The Nervous System and Homeostasis

In vertebrates, the Central Nervous System (CNS) is made up of the brain and spinal cord.  The CNS is the coordinating center for the body and works together with the Endocrine system to maintain homeostatis.  The Peripheral Nervous System (PNS) carries messages from the rest of the body to and from the CNS.  The PNS is made up of two types of nerves.  

1. Somatic nerves control muscle, bones and skin.  They are made up of sensory nerves which carry info to the CNS and motor nerves which carry the proper response back to the muscles from the CNS.  This is voluntary coordination.

2. Autonomic nerves control organs of the body.  They are made up of sympathetic and parasympathetic nerves which function like on/off switches.  They are involuntary nerves.

There are two types of nerve cells.  1.  Glial cell which provides structural support and is important for metabolism, and 2.  Neurons which are the functional units of the nervous system.  They are the cells that conduct nerve impulses.  There are three different types of neurons.  The sensory neurons relay information from the environment to the CNS.  The interneurons are found within the brain and spinal cord.  They interpret sensory information and connect to outgoing motor neurons which carry the proper response to the effectors (muscles).

Parts of a neuron

Dendrites receive information and conduct nerve impulses towards the cell body.  The cell body contains a nucleus.  An axon extends from the cell body and carries impulses to other neurons or effectors.  A myelin sheath is a fatty protein covering the axon and it serves as insulation preventing the loss of charged ions across the cell membrane.  Sections between the myelin sheath are called the nodes of Ranvier.  The neurilemma is a membrane found on nerves of the PNS.  It promotes the regeneration of damaged nerves.  Nerves within the brain that contain a myelin sheath and a neurilemma are called white matter and they have the ability to regenerate.  Nerves without are called gray matter and damage here is permanent.  Reflex arc pg 244

A Reflex Arc involves the transmission of a nerve impulse without coordination from the brain.

Questions pg 244  #1, 3, 6.  Lab pg.  245

Electrochemical Impulses

A resting cell membrane maintains a steady charge across the membrane.  It is balanced and there is no stimulation.  An action potential is a nerve impulse involved in the reversal of charge across a nerve cell membrane.  Stimulation of nerve cells, or action potentials, are caused by unequal concentrations of positive ions across the nerve cell membrane.   A resting membrane is said to be polarized; there is an excess of positive ions outside the cell membrane and an excess of negative ions inside the cell membrane.  As a result there is potential to do work.  Depolarization of the cell membrane is caused by the diffusion of positive ions into the cell.  As a result, the overall charge outside the cell becomes negative.  As the membrane continues to carry the impulse along the membrane as a wave of depolarization, the positive ions within the cell will begin to return to the outside of the cell.  See handout on Nerve Impulses.

A refractory period is the amount of time required for a nerve to recover before it may send another impulse.

Threshold levels are the minimum level of stimulus required to initiate a response.  The All or None response states that a nerve responds fully or not at all.

Neurotransmitters are chemicals that cause the sodium channels to open allowing depolarization.  When the sodium channels open, sodium rushes in reversing the polarity of the nerve.  This allows the nerve impulse to travel along the nerve membrane.  

Acetylcholine is a common neurotransmitter that opens sodium channels.  The sodium channels cannot remain open or the nerve would not be able to repolarize and send another message.  Cholinesterase is an enzyme that follows acetylcholine and destroys it allowing the sodium channels to close.  This allows repolarization.  

Hyperpolarization of a cell membrane occurs when an excess of potassium ions diffuse out of the cell leaving a very strong negative charge inside the cell.  In order for depolarization to occur, a large number of sodium ions must rush in to reverse the polarity of the cell membrane.  Summation is the accumulation of transmitter chemicals from two neurons.  Alone these neurons cannot stimulate another neuron.

Questions pg. 254 #7, 8, 10, 12.

Homeostasis and the Autonomic Nervous System

The PNS is made up of somatic nerves and autonomic nerves.  Somatic nerves lead to muscles and are regulated by conscious control.  The autonomic nerves lead to organs and muscles and are involuntary.  They are not under your control.  For example; levels of CO2 and O2 are detected in the blood by chemoreceptors.  Nerves respond which help control breathing rate.  This helps maintain equilibrium within the body.

The autonomic nervous system is further divided into the sympathetic and parasympathetic nerves.  The sympathetic nerves help prepare the body for stress.  These nerves help divert blood from the stomach and intestines to the muscles and brain.  They also increase heart rate and breathing rate.  These three things allow an increase of oxygen to be delivered to priority tissue in times of stress.  The parasympathetic nerves help the body recover after stress by returning blood flow to normal and lowering heart rate and breathing rate.  Anatomically, the sympathetic nerves can be found exiting the vertebrae along the backbone.  The parasympathetic nerves exit from either the brain, or the cervical or caudal areas.  Nerves exiting from the brain are called cranial nerves.  For example, the vagus nerve is a cranial nerve that branches into other nerves which help control the heart, lungs, liver, pancreas, and the digestive tract.  See pg. 257

The CNS is made up of the brain and spinal cord.  The brain is surrounded by three protective layers called meninges.  The outer membrane is called the dura matter and may be infected by virus or bacteria causing meningitis.  The middle layer is called the arachnoid and the inner layer is called the pia matter.  Cerebrospinal fluid circulates between the pia matter and the arachnoid.  It functions as a shock absorber and transports nutrients to the brain cells and waste away from the brain.  In order to check for meningitis, a spinal tap is used to extract cerebrospinal fluid and it is studied for evidence of infection.  

The spinal cord relays sensory information to the brain and relays motor messages back to the muscles and glands.  The spinal cord leaves the skull via the foramen magnum and is protected by the vertebral column.  

The brain is composed of three distinct regions.  The forebrain, midbrain, and hindbrain.  The forebrain is made up the cerebrum; a coordinating center for sensory info and relaying of motor messages.  The cerebrum is also important in these areas:  speech, reasoning, memory and personality.  The surface of the cerebrum is called the cerebral cortex.  There are also paired olfactory lobes which are important for smell.  The corpus callosum divides the right and left sides of the brain.  The right side of the brain is associated with visual patterns and the left side is linked to verbal skills.  The left and right hemispheres of the cerebrum can also be broken into further lobes.  The frontal, temporal, parietal, and occipital lobes of the cerebrum all have specific functions.  See pg.  260.   The thalamus coordinates and interprets sensory information.  The hypothalamus serves as a link between the nervous system and the endocrine system.  

The midbrain is less developed and acts as a relay center for some ear and eye reflexes.  

The hindbrain is posterior to the midbrain and joins with the spinal cord.  Parts of the hindbrain include the cerebellum which controls limb movements, balance and muscle tone.  The pons is a relay station passing information between the two regions of the cerebellum and between the cerebellum and the medulla.  The medulla oblongata acts as a connection between the PNS and the CNS.  It controls involuntary muscle action, breathing and heart rate.  

Discuss table 11.3 and figure 11.22 pg. 262

Stroke patients may provide some insight into the brain.  Factors may reduce blood flow to the brain causing tissue to die.  Strokes occurring on the left side of the motor cortex result in paralysis on the right side of the body.  Recovery from stroke seems to suggest that other nerves may take over the functions of the damaged nerve cells.  Patients recovering from partial paralysis support this theory.

Natural and Artifical Painkillers

Endorphins and Enkephalins  are natural painkillers produced by the brain.  It is thought that pain is interpreted by cells of the substantia gelatinosa and when these cells are stimulated, they produce a transmitter chemical which informs the injured part of the damage.  Endorphins and enkaphalins occupy the receptor sites on the cells of the substantia gelantinosa and the pain transmitter is not sent.  Opiates such as heroin, codeine, and morphine work in much the same way.  They prevent the transmission of the pain transmitter while also causing a feeling of tranquility

