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[image: image2.emf]Structural Classification of 

Nervous System

Brain - 100 billion neurons (each synapse with 

1,000 -10,000 other neurons)

•

Central nervous system (CNS)

Spinal Cord
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[image: image3.emf]Structural Classification of 

Nervous System

Cranial nerves (12 pairs)

•

Peripheral nervous system (PNS) -

communication between CNS and rest of body

Spinal nerves (31 pairs)

Autonomic nervous system (uses both cranial 

and spinal nerves)
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[image: image4.emf]Two Types of Cells in Nervous System

•

Neurons – specialize in conducting nerve 

impulse

Bundles of neurons (nerve fibers or axons) in 

PNS = nerves (neurons bundled with 

endoneurium/perineurium/epineurium)

Bundles of neurons (nerve fibers) in CNS

= 

tracts (neurons bundled with neuroglia)
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[image: image5.emf]Two Types of Cells in 

Nervous System

•

Neuroglia - support, connect, and protects 

neurons in both CNS and PNS

Neuroglia outnumber neurons by 5 - 50 X
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[image: image6.emf]Parts of a Neuron

•

Cell body

Clustered into nuclei in brain, horns in spinal 

cord cell bodies; always located in protected 

areas of CNS = gray matter (horns, nuclei)

Clustered into ganglia in PNS

Contains nucleus

Contains Nissl bodies - rough ER - site of 

protein synthesis 
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[image: image7.emf]Parts of a Neuron

•

Dendrites - extensions that receive 

electrochemical messages

•

Axons - frequently myelinated in both CNS 

and PNS and conduct action potential toward 

the axon terminal to synaptic end bulbs
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[image: image8.emf]Neuroglia = Glial cells

•

Neuroglia from CNS

Astrocytes – star shaped

– Twine around neurons to form supporting 

network

– Attach neurons to blood vessels

– Create blood-brain barrier

– Produce "scar tissue" if there is damage to 

CNS
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[image: image9.emf]Neuroglia = Glial cells

Ependyma - epithelial cells that line ventricles 

of brain and central canal of cord

– Ciliated to assist in circulation of CSF

Microglia 

– Become phagocytic and remove injured brain 

or cord tissue
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[image: image10.emf]Neuroglia = Glial cells

Oligodendrocytes - simliar to astrocytes but 

have fewer extensions

– Produce myelin sheath in CNS
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[image: image11.emf]Neuroglia = Glial cells

•

Neuroglia from PNS

Schwann cells - produce myelin sheath in PNS

Satellite cells - support cell bodies of the 

ganglia in PNS
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[image: image12.emf]Myelin Sheath

• Myelin sheath = multilayered lipid and protein 

coverings surrounding axons in PNS and CNS 

(actually multilayers of cell membrane from 

Schwann cell or extension from 

oligodendrocyte)

• Myelin sheath electrically insulates the axon 

and increases speed of nerve impulse 

conduction
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[image: image13.emf]Myelin Sheath

Nodes of Ranvier - gaps between cells 

producing the myelin sheath where is 

myelin absent
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[image: image14.emf]Structural Classification of Neurons

•

Structural classification: classification of 

neurons according to the number of 

extensions from the cell body

Unipolar neuron - one process from cell body

– Cell bodies of unipolar neurons are found 

in ganglia located just outside the spinal 

cord
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[image: image15.emf]Structural Classification of 

Neurons

Bipolar neuron - 2 extensions from cell body

– Examples: rods and cones (shapes of 

dendrites) of retina, olfactory neurons, inner 

ear neurons

– Most of neurons whose cell bodies lie within 

the brain of spinal cord are multipolar

Multipolar neuron - many extensions from cell 

body
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[image: image16.emf]Functional Classification of Neurons

•

Functional classification:  classification 

according to the direction which impulses 

are conducted relative to the CNS 

Sensory (afferent) neuron - strictly PNS -

transmit impulses toward CNS from receptors

– Cell bodies are just outside spinal cord in 

dorsal root ganglia

– Includes both unipolar and bipolar neurons
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[image: image17.emf]Functional Classification of 

Neurons

Motor (efferent) neuron - transmits impulses 

away from CNS to muscles/glands

– Cell bodies are in anterior horn in spinal cord

– All are multipolar
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[image: image18.emf]Functional Classification of 

Neurons

Interneurons (association) neuron - all are 

found totally within the CNS

– Make up 90% of total neurons

– All are multipolar
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[image: image19.emf]Action Potentials

•

Action potential - An electrical signal that 

propagates along the membrane of a neuron 

or muscle fiber (cell)
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[image: image20.emf]Neurophysiology

•

Neurophysiology = Excitability - ability to 

respond to a stimulus (stimulus – any 

condition capable of altering the cell’s 

membrane potential) and convert it into an 

action potential

•

Nerve conduction of action potentials 

involves an electrochemical mechanism


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

	Slide 21
	
[image: image21.emf]Ion Channels

•

Proteins in the cell membrane

Leakage channels

– Cell membranes of muscle/neurons have 

more K

+

leakage channels than Na

+

leakage 

channels

•

Don’t require ATP - movement of ions is by 

simple diffusion 

Gated - channels open and close in response to 

some stimulus
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[image: image22.emf]Ion Channels

Na

+

K

+

Pump (Na

+

K

+

ATPase) - movement 

of Na

+

ions out of the cell and K

+

ions into 

the cell by active transport which requires 

ATP

•

Require ATP - movement of ions is by active 

transport
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[image: image23.emf]Resting Membrane Potential (RMP)

The inside of the membrane has non-diffusible 

anions (-) (phosphate and protein anions)

K

+

ions are more numerous on the inside than 

outside – Remember CircleK

•

Reason for resting membrane potential

Na

+ 

ions more numerous outside
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[image: image24.emf]Resting Membrane Potential

The inside of the cell has a more negative charge 

than the outside which is positive

Membrane is said to be polarized because of 

the difference in charge across the 

membrane = resting membrane potential

K

+

is inside, Na

+

is outside, Inside = (-)
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[image: image25.emf]All or None Principal

•

All or None Principle - Neuron transmits 

action potentials according to all or none 

principle

If the stimulus is strong enough to generate an 

action potential, the impulse is conducted 

down the neuron at a constant and maximum 

strength for the existing conditions

Stimulus must raise membrane potential to 

threshold potential
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[image: image26.emf]Action Potentials

•

Action Potential = rapid change in membrane 

potential (polarity) that involves a 

depolarization followed by a repolarization 

(lasts about 1 msec or less)

Only muscle and neurons can produce an action 

potential

Propagation of an action potential in a neuron = 

nerve impulse
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[image: image27.emf]Action Potentials

When a stimulus is applied

1. Sum of stimuli is excitatory and 

depolarization occurs to threshold 

potential

Gated Na

+

channels open and Na

+

rushes 

in (Na

+

inflow), making the inside of the 

cell positive
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[image: image28.emf]Action Potentials

This is the depolarization (Na

+

inflow) 

phase = normal polarized state is 

reversed

Inside = (+)

K

+

is inside, Na

+

is inside, Inside = (+)
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[image: image29.emf]Action Potentials

2. Repolarization - membrane potential returns 

to a negative value

Repolarization is due to K

+

ions flowing 

outward (K

+

outflow) through gated K

+

channels

Gated K

+

channels open in response to 

positive membrane and remain open 

until membrane potential returns to a 

negative value
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[image: image30.emf]Action Potentials

Inside = (-)

Ion distribution is reverse of that at 

resting

K

+

is outside, Na

+

is inside, Inside = (-)
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[image: image31.emf]Action Potentials

Refractory Period - period of time during 

which an excitable cell cannot generate 

another action potential

Because ion distribution has not returned 

to resting, sufficient potential has not 

built up on either side of the membrane 

to generate a new action potential


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

	Slide 32
	
[image: image32.emf]Action Potentials

3. Restoration of Resting Membrane Potential

Leakage channels allow ions to flow into 

and out of the cell

The Na

+

-K

+

pump also operates in 

restoring the resting ion distribution by 

pumping Na

+ 

out of the cell and K

+

into 

the cell 

K

+

is inside, Na

+

is outside, Inside = (-)
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[image: image33.emf]Action Potentials

4. Propagation of Action Potentials

Each action potential acts as a stimulus for 

development of another action potential 

in an adjacent segment of membrane

The Na

+

inflow during the depolarization 

phase of an action potential diffuses to an 

adjacent membrane segment
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[image: image34.emf]Action Potentials

Increase in Na

+

concentration raises the 

membrane potential of that membrane 

segment to the threshold potential, 

generating a new action potential 

Action potentials do not travel but are 

regenerated in sequence along an axon 

like tipping dominos 
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[image: image35.emf]Action Potentials

Action potentials continue to be regenerated 

in sequence until the potential reaches the 

end of the axon 

Refractory period prevents action 

potential from going backwards
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[image: image36.emf]Speed of Impulse Conduction

•

Speed of impulse conduction (propagation) 

determined by:

Diameter of fiber - the greater the diameter the 

greater density of voltage gated Na

+

channels; the greater the diameter, the faster 

the transmission

Presence of myelin sheath - the further the 

nodes are apart, the faster the transmission
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[image: image37.emf]Speed of Impulse Conduction

Temperature - the greater the temperature the 

faster the transmission 

– Localized cooling can block impulse 

conduction; therefore pain can be reduced 

by application of ice
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[image: image38.emf]Synapse

•

Synapse - connection between axon terminal 

(synaptic end bulb = presynaptic membrane) 

and another neuron, muscle, or gland 

(postsynaptic membrane)

•

Electrical synapse:  ionic current spreads 

directly from one cell to another through gap 

junctions (found in cardiac and smooth 

muscle)
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[image: image39.emf]Synapse

•

Chemical synapses: neurotransmitter is 

secreted into the synaptic cleft 

Synaptic cleft: 20-50 nm (impulse cannot jump 

cleft, therefore, will need chemical 

transmission in form of neurotransmitter) 
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[image: image40.emf]Kinds of Neurotransmitters

•

Acetylcholine (ACh) - main 

neurotransmitter of PNS (not common in 

CNS)

Excitatory for skeletal muscle 

Inhibitory for cardiac muscle
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[image: image41.emf]Kinds of Neurotransmitters

•

Dopamine (DA)

•

Norepinephrine (NE) and Epienphrine

•

Serotonin

•

Glycine, GABA, Glutamic Acid and 

Aspartic Acid

•

Endorphines and Enkephalins
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[image: image42.emf]Spinal Cord

•

Spinal cord - extends from skull to the level 

of the second lumbar vertebra

•

Gives rise to 31 spinal nerves, which branch 

to various body parts and connect them to 

the central nervous system
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[image: image43.emf]Gray Matter

Posterior (dorsal) gray horn

•

Gray matter (cell bodies and dendrites) -

organized into horns and commissures

Lateral gray horn

Anterior (ventral) gray horn

Anterior and Posterior gray commissures -

gray communication between right and left 

section of cord
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[image: image44.emf]White Matter

Posterior white column - has ascending tracts 

only

•

White matter (myelinated axons) - organized 

into columns and commissures (tracts travel in 

columns)

Lateral white column - has both ascending and 

descending tracts
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[image: image45.emf]White Matter

Anterior white column - has both ascending and 

descending tracts

Anterior  and Posterior white commissures
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[image: image46.emf]Spinal Cord

•

Spinal cord pathways

Ascending tracts – carries sensory information 

to the brain

Descending tracts – conducts motor impulses 

from the brain to muscles and glands
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[image: image47.emf]Cerebrum

•

Cerebrum – Higher brain functions

Centers for interpreting sensory information, 

initiation of voluntary movement, memory, 

intelligence and personality 
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[image: image48.emf]Diencephalon

•

Pineal gland - reproductive function in most 

animals; in humans it produces melatonin 

that helps regulate sleep/wake cycle and 

some aspects of mood

•

Thalamus - "inner room" - gateway to 

cerebral cortex
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[image: image49.emf]Diencephalon - Thalamus

Function - incoming sensory neurons are sorted, 

regrouped and then sent onto proper area of 

cerebral cortex where interpretation is made -

all sensory except olfactory synapse here 

before being relayed to sensory part of 

cerebrum - thalamus could also be referred to 

as the "sensory relay station"
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[image: image50.emf]Diencephalon -

Hypothalamus

•

Hypothalamus - serves as a link between 

nervous system and endocrine system 

Controls many functions related to homeostasis: 

(main visceral control center)

– Controls  heart rate and blood pressure

– Controls body temperature - initiates 

sweating (cooling) or shivering (warming)
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[image: image51.emf]Diencephalon – Hypothalamus

– Controls endocrine system

– Mind over body phenomenon - extensive 

connections between hypothalamus and 

cortex - thoughts influence our visceral 

functions - "the thought of __ makes me sick 

to my stomach"

– Governs thirst

– Governs eating habits
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[image: image52.emf]Diencephalon – Hypothalamus

– Rage and aggression

– Maintain waking state and sleeping patterns

– Control of movements and glandular 

secretions of the stomach and intestines

Mammillary body - olfactory reflexes as 

related to emotions
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[image: image53.emf]Brain Stem

•

Medulla

Controls heart rate, breathing, blood pressure, 

swallowing, vomiting, coughing, sneezing 

and  hiccupping

•

Pons - connects medulla with midbrain and 

connects cerebellum with cerebrum

•

Midbrain
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[image: image54.emf]Cerebellum

•

Coordinates movement of skeletal muscle, 

especially quick movements

•

Maintenance of balance and equilibrium

•

Helps in maintenance of posture

•

Hand-eye coordination is one example of 

cerebellum function
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[image: image55.emf]Cranial Nerves

•

12 pairs - know names, numbers, and 

functions of first five

•

Oh, Oh, Oh, To Touch And Feel Very Green 

Vegetables – AH

•

On Old Olympic Towering Tops A Finn And 

German Viewed Some Hops
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[image: image56.emf]Cranial Nerves

•

I. Olfactory - smell

•

II. Optic - sight

•

III. Oculomotor - eye movement

•

IV. Trochlear - eye movement

•

V. Trigeminal – facial sensations  and 

chewing
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[image: image57.emf]Characteristics of the autonomic 

nervous system 

•

Sensory input mostly from internal sources

•

Motor pathways divided into sympathetic 

and parasympathetic divisions

•

Involuntary control
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[image: image58.emf]Characteristics of the autonomic 

nervous system

•

Two neuron motor pathway

Preganglionic

•

Neurotransmitters

Preganglionic - acetylcholine

Postganglionic – acetylcholine (parasympathetic) 

or norepinephrine (sympathetic)

Postganglionic
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[image: image59.emf]Neurons and Neurotransmitters

•

Cholinergic neurons – release acetylcholine 

(all preganglionic neurons and all 

parasympathetic postganglionic neurons)

•

Adrenergic neurons – release norepinephrine 

(most sympathetic postpanglionic neurons)
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[image: image60.emf]Physiological Effects of the Autonomic 

Nervous System

•

Sympathetic – “E” situations (exercise, 

emergency, excitement and embarrassment) 

- fight or flight response

Pupils dilate

Heart rate, force of contraction and blood 

pressure increase
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[image: image61.emf]Physiological Effects of the Autonomic 

Nervous System

Blood vessels to kidneys and gastrointestinal 

tract constrict

Blood vessels to skeletal muscles, cardiac 

muscle, liver and adipose tissue dilate

Airways dilate


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

	Slide 62
	
[image: image62.emf]Physiological Effects of the Autonomic 

Nervous System

Release of glucose by liver

Liver cells perform glycogenolysis and lipid cell 

perform lipolysis
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[image: image63.emf]Physiological Effects of Autonomic 

Nervous System

•

Parasympathetic – rest and digest response

Increased salivation, lacrimation, urination, 

digestion and defecation

Decreased heart rate, diameter of airways and 

diameter of pupils (constriction)


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________


_1245619399.ppt


Functional Classification of Neurons

		Functional classification:  classification according to the direction which impulses are conducted relative to the CNS 



Sensory (afferent) neuron - strictly PNS - transmit impulses toward CNS from receptors

Cell bodies are just outside spinal cord in dorsal root ganglia

Includes both unipolar and bipolar neurons








_1245619479.ppt


Action Potentials





Restoration of Resting Membrane Potential

Leakage channels allow ions to flow into and out of the cell

The Na+-K+ pump also operates in restoring the resting ion distribution by pumping Na+ out of the cell and K+ into the cell 

K+ is inside, Na+ is outside, Inside = (-)
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Kinds of Neurotransmitters

		Acetylcholine (ACh) - main neurotransmitter of PNS (not common in CNS)



Excitatory for skeletal muscle 

Inhibitory for cardiac muscle








_1245619558.ppt


Diencephalon

		Pineal gland - reproductive function in most animals; in humans it produces melatonin that helps regulate sleep/wake cycle and some aspects of mood



		Thalamus - "inner room" - gateway to cerebral cortex 
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Diencephalon – Hypothalamus

Rage and aggression

Maintain waking state and sleeping patterns

Control of movements and glandular secretions of the stomach and intestines

Mammillary body - olfactory reflexes as related to emotions
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Cranial Nerves

		I. Olfactory - smell



		II. Optic - sight



		III. Oculomotor - eye movement



		IV. Trochlear - eye movement



		V. Trigeminal – facial sensations  and chewing 
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Characteristics of the autonomic nervous system

		Two neuron motor pathway



Preganglionic

		Neurotransmitters



Preganglionic - acetylcholine

Postganglionic – acetylcholine (parasympathetic) or norepinephrine (sympathetic)

Postganglionic
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Physiological Effects of the Autonomic Nervous System

		Sympathetic – “E” situations (exercise, emergency, excitement and embarrassment) - fight or flight response



Pupils dilate

Heart rate, force of contraction and blood pressure increase
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Physiological Effects of the Autonomic Nervous System





Release of glucose by liver

Liver cells perform glycogenolysis and lipid cell perform lipolysis
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Physiological Effects of Autonomic Nervous System

		Parasympathetic – rest and digest response



Increased salivation, lacrimation, urination, digestion and defecation

Decreased heart rate, diameter of airways and diameter of pupils (constriction)
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Physiological Effects of the Autonomic Nervous System





Blood vessels to kidneys and gastrointestinal tract constrict

Blood vessels to skeletal muscles, cardiac muscle, liver and adipose tissue dilate

Airways dilate
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Neurons and Neurotransmitters

		Cholinergic neurons – release acetylcholine (all preganglionic neurons and all parasympathetic postganglionic neurons)



		Adrenergic neurons – release norepinephrine (most sympathetic postpanglionic neurons) 
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Characteristics of the autonomic nervous system 

		Sensory input mostly from internal sources



		Motor pathways divided into sympathetic and parasympathetic divisions



		Involuntary control
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Cerebellum

		Coordinates movement of skeletal muscle, especially quick movements



		Maintenance of balance and equilibrium



		Helps in maintenance of posture



		Hand-eye coordination is one example of cerebellum function
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Cranial Nerves

		12 pairs - know names, numbers, and functions of first five



		Oh, Oh, Oh, To Touch And Feel Very Green Vegetables – AH



		On Old Olympic Towering Tops A Finn And German Viewed Some Hops
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Brain Stem

		Pons - connects medulla with midbrain and connects cerebellum with cerebrum



		Medulla



Controls heart rate, breathing, blood pressure, swallowing, vomiting, coughing, sneezing and  hiccupping

		Midbrain
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Diencephalon - Hypothalamus

Controls  heart rate and blood pressure

		Hypothalamus - serves as a link between nervous system and endocrine system 



Controls many functions related to homeostasis: (main visceral control center)

Controls body temperature - initiates sweating (cooling) or shivering (warming)
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Diencephalon – Hypothalamus

Controls endocrine system

Mind over body phenomenon - extensive connections between hypothalamus and cortex - thoughts influence our visceral functions - "the thought of __ makes me sick to my stomach"

Governs thirst

Governs eating habits
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Diencephalon - Thalamus









Function - incoming sensory neurons are sorted, regrouped and then sent onto proper area of cerebral cortex where interpretation is made - all sensory except olfactory synapse here before being relayed to sensory part of cerebrum - thalamus could also be referred to as the "sensory relay station"
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White Matter





Posterior white column - has ascending tracts only

		White matter (myelinated axons) - organized into columns and commissures (tracts travel in columns)



Lateral white column - has both ascending and descending tracts
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Spinal Cord

		Spinal cord pathways



Ascending tracts – carries sensory information to the brain

Descending tracts – conducts motor impulses from the brain to muscles and glands
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Cerebrum

		Cerebrum – Higher brain functions



Centers for interpreting sensory information, initiation of voluntary movement, memory, intelligence and personality 
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White Matter









Anterior white column - has both ascending and descending tracts

Anterior  and Posterior white commissures
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Spinal Cord

		Spinal cord - extends from skull to the level of the second lumbar vertebra



		Gives rise to 31 spinal nerves, which branch to various body parts and connect them to the central nervous system
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Gray Matter





Posterior (dorsal) gray horn

		Gray matter (cell bodies and dendrites) - organized into horns and commissures 



Lateral gray horn

Anterior (ventral) gray horn

Anterior and Posterior gray commissures - gray communication between right and left section of cord
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Kinds of Neurotransmitters

		Serotonin



Dopamine (DA)

		Norepinephrine (NE) and Epienphrine



		Glycine, GABA, Glutamic Acid and Aspartic Acid



		Endorphines and Enkephalins
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Speed of Impulse Conduction

		Speed of impulse conduction (propagation) determined by:



Diameter of fiber - the greater the diameter the greater density of voltage gated Na+ channels; the greater the diameter, the faster the transmission

Presence of myelin sheath - the further the nodes are apart, the faster the transmission
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Synapse

		Synapse - connection between axon terminal (synaptic end bulb = presynaptic membrane) and another neuron, muscle, or gland (postsynaptic membrane)



		Electrical synapse:  ionic current spreads directly from one cell to another through gap junctions (found in cardiac and smooth muscle)
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Synapse

		Chemical synapses: neurotransmitter is secreted into the synaptic cleft 



Synaptic cleft: 20-50 nm (impulse cannot jump cleft, therefore, will need chemical transmission in form of neurotransmitter) 
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Speed of Impulse Conduction





Temperature - the greater the temperature the faster the transmission 

Localized cooling can block impulse conduction; therefore pain can be reduced by application of ice
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Action Potentials





Increase in Na+ concentration raises the membrane potential of that membrane segment to the threshold potential, generating a new action potential 

Action potentials do not travel but are regenerated in sequence along an axon like tipping dominos 
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Action Potentials









Action potentials continue to be regenerated in sequence until the potential reaches the end of the axon 

Refractory period prevents action potential from going backwards
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Action Potentials





Propagation of Action Potentials

Each action potential acts as a stimulus for development of another action potential in an adjacent segment of membrane

The Na+ inflow during the depolarization phase of an action potential diffuses to an adjacent membrane segment
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Resting Membrane Potential





The inside of the cell has a more negative charge than the outside which is positive

Membrane is said to be polarized because of the difference in charge across the membrane = resting membrane potential

K+ is inside, Na+ is outside, Inside = (-)
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Action Potentials

This is the depolarization (Na+ inflow) phase = normal polarized state is reversed

Inside = (+)

K+ is inside, Na+ is inside, Inside = (+)








_1245619469.ppt


Action Potentials





Inside = (-)

Ion distribution is reverse of that at resting

K+ is outside, Na+ is inside, Inside = (-)
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Action Potentials





Refractory Period - period of time during which an excitable cell cannot generate another action potential

Because ion distribution has not returned to resting, sufficient potential has not built up on either side of the membrane to generate a new action potential
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Action Potentials





Repolarization - membrane potential returns to a negative value

Repolarization is due to K+ ions flowing outward (K+ outflow) through gated K+ channels

Gated K+ channels open in response to positive membrane and remain open until membrane potential returns to a negative value
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Action Potentials

		Action Potential = rapid change in membrane potential (polarity) that involves a depolarization followed by a repolarization (lasts about 1 msec or less) 



Only muscle and neurons can produce an action potential

Propagation of an action potential in a neuron = nerve impulse








_1245619454.ppt


Action Potentials





When a stimulus is applied

Sum of stimuli is excitatory and depolarization occurs to threshold potential

Gated Na+ channels open and Na+ rushes in (Na+ inflow), making the inside of the cell positive
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All or None Principal

		All or None Principle - Neuron transmits action potentials according to all or none principle



If the stimulus is strong enough to generate an action potential, the impulse is conducted down the neuron at a constant and maximum strength for the existing conditions

Stimulus must raise membrane potential to threshold potential
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Neurophysiology

		Neurophysiology = Excitability - ability to respond to a stimulus (stimulus – any condition capable of altering the cell’s membrane potential) and convert it into an action potential



		Nerve conduction of action potentials involves an electrochemical mechanism
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Ion Channels





Na+K+ Pump (Na+K+ ATPase) - movement of Na+ ions out of the cell and K+ ions into the cell by active transport which requires ATP





		Require ATP - movement of ions is by active transport
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Resting Membrane Potential (RMP)





The inside of the membrane has non-diffusible anions (-) (phosphate and protein anions)

K+ ions are more numerous on the inside than outside – Remember CircleK

		Reason for resting membrane potential



Na+ ions more numerous outside
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Ion Channels

		Proteins in the cell membrane



Leakage channels

Cell membranes of muscle/neurons have more K+ leakage channels than Na+ leakage channels





		Don’t require ATP - movement of ions is by simple diffusion 



Gated - channels open and close in response to some stimulus
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Functional Classification of 

Neurons





Interneurons (association) neuron - all are found totally within the CNS

Make up 90% of total neurons

All are multipolar








_1245619414.ppt


Action Potentials

		Action potential - An electrical signal that propagates along the membrane of a neuron or muscle fiber (cell)
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Functional Classification of 

Neurons





Motor (efferent) neuron - transmits impulses away from CNS to muscles/glands

Cell bodies are in anterior horn in spinal cord

All are multipolar








_1245619360.ppt


Neuroglia = Glial cells

		Neuroglia from CNS



Astrocytes – star shaped

Twine around neurons to form supporting network

Attach neurons to blood vessels

Create blood-brain barrier

Produce "scar tissue" if there is damage to CNS
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Myelin Sheath









Myelin sheath = multilayered lipid and protein coverings surrounding axons in PNS and CNS (actually multilayers of cell membrane from Schwann cell or extension from oligodendrocyte)

Myelin sheath electrically insulates the axon and increases speed of nerve impulse conduction
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Structural Classification of Neurons

		Structural classification: classification of neurons according to the number of extensions from the cell body 



Unipolar neuron - one process from cell body

Cell bodies of unipolar neurons are found in ganglia located just outside the spinal cord
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Structural Classification of 

Neurons





Bipolar neuron - 2 extensions from cell body

Examples: rods and cones (shapes of dendrites) of retina, olfactory neurons, inner ear neurons

Most of neurons whose cell bodies lie within the brain of spinal cord are multipolar

Multipolar neuron - many extensions from cell body








_1245619385.ppt


Myelin Sheath









Nodes of Ranvier - gaps between cells producing the myelin sheath where is myelin absent
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Neuroglia = Glial cells





Oligodendrocytes - simliar to astrocytes but have fewer extensions

Produce myelin sheath in CNS
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Neuroglia = Glial cells

		Neuroglia from PNS



Schwann cells - produce myelin sheath in PNS

Satellite cells - support cell bodies of the ganglia in PNS
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Neuroglia = Glial cells





Ependyma - epithelial cells that line ventricles of brain and central canal of cord

Ciliated to assist in circulation of CSF

Microglia 

Become phagocytic and remove injured brain or cord tissue
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Two Types of Cells in Nervous System

		Neurons – specialize in conducting nerve impulse



Bundles of neurons (nerve fibers or axons) in PNS = nerves (neurons bundled with endoneurium/perineurium/epineurium)

Bundles of neurons (nerve fibers) in CNS = tracts (neurons bundled with neuroglia)
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Parts of a Neuron

		Cell body



Clustered into nuclei in brain, horns in spinal cord cell bodies; always located in protected areas of CNS = gray matter (horns, nuclei)

Clustered into ganglia in PNS

Contains nucleus

Contains Nissl bodies - rough ER - site of protein synthesis 








_1245619355.ppt


Parts of a Neuron

		Dendrites - extensions that receive electrochemical messages



		Axons - frequently myelinated in both CNS and PNS and conduct action potential toward the axon terminal to synaptic end bulbs
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Two Types of Cells in 

Nervous System

		Neuroglia - support, connect, and protects neurons in both CNS and PNS



Neuroglia outnumber neurons by 5 - 50 X
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Structural Classification of 

Nervous System





Brain - 100 billion neurons (each synapse with 1,000 -10,000 other neurons)

		Central nervous system (CNS)



Spinal Cord
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Structural Classification of 

Nervous System





Cranial nerves (12 pairs)

		Peripheral nervous system (PNS) - communication between CNS and rest of body



Spinal nerves (31 pairs)

Autonomic nervous system (uses both cranial and spinal nerves)
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Nervous System

Chapter 9
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