Unit IV-D – Regulation


Unit Outline

II. Human Nervous System - Chapter 15

     - divided into two subsystems


A.  The Central Nervous System

                     1. made up of the brain and the spinal cord

                     2. controls most of the activities of the body
                     3. impulses from sense receptors bring a constant flow of information about conditions outside and inside the body

                     4. interpreted by brain or spinal cord

                     5. impulses that cause appropriate responses are sent out to muscles and glands

                     6. brain and spinal cord are protected by

                         a. bone

                             i. cranium encloses brain

                            ii. vertebrae enclose spinal cord

                         b. three tough membranes called the meninges
                     c. fluid called cerebrospinal fluid fills the space between the inner and middle meningal membrane, the central canal of the spinal cord, and four spaces called ventricles within the brain, all of which are interconnected
                         d. concussion  occurs when brain bumps the cranium

                      7. Brain
                           a. one of the most active organ in the human body

                           b. receives 20% of the blood that is pumped from the heart

                           c. replaces most of its protein every three weeks

                           d. major user of glucose in the body, usually its only source of energy

                           e. Forebrain
                               1.  cerebrum
                                    a. largest part of the brain, about two-thirds of the entire organ

                                    b. larger size and greater development distinguished human brains from those of other vertebrates

                                    c. divided in half from front to back by a deep grove or fissure creating right and left cerebral hemispheres, each responsible for different functions, e.g. left is often the center for mathematical thinking, and right is often the center for artistic and musical ability
                                    d. nerve fibers, the corpus callosum, make a bridge-like connection between the hemispheres
                                   e.  outermost layer is the cerebral cortex, or gray matter, made up of the cell bodies of motor neurons and a huge number of interneurons connected by unmyelinated fibers, and that is folded or convoluted.

                                       i. three major functions

                                      a. sensory – receive and interpret impulses from the sense receptors (eyes, ears, taste buds, nose, and touch, pressure, heat and cold receptors

                                      b. motor – start impulses that are responsible for all voluntary movement and for the position of the movable parts of the body

                                      c. associative – responsible for memory, learning, and thought

                                 f. white matter is an inner area of the cerebrum, made up of myelinated nerve fibers, one of which is the corpus callosum

                                g. nerve fibers leave the cerebral hemispheres and pass through the brain and spinal cord and cross somewhere in the path, thus the left hemisphere controls the right side of the body and vice-versa

                             2. thalamus serves as a relay center between various parts of the brain and spinal cord

                                a. receives and changes all sensory impulses, except those involved in smell before they travel to the cerebral cortex

                                b. may be involved in feeling pain and maintaining consciousness

                             3. hypothalamus helps control

                                a.  body temperature, blood pressure, sleep, and emotions

                                b. plays a role in the functioning of the endocrine system

                           f. midbrain connects the forebrain with the hindbrain and is a center for some visual and reflex functions

                           h. hindbrain (brainstem)

                                1. pons serves as a relay system linking other areas of the brain

                                2. cerebellum

                                   i. divided into two hemispheres, gray matter and white matter as in cerebrum

                                  ii. controls all voluntary movements and some involuntary

                                 iii. muscle impulses provide information about position, rate of contraction cerebellum relays information to cerebral cortex to adjust and coordinate movement

                                 iv. maintains balance and equilibrium

                                 v. maintains muscle tone         
                                3. medulla oblongata is the lowest part of the brain, 

                                    i. white matter is outside and gray matter inside

                                   ii. connect spinal cord to other parts of the brain

                                  iii. control many involuntary activities such as breathing, heartbeat, blood flow, coughing
                        8. Memory
                             a. believed to be a function of the cerebral cortex

                             b. divided into three types

                                  1. momentary – lasts for a few minutes at most

                                  2. short-term – can be recalled for as long as several hours

                                  3. long-term – lasts for weeks or years

                             c. process by which occurs, and by which short-term is converted to long-term are unknown

                                   1. short-term may result from patterns of impulses circulating repeatedly through particular pathways

                                   2. long-term may be the result of permanent changes in particular synapses or within certain neurons

                        9. Spinal Cord
                            a. about 45 centimeters long from base of brain through vertebrate of spinal column

                            b. an inner H-shaped region of gray matter, containing many interneurons and cell bodies of motor neurons, surrounded by an outer layer of white matter containing myelinated fibers 
                            c. connects nerves of peripheral nervous system with the brain

                            d. contrals certain reflexes which are automatic responses                          
                   B.  The Peripheral Nervous System – the vast network of nerves that conducts impulses between the central nervous system and the receptors and effectors of the body.

                         1. spinal nerves – bundles of neurons that are connected to the spinal cord

                              a. 31 pairs, each serving a particular part of the body, composed of both sensory and motor neurons

                              b. sensory fiber cell bodies are in ganglia outside spinal cord, enters the dorsal root (toward the back) of the spinal cord

                              c. motor fibers leave through the ventral root (toward the front)

                          2. cranial nerves – serve the sense organs and other structures mostly of the hear

                              a. 12 pairs

                              b. those serving eyes, ears, and nose are made up mostly of sensory fibers

                              c. others contain more equal numbrs of sensory and motor fibers                               

                         3. somatic nervous system 

                             a. contains sensory and motor neurons that connect the cns to skeletal muscles, the skin, and the sense organs 

                             b. responsible for body movements over which the individual has some conscious awareness or voluntary control

                         4. autonomic nervous system

                              a. made up of certain motor fibers from the brain and spinal cord that serve the internal organs of the body where there is usually no voluntary control over activity; each axon synapses with a second motor neuron that have cell bodies in ganglia just outside the brain and spinal cord, (the ganglia are interconnected by nerves and form two chains alongside the spinal column), which carries impulses to the muscle or gland
                              b. other ganglia are found in large clusters elsewhere in the body called plexuses which act as relay centers     

                              c. two divisions

                                  1. parasymphathetic nervous system
                                      i.  promotes normal, relaxed body functioning
                                     ii. nerves release the neurotransmitter norepinephrine
                                  2. sympathetic nervous system
                                     i.  helps the body deal with emergency situations, often by accelerating body activities

                                   ii. nerves release the neurotransmitter acetylcholine       
                              d. organs generally contain nerve endings from both the sympathetic and parasympathetic divisions producing antagonistic or opposite effects

                                 e.g. accelerator nerve (sympathetic system) speeds the heart beat; vagus nerve (parasympathetic system) slows it
                              e. sympathetic usually dominates during stress, however parasympathetic impulses may override; e.g. emotional stress may be accompanied by a feeling of hunger (controlled by parasympathetic system stimulating gastric contractions) but chronic stress may lead to parasympathetic stimulation of hydrochloric acid glands in the stomach producing a peptic ulcer

                             5. Reflexes
                                 a. involuntary automatic response to a given stimulus

                                 b. simple pathway between a receptor, the spinal cord or brain, and an effector, the reflex arc; simplest use only two neurons, one sensory and one motor
                                 c. below the neck, they do not involve the brain, so that they occur more rapidly

                              6. Voluntary behavior
                                   a. under control of cerebral cortex

                                   b. combination of memory of past experiences, associations, reasoning, and judgments
                      C.  Sense Receptors
                             1. Eye

                                  a. most important sense in humans

                                  b. 80% of information about outside world

                                  c. structure:

                                      1. sclera – tough outer layer “white” of eye, helps gives shape and protects

                                      2. cornea – transparent extension of outer layer through which light enters

                                      3. choroid coat – dark brown middle layer which contains many blood vessels stops reflection of light within the eye

                                      4. iris – extension of the choroids coat at the front of the eye has muscles that can make the size of the opening larger or smaller, in dim light making it larger, controlled by the autonomic nervous system

                                       5. pupil – opening at the center of the iris

                                       6. lens – focuses the light on the innermost layer

                                       7. cavity between cornea and lens contains a fluid, aqueous humor, which is transparent and watery

                                       8. cavity behind lens filled with a colorless, jellylike liquid called the vitreous humor which gives the eye a firm shape     
                                       9. retina – innermost layer of eye contains light receptors, several different layers of light sensitive cells containing pigment called retinal which is made from Vitamin A; binds differently in different cells producing different abilities
                                          a. rods – sensitive to weak light but not to color, allow a person to see in dim light; 125 million in each eye

                                          b. cones – sensitive to color, but must have bright light; three types, one sensitive to red light, one to green, one to blue; 6.5 million in each eye

                                      10. optic nerve – attached to the retina at a point called the blind spot because of the absence of rods and cones; picks up a signal generated by splitting the chemical bond between retinal and the specific protein in the rod or particular cone

                                   d. disorders

                                        1. nearsighted people can see objects near to them more clearly than those far away because of a long-shaped eye light focuses before the retina
                                       2. farsignted people can see objects far away from them more clearly than those close to them because of an eyeball that is too short the light is focuses behind the retina

                                        3. nightblindness results from too little Vitamin A, leading to trouble seeing in dim light

                                       4.  colorblindness is a sex-linked hereditary disorder in which the proteins of one or more of the three types of cones do not work properly 
                                2. Ear

                                     a. two sensory functions

                                        1. hearing

                                        2. helping to maintain balance (equilibrium)

                                     b. structure

                                         1.  outer ear – part that can be seen

                                             a. pinna, a flap of skin, supported by cartilage, that functions as a collecting funnel for sound waves (up to 20,000 cycles per second in young humans, which declines progressively with age)
                                             b. auditory canal which contains special glands that secrete a waxy material that prevent foreign objects from entering the ear

                                             c. tympanic membrane (eardrum) delicate membrane stretched across the inner end of the auditory canal which vibrates when struck by the soundwaves collected by the pinna

                                        2. middle ear – an air-filled chamber than begins at the eardrum

                                             a. three tiny bones, the hammer (maleus), the anvil (incus), and the stirrup (stapes), stretch across the space linking the ear drum to another membrane, connected to each other in that order, vibrate in turn
                                             b. oval window is a membrane that covers the opening of the inner ear               

                                             c. Eustachian tube runs from the middle ear to the throat, makes pressure in the middle ear equal to the pressure of the atmosphere outside the body

                                        3. inner ear 

                                           a. cochlea is the organ of hearing, made of coiled, liquid-filled tubes that are separated from one another by membranes, contain specialized hair cells in the basilar membrane (organ of Corti) that are sensitive to the vibrations that are set up in the liquid by the vibration of the oval window; the vibrations of the hair cells start impulses in nerve cells surrounding the cells, the number of cells stimulated (number of impulses sent to brain) determines the loudness of the sound while pitch  is determined by which part of the basilar membrane is stimulated
                                            b. semicircular canals are three interconnected, loop-shaped tubes at right angles to one another that contain fluid and hair-like projections that detect changes in body position, the fluid changing position and thereby moving the hairs which stimulate nerve endings, starting an impulse which travel to the cerebellum which interprets the direction of movement and sends impulses to the cerebrum; as long as the liquid continues to move, the sensation of movement continues

                                           c. clusters of hairs cells between the semicircular canals and the cochlea respond to changes in head position with respect to gravity and forward movement  because they project into a gelatinous material containing many small calcium carbonate particles called otoliths (ear stones)
                                         3. Skin Receptors – different types of receptors are not evenly distributed all over the human body

                                                a. touch -  ability to judge the size of an object by the way its feels is partly determined by the number of touch receptors stimulated
                                                b. pressure - lie deep in skin; stimulated only when firm pressure is applied

                                                c. heat and cold – respond to the direction of heat flow; heat when warmth flows in, cold when warmth flows out

                                                d. pain warn against injury responding to all types of massive stimulation no matter what is causing it

                                          4. Taste

                                               a. surface of tongue covered with projections (papillae) which contain taste receptors (taste buds) containing sense cells and opening to surface through a pore through which microvilli project from the sense cells; nerve fibers branch among cells of the taste bud

                                               b. only substances in solution stimulate the taste buds which are only sensitive to sour, bitter, sweet, and salty, each particularly sensitive to one and responding only slightly to the others; sour is along sides, bitter at the back, sweet and salty on the tip of the tongue; most flavor of food comes from its smell

                                            5. Smell

                                                 a. olfactory cells are found in the mucous membrane lining the upper nasal cavity

                                                 b. odor is detected when molecules of a gaseous substance enter the nose, dissolve in the mucus and stimulate the specialized nerve cells

                                                 c. more than 50 different basic odors detectable in very small amounts, each cell appears to be more sensitive to one basic odor than to all others

                                                 d. continuous exposure to a specific odor quickly leads to an inability to detect that odor (adaptation), partly through a central nervous system response

