Unit IV-D – Regulation


Unit Outline
I.  Nervous Regulation - Chapter 14

A.  The Regulatory Process 
                                         1.  Functions of Regulation

a. regulation - responses to a wide variety of changes that take place both inside and outside the body of the organism must be controlled in amount and directed to the right place
b. coordination – responses to a wide variety of changes that take place both inside and outside the body of the organism must be made to take place in the right order or relationship

c. irritability – the ability of a cell to respond to its environment

                                         2.  Mechanisms of Nervous Regulation
a. nerve cells – specialized cells (neurons) that carry messages, impulses, throughout the organism

b. receptors, or sense organs – specialized structures sensitive to certain changes, physical forces, or chemicals; generally each type is sensitive to a different type of stimulus, e.g. heat, cold light, sound, pressure, chemicals
c. effector – specialized structure that responds to the commands of the nervous system, e.g. either a gland or a muscle

d. stimulus – anything that causes a receptor to start impulses in a nerve pathway by causing electrical and chemical changes in the receptor 

e. brain - a specialized group of nerve cells that controls and coordinates the activities of the nervous system
                                         3.  Structure of Neurons

a. basic structure in the nervous systems of all multicellular animals

b. can send both electrical and chemical impulses, a property of the nerve cell membrane

c. cell body – contains the nucleus and cell organelles, site of metabolic activities, controls the growth of the nerve cell

d. dendrites – short, highly branched fibers that receive impulses, conducting them toward the cell body

e. axon – a long, thin fiber that extends from the cell body, carry impulses away from the cell body and send them either to other neurons or to effectors, range in length from less than a centimeter to more than one meter

f. Schwann cells – produce layers of a white, fatty substance called myelin which covers the axon, gaps between neighboring cells are called nodes of Ranvier
g. nerve cells of mature animals cannot divide, so cannot be replaced; but if cell body is unhurt, damage axons and dendrites outside the brain and spinal cord can grow back

h. individuals are born with all the nerve cells they will ever have                                

4.  The Synapse
 a. many terminal branches at the end of an axon, each of which almost touch another cell – the gap is the synapse

b. each axon may have one or more synapses with as many as 1000 other neurons, making interconnections   
                                         5.  Types of Nerves and Neurons 

a. sensory nerves carry impulses from receptors to the spinal cord and brain 

b. motor nerves carry impulses from the bran and spinal cord to effectors, usually muscles

c. mixed nerves are made of both sensory and motor fibers

d. interneurons or associative neurons relay impulses from one neuron to another in the brain and spinal cord
                             B.  The Nerve Impulse
 1. Resting Neuron – not transmitting an impulse

     a. outside of membrane has a net positive change

     b. inside of membrane has a net negative charge

     c. cell membrane is said to be electrically polarized because of the difference in electrical charge caused by different concentrations of ions outside and inside the cell

     d. some of the differences result from the selective permeability of the membrane

     e. most of the differences are the result of the active transport of ions across the membranes

     f. the ions are mainly sodium and potassium, both positive 
     g. membrane pumps sodium ions out of the cell and potassium ions into the cell by means of active transport: sodium-potassium pump
     h. resting: nerve cell membrane is freely permeable to potassium ions but not to sodium

     i. potassium ions pumped into cell tend to diffuse back out; sodium ions pumped out cannot diffuse freely through the membrane and therefore increase outside the cell, thereby building an excess of positive charge outside the membrane, with an excess of negative charge left behind inside the membrane                                      

                                         2.  Transmission

                                               a. impulse from a neuron or a stimulus from a receptor starts a nerve impulse

b. at the place where impulse starts permeability of the membrane to sodium ions suddenly increases
c. more sodium ions outside the membrane than inside, sodium ions diffuse rapidly to the inside thereby reversing the polarization of the membrane, the inside becoming positively charged, the outside become negatively charged, lasting only part of a second and then returning to normal

d. results in a flow of electrical current that affects the permeability of neighboring areas of the membrane

e. reversal of polarization travels over the entire length of the nerve cell = the nerve impulse

f. polarity of membrane returns to normal once distribution of ions returns to normal

g. refractory period occurs following the passage of an impulse, lasting only a few thousandths of a second, when the nerve cell membrane cannot be stimulated

h. rate of impulse conduction – depends on the size of the nerve fiber and whether or not myelin covering present

    1. small fibers without myelin, impulse travels at two meters per second

    2. large myelinated fibers, impulse travels more than 100 meters per second, traveling in jumps from one node of Ranvier to another (salutatory conduction), depolarization occurring only at the nodes utilizing less active transport; faster and uses less energy

i. threshold – the minimum level of sensitivity of a nerve cell which must be exceeded by the strength of the stimulus

j. all impulses are alike, all-or-none basis 

k. strength of stimulus measured by two effects

    1. stronger stimulus causes more impulses to be transmitted each second

    2. different neurons have different thresholds, some needed a stronger stimulus than others

 l. recognition of type of signal depends on the particular pathways that carry the nerve impulse, each type of receptor being sensitive to a certain type of stimulus

3.  Transmission at the Synapse

      a. axon ends in a synaptic knob at the synapse

  b. impulse must be carried across the synaptic gap to the membrane of a neighboring cell 

  c. chemicals known as neurotransmitters (acetylcholine, norepineprine) are contained in many small sacs called synaptic vesicles within the synaptic knob

  d. when an impulse reaches the synaptic knob some of the neurotransmitters are released into the synaptic gap; neurotransmitters diffuse across the gap and start impulses by changing permeability of its membrane by reacting with special receptor proteins in the membrane of the dendrites, a slower process that the electrical transmission along the neuron

  e. each impulse causes the release of a certain amount of neurotransmitter, quickly arriving impulses (stronger initial stimulus) more neurotransmitter is released

  f. as soon as neurotransmitter has done its work, it is removed from the gap by enzymes present in the gap, including acetylcholinesterase one of the fastest acting enzymes in the vertebrate body

  g. different types of neurons release different neurotransmitters

      1. excitatory neurotransmitters – acetylcholine, norepinephrine, histamine and glutamic acid – start impulses in neighboring neurons

     2. inhibitory neurotransmitters – serotonin, epinephrine, and glycine – block impulses to neighboring neurons

  h. dendrites of a single neuron receive impulses from many neurons  hat may be either excitatory or inhibitory – cell body averages themand either fires or does not

4. Neuromuscular Junctions

      a. junctions between motor neurons and muscles

      b. axons end in motor end plates which like synaptic knobs contain neurotransmitters

      c. neurotransmitters combine with receptor molecules increasing the permeability of the muscle cell membrane to sodium causing impulses to travel causing the muscle cell to contract

5.  The Effects of Drugs

      a. poisons and drugs affect the activity of chemical transmitters at synapses -

          nerve gas, curare, botulin toxin, some insecticides interfere with acetylcholine at neuromuscular junctions causing muscle paralysis

      b. drugs that affect the mind and emotions or alter activity of body systems
          1.  stimulants – speed up body activity; overuse can cause heart damage   and other problems:

           a. amphetamines (“uppers”) produce  short-lived feelings of well-being 

              and excitement followed by depression
           b. caffeine increases synaptic transmission producing sleeplessness and nervousness

        2. depressants – slow down body activity

           a. barbiturates (“downers”) block formation of norepinephrine

           b. LSD, mescaline – mind altering or hallucinatory drugs, interfere with serotonin


C.  Adaptations for Nervous Regulation

 1. Protists – no specialized sense receptors; not completely understood how they respond; some specialized filaments (e.g. a system of interconnected fibers at base of cilia controls beating in Paramecium); some organelles sensitive to certain stimuli
2. Hydra – nerve net, an irregular network between the two layers of the body wall, connect receptor cells in body wall with muscle and gland cells; no organized center, impulses spread slowly throughout the nerve net so that all muscle fiber cells respond but with coordination

3. Earthworm – more complex, has a central nervous system (“brain”[pair of fused ganglia] connected to a pair of solid, ventral nerve cords which enlarge into ganglia in each segment) and a peripheral nervous system (nerves branching from cns and passing to all parts of the body, both sensory and motor neurons).  Specialized receptors in skin sensitive to light, vibrations, chemicals and heat.  Impulses travel in only one direction.

4. Grasshopper – similar to earthworm – brain in head region, pair of solid ventral nerve cords that run the length of the body and ganglia with nerves branching to every part of the body; sense organs more highly developed than earthworm including eyes, antennae, and taste organs, also sound sensitive.
