             CHAPTER 12-THE CENTRAL NERVOUS SYSTEM

  I. Recall that the Central Nervous System consists of the brain and the spinal cord. The purpose of this 

     chapter is to examine the anatomy and physiology of each of these structures.

 II. THE BRAIN-serves as the major center for registering sensations, making decisions and storing 

     memory.

III. CONNECTIVE TISSUE COVERINGS AROUND THE BRAIN

A. The Skull-composed of bone, surrounds and protects the brain.


B. The Cranial Meninges-are continuous with the spinal meninges.



1. The Dura Mater-outer layer, forms a protective bag around the brain.




a. Composed of dense irregular connective tissue.




b. Epidural space-space between the skull and the dura mater. This layer contains




    adipose tissue; therefore, it serves as a pad around the brain.



2. The Arachnoid Layer-the middle layer of the meninges. 




a. This layer contains a large supply of collagen and elastic fibers. Under the




    the microscope, this tissue of this layer looks like a spider’s web; thus the 




     name arachnoid layer.




b. This layer is avascular.




c. Subdural Space-a space between the dura mater and the arachnoid layer. This 




    space is filled with interstitial fluid.



3. The Pia Mater-innermost of the three meninges.




a. The pia mater is a transparent layer of connective tissue that adheres to and




    covers the brain and spinal cord.




b. This layer is highly vascular. Blood vessels in this layer supply nutrients and 




    oxygen to the neurons of the brain.




c. Subarachnoid space-space between the pia mater and the arachnoid layer. This




    space contains cerebrospinal fluid.

IV. CEREBROSPINAL FLUID (CSF)-nourishes and protects the brain and spinal cord.


A. It circulates through the subarachnoid space. Within the brain, it circulates through the 


     ventricles.


B. CSF is composed of: water, glucose, ions, proteins and leukocytes.


C. Functions of CSF: mechanical and chemical protection, circulation of nutrients, wastes.


D. The Choroid Plexus-a network of capillaries in the walls of the ventricles of the brain.



1. These capillaries are covered by ependymal cells which secrete CSF. These cells are



    hooked tightly together; due to this, materials cannot enter into CSF. The attachment



    of ependymal cells is referred to as the Blood-Cerebrospinal Fluid Barrier.




a. Hydrocephalus-disorder in which excess CSF accumulates in the ventricles of 




    the brain. This causes the head to bulge. The fluid can greatly increase 




    pressure on the brain. This can be treated via surgery.

 V. BLOOD SUPPLY TO THE BRAIN

A. The brain has a huge blood supply. The blood carries oxygen and nutrients to the neurons that 


      make up the brain. A loss of oxygen to the brain may lead to neuron death within 4 minutes.


B. The Blood-Brain Barrier (BBB)-prevents the passage of certain compounds (including urea,


     creatinine, some ions) into the brain.



1. The BBB is formed by: 




a. The tight attachment of ependymal cells in brain capillaries.




b. The presence of astrocytes against the external wall of brain capillaries. These




    cells are tightly packed together.



2. Substances that can cross the BBB are soluble in lipids or are water-soluble compounds



    that cross the barrier by active processes.




a. Amino acids, electrolytes and sugars can easily pass through the barrier. However,




    wastes such as urea and toxins cannot penetrate the blood-brain barrier.



3. Damage to the BBB is often deadly.



4. Researchers must find ways to slip drugs past the BBB.

VI. PRINCIPAL PARTS OF THE BRAIN

A. The Brain Stem

C. The Diencephalon


B. The Cerebellum

D. The Cerebrum

VII. THE BRAIN STEM-connects the spinal cord to the diencephalon.


A. Consists of: the medulla oblongata, the pons, the midbrain and the reticular formation


B. The Medulla Oblongata-forms the inferior portion of the brain stem. It begins at the foramen 


     magnum and extends upwards to the pons. The medulla contains ascending and descending 


     tracts that connect the spinal cord and the brain. Major Parts of the Medulla include:



1. The Pyramids-bulges on the anterior portion of the medulla. These contain motor



    tracts that pass from the cerebrum to the spinal cord.




a. Decussation of Pyramids-region on the medulla where nerves from the




    pyramids cross over each other. Neurons on the left side of the medulla




    control effectors on the right side of the body.



2. Nucleus gracilis and nucleus cuneatus-relay sensory information to the thalamus.

3. The Cardiovascular Center-regulates the rate and force of the heartbeat and the

    diameter of blood vessels.



4. The Medullary Rhythmicity Area-adjusts the rhythm of breathing.



5. The Olive-an oval structure that extends from the right and left lateral surfaces of   



    the medulla. The olive carries impulses to the cerebellum that regulate posture



    and equilibrium.


C. The Pons-is superior to the medulla. It serves as a bridge that connects the spinal cord 


     and medulla to the remainder of the brain. Parts/Structures of the Pons:



1. The Cerebellar Peduncles-bundles of nerve fibers that connect the pons and the 



     cerebellum.



2. The Pneumotaxic and Apneustic Areas-regulate breathing.


D. The Midbrain-extends from the pons to the diencephalon. Parts of the Midbrain Include:



1. Cerebral aqueduct-passes through the midbrain, it connects the third and fourth 



    ventricles.



2. The Cerebral Peduncles-carry impulses from the pons and medulla to the thalamus.



3. Corpora quadrigemina-4 rounded elevations located at the posterior portion of the



    midbrain. The 4 elevations are:




a. The Superior Colliculi-2 of these, serve as reflex centers for eye and head




    movements.




b. The Inferior Colliculi-2 of these, serve as reflex centers for auditory stimuli.



4. The Substantia Nigra-2 of these. Are darkly pigmented areas that control 



    subconscious muscle activity. In Parkinson’s disease, dopamine-containing neurons



    in this area degenerate.



5. The Red Nucleus-neurons in the midbrain that coordinate muscular movements in the



     body. These are red in color due to the presence of a large blood supply.



6. The Medial Lemniscus-a band of white matter that extends through the medulla, pons,



    and midbrain. This structure carries impulses for touch and pressure from the medulla



    to the thalamus.


E. The Reticular Formation-an area of the brain stem that consists of gray matter interspersed with


     white matter. It extends onto the spinal cord and functions by regulating muscle tone.

VIII. THE CEREBELLUM-occupies the inferior and posterior aspects of the cranial cavity. It is posterior

         to the medulla and pons. The cerebellum is the second largest portion of the brain (next to the 

         cerebrum).


A. It is separated from the cerebrum by the transverse fissure.


B. The Vermis-the central portion of the cerebellum.


C. The lobes of the cerebellum are referred to as the hemispheres and the superficial layer of the


     cerebellum is known as the Cerebellar Cortex. 


D. The cerebellum is attached to the brain stem by the cerebellar peduncles.


E. Purkinje Cells-myelinated neurons that form a visible white layer in the cerebellum. The white


     layer is referred to as the arbor vitae.


F. Functions of the Cerebellum


1. Regulates posture and balance



2. Allows for skilled motor movements



3. Regulates hand-eye coordination



4. Regulates equilibrium

IX. THE DIENCEPHALON-begins at the midbrain and extends upwards. It forms the walls of the third

       ventricle and it consists of the thalamus and the hypothalamus.


A. The Pineal Gland-pea-sized structure located in the diencephalon.



1. Its function is unclear; however, it  does secrete melatonin which regulates the body’s



    biological clock and promotes sleepiness.


B. The Thalamus-comprises 80% of the diencephalon.



1. Intermediate Mass-a bridge of gray matter that connects the right and left sides of the



    thalamus.



2. Functions of the Thalamus:




a. Serves as a relay station for impulses from the spinal cord to the cerebrum.




b. Cognition-the awareness and acquisition of knowledge.


C. The Hypothalamus-located inferior to the thalamus.



1. Major Parts of the Hypothalamus include:




a. The Mammillary Bodies-these serve as relay stations for reflexes relating to the




    sense of smell.




b. The Pituitary Gland (Hypophysis)-attaches to the hypothalamus via a stalk 




     known as the infundibulum.



2. Primary Functions of the Hypothalamus include:




a. Regulating homeostasis in the body




b. Controlling the ANS-especially cardiac and smooth muscle




c. Controlling secretions of the pituitary gland




d. Regulating emotional and behavioral patterns-including feelings of rage, pain,




    and pleasure




e. Regulating hunger and thirst





1) Hunger Center-produces hunger sensations. The Satiety Center inhibits





    hunger sensations once sufficient food supplies are ingested.





2) Thirst Center-produces thirst sensations




f. Controls body temperature





1) It stimulates the ANS to promote heat loss when the body is too warm 





    and it promotes heat retention and heat production when the body is 





    too cold.




g. Regulates diurnal rhythms




h. Controls and regulates the endocrine system

 X. THE CEREBRUM-largest portion of the brain, is supported by the brain stem and diencephalon.


A. The Cerebral Cortex-superficial layer of the cerebrum, is composed of gray matter.



1. This layer contains billions of active neurons.



2. White matter is found deep to this layer in the cerebrum.


B. Functions of the Cerebrum:



1. Is the site of intelligence



2. Allows us to speak, read, write


C. Externally, the cerebrum contains a number of folds and grooves.



1. Each fold is referred to as a gyrus.



2. The deep grooves between the gyri are referred to as fissures and the shallow grooves



    in the cerebrum are known as sulci.


D. The Corpus Callosum-a band of white matter that connects the hemispheres of the cerebrum.


E. The cerebrum is composed of lobes that are named for the specific bone that they are covered


     by: frontal lobe, parietal lobe, occipital lobe, temporal lobe.


F. Sensory Areas in the Cerebrum:



1. General Sensory Area-receives nerve impulses for touch, temperature, pain and body



     position.



2. Primary Visual Area-receives impulses conveying visual information.



3. Primary Auditory Area-receives sound impulses.



4. Primary Gustatory Area-receives taste impulses.



5. Primary Olfactory Area-receives smell impulses.


G. Motor Areas of the Cerebrum


1. Primary Motor Area-produces impulses that regulate skeletal muscle contractions.



2. Motor Speech Area-allows for the translation of spoken word.


H. Lateralization of Function in the Cerebrum-each portion of the cerebrum has abilities not 


     shared by other areas in the cerebrum. The left hemisphere regulates math and logic thought;


      whereas, the right side of the cerebrum controls artistic and music thoughts. 

XI. THE LIMBIC SYSTEM-formed by several structures on the inner surface of the cerebrum and the

       diencephalon. Structures that make up the Limbic System include:


A. The Olfactory Bulbs-flat, rest on the cribriform plate. These conduct impulses for smell to


     the cerebrum.


B. Mammillary bodies-of the hypothalamus.


C. Functions of the Limbic System include: governing emotions, behavior, memory and 


     allowing for pleasure, pain, rage, fear, anger and sorrow.

XII. BRAIN INJURIES

A. Concussion


B. Contusion


C. Cerebral edema

XIII. BRAIN DISORDERS

A. Cerebrovascular accident-caused by an interruption of blood supply to the brain. Commonly


      known as a stroke.


B. Transient Ischemic Attack (TIA)-temporary episodes of reversible mental disfunction.


C. Alzheimer’s Disease-progressive degeneration of the brain that results in mental deterioration.


D. Brain Tumor-any growth within the brain.


E. Dyslexia-impairment of the brain’s ability to translate images received by the eyes into


    understandable language.


F. Parkinson’s Disease-disorder of the CNS that results in involuntary skeletal muscle 


    contractions of muscles that are normally under voluntary control.


G. Huntington’s disease-hereditary disorder that occurs during middle age. It is fatal and at


     present, there is no known cure.


H. Meningitis-inflammation of the meninges. 

XIV. MEDICAL TERMS ASSOCIATED WITH THE BRAIN

A. Agnosia-inability to recognize sensory stimuli.


B. Delirium-abnormal cognition.


C. Dementia-loss of intellectual abilities such as memory, judgment, etc...


D. Encephalitis-inflammation of the brain.


E. Lethargy-condition of functional sluggishness.


F. Neuralgia-attacks of pain along the length of a nerve.


G. Stupor-unresponsiveness from which a person can be aroused by repeated stimulation.

XV. THE SPINAL CORD-serves as the major connection between the brain and the body. 


A. Connective Coverings Around the Spinal Cord


1. The Vertebral Column-composed of bone tissue. The spinal cord is located in the 



    vertebral foramen of the vertebrae. The vertebral column provides protection to the cord.



2. The Spinal Meninges-encircle and protect the spinal cord. These include:




a. The Dura Mater




1) Denticulate ligaments-extensions of the dura mater that fuse with the





     arachnoid layer. These ligmanets hold the spinal cord in place and 





     prevent displacement of the cord.




b. The Arachnoid Layer



c. The Pia Mater

B. External Anatomy of the Spinal Cord


1. The cord has a cylindrical shape and it extends from the medulla of the brain to the



    second lumbar vertebra.



2. 2 Enlargements on the Spinal Cord:




a. Cervical Enlargement-in the neck, nerves to/from the arms extend from the




     cervical enlargement.




b. Lumbar Enlargement-in the lower back, nerves to/from the legs extend from 




    this enlargement.



3. The Conus Medullaris-the tapered, cone-shaped end of the spinal cord. It is near the



     second lumbar vertebra.




a. The Filum Terminale-an extension of the pia mater; located at the conus




    medullaris. The filum terminale attaches the spinal cord to the coccyx. This 




    holds the spinal cord in place.




b. The Cauda Equina-a collection of nerves extending from the conus medullaris




    of the spinal cord. These nerves extend into the pelvic region and into the legs.



4. 31 pairs of spinal nerves extend from the spinal cord. These nerves allow for 



    communication between the spinal cord and the body. There are 2 points of attachment 



    on the spinal cord from each nerve. These points of attachment are known as roots. The


 
    spinal nerve roots are the posterior root and the anterior root.

C. Internal Anatomy of the Spinal Cord


1. The Gray Matter-of the spinal cord is shaped like a butterfly in the center of the



    spinal cord.




a. The Gray Commissure-forms the body of the butterfly.




b. The Central Canal -a small space in the center of the gray commissure. It extends




    the entire length of the spinal cord. It contains cerebrospinal fluid.




c. The sides of the gray matter are divided into horns. There are posterior and 




    anterior horns.





1) Motor neurons to skeletal muscles are located in the anterior horns;





     whereas, motor neurons to cardiac and smooth muscle and glands are





     located in the posterior horns.



2. The White Matter-of the spinal cord surrounds the gray matter. The gray matter divides



    the white matter into 3 major regions known as columns. The columns are named 



    based on their location: anterior, posterior and lateral columns.




a. The White Commissure-connects the white matter of the right and left sides 




    of the spinal cord together. 




b. Tracts-bundles of nerves associated with the white matter of the spinal cord.





1) Tracts are classified into 2 major categories:






a) Ascending tracts






b) Descending tracts





2) Specific Tracts in the Spinal Cord





a) Spinothalamic Tracts-carry impulses for touch, pressure and 






    temperature to the brain. These are ascending tracts.







b) Posterior Column Tracts-carry impulses for touch, pressure,






    vibration and awareness of body position to the brain. These




     are ascending tracts.






c) Pyramidal Tracts-carry impulses from the brain to skeletal 






    muscles in the body. Is a descending tract.






d) Extrapyramidal Tracts-carry impulses from the brain to 






    receptors in the body that regulate muscle tone, posture






    and coordination.



3. Spinal Tap-procedure in which cerebrospinal fluid is removed from the subarachnoid



    space of the spinal cord. This fluid can then be used for diagnostics purposes. 



    Following the procedure, the patient must remain still for 8-24 hours to prevent



    leakage of cerebrospinal fluid from the point of injection.



4. Specific Functions of the Spinal Cord include:




a. It serves as a highway for impulse movement. This is conducted by the white




    matter of the spinal cord.




b. It integrates and examines incoming and outgoing information from/to the 




    brain.

XVI. DISORDERS ASSOCIATED WITH THE SPINAL CORD

A. Paralysis-loss of motor function. It usually associated with severe trauma to the spinal cord.


1. Paraplegia-occurs when an individual loses the use of their lower limbs. This is 


    usually the result of damage to the lumbar portion of the spinal cord.



2. Quadriplegia-occurs when all four limbs are affected. This is usually the result of 


     damage to the cervical portion of the spinal cord.


3. Hemiplegia-paralysis on one side of the body. This is usually the result of brain 


    injury, not damage to the spinal cord.


B. Amyotrophic Lateral Sclerosis (ALS)-also known as Lou Gehrig’s Disease. This is the

     destruction of anterior horns of the spinal cord. This leads to a loss of the ability to speak,

      swallow and eventually breathe. This is thought to be associated with defective genes.

     Currently, there is no cure for this disease.

C. Poliomyelitis-viral infection marked by fever, headache, stiff neck. In severe cases, motor

     neurons may be destroyed.

D. Myelitis-inflammation of a nerve.

E. Myelogram-X-ray of the spinal cord after injection of a special contrast medium.

XVII. CLINICAL TERMS-at end of chapter

