Nervous System:

I.  Organization:


A.  CNS – Central Nervous System



a.  Consists of the brain and spinal cord.



b.  Functions to integrate and command nervous system.



c.  Interprets incoming sensory input and regulates outgoing responses.


B.  PNS – Peripheral Nervous System



a.  Two functional subdivision:




i.  Sensory (afferent)





1.  Afferent Division conveys impulses to the CNS.





2.  Controls impulses coming INTO the brain from sensory receptors all 




over the body.




ii.  Motor (efferent)






1.  Efferent Division transmits impulses from the CNS TO organs, 




muscles and glands.





2.  “Effect” a motor response.





3.  Two Subdivisions:






a.  Somatic-allows voluntary, or conscious control.






b.  Autonomic-







i.  Controls involuntary functions of muscles, glands, 






and organs.







ii.  Sympathetic-“fight or flight system”







iii.  Parasympathetic-“resting and digesting system”




****mnemonic device, “SAME”

II.  Histology of Nervous Tissue:


A.  Support cells-Non-excitable cells surrounding neurons.



a.  These cells never lose their ability to divide, unlike most neurons.



b.  Called neuroglia.  (glia for short)



c.  6 types of glia, 4 in the CNS and 2 in the PNS




i.  Astrycytes (CNS) –





1.  Nearly ½ of cells in CNS.





2.  Anchor neurons to capillaries which provide nutrients.





3.  Important for chemical control – ex.  Pick up excess ions, recapture 




released neurotransmitters.




ii.  Microglia (CNS)-





1.  Long projections from these cells phagocytize bacteria and dead 




brain cells.





2.  May be able to change into other types of support cells.




iii.  Ependymal (CNS)-





1.  Covered with cilia that beat and move spinal fluid around spinal cord 




and brain.





2.  These cells line the spinal and cranial cavities.




iv.  Oligodendrocytes (CNS)-





1.  Wrap tightly around nerve fibers to form a flat insulation called a 




myelin sheath.




v.  Schwann Cells (PNS)-





1.  Form myelin sheaths around fibers in the PNS.





2.  Act as phagocytes to remove cellular debris.





3.  Help peripheral nerves to have some regeneration.




vi.  Satellite Cells (PNS)-




1.  Found with Schwann cells





2.  Help to protect and cushion.





3.  May have some control over the neuron’s chemical environment.

See Nervous Picture #1


B.  Neurons (Nerve Cells)-



a.  Highly specialized cells that transmit messages as impulses from one part of the body 

to another.



b.  Three important characteristics:




i.  longevity - with good nutrition




ii.  amiotic – lose the ability to reproduce




iii.  high metabolic rates – needs abundant glucose and O2.



c.  All neurons have a cell body and one or more slender extending processes from the 


cell body.




i.  Cell body-





1.   controls metabolic processes. 





2.  Has no centriole so can’t reproduce.




ii.  Processes (fibers)-vary in length from microscopic to 4 feet in length and 



convey messages.





1.  Dendrites-






a.  Carry messages toward cell body.






b.  Neurons have hundreds of dendrites that function as 





receptor sites.





2.  Axons-






a.  Carry messages away from cell body.






b.  Neurons have only one axon that functions as an impulse 





generator.






c.  All axons branch at their very tip into axonal terminals where 





neurotransmitter chemicals are stored.





3.  Neurotransmitters-  Chemicals released into the synaptic cleft.

See Nervous Picture #2

C.  Axonal Transport-



a.  The Schwann cells wrap tightly around the peripheral nerve so most of the cytoplasm 

is at the outside layer. 



b.  This outside part is called the neurilemma and allows for some nerve regeneration in 


the PNS.



c.  The tight membrane wrapped up against the axon itself is the myelin sheath which 


increases the rate of conduction.



d.  There are gaps along the axon at regular intervals between Schwann cells, called 


nodes of Ranvier.


***Important to know the difference between Schwann cells and oligodendrocytes.
See Nervous Picture #3


D.  Location of Cell Bodies:



a.  CNS cell bodies are located in clusters called nuclei.



b.  Nuclei are positioned within the bony skull or the vertebral column.



c.  Cell bodies from sensory neurons of the PNS are located in clusters  called ganglia.


E.  Myelinated vs. unmyelinated fibers-



a.  White matter of the CNS is myelinated tissue.



b.  Grey matter of the CNS is unmyelinated tissue.

III.  Classification of Neurons-


A.  Functional Classification - Grouped according to the DIRECTION the nerve impulse is traveling 
relative to the CNS.



a.  Sensory (afferent)-




1.  Keep CNS informed about what is happening to the body.




2.  Dendrites are associated with specialized receptors, such as pain, pressure, 



heat, cold, and special sense organs.




3.  Receptors send information to the brain for adjustments.



b.  Motor (efferent)-




1.  Carry impulses from CNS to muscle, glands, etc…



c.  Interneurons-




1.  Found between sensory and motor neurons




2.  Connect their pathway.




3.  Cell bodies located in the CNS.

See Nervous Picture #4


B.  Structural Classification of Neurons - Grouped according to the number of processes coming 
from the cell body of the neuron.


a.  Multipolar-




1.  Several dendrites going from the cell body.




2.  This is the most common type of neuron (motor, association, etc.)



b.  Bipolar-




1.  One axon and one dendrite.




2.  Rare in adults except in eyes and nose.



c.  Unipolar-




1.  One single process emerges from the cell body.
See Nervous Picture #5

IV. Cell Membrane Potential-


A.  A cell membrane is usually polarized, with an excess of negative charges on the inside of the 

membrane; polarization is important to the conduction of nerve impulses.

B. Distribution of Ions-See Nervous Picture 6

a. The distribution of ions is determined by the membrane channel proteins that are 
selective for certain ions.

b. Potassium ions pass through the membrane more readily than do sodium ions, 
making potassium ions a major contributor to membrane polarization.

C. Resting Potential-See Nervous Picture 7 & 8

a. Due to active transport, the cell maintains a greater concentration of sodium ions 
outside and a greater concentration of potassium ions inside the membrane.

b. The inside of the membrane has excess negative charges, while the outside has more 
positive charges.

c. This separation of charge, or potential difference, is called the resting potential.

D. Potential Changes 


a. Stimulation of a membrane can locally affect its resting potential.

b. When the membrane potential becomes less negative, the membrane is depolarized.

c. If sufficiently strong depolarization occurs, a threshold potential is achieved as ion 
channels open.

d. At threshold, action potential is reached.

e. Action potential may be reached when a series of subthreshold stimuli summate and 
reach threshold   ****Similar to wave summation and incomplete tetanus in a muscle

E. Action Potential 

a. At threshold potential, membrane permeability to sodium suddenly changes in the 
region of stimulation.

b. As sodium channels open, sodium ions rush in, and the membrane potential changes 
and becomes depolarized.

c. At the same time, potassium channels open to allow potassium ions to leave the cell, 
the membrane becomes repolarized, and resting potential is reestablished.

d. This rapid sequence of events is the action potential.

e. The active transport mechanism then works to maintain the original concentrations of 
sodium and potassium ions.
See Nervous Picture 9

V.  Nerve Impulse-

A. A nerve impulse is conducted as action potential is reached at the trigger zone and spreads by 
a local current flowing down the fiber, and adjacent areas of the membrane reach action 
potential.
See Nervous Picture 10

B. Impulse Conduction 


a. Unmyelinated fibers conduct impulses over their entire membrane surface.

b. Myelinated fibers conduct impulses from node of Ranvier to node of Ranvier, a 
phenomenon called saltatory conduction.

c. Saltatory conduction is many times faster than conduction on unmyelinated neurons.

C. All-or-None Response 


a. If a nerve fiber responds at all to a stimulus, it responds completely by conducting an 
impulse (all-or-none response).

b. Greater intensity of stimulation triggers more impulses per second, not stronger 
impulses.
VI.  The Synapse- See Nervous Picture 11

A. Nerve impulses travel from neuron to neuron along complex nerve pathways.

B. Synapse-



a.  The junction between two communicating neurons


b.  There exists a synaptic cleft between them across which the impulse must be 


conveyed. 

C. Synaptic Transmission 

a.  The process by which the impulse in the presynaptic neuron is transmitted 


across the synaptic cleft to the postsynaptic neuron.

b. When an impulse reaches the synaptic knobs of an axon, synaptic vesicles release 
neurotransmitter into the synaptic cleft.

c. The neurotransmitter reacts with specific receptors on the postsynaptic membrane.

See Nervous Picture 12



D. Excitatory and Inhibitory Actions 


a. Neurotransmitters that increase postsynaptic membrane permeability to sodium ions 
may trigger impulses and are thus excitatory.

b. Other neurotransmitters may decrease membrane permeability to sodium ions, 
reducing the chance that it will reach threshold, and are thus inhibitory.

c. The effect on the postsynaptic neuron depends on which presynaptic knobs are 
activated.

E. Neurotransmitters 


a. At least 50 kinds of neurotransmitters are produced by the nervous system

most of
 
b.  Synthesized in the cytoplasm of the synaptic knobs and stored in synaptic 
vesicles.

c. When an action potential reaches the synaptic knob, calcium ions rush inward and, in 
response, some synaptic vesicles fuse with the membrane and release their contents to 
the synaptic cleft.

d. Enzymes in synaptic clefts and on postsynaptic membranes rapidly decompose the 
neurotransmitters after their release.

e. Destruction or removal of neurotransmitter prevents continuous stimulation of the 
postsynaptic neuron.
VII.  Nerve Pathways 


A. The routes nerve impulses travel are called pathways, the simplest of which is a reflex arc.


a.  Reflex Arcs 



1.  A reflex arc includes a sensory receptor, a sensory neuron, an interneuron in 


the spinal cord, a motor neuron, and an effector.


b.  Reflex Behavior;  See Nervous Picture 13 and 14


1.  Reflexes are automatic, subconscious responses to stimuli that help maintain 

homeostasis (heart rate, blood pressure, etc.) and carry out automatic 



responses (vomiting, sneezing, swallowing, etc.).


2.  The knee-jerk reflex (patellar tendon reflex) is an example of a monosynaptic 


reflex (no interneuron).


3.  The withdrawal reflex involves sensory neurons, interneurons, and motor 


neurons.


i.   At the same time, the antagonistic extensor muscles are inhibited.
VIII.  Meninges 

A. The brain and spinal cord are surrounded by membranes called meninges that lie between 
the bone and the soft tissues.

B. Dura Mater-



a.  The outermost meninx is made up of tough, white dense connective tissue.



b.  Contains many blood vessels.

c.  It forms the inner periosteum of the skull bones.

d.  In some areas, the dura mater forms partitions between lobes of the brain, and in 
others, it forms dural sinuses.

e.  The sheath around the spinal cord is separated from the vertebrae by an epidural 
space.

C. Arachnoid Mater-



a.  The middle meninx


b.  Thin and lacks blood vessels.

c.  Between the arachnoid and pia maters is a subarachnoid space containing 
cerebrospinal fluid.

D.  Pia Mater-The innermost menix is thin and contains many blood vessels and nerves.

a.  It is attached to the surface of the brain and spinal cord and follows their contours.
See Nervous Picture 15 & 16

IX.  Brain-

A.  The largest, most complex portion of the nervous system, containing 100 billion multipolar 
neurons.

B. Divisions-



a.  Cerebrum- Largest portion associate with higher mental functions into the cerebrum 


b.  Diencephalon- Processes sensory input



c.  Cerebellum- Coordinates muscular activity



d.  Brain Stem- Coordinates and regulates visceral activity

See Nervous Picture 17


C. Structure of the Cerebrum 

a.  The cerebrum is the largest portion of the mature brain, consisting of two cerebral 
hemispheres.

b.Corpus callosum- 



1.   A deep ridge of nerve fibers connecting the hemispheres.


2.  Allows for communication between hemispheres of cerebrum.



3.  Surgery to sever these nerves can stop epilepsy in some instances.  Causes 


disorientation and inability to perceive color vs. objects.

c.  The surface of the brain is marked by convolutions, sulci, and fissures.

d.  The lobes of the brain are named according to the bones they underlie and include 
the frontal lobe, parietal lobe, temporal lobe, occipital lobe, and insula.


1.  Frontal Lobe-




i.  Primary motor area for movement.




ii.  Damage to this area causes paralysis on opposite side.



2.  Precentral Gyrus-




i.  Controls learned motor skills or repetition and patterns.




ii.  Coordinates simultaneous muscle movements.



3.  Broca’s Area-




i.  Directs proper sequence of muscles in lips, jaw, tongue, throat and 



mouth so speech is possible.



4.  Parietal Lobe-




i.  Recognizes pain, coldness, touch.




ii.  Integrates concepts of size, texture, etc. with memory of things.




iii.  Taste is perceived in Gustatory cortex.




iv.  Damage causes a loss in ability to determine where a stimulus is 



acting on the body.



5.  Temporal Lobe-




i.  Olfactory senses.




ii.  Perceives pitch, rhythm, and loudness.




iii.  Auditory association area permits perception of sound as speech, 



music, noise, etc.




iv.  Wernicke’s area- Responsible for speech comprehension.



6.  Occipital Lobe-




i.  Visual cortex- Retina sends information here.




ii.  Visual association area surrounds the cortex here to allow us to 



recognize what it is we see.


e.  Cerebral Cortex- A thin layer of gray matter lies on the outside of the cerebrum and 
contains 75% of the cell bodies in the nervous system.

f.  Beneath the cortex lies a mass of white matter made up of myelinated nerve fibers 
connecting the cell bodies of the cortex with the rest of the nervous system.
See Nervous Picture 18

D. Hemisphere Dominance See Nervous Picture 19


a.  Both hemispheres receive and analyze sensory input and send motor impulses to the 


opposite side of the body.


b.  Most people exhibit hemisphere dominance for the language-related activities of 


speech, writing, and reading.


c. The left hemisphere is dominant in 90% of the population, although some individuals 


have the right hemisphere as dominant, and others show equal dominance in both 


hemispheres.


d. The non-dominant hemisphere specializes in nonverbal functions and controls 


emotions and intuitive thinking.



E. Ventricles and Cerebrospinal Fluid-

a.  The ventricles are a series of connected cavities within the cerebral hemispheres and 
brain stem.

b.  The ventricles are continuous with the central canal of the spinal cord, and are filled 
with cerebrospinal fluid.

c.  Choroid plexuses, specialized capillaries from the pia mater, secrete cerebrospinal 
fluid.

d.  Cerebrospinal Fluid-



1.  Most cerebrospinal fluid arises in the lateral ventricles.


2.  Cerebrospinal fluid has nutritive as well as protective (cushioning) functions.
See Nervous Picture20
X.  Diencephalon

a.  The diencephalon lies above the brain stem and contains the thalamus and 
hypothalamus.

b.  Functions


1.  Sorts and directs sensory information



2.  Acts as messenger and editor of info.

c.  Hypothalamus- 


1.  Functions-




i.Maintains homeostasis-





1.  Regulates a wide variety of visceral activities




2.  Links the endocrine system with the nervous system


ii.  Regulates



1.  Heart rate and arterial blood pressure



2.  Body temperature



3.  Water and electrolyte balance



4.  Hunger and body weight



5.  Movements and secretions of the digestive tract



6.  Growth and reproduction



7.  Sleep and wakefulness

d. Limbic System- in the area of the diencephalon


1.  Controls emotional experience and expression.


i.  Generating pleasant or unpleasant feelings about experiences, the 


limbic system guides behavior that may enhance the chance of survival.

2.  Controls some long term memory
See Nervous Picture 21

G. Brain Stem 

1. The brain stem, consisting of the midbrain, pons, and medulla oblongata, lies at the base of the cerebrum, and connects the brain to the spinal cord.
See Nervous Picture 22

2. Midbrain 

1.  Located between the diencephalon and pons

2.  Contains bundles of myelinated nerve fibers

3.  Convey impulses to and from higher parts of the brain, and masses of gray 
matter that serve as reflex centers

4.  Function



a.  Controls auditory and visual reflexes
3. Pons 

1.  Located between the midbrain and medulla oblongata

2.  Transmits impulses between the brain and spinal cord

3.  Contains centers that regulate the rate and depth of breathing.
4. Medulla Oblongata

1.  Functions:



a.  Transmits all ascending and descending impulses between the brain 


and spinal cord.


b. Houses nuclei that control visceral functions



i.  Cardiac center that controls heart rate



ii.  Vasomotor center for blood pressure control



iii.  Respiratory center that works, along with the pons, to 



control the rate and depth of breathing.



iv.  Other nuclei in the medulla oblongata are associated with 



coughing, sneezing, swallowing, and vomiting.


2.  Reticular Formation


a.  Islands of gray matter located throughout the brain stem, 



hypothalamus, cerebrum, cerebellum, and basal ganglia, is a complex 


network of nerve fibers connecting tiny islands of gray matter


b.  Decreased activity= sleep


c.  Increased activity=wakefulness


d. Filters incoming sensory impulses.
See Nervous Picture 23


H. Cerebellum-

a. Composed of two hemispheres connected by a vermis.

b. Cerebellar cortex-



1.  A thin layer of gray matter surrounding a core of white matter.

c. Cerebellar peduncles-



1.  Route through which the cerebellum communicates with other parts of the 


CNS.


2.  Bundle of nerve fibers.

d. Functions-



1.  Proprioception



2.  Coordinates skeletal muscle activity to maintain posture.
See Nervous Picture 24
XI.  Peripheral Nervous System (PNS)-

A. Consists of the cranial and spinal nerves arising from the CNS to the rest of the body.

B. Somatic and autonomic nervous system.


1.  Autonomic Nervous System-



a.  Maintains homeostasis of visceral activities. (involuntarily)


b. Two divisions-




i.  Sympathetic-“Flight or Fight” during stress or emergency




ii.  Parasympathetic-“Rest and Digest” during normal conditions



c.  Exert opposing effects on target organs.  
See Nervous Picture 25

C. Autonomic Nerve Fibers-

1. Motor Pathways-



a.  Preganglionic fibers-leave the CNS



b.  Postganglionic fibers-Innervate the effector

See Nervous Picture 26



2. Sympathetic Division- 



a.  Fibers arise from the thoracic and lumbar regions of the spinal cord, and 


b.  Synapse in paravertebral ganglia close to the vertebral column.


c.  Postganglionic axons lead to an effector organ.
See Nervous Picture 27


3. Parasympathetic Division-


a.  Fibers arise from the brainstem and sacral region of the spinal cord


b.  Synapse in ganglia close to the effector organ.
See Nervous Picture 28


4. Autonomic Neurotransmitters- 



a.  Preganglionic fibers of both sympathetic and parasympathetic divisions 


release acetylcholine.


b. Parasympathetic postganglionic fibers are cholinergic fibers and release 


acetylcholine.


c. Sympathetic postganglionic fibers are adrenergic and release norepinephrine.


d. Effects of these neurotransmitters are generally antagonistic. 
See Nervous Picture 29


5. Control of Autonomic Activity-


a.  Controlled by reflex centers in the brain and spinal cord.


b.  The limbic system and cerebral cortex alter the reactions of the autonomic 


nervous system through emotional influence.
XII.  Disorders-


A.  Conduction impairments-



1.  Alcohol, sedatives, and anesthetics block nerve impulses by reducing membrane 


permeability to sodium ions, thus no action potential.



2.  Multiple sclerosis-



a.  Demyelination of nerve fibers.




b.  Sheaths are replaced with scar tissue that impairs nerve impulses.




c.  Results in impaired speech, vision, tremors, paralysis, memory loss, 




confusion, mood swings, loss of muscle control.




d.  Thought to be an autoimmune disorder.



3.  Parkinson’s Disease- Degeneration of dopamine-releasing neurons.


B.  Other types of disorders-



1.  Strokes (CVA-cerebrovascular accident)-




a.  The 3rd leading cause of death in the US.




b.  Most common nervous system disorder.




c.  Circulation in the brain is blocked and neurons die.



2.  Alzheimer’s-




a.  Progressive disease resulting in dementia.




b.  Much still not understood about this disease




c.  Few treatment options.



3.  Meningitis-




a.  Inflammation of meninges by a virus or bacteria.




b.  CSF sample taken for diagnosis.




c.  If it spreads to the brain it becomes encephalitis.




d.  Kill very quickly.



4.  Paralysis-




a.  Spinal cord damage resulting in loss of movement




b.  Paraplegia-loss of lower limb movement (T1 and below)




c.  Quadriplegia-loss of all limb movements (C1-T1)



5.  Concussion-




a.  Slight injury to the brain




b.  No permanent damage to tissue




c.  Causes brief unconsciousness, dizziness



6.  Contusion-




a.  Tissue destruction




b.  Broad and varying symptoms that can cause a coma if brain stem is involved.



7.  Cerebral edema-




a.  Swelling of the brain often due to hemorrhaging




b.  Resulting from head injuries




c.  Fluids compress brain tissue and can cause death
