
Lecture 1 – Introduction to behavioural neuroscience 
• What is behavioural neuroscience? 

- Behavioural neuroscience is the scientific study of the role of the central nervous system 
in behaviour  

- Combines psychology and neuroscience 
 

• What are the important historical milestones in the development of our understanding of 
the link between brain and mind? 
- Phineas Gage 

o Survived profound damage to frontal lobe 
o Behavioural changes: impatient, obstinate, unable to plan for future (decision) 

- Limitations in the past in neuroscience due to: 
o Religious/Moral views 
o Limited methods 
o Scientific conservatism 

- Hippocrates: The brain controls the body, not the heart 
o Disorders of the mind arise from imbalance of humours (elements) 

- Galen: Nerves connect the brain to the body 
o Vivisection (dissect live animals to study anatomy of nervous system) 
o Distinguished between sensory and motor nerves 
o Idea of pneumata: Natural (liver), Vital (heart) and Animal (brain) 
o Thought that animal spirits travelled in hollow nerves 

- Vesalius: Structure of the brain mapped in detail  
o Revived dissection and vivisection after the Dark Ages 
o Substantially advanced knowledge of brains structure  
o Drawing of the brain showed:  

§ Two cerebral cortices 
§ Extensive folding of the outer layer of brain tissue – gyri, sulci 
§ Extensive network of blood vessels 
§ Layers of protective covering between the skull and brain – meninges 

- Descartes: Distinction between reflexes and volitional acts 
o Proposed that humans alone could perform voluntary, conscious acts 
o Dualist: viewed the mind and body as distinct entities 
o Proposed first model to link the mind and body 

§ Animal spirits in the brain were directed by the pineal gland 
- Willis: The importance of the cortex is recognised 

o First to distinguish between grey and white matter 
o Suggested that thought is generated by the outer tissue of the cortex  

- Galvani: Nerve signals are electrical, not fluid 
o Rejected the idea of animal spirits travelling in hollow nerves 
o Suggested that nerves must be coated in fat to prevent electricity from leaking 

out 
o Experimented with electrical charge and frogs – friction machine, Leyden jar 

- Gall: The idea of the modular brain is proposed 
o Modularity: The mind/personality is a product of the brain 
o Phrenology:  

§ Bumps on the skull reflect relative development of underlying faculties 
§ Introduced the notion of cortical localisation of function 



- Broca: The first solid evidence of brain modularity 
o Findings provided strong support for localisationists (people who believed the 

brain was divided into distinct area)  
o Patient named Leborgne unable to speak after damage to the left frontal lobe 

(Broca’s area)  
- Fritsch and Hitzig: Precise localisation of brain function 

o Identified motor cortex and how it is somatotopically (according to body parts) 
organised 

o Animal studies: 
§ When the frontal cortex in dogs is electrically stimulated, contractions 

were induced in specific muscles on the opposite side of the body 
§ Surgical removal of motor regions of cortex caused impairments of 

actions performed by the relevant limb 
- Moniz: The frontal lobes linked to personality 

o Introduced the prefrontal leucotomy  for relief of psychiatric disorders 
§ Based on observations of personality changes in monkey following 

frontal lobe damage 
§ Initial impression of some improvements lead to widespread us 

o Profound personality consequences of disconnecting the frontal lobe: 
§ Apathy 
§ Emotional unresponsiveness 
§ Disinhibition (lack of self-control) 
§ Lack of foresight 

o Walter Freeman (crazy lobotomy guy) 
 

• What methods have been used to determine this link? 
- Surgical and accidental lesions 
- Animal studies  

o Brain stimulation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Lecture 2 – Neurons, glia and mechanisms of communication within the neuron 
• Describe the structure and functions of neurons and glial cells 

- Neuron: The basic information-processing and information receiving unit of the nervous 
system 

o Separated by a tiny gaps called synapses 
o Cell body: contains the nucleus and internal organelles necessary for cell 

maintenance 
§ Cytoplasm: A jelly-like substance inside the cell, containing the 

mitochondria, which produces energy (adenosine triphosphate – ATP)  
§ Nucleus: Contains the cell’s chromosomes, which are composed of DNA  

o Cell membrane: Regulates the entrance and exit of chemicals from the neuron 
and also keeps extracellular fluid separate from intracellular fluid  

o Dendrites: Receives information from other neurons, allowing neurons to 
communicate with one another 

o Axon: Fibre that carries signals (action potential) from the cell body  
o Terminal buttons: Knobs at the ends of axons that transmit information from 

one neuron to another by secreting neurotransmitters 
o Neurotransmitters (chemicals): Passed across the synapse and can either excite 

or inhibit the next neuron in the chain 
- Glial cells: Provides physical support for neurons, supplies them with oxygen and 

nutrients, provides protection  
o Astrocytes: Provide physical support for neurons and also do housekeeping jobs 

(clean up waste, provide nutrients to neurons etc)  
§ Cleans away debris of dead neurons (phagocytosis) and takes their place  

o Oligodendrocytes: Provide physical support to neurons and the insulating 
myelin sheath that surrounds the axon in the CNS 

o Microglia: Act as phagocytes; also acts as the brain’s immune system, attacking 
invading micro-organisms 

§ Largely responsible for inflammation after brain damage 
o Schwann cells: Provide physical support to neurons and the insulating myelin 

sheath that surrounds the axon in the PNS  
§ Difference from oligodendrocytes: Schwann cells can act as a guide for 

any axonal stump that resprouts after damage to the axon, thus helping 
to reconnect axons with the muscles and sense organs with which they 
were originally connected 



• Understand the neural basis of the withdrawal reflex 

- The dendrites of a sensory neuron respond to a noxious stimulus in the environment à 
signal is sent back along the axon to the terminal buttons à terminal buttons release a 
neurotransmitter into the synapse, exciting an interneuron which resides within the 
spinal cord à interneuron sends a message down its axon, which releases a 
neurotransmitter to excite the motor neuron à the motor neuron travels to a muscle in 
the arm à muscle contracts away from stimulus  

- Excitatory effects (withdrawal reflex) can be counteracted by inhibition from the brain:  
o Neuron in the brain sends a message along its axon to the spinal cord à it 

excites an inhibitory interneuron which releases an inhibitory neurotransmitter 
à decreases the activity of the motor neuron à withdrawal reflex is blocked 

 
• Explain the processes of chemical exchange that underlie the resting membrane potential 

and the action potential 
- Resting membrane potential: The difference in voltage (electrical potential) between 

the intracellular and extracellular fluid of the neuron at rest à -70mV 
o Inside of an axon is more negatively charged than the outside  
o The resting potential of a neuron can be changed by passing a current into it 

§ The inside of the neuron is negatively charged, so adding a positive 
electrical current through the electrode causes depolarisation 

- Membrane potential: 
o Diffusion: Ions move from high concentration areas to low concentration areas  
o Electrostatic pressure: The force created by the combination of repulsion and 

attraction of anions (-) and cations (+)   
§ Sodium (Na+), chloride (Cl- ), potassium (K+) and proteins (A-) 

o Potassium ions K+ are in higher concentration inside the axon, so diffusion tends 
to push them out; but the outside of the axon is positively charged so 
electrostatic pressure drives them back in. For sodium ions Na+, they are in 
higher concentration outside the cell, so diffusion tends to push them in. 
Because the inside of the axon is negatively charged, electrostatic pressure also 
tends to pull sodium ions in. So the forces of diffusion and electrostatic pressure 
tend to move sodium ions in the same direction, and it is not in balance 

Sodium-potassium pump: Actively pushes excess sodium Na+ ions out of the cell using energy in 
exchange for potassium K+ ions (3Na+/2K+) 


