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Chapter 14 Notes: The Brain & Cranial Nerves
During embryological development, brain vesicles are formed which serve as forerunners of various parts of the brain.

The following three PRIMARY brain vesicles are formed by the end of the 4th week of gestation:

1. PROSENCEPHALON >>>>> becomes the Forebrain

2. MESENCEPHALON >>>>>> becomes the Midbrain

3. RHOMBENCEPHALON >>>> becomes the Hindbrain

_________________________________________________________

SECONDARY BRAIN VESICLES:

The DIENCEPHALON develops into the Thalamus and Hypothalamus

The TELENCEPHALON forms the cerebrum

The METENCEPHALON develops into the pons and cerebellum

The MYELENCEPHALON develops into the medulla oblongata

_________________________________________________________

PRIMARY BRAIN VESSICLES    SECONDARY        MATURE BRAIN
Prosencephalon  >>>>      Telencephalon >>>   Cerebrum

Prosencephalon  >>>>      Diencephalon  >>>   Thalamus and                                           

                                              Hypothalamus

Mesencephalon   >>>>      Mesencephalon >>>   Midbrain

Rhombencephalon >>>>      Metencephalon >>>   Pons & 

                                              Cerebellum

Rhombencephalon >>>>      Myelencephalon >>>  Medulla 

                                              oblongata

____________________________________________________________

PRINCIPLE PARTS OF THE BRAIN:

1. Cerebrum

2. Cerebellum

3. Brain stem

4. Diencephalon

_________________________________________________________

The brain (and spinal cord) are covered by the same three meninges:

1. dura mater (most superficial)
2. arachnoid

3. pia mater  (surface of brain and spinal cord)
_________________________________________________________

FORMATION OF CEREBRALSPINAL FLUID (CSF):

CSF is formed by a network of capillaries in the walls of each ventricle in the brain called CHOROID PLEXUSES.

The capillaries are covered by EPENDYMAL CELLS that form CSF from blood plasma.

Note:  CSF is CONSTANTLY being formed in ALL brain ventricles.

CSF that is formed in each lateral ventricle flows into the third (3rd) ventricle through a pair of narrow oval openings called INTERVENTRICULAR FORAMINA (Foramen of Monro).

The CSF then flows through the CEREBRAL AQUEDUCT (Aqueduct of Sylvius), which passes through the midbrain into the fourth (4th) ventricle.

From the fourth ventricle, the CSF passes into the SUBARACHNOID SPACE.

CSF then circulates in the central canal of the spinal cord and around the surface of the brain and spinal cord.

CSF is gradually and constantly reabsorbed back into the blood through delicate finger-like structures called ARACHNOID VILLI, located in the superior sagittal sinus of the upper skull.

The rate at which CSF is produced and reabsorbed is approximately 480-500 milliliters per day (approx. 1/2 liter per day).

_________________________________________________________

CSF PROVIDES:

1. mechanical protection

2. chemical protection

3. circulation of nutrients and waste products

_________________________________________________________

BRAIN STEM ANATOMY / PHYSIOLOGY:

1. The MEDULLA OBLONGATA connects with the upper spinal cord and contains portions of both motor and sensory tracts.

The medulla is the origin for cranial nerves IX through XII.

Fx = regulates heart rate and rate of respiration; also involved in vasoconstriction, swallowing, coughing, vomiting, sneezing, and hiccuping.

_________________________________________________________

2. The PONS is located just superior to the medulla.  It is the origin for cranial nerves V, VI, VII and VIII.
Fx = relays nerve impulses from the cerebral cortex to the cerebellum, related to voluntary skeletal movements.

The pons also contains the pneumotaxic and apneustic areas which help control respiration.

Pneumotaxic area = respiratory center in pons that continually sends inhibitory nerve impulses to the inspiratory area that limit inspiration and facilitate expiration.

Apneustic area = portion of the respiratory center in the pons that sends stimulating impulses to the inspiratory center that activate and prolong inspiration and inhibit expiration.

_________________________________________________________

3. The MIDBRAIN connects the pons and diencephalon.  It is the origin for cranial nerves III and IV.

Fx = conveys motor impulses from the cerebrum to the cerebellum and spinal cord, and sends sensory impulses from the spinal cord to the thalamus.  It also regulates auditory and visual reflexes.

_________________________________________________________

4. RETICULAR FORMATION = small areas of gray matter among fibers of white matter found throughout most of the brain stem.  It has both sensory and motor function.

Fx = helps regulate muscle tone.  Alerts cortex to incoming sensory signals from the RAS (Reticular Activating System) which is responsible for maintaining consciousness and awakening from sleep.

_________________________________________________________

OTHER PRINCIPLE PARTS OF THE BRAIN:

1. Cerebellum

Located in the inferior and posterior portion of the brain.  It consists of two hemispheres which attach to the brain stem by 3 pairs of Cerebellar peduncles.

Fx = coordination of skeletal muscle contractions.  Maintains normal muscle tone, posture, and balance (equilibrium).

_________________________________________________________

2. Diencephalon

a) Thalamus = located superior to the midbrain and hypothalamus.

Fx = relay station for ALL sensory impulses (except smell) to the cerebral cortex.

It also registers conscious recognition of pain, temperature, touch and pressure.

b) Hypothalamus = located inferior to the thalamus.

Fx = major regulator of homeostasis.  Controls and integrates the autonomic nervous system (regulates contractionof smooth muscle, cardiac muscle and glandular secretions.  Controls body temperature; regulates food intake through feeding (hunger) center and satiety center.

Also contains thirst center, and maintains waking state and sleep patterns.

_________________________________________________________

3. Cerebrum

Largest part of the brain.  Cerebral cortex is the surface (2-4 mm thick), and is composed of gray matter containing billions of neurons.

Cerebral cortex has:

1. Gyri = upward convolutions

2. Sulci = shallow grooves between gyri

3. Fissures = deep grooves

The cerebrum is separated into right and left hemispheres by the LONGITUDINAL FISSURE.

Internally, the right and left halves of the cerebrum are connected by a bundle of transverse white fibers called the CORPUS CALLOSUM.

_________________________________________________________

CEREBRAL LOBES:

1. Frontal

2. Parietal

3. Temporal

4. Occipital

5. Insula

Note:  The insula is a triangular area of cerebral cortex that lies deep to the parietal, temporal, and frontal lobes and cannot be seen externally.

_________________________________________________________

WHITE MATTER OF THE BRAIN:

Lies under the gray matter of the cerebral cortex.  Consists of myelinated axons that run in 3 principal directions:

1. Association fibers = transmit nerve impulses between gyri in the SAME hemisphere.

2. Commissural fibers = connect gyri in one cerebral hemisphere to the corresponding gyri in the opposite hemisphere.

3. Projection fibers = form ascending and descending tracts that transmit impulses from the cerebrum to other parts of the brain and spinal cord.

_________________________________________________________

BASAL GANGLIA = paired masses of gray matter in each cerebral hemisphere.

Fx = help control muscle movement

Note:  Parkinson’s disease (a progressive neuromuscular disorder) is the result of inadequate amounts of dopamine in the basal ganglia of the brain.

_________________________________________________________

LIMBIC SYSTEM = found in cerebral hemispheres and diencephalon.

Fx = responsible for emotional aspects of behavior, and memory associated with pleasure and pain.

_________________________________________________________

FUNCTIONAL AREAS OF THE CEREBRAL CORTEX:

1. Sensory areas = receive and interpret sensory impulses

2. Motor areas = govern muscle movement

3. Association areas = concerned with memory, emotions, reasoning, judgement, personality traits and intelligence.

Note:  The two hemispheres of the brain are NOT functionally bilaterally symmetrical.

The LEFT hemisphere is more important for right-handed control, spoken and written language and numerical and scientific skills.

The RIGHT hemisphere is more important for left-handed control, musical and artistic awareness, insight, imagination, space and patter perception and generating mental images of touch, taste, smell, sight and sound.

_________________________________________________________

SENSORY AREAS:

1. Primary Somatosensory Area (general sensory area)

Loc = posterior to central sulcus of each cerebral hemisphere in the post central gyrus of each parietal lobe.

Fx = identify the EXACT locations in the body where somatic sensory sensations originate. (touch, pain, temperature, proprioception, etc.)

2. Primary Visual Area 

Loc = on medial surface of the occipital lobe.

Fx = receives impulses conveying visual information (shape, color, movement).

3. Primary Auditory Area 

Loc = superior part of the temporal lobe near lateral cerebral sulcus.

Fx = interpret sounds, pitch and rhythm.

4. Primary Gustatory Area

Loc = in parietal cortex at base of post-central gyrus above lateral cerebral sulcus.

Fx = receive impulses related to taste

5. Primary Olfactory Area

Loc = medial aspect of temporal lobe.

Fx = receive impulses related to smell.

_________________________________________________________

MOTOR AREAS

(Motor output is from the anterior portion of both hemispheres of the cerebral cortex).

1. Primary Motor Area 

Loc = precental gyrus of frontal lobe.

Fx = controls voluntary contraction of specific muscles.  (The more skilled or delicate movement required of a muscle, the MORE brain cortex is devoted to that muscle).

2. Motor Speech Area

(also called Broca's area).

Loc = in ONE frontal lobe, usually the LEFT frontal lobe, superior to the lateral cerebral sulcus.

Fx = production of speech.

_________________________________________________________

ASSOCIATION AREAS

All the lobes of the brain are connected with one another by motor and sensory association tracts.

1. Somatosensory Association Area

Fx = integrates and interprets sensations.  (You can determine the shape and texture of something without looking at it).

Also stores memories of past sensory experiences.

2. Visual Association Area

Fx = relates present to past visual experiences.  Also allows you to recognize and evaluate what is seen.

3. Auditory Association Area (Wernicke's area)

Fx = interprets the meaning of speech by translating words into thoughts.  

Also determines if a sound is speech, music, or noise.

4. Gnostic Area (Common Integrative Area)

Fx = integrates sensory interpretations from the various areas so a common thought can be formed from the combined sensory inputs.

5. Premotor Area

Fx = deals with learned motor activities of a complex and sequential nature.  (memory bank for controlling learned skilled movements).

6. Frontal Eye Field

Fx = scanning eye movements such as looking for a specific word in the dictionary.

7. Language Area

Fx = enables speaking of thoughts.  Controls contractions of speech and breathing muscles.

_________________________________________________________
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