Brain & Behaviour Lecture #4 – How Does the Nervous System Function?
The Somatic Nervous System: Transmitting Information

· The SNS is monitored & controlled by the CNS

· The cranial nerves by the brain

· The spinal nerves by the spinal cord segments

The Cranial Nerves

	
	Name
	Function

	1
	Olfactory
	Smell

	2
	Optic
	Vision

	3
	Oculomotor
	Eye movement

	4
	Trochlear
	Eye movement

	5
	Trigeminal
	Masticatory movements & facial sensation

	6
	Abducens
	Eye movement

	7
	Facial
	Facial movement & sensation

	8
	Auditory vestibular
	Hearing & balance

	9
	Glossopharyngeal
	Tongue & pharynx movement & sensation

	10
	Vagus
	Heart, blood vessels, viscera, movement of larynx & pharynx

	11
	Spinal accessory
	Neck muscles

	12
	Hypoglossal
	Tongue muscles


The Spinal Nerves

· Connections of the SNS

· Dorsal fibers are afferent: they carry info from the body’s sensory receptors

· Ventral fibers are efferent: they carry info from the spinal cord to the muscles

· Law of Bell & Magendie: general principle that sensory fibers are located dorsally & motor fibers are located ventrally

· Dermatome: area of skin supplied w/ afferent nerve fibers by a single spinal0cord dorsal root

· Spinal cord segments are interconnected so adjacent segments cn operate together to direct complex coordinated movements

The Autonomic Nervous System: Balancing Internal Functions

· 2 divisions working in opposition:

· Sympathetic system:

· Arouses the body for action

· Mediates the “fight or flight” response

· Parasympathetic System

· Opposite of sympathetic: prepares the body to “rest & digest”

· Reverses the “fight or flight” responses

An Overview of Brain Function & Structure

Principle #1

· The brain’s primary function is to produce behaviour or movement

· To do so it must:

· Get & integrate info about the world

· Create a “sensory reality”. Evolution has equipped each species w/ a view of the world that helps it survive

Principle #2

· The brain is plastic: neural tissue has the ability to adapt to the world by changing how its functions are organized

· Ex: congenital blindness

· Neuroplasticity: The nervous system’s potential for physical of chemical change that enhances its adaptability to environmental change & it’s ability to compensate for injury

Principle #3

· Many of the brain’s circuits are crossed
· Each hemisphere receives sensory stimulation from the opposite (contralateral) side of the body; controls muscles on the contralateral side

· Corpus callosum joins left & right cerebral hemispheres

· Exceptions: olfactory & somatic nervous systems (cranial & spinal nerves)

Principle #4

· The CNS functions on multiple levels

· Sensory & motor functions carried out in many places in forebrain, spinal cord, & brainstem

· Each new addition to the CNS added layer of behavioural complexity. Must be integrated into the existing system

Principle #5

· The brain is both symmetrical & asymmetrical 

· Ex: Language, body control (spatial processing) need to only have 1 side or else speaking out of both sides of mouth
Principle #6

· Brain systems are organized both hierarchically & in parallel

· E.g., vision: hierarchical & parallel (dorsal & ventral streams)

· But we do have a unified sense of the world!

Principle #7

· Sensory & motor divisions exist throughout the nervous system

· Somatic nervous system: spinal nerves are either sensory or motor in function; some cranial nerves are exclusively sensory; some only motor; some have 2 parts, one sensory & one motor, much like spinal nerves serving the skin & muscles
· Central nervous system: hindbrain & midbrain are extensions of the spinal cord, retain the spinal cord division, with sensory structures located dorsally & motor ones ventrally. An important function of the midbrain is to orient the body to stimuli
Principle #8

· Sensory input to the brain is divided for object recognition & motor control

· Ex: Dorsal (movement) & ventral (identification) processing streams in the visual system

Principle #9

· Functions in the brain are both localized & distributed

· Ex: Language – spoken, written, signed, touch (comprehension & production)

· Specific aspects are localized but also distributed throughout the brain

· Ex: memory

Principle #10

· The nervous system works by juxtaposing excitation & inhibition

· Brain injury can result in either loss or release of behaviour by changing this delicate balance

· Ex: Tourette’s: dysfunction in the system that inhibits inappropriate language (release of behaviour)

What Are the Units of Nervous System Function?

· Cells of the Nervous system

· Internal Structure of a Cell

· Genes, Cells & Behaviour

Neurons: The Basis of Information Processing

· Three basic subdivisions:

· Dendrites: gather information from the other neurons

· Cell body or Soma: core region, contains nucleus & other organelles for making proteins. Integrates the info

· Axon: carries information to be passed on to other cells. Action potential

Basic Structure & Function

· Dendritic spines: protrusion from a dendrite that greatly increases it’s surface area & is the usual point of contact w/ axons of other cells

· Axon Hillock: juncture of soma & axon where the action potential begins

· Axon collaterals: branch of an axon

· Teleodendria: end branches of an axon

· Terminal buton: knob @ the tip of an axon that conveys information to other neurons; also called an end foot

· Synapse: gap between one neuron & another neuron

· Usually between an end foot of the axon of one neuron & a dendritic spine of another neuron

Different Types of Neurons

· Sensory neurons: brings information to the CNS

· Interneurons: associate sensory & motor activity within the CNS

· Motor Neurons: send signals from the brain & spinal cord to the muscles

Five Types of Glial Cells

Ependymal Cells

· Small, ovoid; found in the walls of the ventricles

· Make & secrete CSF

· Hydrocephalus: build up of pressure in the brain & swelling of the head caused if the flow of CSF is blocked. Can result in retardation

Astrocyte
· Star-shaped, symmetrical

· Structural support for neurons

· Transports substances between neurons & capillaries. But also protects the brain: blood-brain barrier (think pasta sieve, to flour sieve)

· Scar tissue formation

· Enhance brain activity by providing fuel to active brain regions

Microglia

· Originate in the blood as offshoot of immune system

· Phagocytosis: scavenge of debris: (e.g. dead cells)

Oligodendroglia Cell

· Glial cell in the CNS that myelinates axons

· Myelin: glial coating that surrounds axons

Schwann Cell

· Glial cell in the Peripheral Nervous System that myelinates axons

· Multiple Sclerosis (MS): nervous system disorder that results from the loss of myelin around axons

