CHAPTER 12 NERVOUS TISSUE

· Nervous system and endocrine system both maintain homeostasis

· Nervous system responds rapidly to stimulus whereas the endocrine responds more slowly, but not less effective

· Nervous system also responsible for our perceptions, behaviors, memories, and initiates all voluntary movements

· Neurology is the branch of medical science that deals with normal functioning and disorders of the nervous system

I.  OVERVIEW OF THE NERVOUS SYSTEM

A.  Structure and Functions of the Nervous System

1. nervous tissue is a complex, highly organized network of billions of neurons and even more neuroglia

2. Structures that make it up:  brain, cranial nerves and branches, spinal cord, spinal nerves and branches, ganglia, enteric plexuses, sensory receptors

3. the brain housed within the skull

4. twelve pairs of cranial nerves, numbered I-XII, emerge from the base of the brain

5. nerve is a bundle containing hundreds to thousands of axons plus associated connective tissue and blood vessels

6. spinal cord connects to the brain through the foramen magnum of the skull and is encircled by the bones of the vertebral column. it contains 100 million neurons

7. 31 pairs of spinal nerves emerge from the spinal cord

8. ganglia are small masses of nervous tissue, containing primarily cell bodies of neurons, that are located outside the brain and spinal cord; are closely associated w/ crainial and spinal nerves

9. enteric plexuses are extensive networks of neurons in the walls of organs of the gastrointestinal tract that help regulate the digestive system

10. sensory receptors are either dendrites of sensory neurons or separate, specialized cells that monitor changes in the internal or external environment

11. nervous system has 3 basic functions:


a. sensory function
1. sensory receptors detect internal and external stimuli

2. the neurons that carry sensory information into the brain and spinal cord are sensory or afferent neurons


b. integrative function
1. nervous system integrates sensory info by analyzing and storing and by making decisions regarding appropriate responses

2. the neurons that do this are interneurons (association neurons) and make up the vast majority of neurons in the body


c. motor function
1. responding to integration decisions

2. the neurons that do this are motor or efferent neurons, which carry info out of the brain and spinal cord

3. cells and organs innervated by motor neurons are termed effectors



a.  only two effectors in entire body: glands & muscles

B.  Organization of the Nervous System

· composed of two subsystems, CNS and PNS

1. Central nervous system (CNS)

a. consists of the brain and spinal cord

b.    source of thoughts, emotions, memories

c.    most nerve impulses that stimulate muscles to contract and glands to secrete originate here
2. Peripheral nervous system (PNS)

A. includes all nervous tissue outside the CNS: cranial nerves and branches, spinal nerves and branches, ganglia, sensory receptors

1. somatic nervous system (SNS)

a. consists of sensory neurons that convey info from somatic and special sensory receptors primarily in the head, body wall, and limbs to the CNS and motor neurons from the CNS that conduct impulses to skeletal muscles only

b. voluntary

2.  autonomic nervous system (ANS)

a.  consists of sensory neurons that convey info from autonomic sensory receptors, located primarily in the viscera, to the CNS, and motor neurons from the CNS that conduct nerve impulses to smooth muscle, cardiac muscle, glands, and adipose tissue


b.  involuntary

1. motor portion consists of two branches, sympathetic division and parasympathetic division


3.  enteric nervous system (ENS)



a.  brain of gut



b.  involuntary

c.  consists of 100 million neurons in enteric plexuses that extend the entire length of the gastrointestinal tract

II.  HISTOLOGY OF NERVOUS TISSUE

· Consists of two kinds of cells: neurons and neuroglia

· Neurons are responsible for most special functions attributed to nervous system: sensing, thinking, remembering, controlling muscle activity, regulation glandular secretions

· Neuroglia support, nourish, and protect the neurons and maintain homeostasis in the interstitial fluid that bathes neurons

A.  Neurons - have the property of electrical excitability, the capibility to produce action potentials or impulses in response to stimuli
1. Parts of a Neuron (cell body, dendrites, axon)



a.  cell body
1. contains a nucleus surrounded by cytoplasm that includes typical  such as lysosomes, mitochondria, and a golgi complex

2. contain lipofuscin, a pigment that occurs as clumps of yellowish brown granules in the cytoplasm

3. contains prominent clusters of rough er, termed nissl bodies, which newly synthesized proteins produced  are used to replace cellular components and to regenerate damaged axons in the PNS

4. the cytoskeleton includes neurofibrils, composed of bundles of intermediate filaments that provide the cell shape and support, and microtubules, which assist in moving materials to and from the cell body and axon

5. where a neuron synthesizes new cell products or recycles old ones

b.   two kinds of processes or extensions emerge from the cell body of a neuron:  multiple dendrites and a single axon

c.  nerve fiber is a term for any neuronal processes (dendrite or axon)



d.  dendrites

1. are receiving or input portions of a neuron

2. short, tapering and highly branched

3. form a tree-shaped array of processes extending off the cell body

4. not myelinated

5. cytoplasm contains Nissl bodies, mitochondria, and other organelles




e.  axon

1. propagates nerve impulses toward another neuron, a muscle fiber, or a gland cell

2. long, thin, cylindrical projection that often joins the cell body at a cone-shaped elevation called the axon hillock
3. the first part of the axon is called the initial segment

4. impulses arise at the junction of the axon hillock and the initial segment, which is called the trigger zone, conducts along the axon

5. contains mitochondria, microtubules, and neurofibrils

6. protein synthesis does not occur b/c er is not present

7. the cytoplasm is called axoplasm

8. the axoplasm is surrounded by a plasma membrane known as axolemma

9. along the length of the axon, side branches called axon collaterals may branch off

10. the axon and its collaterals end by dividing into many fine processes called axon terminals

11. the site communication btwn 2 neurons or btwn a neuron and an effector cell is called a synapse
12. the tips of some axon terminals swell into bulb-shaped structures called synaptic end bulbs, whereas others exhibit a string of swollen bumps called varicosities

13. both synaptic end bulbs and varicosities contain many minute membrane-enclosed sacs called synaptic vesicles that store a chemical neurotransmitter (neurons contain 2 or 3 neurotransmitter)




f.  slow axonal transport




g. fast axonal transport

CLINICAL APPLICATION

Tetanus

2. Structural Diversity in Neurons

a.  multipolar neurons usually have several dendrites and one axon; most neurons in the brain and spinal cord are of this type

b.  bipolar neurons (rare) have one main dendrite and one axon; they are found in the retina of the eye, the inner ear, and in the olfactory area of brain

c.  unipolar neurons (pseudounipolar) 

1. sensory neurons that originate in the embryo as bipolar neurons

2. during development, axon and dendrite fuse into a single process that divides into two branches a short distance from the cell body

3. are long, cylindrical processes that may be myelinated, and they propagate action potentials

4. the axon branch that extends into the periphery has unmyelinated dendrites monitor a sensory stimulus such as touch or stretching

5. the trigger zone for nerve impulses in a unipolar neuron is at the junction of the dendrites and axon

6. the impulses then propagate toward the synaptic end bulbs

7. 90% of neurons are interneurons of thousands of different types

8. interneurons are named by person or shape or appearance

B.  Neuroglia

1. neuroglia or glia constitute about half the volume of the CNS

2. glue that holds nervous tissue together

3. smaller than neurons and 5-50 times more numerous

4. in contrast to neurons, glia do not generate or propagate action potentials, and they can multiply and divide in the mature nervous system

5. brain tumors derived from glia called gliomas, tend to be ghighly malignant and grow rapidly

6. 6 types of neuroglia, four are found in CNS (astrocytes, oligodendrocytes, microglia, ependymal cells), two are present in PNS (schwann cells and satellite cells)

C.  Myelination

1. axons of most mammalian neurons are surrounded by a multilayered lipid and protein covering called the myelin sheath , that is produced by neuroglia

2. the sheath electrically insulates the axon of a neuron and increases speed of nerve impulse conduction

3. axons with this covering is called myelinated, without is unmyelinated

4. two types of neuroglia produce myelin sheaths:




a.  schwann cells (in PNS)
1. begin to form myelin sheaths around axons during fetal development

2. each schwann cell wraps an axon's length by spiraling around it

3. eventually multiple layers of glial plasma membrane surround the axon, with the schwann cells cytoplasm and nucleus forming the outermost layer

4. the inner portion, consists of a lot of layers of schwann cell membrane, is the myelin sheath

5. the outer nucleated cytoplasmic layer of the schwann cell, which encloses the myelin sheath, is the neurolemma (sheath of schwann)

6. a neurolemma is found only around axons in the PNS

7. gaps in the myelin sheath, called nodes of ranvier, appear at intervals along the axon

8. each schwann cell wraps one axon segment between two nodes




b.  oligodendrocyte (in CNS)

a.  myelinates parts of many axons in somewhat the same manner that a schwann cell myelinates part of a single PNS axon

b.  average 15 broad, flat processes that spiral around CNS axons, forming a myelin sheath

c.  neurolemma is not present b/c the olig. cell body and nucleus does not envelop the axon

d.  nodes of ranvier present, but much fewer

e.  little regrowth after injury b/c of absence of neurolemma

5. amount of myelin increases from birth to maturity, and its presence greatly increases the speed of nerve impulse conduction

6. certain diseases, such as ms and tay-sachs, destroy myelin sheaths

D.  Gray and White Matter

1. white matter is aggregations of myelinated processes from many neurons



a.  the whitish color of myelin gives it its name

2. gray matter of the nervous system contains neuronal cell bodies, dendrites, unmyelinated axons, axon terminals, and neuroglia (all unmyelinated)


b.  grayish color b/c there is little or no myelin

3. blood vessels are present in both white and gray matter

4. in spinal cord, white matter surrounds an inner core of gray matter shaped like a butterfly or letter H

5. in the brain, a thin shell of gray matter covers the surface of the largest portions of the brain

6. a nucleus is a cluster of neuronal cell bodies with the CNS

III.  ELECTRICAL SIGNALS IN NEURONS

· the plasma membrane of excitable cells exhibits a membrane potential, an electrical voltage difference across the membrane


A.  Ion Channels

1. when open, they allow specific ions to diffuse across the plasma membrane, down their electro-chemical gradient

2. cations move toward negatively charged area

3. anions move toward positively charged area

4. two types of ion channels:




a.  leakage channels

1. always open, like garden hose w/ holes along length

2. b/c plasma membranes typically have more K+ leakage channels than Na+ leakage channels, the membrane's permeability to K+ is much higher than its permeability to Na+




b.  gated channels

1. open and close in response to some sort of stimulus

2. electrical excitability (3 kinds:)






a.  voltage-gated ion channel
1. opens in response to a change in membrane potential (voltage)

2. used in generation and conduction






b.  ligand-gated ion channel
1. opens and closes in response to specific chemical stimulus

2. acetylcholine opens cation channels






c.  mechanically gated ion channel
1. opens or closes in response to mechanical stimulation in the form of vibration, pressure, or tissue stretching

2. the force distorts the channel, opening the gate

3. found in ears, stomach, touch receptors


B.  Resting Membrane Potential

1. exists b/c of a small buildup of negative ions in the cytosol along the inside of the membrane, and an equal buildup of positive ions in the ecf along the outside surface of the membrane

2. in neurons, the typical value is -70mV (the - indicates that the inside is negative relative to the outside)

3. cell that exhibits a membrane potential is polarized

4. maintained by two factors:


a.  unequal distribution of ions across the plasma membrane


b.  relative permeability of the plasma membrane to Na+ and K+

5. b/c the sodium pumps expel three Na+ for each two K+ imported, they are electrogenic, which means they contribute to the negativity of the r.m.potential


C.  Graded Potentials

1. when a stimulus causes a ligand-gated or mechanically gated ion channels to open or close in an excitable cell's plasma membrane, that cell produces a graded potential, a small deviation from the membrane potential that makes the membrane either more polarized (more negative) or less polarized (less negative)

2. when the response if more negative polarization, it is hyperpolarizing graded potential
3. when the response is a less negative polarization, it is depolarizing graded potential


D.  Action Potentials (AP or Impulse)

· is a sequence of rapidly occurring events that decrease and eventually reverse the membrane potential, and then restore it to its resting state

· two voltage-gated ion channels open and close

· first channel allow Na+ to rush into the cell, causing depolarization

· then K+ channels open, allowing K+ to flow out, which produces repolarization

· arise according to all-or-none principle, if depolarization reaches a certain level, then the voltage-gated ion channels open, and an action potential that is always the same size occurs



1.  Depolarizing Phase

a.  if a depolarzing graded potential causes the membrane to depolarize to a critical level, called threshold, then voltage-gated Na+ channels rapidly start to open

b.  both electrical and chemical gradients favor inward diffusion of Na+ through opening channels, resulting in rush of Na+ causes the depolarizing phase of the action potential



2.  Repolarizing Phase

a.  the slower opening of voltage-gated K+ channels, and the closing of previously open Na+ channels, produce the repolarizing phase, in which the resting membrane potential is restored



3.  Refractory Period

a.  period of time during which an excitable cell cannot generate another action potential

b.  during the absolute refractory period, a second action potential cannot be initiated, even with a strong stimulus

c.  large axons second nerve impulse can arise very quickly; small axons transmit 1/4 of the impulses per second

d.  relative refractory period is the period of time during which a second action potential can be initiated, but only by a suprathreshold (supraliminal) stimulus



4.  Propagation of Nerve Impulses

a.  to communicate info from one part of the body to another, nerve impulses must travel where they arise at a trigger zone, often called the axon hillock, to axon terminals

c. special mode of impulse travel is called propagation, or conduction, and it depends on positive feedback

CLINICAL APPLICATION

Local Anesthetics

Are drugs that block pain and other somatic sensations

These drugs act by blocking the opening of voltage-gated Na+ channels



5.  Continuous and Saltatory Conduction

a.  continuous - the type of impulse conduction discussed thus far occurs in muscle fibers and unmyelinated axons

b.  saltatory - current flows across the membrane only at the nodes, the impulse appears to leap from node to node as each nodal area depolarizes to threshold, this is characteristic of myelinated axons



6.  Speed of Nerve Impulse Propagation

a.  propagation speed of a nerve impulse is not related to strength but the diameter of the axon and the presence or absence of a myelin sheath are most important

b.  axons conduct impulses at higher speeds when warmed and at lower speeds when cooled, localized cooling of nerve can retard impulse conduction

c.  an impulse leaps long intervals as current flows from one node to the next in  saltatory conduction, it travels much faster than it would by continuous in an unmyelinated axon

d.  saltatory conduction is also more energy efficient

e.  a fibers
1.  large diameter axons

2.  conduct impulses faster than smaller ones,

3.  myelinated

f.  b fibers

1.  smaller and slower

2.  longer absolute refractory period\

3.  myelinated

4.  exhibit saltatory conduction

5.  conduct sensory nerve impulses from viscera to brain & spinal cord

g.  c fibers

1.  smallest axon diameters

2.  longest absolute refractory periods

3.  unmyelinated axons

4.  sensory impulses for pain, touch, pressure, heat, cold



7.  Encoding of Stimulus Intensity

a.  the main way that stimulus intensity is conveyed involves the frequency of impulses, how often they are generated at a trigger zone

IV.  SIGNAL TRANSMISSION AT SYNAPSES


A.  Electrical Synapses



1.  ionic current spreads directly btwn adjacent cells through gap junctions


B.  Chemical Synapses



1.  Excitatory and Inhibitory Postsynaptic Potentials (2 kinds of neurotrans.)

a.  a neurotransmitter causes either an excitatory or an inhibitory graded potential

b.  a depolarizing postsynaptic potential is excitatory postsynaptic postential (EPSP)

c.  a hyperpolarizing postsynaptic potential is inhibitory and is inhibitory postsynaptic potential (IPSP)



2.  Removal of Neurotransmitter




a.  essential for normal synaptic function




b.  removed three ways:





1.  diffusion





2.  enzymatic degradation





3.  uptake by cells

a. prozac is a selective serotonin reuptake inhibitor, thus it prolongs the synaptic activity of the neurotransmitter serotonin



3.  Spatial and Temporal Summation of Postsynaptic Potentials

a.  integration of a neuron in the cns receiving input from synapses occuring in the trigger zone is known as summation

b.  greater the summation of epsp's, the greater chance that threshold will be reached and a nerve impulse will be initiated in the next cell

c.  when summation results from buildup of neurotransmitter released simultaneously by several presynaptic end bulbs is called spatial summation
d.  when summation results from buildup of neurotransmitter released by a single presynaptic end bulb two or more times in rapid succession, it is called temporal summation

V.  NEUROTRANSMITTERS (example is acetylcholine)


A.  effects of neurotransmitters at chemical synapses can be modified in several ways:



1. neurotransmitter synthesis -- can be stimulated or inhibited



2. neurotransmitter release -- can be blocked or enhanced



3. neurotransmitter removal -- can be stimulated or inhibited



4. receptor site -- can be blocked or activated


B.  Small-Molecule Neurotransmitters



1.  Acetylcholine




a.  is released by many pns neurons and by some cns neurons

b.  an excitatory neurotransmitter where it acts to open a ligan-gated cation channel

c.  an inhibitory neurotransmitter at other synapses


2.  Amino Acids




a.  in the cns, glutamate and aspartate have powerful excitatory effects

b.  nearly all excitatory neurons in the cns and half of the synapses in the brain  via glutamate

c.  gaba and glycine are important inhibitory neurotransmitters

d.  antianxiety drugs are gaba agonists; they enhance the action of gaba


3.  Biogenic Amines




a.  certain amino acids are modified and decarboxylated to produce this




b.  these catecholamines are prevalent in the nervous system:





1.  norepinephrine (ne)

a.  maintaining arousal, dreaming, regulating mood, hormones





2.  epinephrine 





3.  dopamine (da)

a.  emotional responses and regulating skeletal muscle tone

b.  degeneration of dopamine-containing axons occurs in Parkinsons disease





4.  serotonin (5-hydroxytryptamine) 






a.  concentrated in neurons in a part of a brain

b.  sensory perception, temp regulation, control of mood, induction of sleep


4.  ATP and Other Purines



5.  Gases




a.  simple gas - nitric oxide (NO)


C.  Neuropeptides



1.  numerous and widespread in CNS and PNS



2.  have both excitatory and inhibitory actions



3.  enkephalins




a.  potent analgesic effects -- 200 times stronger than morphine




b.  inhibit pain impulses by suppressing release of substance p



4.  endorphins




a.  inhibit pain by blocking release of substance p



5.  dynorphins



6.  opiod peptides (4, 5, 6) are body's natural painkillers




a.  acupuncture produces analgesia by increasing release of opioids

b.  improved memory & learning, feelings of euphoria, control of body temp, regulation of hormones, sexual drive, reproduction



7.  substance p

a.  is released by neurons that transmit pain-related input from peripheral pain receptors into the cns

b.  enhances perception of pain

VI.  NEURONAL CIRCUITS IN THE NERVOUS SYSTEM

VII.  REGENERATION AND REPAIR OF NERVOUS TISSUE


A.  Neurogenesis in the CNS

1. birth of new neurons from undifferentiated stem cells -occurs regularly in some animals 

2. new neurons do arise in adult human in an area of the brain that is crucial for learning

3. the nearly complete lack of neurogenesis in other regions of the brain and spinal cord


B.  Damage and Repair in the PNS

1. axons and dendrites that are associated with a neurolemma may undergo repair if the cell body is intact, if the schwann cells are functional, and if scar tissue formation does not occur too rapidly

2. most nerves in the PNS consist of processes that are covered with the neurolemma

3. axons from the proximal end grow at a rate of 2 in. per month

