Chapter 48

Nervous Systems

Teaching Objectives

An Overview of Nervous Systems

 1.
Compare and contrast the nervous systems of the following animals and explain how variations in design and complexity relate to their phylogeny, natural history, and habitat: hydra, sea star, planarian, insect, squid, and vertebrate.

 2.
Name the three stages in the processing of information by nervous systems.

 3.
Distinguish among sensory neurons, interneurons, and motor neurons.

 4.
List and describe the major parts of a neuron and explain the function of each.

 5.
Describe the function of astrocytes, radial glia, oligodendrocytes, and Schwann cells.

The Nature of Nerve Signals

 6.
Define a membrane potential and a resting potential.
 7.
Describe the factors that contribute to a membrane potential.

 8.
Explain why the membrane potential of a resting neuron is typically around 260 to 280 mV.

 9.
Explain the role of the sodium-potassium pump in maintaining the resting potential.

10.
Distinguish between gated and ungated ion channels and among stretch-gated ion channels, ligand-gated ion channels, and voltage-gated ion channels.

11.
Define a graded potential and explain how it is different from a resting potential or an action potential.

12.
Describe the characteristics of an action potential. Explain the role of voltage-gated ion channels in this process.

13.
Describe the two main factors that underlie the repolarizing phase of the action potential.

14.
Define the refractory period.
15.
Explain how an action potential is propagated along an axon.

16.
Describe the factors that affect the speed of action potentials along an axon and describe adaptations that increase the speed of propagation. Describe saltatory conduction.

17.
Compare an electrical synapse and a chemical synapse.

18.
Describe the structures of a chemical synapse and explain how they transmit an action potential from one cell to another.

19.
Explain how excitatory postsynaptic potentials (EPSPs) and inhibitory postsynaptic potentials (IPSPs) affect the postsynaptic membrane potential.

20.
Define summation and distinguish between temporal and spatial summation. Explain how summation applies to EPSPs and IPSPs.

21.
Explain the role of the axon hillock.

22.
Describe the role of signal transduction pathways in indirect synaptic transmission.

23.
Describe the specific properties of the neurotransmitters acetylcholine and biogenic amines.

24.
Identify and describe the functions of the four amino acids and several neuropeptides that work as neurotransmitters.

25.
Explain how endorphins function as natural analgesics.

26.
Describe the roles of nitric oxide and carbon monoxide as local regulators.

Vertebrate Nervous Systems

27.
Compare the structures and functions of the central nervous system and the peripheral nervous system.

28.
Distinguish between the functions of the autonomic nervous system and the somatic nervous system.

29.
Describe the embryonic development of the vertebrate brain.

30.
Describe the structures and functions of the following brain regions: medulla oblongata, pons, midbrain, cerebellum, thalamus, epithalamus, hypothalamus, and cerebrum.

31.
Describe the specific functions of the reticular system.

32.
Explain how the suprachiasmatic nuclei (SCN) function as a mammalian biological clock.

33.
Relate the specific regions of the cerebrum to their functions.

34.
Distinguish between the functions of the left and right hemispheres of the cerebrum.

35.
Describe the specific functions of the brain regions associated with language, speech, emotions, memory, and learning.

36.
Explain the possible role of long-term potentiation in memory storage and learning in the vertebrate brain.

37.
Describe our current understanding of human consciousness.

38.
Explain how research on stem cells and neural development may lead to new treatments for injuries and disease.

39.
Describe current treatments for schizophrenia.

40.
Distinguish between bipolar disorder and major depression.

41.
Describe the symptoms and brain pathology that characterize Alzheimer’s disease. Discuss possible treatments for this disease.

42.
Explain the cause of Parkinson’s disease.
Student Misconceptions

 1.
The sequence of events during the generation of an action potential can be confusing to some students. Your students may have some or all of these common misconceptions:

a.
Students may think that the sodium-potassium pump causes the falling phase of the action potential by pumping Na1 ions back out of the neuron.

b.
Many students imagine a massive influx and efflux of ions across the neuron’s plasma membrane during the conduction of the action potential. These students do not realize the small number of ions that are involved.

c.
Some students use imagery of electricity moving down a wire in considering the conduction of an action potential. This comparison may have some uses, but it can also confuse students. Ions, rather than electrons, are responsible for the conduction of an action potential; an action potential is conducted at speeds far lower than those of electricity; electrons are carried along a wire, while ions move across the neuron membrane.

d.
Many students do not realize that resting membrane potentials characterize all living cells.

 2.
Students may think of the membrane potential as an absolute value, rather than recognizing that it is a difference in electrical potential (voltage) across the neuron’s plasma membrane. The negative membrane potential indicates that the inside of the cell is negative relative to the outside. To test for this misunderstanding, ask your students what happens to the membrane potential of a neuron if the membrane potential decreases. Students who think of membrane potential as an absolute number will answer that the potential becomes more negative.

Further Reading

Silverthorn, D. U. 2002. Uncovering misconceptions about the resting membrane potential. Advances in Physiology Education, 26(2), 69–71.
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Word Roots

astro- 5 a star; -cyte 5 cell (astrocytes: glial cells that provide structural and metabolic support for neurons)

auto- 5 self (autonomic nervous system: the branch of the peripheral nervous system of vertebrates that regulates the internal environment)

bio- 5 life; -genic 5 producing (biogenic amines: neurotransmitters derived from amino acids)

cephalo- 5 head (cephalization: the clustering of sensory neurons and other nerve cells to form a brain near the anterior end and mouth of animals with elongated, bilaterally symmetrical bodies)

de- 5 down, out (depolarization: an electrical state in an excitable cell whereby the inside of the cell is made less negative relative to the outside)

dendro- 5 tree (dendrite: one of usually numerous, short, highly branched processes of a neuron that receive signals from other neurons)

endo- 5 within (endorphin: a hormone produced in the brain and anterior pituitary that inhibits pain perception)

epi- 5 above, over (epithalamus: a brain region, derived from the diencephalon, that contains several clusters of capillaries that produce cerebrospinal fluid; it is located above the thalamus)

glia 5 glue (glia: supporting cells that are essential for the structural integrity of the nervous system and for the normal functioning of neurons)

hyper- 5 over, above, excessive (hyperpolarization: an electrical state whereby the inside of the cell is made more negative relative to the outside than at the resting membrane potential)

hypo- 5 below (hypothalamus: the ventral part of the vertebrate forebrain that functions in maintaining homeostasis, especially in coordinating the endocrine and nervous systems; it is located below the thalamus)

inter- 5 between (interneurons: an association neuron; a nerve cell within the central nervous system that forms synapses with sensory and motor neurons and integrates sensory input and motor output)

neuro- 5 nerve; trans- 5 across (neurotransmitter: a chemical messenger released from the synaptic terminal of a neuron at a chemical synapse that diffuses across the synaptic cleft and binds to and stimulates the postsynaptic cell)

oligo- 5 few, small (oligodendrocytes: glial cells that form insulating myelin sheaths around the axons of neurons in the central nervous system)

para- 5 near (parasympathetic division: one of three divisions of the autonomic nervous system)

post- 5 after (postsynaptic cell: the target cell at a synapse)

pre- 5 before (presynaptic cell: the transmitting cell at a synapse)

salta- 5 leap (saltatory conduction: rapid transmission of a nerve impulse along an axon resulting from the action potential jumping from one node of Ranvier to another, skipping the myelin-sheathed regions of membrane)

soma- 5 body (somatic nervous system: the branch of the vertebrate peripheral nervous system that carries signals to and from skeletal muscles in response to external stimuli)

supra- 5 above, over (suprachiasmatic nuclei: a pair of structures in the hypothalamus of mammals that functions as a biological clock)
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