections and synapses
If you don’t have much input, then your connections may fade away

Presynaptic changes
When you get massive activation during the critical period you get a lot
of calcium influx including calcium mediated calcium release which can
change gene transcription
Neurotrophic factor (BDNF) in development is a target, it encourages
neurons to sprout more synapses, it is a potent signalling molecule
Postsynaptic changes
There are also postsynaptic changes occurring including
cytoskeletal changes

There are defined periods for many systems where we must have normal function
Abnormal Social Environments
Fear, anxiety, the “stress (HPA) axis” and its feedback modulation by cortisol
receptors in the hippocampus may be involved in the way in which severe
childhood stress could damage brain regions involved in mediating cortisol
feedback resulting in a faulty HPA axis
Child abuse greatly increases the risk of developing mood and anxiety disorders
Animal models of neglect reveal the importance of mono/indol-amine system activity
HPA overactivity is a common finding in depressed patients

The hippocampus and hypothalamus are very vulnerable to
over excitability
Very high levels of Ca2+ due to LTP and cortisol may cause
death of neurons in the hypothalamus, this is because there is
no negative feedback to inhibit the release of cortisol and thus
the hippocampus continues to be stimulated causing neuronal
death
The relationship between levels of harm or neglect or enrichment and the
neurodevelopmental outcome is known best at the extremes: sever abuse,
and complete neglect (and absolute experimental sensory depravation)
produces marked and possibly irreversible deficits

The prefrontal cortex is the region of the brain in front of the motor areas; it is
involved in social cognition and modelling
Our view of what is acceptable is a culturally determined set of values
- As a society our views on what is socially acceptable changes over time
Orbital/Medial Prefrontal Cortex
Involved in social cognition and complex social interaction
- This is particularly seen in humans
Social Norms
There are powerful forces that maintain social norms and expectations
A particularly important aspect of our social competence is the development of
the so-called “self conscious” emotions
These emotions are experienced when an individual is able to internalise social constructs
and evaluate their performance in relation to them

Prior to 6 months’ babies have “non-cognitive” emotions,
they don’t have many reflective emotions
From two years’ children can engage in simple self
referential emotional responses
From three years’ children can engage in complex self
referential emotional responses
Social compliance is based on making people feel bad; embarrassment, shame, guilt can be
felt when you know you’ve broken some rule
We can also imagine what might happen through the prefrontal cortex
- We can model in our heads what might happen and also have the associated feelings
- We can model our social behaviour based on the rules we incorporate and when we
don’t comply we feel bad
The ability to lie and detect lies are crucial to human interaction; there are
different systems involved depending on the origin of the action
Prefrontal Lobe Injuries
A large amount of information on the function of prefrontal lobes in humans
derives from the fact that head injuries from frontal impacts characteristically damage the
prefrontal cortex

Example: Phineas Gage, damage to the prefrontal cortex resulting in major personality
changes

