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Detailed Chapter Summary
Chapter 13, Nervous Tissue
13.1 Overview of the Nervous System (p. 352)

1. The nervous and endocrine systems are the body’s two principal mechanisms of internal communication and coordination. The nervous system is specialized for the rapid transmission of signals from cell to cell.
2. The two major divisions of the nervous system are the central nervous system (CNS) (brain and spinal cord) and the peripheral nervous system (PNS) (nerves and ganglia).
3. The PNS has sensory (afferent) and motor (efferent) divisions. Each of these, in turn, has subdivisions called the visceral and somatic divisions. The visceral division innervates organs of the body cavities such as the heart and stomach, and the somatic division innervates the skin, muscles, bones, and joints.
4. The visceral motor division is also called the autonomic nervous system. It innervates glands, cardiac muscle, and smooth muscle, and controls unconscious, involuntary visceral reflexes. It consists of sympathetic and parasympathetic divisions, which often have contrasting effects on the same target organs.
13.2 Nerve Cells (Neurons) (p. 353)

1. The functional unit of the nervous system is the neuron. Neurons are able to communicate only because they possess the properties of excitability, conductivity, and secretion.
2. There are three functional classes of neurons: sensory (afferent) neurons, which convey signals to the CNS; interneurons, contained entirely within the CNS; and motor (efferent) neurons, which convey signals away from the CNS to effectors such as muscle and gland cells.
3. A neuron consists of a soma (cell body); usually multiple dendrites, which receive signals and convey them to the soma; and a single axon (nerve fiber), which carries nerve signals away from the soma. The soma contains the nucleus and protein-synthesizing organelles of the cell. The axon arises from an axon hillock. This and the first segment of the axon are the trigger zone, where action potentials are generated. The cytoplasm of the axon is called the axoplasm, and its plasma membrane is called the axolemma. The axon branches into a terminal arborization at its distal end, and each branch ends in a dilated synaptic knob.
4. Neurons are described as multipolar (with an axon and two or more dendrites), bipolar (with an axon and one dendrite), unipolar (with only a single process arising from the soma), or anaxonic (with dendrites but no axon).
13.3 Supportive Cells (Neuroglia) (p. 357)

1. Most cells of the nervous system are not neurons but neuroglia (glial cells), which perform a variety of support services for the neurons.
2. Four kinds of neuroglia occur in the CNS: oligodendrocytes (which produce myelin); ependymal cells (which line the internal cavities of the CNS and produce cerebrospinal fluid); microglia (macrophages of the CNS); and astrocytes (with numerous roles in the supportive framework of the CNS, the blood–brain barrier, nourishment of neurons, homeostatic maintenance of the extracellular fluid, and repair of damaged CNS tissue).
3. Two kinds of glial cells occur in the PNS: Schwann cells (which produce a neurilemma and myelin) and satellite cells (which electrically insulate the soma and regulate the chemical environment of the neurons).
4. Myelin is an insulating sheath around certain nerve fibers. It consists of spiral layers of plasma membrane arising from oligodendrocytes in the CNS and Schwann cells in the PNS.
5. In the PNS, the outermost coil of the Schwann cell is called the neurilemma. It is covered with a basal lamina and then a thin connective tissue sheath, the endoneurium.
6. One glial cell myelinates only a short segment of a nerve fiber. Therefore the myelin sheath around a nerve fiber is segmented, with long internodes separated by interruptions of the myelin sheath called nodes of Ranvier.
7. Schwann cells also envelop unmyelinated neurons, but enfold them in only one coil of plasma membrane and do not form myelin around them. Each Schwann cell can have several surface grooves, each accommodating an unmyelinated nerve fiber or a cluster of small fibers.

8. The velocity of a nerve signal depends on the diameter of a nerve fiber and whether it is covered with myelin, which speeds up the signal. Thus, nerve signals travel relatively slowly (up to 2 m/sec) in unmyelinated fibers; faster in myelinated fibers of the same diameter; and fastest (up to 120 m/sec) in large myelinated fibers.
9. A neurilemma and endoneurium are required for the regeneration of damaged nerve fibers; they form a regeneration tube that guides a regrowing nerve fiber to its target cell. They are absent from the CNS, and damaged fibers there cannot regenerate.
13.4 Synapses and Neural Circuits (p. 361)

1. A synapse is a point where a nerve fiber ends at a target cell (such as another neuron or a muscle or gland cell). Synapses are the decision-making, information-processing points in the nervous system; the more synapses a neuron or neural circuit has, the more data the neuron or circuit can process.
2. With respect to the direction of signal transmission, the neuron before the synapse is called the presynaptic neuron, and the one after the synapse is the postsynaptic neuron.
3. A presynaptic neuron can terminate on the dendrites, soma, or axon of a postsynaptic neuron; such junctions are respectively called axodendritic, axosomatic, and axoaxonic synapses.
4. A chemical synapse is one at which the presynaptic neuron releases a chemical neurotransmitter, which diffuses across the synaptic cleft and binds to receptors on the postsynaptic cell.
5. Some familiar neurotransmitters are acetylcholine, norepinephrine, glutamate, aspartate, GABA, glycine, dopamine, serotonin, histamine, and beta-endorphin. There are many others.
6. At a chemical synapse, the presynaptic nerve fiber ends in a dilated synaptic knob containing the synaptic vesicles in which the neurotransmitter is stored. The arrival of a nerve signal stimulates the release of neurotransmitter by vesicle exocytosis.
7. The neurotransmitter may have either excitatory or inhibitory effects on the postsynaptic neuron., depending on the nature of the neurotransmitter itself and the type of receptor to which it binds.
8. Some cells are linked by electrical synapses (gap junctions)—cardiac and single-unit smooth muscle, and some neurons and neuroglia. Electrical synapses allow for very rapid signal transmission but no decision-making. 
9. Neurons function in groups called neural pools, aggregations of neurons collectively dedicated to a certain purpose such as breathing or sensory perception. Within a pool, the neurons are connected along pathways called neural circuits.
10. There are four principal types of neural circuits: diverging circuits allow a single input signal to spread out through several output pathways (as when output from one or a few CNS neurons stimulates thousands of muscle fibers); converging circuits collect input from multiple sources and channel it into one or a few output pathways (as when blood chemistry, pulmonary stretch, and other factors collaborate to regulate the breathing rhythm); reverberating circuits have a feedback loop that produces a repetitive output (as in stimulating the respiratory muscles during breathing); and parallel after-discharge circuits have multiple pathways to the output neuron, with each pathway differing in number of synapses and total synaptic delay and thus a prolonged output (as in seeing the afterglow produced by a camera flash).
13.5 Developmental and Clinical Perspectives (p. 365)

1. The early stages of central nervous system development are a middorsal thickening of ectoderm called the neural plate, developing into a neural groove flanked by raised neural folds, and then developing into an enclosed neural tube.

2. A longitudinal column of ectodermal tissue separates from the neural groove on each side to become the neural crest; this gives rise to sensory and sympathetic neurons, neuroglia, and other cell types.

3. The neural tube develops anterior dilations that form three primary vesicles (forebrain, midbrain, and hindbrain), then undergoes flexion and subdivision of the forebrain and hindbrain, producing five secondary vesicles. These are the telencephalon, which becomes the cerebrum; the diencephalon, which becomes the thalamus, hypothalamus, retinas, and related structures; the mesencephalon, which becomes the midbrain; the metencephalon, which becomes the pons and cerebellum; and the myelencephalon, which becomes the medulla oblongata.
4. Myelination begins in the fourth month, but most brain myelination occurs after birth and is not completed until late adolescence.
5. The spinal cord initially occupies the entire vertebral canal, but the vertebral column grows faster than the spinal cord, and by adulthood, the spinal cord ends at the level of vertebrae L1 to L2.

6. Neural tube defects (NTDs) are deformities of the brain or spinal cord that result from failure of the neural tube to close or otherwise to develop normally. NTDs range from the relatively mild spina bifida occulta to the more serious spina bifida cystica, microcephaly, and anencephaly. NTDs can be genetic or caused by teratogens and nutritional deficiencies. The risk of spina bifida can be reduced by adequate intake of dietary folic acid, but this must occur even before a woman knows she is pregnant.
