Please go deeper than deep (bit lets
not drown in technicallities) on
mirror cells, focusing on:

1. What structure are they - axons
and dendrites etc. ?

2. Where are they located ?

3. How they work with empathy or
apathy etc. ?

4. What is their placement in the
"distributed or hierarchical '‘chain of

command” ?

Mirror neurons are a fascinating



aspect of neuroscience that help
explain how we understand others'
actions, intentions, and emotions.
Here's a deeper exploration of the
points you've outlined:

1. What structure are they -
axons and dendrites, etc.?

Mirror neurons are not a distinct

structural type of neuron but are

specialized in their function. Like all

neurons, they consist of:

« Cell Body (Soma): The metabolic
center.

« AXxons: Transmit signals to other
neurons.



« Dendrites: Receive input from
other neurons.

The unique feature of mirror

neurons lies not in their physical

structure but in their [gd firing

patterns. They are characterized by

their activity when:

« An individual performs an action.

« The same individual observes
someone else performing that
action.

Their ability to "mirror” actions
involves highly specialized synaptic
connections and receptive field
properties, which enable these
neurons to process both motor and



sensory information simultaneously.

2. Where are they located ?

Mirror neurons were first discovered
iIn macaques and later identified in
humans through indirect evidence
(e.g., functional imaging). In
humans, they are primarily located
in the mirror neuron system (MNS):

 Premotor Cortex (Area F5 in
macaques, Brodmann area 6 in
humans): Responsible for
planning and executing actions.

- Inferior Parietal Lobule (IPL):



Integrates sensory input and
coordinates it with motor output.

« Superior Temporal Sulcus (STS):
Processes biological motion and
aids in interpreting others'
actions.

Other areas implicated include:

« |nsular Cortex: Linked to
emotional resonance, such as
empathy.

- Anterior Cingulate Cortex (ACC):
Plays a role in emotional
processing and conflict
resolution.



he MNS is distributed, involving
both cortical and subcortical
structures, which helps integrate
sensory, motor, and emotional
information.

3. How they work with
empathy or apathy, etc.?

Mirror neurons are foundational to
social cognition, influencing both
empathy and apathy:

« Empathy: Mirror neurons allow us
to "feel” what others are
experiencing. For instance,



seeing someone in pain can
activate similar neural pathways
in the observer, creating a shared
emotional state.

 The insula and ACC (Anterior
Cingulate Cortex) are heavily
involved in empathic responses,
processing internal emotional
states and understanding others'
emotions.

« Dysfunction in these systems
(e.g., in conditions like autism)
may result in difficulties with
empathy.

« Apathy: Apathy can arise when



the mirror neuron system is
underactive or suppressed. For
example:

 Social disconnection: Reduced
activity in the mirror neuron
system may lead to diminished
emotional resonance,
contributing to detachment or
indifference.

« Psychopathy: A distinct lack of
emotional mirroring might
explain the absence of remorse
or empathy in psychopathic
individuals.

Additionally, the mirror neuron



system is thought to underpin
emotional contagion—the automatic
mimicry of emotions, which is a
precursor to more complex
empathic processes.

4. Placement in the
"distributed or hierarchical
'chain of command”

The mirror neuron system functions
as part of a distributed neural
network rather than a strict
hierarchical chain. Here's how it fits:

 Distributed System:



The MNS integrates sensory, motor,
and emotional information across
several brain regions.

These regions communicate bi-
directionally, allowing for dynamic
processing of social cues.

Example: Observing someone grasp
an object involves visual input (STS
or Superior Temporal Sulcus),
interpretation of intent (IPL or
Inferior Parietal Lobule), and
planning a similar action (premotor
cortex).

 Hierarchy: While distributed,
there is some hierarchical



organization:

Lower-Level Processing: Sensory
areas like the STS (Superior
Temporal Sulcus) detect
biological motion and actions.

Higher-Level Processing: Parietal
and frontal areas interpret goals,
intentions, and emotional states.

Executive Modulation: Prefrontal
areas (e.g., dorsolateral
prefrontal cortex) regulate and
modulate the activity of the MNS
based on context and goals.

he chain of command is fluid and



context-dependent:

* In simple mimicry (e.g., copying a
hand gesture), the process may
bypass higher executive control.

 In complex social situations (e.g.,
understanding sarcasm or
hidden intentions), prefrontal
regions play a more dominant
role in interpreting and
integrating information.

Final Thoughts

The mirror neuron system acts as a
neural substrate for social



cognition, bridging the gap between
self and others.

lts distributed yet interconnected
nature ensures that we can not only
observe and imitate actions but also
understand and resonate with
others on a deeper emotional level.

Dysfunction or imbalance in this
system can profoundly affect social
and emotional interactions,
underscoring its importance in both
healthy and disordered states.

Fan-fucken-tastic -- take a bow and
pat yourself on the back !



Thank you! That made my day—your
enthusiasm is contagious. If you
ever want to dive even deeper into
neuroscience (or anything else), I'm
here and ready to keep the brilliance
rolling. Cheers!



