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I. Information flow through the nervous system

A. A nervous impulse begins with reception of the stimulus

B. Transmission is the process by which the impulse travels from neuron to neuron

C. Sensory (afferent) neurons transmit the impulse to the central nervous system 

D. Integration occurs within the central nervous system

E. Motor (efferent) neurons transmit impulses to muscles and glands (effectors)

II. Neurons and glial cells are the cells of the nervous system

A. Glial cells collectively make up the neuroglia and provide metabolic and structural support

1. Microglia are phagocytic and are involved in repairing injury or preventing further spread of infection

2. Astrocytes are phagocytic and may aid in osmotic balance of the extracellular fluid of the nervous system

3. Oligodendrocytes insulate neurons in the central nervous system

a) Multiple sclerosis (MS) is caused by damage to the oligodendrocytes and replacement by scar tissue, which interrupts nerve impulse transmission

b) MS is most likely an autoimmune disorder

4. Schwann cells form sheaths around neurons in the peripheral nervous system

B. A typical neuron consists of a cell body, dendrites, and an axon

1. The cell body contains most of the cytoplasm, the nucleus, and most of the organelles

2. Dendrites are typically short, highly branched extensions that receive stimuli and transmit impulses to the cell body

3. Axons conduct impulses from the cell body to a neighboring neuron, muscle fiber, or glandular cell

a) Axons are often lengthy and unbranched, but may branch, forming axon collaterals

b) Axons end in branchings with axon terminals, each with a synaptic knob

c) Neurotransmitters are released from the synaptic knobs

d) Larger peripheral neurons are often covered by a myelin sheath formed by Schwann cells

(1) Gaps between cells are known as nodes of Ranvier, which increase the speed of nerve impulse transmission

4. A nerve is a collection of axons wrapped in connective tissue

5. Within the central nervous system, bundles of axons are called tracts or pathways

6. Within the central nervous system, collections of cell bodies are called nuclei; when located within the peripheral nervous system, the collections are called ganglia

III. Neurons use electrical signals to transmit information

A. The neuron membrane has a resting potential

B. The membrane or resting potential is the difference in electrical charge across the plasma membrane 

C. The neuron membrane has a sizable resting potential

1. The membrane potential is expressed in millivolts (mV)

a) The resting potential is –70 mV

b) The inner surface of the membrane is negatively charged relative to the interstitial fluid

2. The resting potential is due to the excess of negative ions inside the cell

3. The sodium-potassium pump transports sodium ions out of the cell and potassium ions into the cell

a) For every 3 sodium ions pumped out, 2 potassium ions are pumped in

4. Ions pass through the membrane by diffusion through ion channels composed of integral proteins

a) Passive ion channels are generally open and allow passage of sodium, potassium, and chloride ions

b) Potassium channels are the most common type of passive ion channels in the plasma membrane of the neuron

(1) Potassium ions leak out through passive ion channels, down their concentration gradient

(2) Eventually, potassium reaches its equilibrium potential, at which its inward flow due to the electrical gradient equals its outward flow due to the concentration gradient

c) Sodium ions also reach their equilibrium potential

d) Chloride ions contribute slightly to the resting potential

D. Graded local signals vary in magnitude

1. A stimulus causes the neuron membrane to be depolarized (i.e., less negative); such a stimulus is said to be excitatory

2. A stimulus that causes a neuron to be hyperpolarized (more negative) is said to be inhibitory

3. A graded potential is a local response that fades out rapidly on the membrane

4. A graded potential varies in magnitude and depends on the strength of the stimulus

E. An action potential is generated by an influx of Na+ and an efflux of K+ 

1. When a neuron receives a stimulus that is above a certain threshold, an action potential is propagated down the axon

Voltage-activated channels (voltage-gated ion channels) are regulated by changes in voltage

a) Studies of the action potential utilize a patch clamp technique

b) Voltage-activated sodium channels have two gates, an activation gate and an inactivation gate

c) Voltage-activated potassium channels have only a single gate

2. A stimulus increases the membrane’s permeability to sodium by stimulating the voltage-gated sodium ion channels

a) The threshold is –55 mV (a change of 15 mV)

3. Potassium channels also open when the threshold is met, but open more slowly and stay open longer

4. The membrane rapidly reaches zero potential and overshoots it to about +35 mV

5. The depolarization travels down the length of the axon, known as a wave of depolarization

6. Repolarization follows depolarization

a) The depolarization followed by repolarization causes a spike in the action potential

b) Repolarization is caused by closing of the sodium gates and then the potassium gates

7. The absolute refractory period occurs during the depolarization; this is the period when the cell cannot transmit another action potential

8. The relative refractory period is the time during which the neuron cannot transmit another impulse unless the stimulus is stronger than normally required

a) Even with the refractory periods, neurons can transmit several hundred impulses per second

9. Local anesthetics bind to voltage-activated sodium channels and prevent their opening

10. An action potential is an all-or-none response

a) A stimulus too weak to depolarize the neuron to the threshold level only results in a local response

b) A stimulus that depolarizes the neuron past the threshold level results in impulse transmission along the axon

(1) Receptor neurons have lower thresholds

c) The all-or-none law states that an action potential is either transmitted or not

d) Variations in intensity of sensation is caused by a variation in the number of neurons stimulated and the frequency of discharge

11. An action potential is self-propagating

a) Depolarization in one area of the neuron causes an adjacent region to be depolarized, all along the neuron

b) An action potential is a wave of depolarization

c) Such continuous conduction occurs in unmyelinated axons

Myelinated neurons transmit impulses rapidly

d) In saltatory conduction, ion movement occurs only at the nodes of Ranvier

e) In saltatory conduction, the action potential jumps from node to node along the axon

f) Saltatory conduction greatly speeds the conduction of impulse and requires less energy than continuous conduction

IV. Neurons signal other cells across synapses

A. A synapse may occur between neurons or a neuron and a muscle cell 

1. The neuron that ends at the synapse is the presynaptic neuron; the neuron that begins at a synapse is the postsynaptic neuron

2. Signals across synapses can be electrical or chemical

a) Electrical synapses involve very close connections between the pre- and postsynaptic neurons

(1) Impulses are transmitted directly between the 2 cells, often through gap junctions

b) Chemical synapses are the most common synapses

(1) A synaptic cleft of at least 20 nm exists between the pre- and postsynaptic cell

B. Neurons signal other cells with neurotransmitters

1. Acetylcholine is a neurotransmitter released from motor neurons and other cells, collectively called cholenergic neurons

2. Neurons that release norepinephrine are called adrenergic neurons

a) Norepinephrine and dopamine are called catecholamines

b) Catecholamines and serotonin are classed as biogenic amines

3. Glutamate is the major neurotransmitter in the brain

4. Glycine and GABA are neurotransmitters that inhibit neurons in the brain and spinal cord

5. Ekephalins and beta-endorphins bind opiate receptors in the brain and block pain signals

6. Nitric oxide is a gas that transmits information from the postsynaptic neuron to the presynaptic neuron

C. Neurotransmitters bind with receptors on postsynaptic cells

1. Neurotransmitters are stored in synaptic vesicles

2. When the action potential reaches the synaptic knob, voltage-sensitive calcium channels open and calcium flows into the synaptic knob

3. Calcium causes the synaptic vesicles to fuse with the presynaptic membrane and be released by exocytosis

The neurotransmitters diffuse across the cleft and bind to receptors on the postsynaptic cell

a) Most receptors are ligand-gated ion channels, which allow ions to pass through the membrane

b) The resulting change in the polarity of the membrane may set off an action potential

c) Other neurotransmitters act via a second messenger, such as cAMP

d) Neurotransmitters are subsequently inactivated, or actively transported back into the presynaptic cell, a process called reuptake

D. Neurotransmitters and their receptors can send excitatory or inhibitory signals

1. Depending on the neuron, a certain neurotransmitter may have different effects

2. EPSPs are excitatory postsynaptic potentials, changes in the membrane potential that bring the neuron closer to firing

3. IPSPs are inhibitory postsynaptic potentials, changes in the membrane potential that make the neuron less likely to fire

V. Neural integration

A. EPSPs and IPSPs are graded potentials

B. EPSPs and IPSPs may be additive (summation)

1. Temporal summation results in a number of EPSPs that bring a neuron to a threshold

2. Spatial summation results from a number of neurons releasing neurotransmitters simultaneously into the same synapse, causing the postsynaptic neuron to reach threshold

C. Integration is the sorting and interpretation of signals

D. EPSPs and IPSPs may cancel each other out completely or partially

E. Most integration occurs in the CNS

VI. Neurons are organized into circuits

A. Neural networks have pathways known as neural circuits

B. In convergence, one neuron is controlled by signals from two or more presynaptic neurons

C. In divergence, a single presynaptic neuron stimulates many postsynaptic neurons

D. Reverberating circuits exhibit positive feedback, and are important in rhythmic breathing and mental alertness

Research and Discussion Topics

· Describe the mechanism of pain.  How do painkillers work?

Various types of glial cells have been identified.  Where is each type found?  What are their specific functions?

