CHAPTER 14 THE BRAIN AND CRANIAL NERVES

I. OVERVIEW OF BRAIN ORGANIZATION AND BLOOD SUPPLY

1. General

a. brain
1.   portion of the central nervous system contained within the cranium

2. made of 100 billion neurons and 1000 billion neuroglia

3. one of the largest organs in the body – about 3lbs

4. center for registering sensations, correlating them with one another and with stored info, making decisions, and taking actions

5. center for intellect, emotions, behavior, and memory

6. directs our behavior toward others

2. Principal Parts of the Brain

a. four principal parts of the brain:

1. brain stem
a.  continuous with the spinal cord and consists of the medulla oblongata, pons, and midbrain

2. cerebellum
a.  posterior to the brain stem

3. diencephalon
a. superior to the brain stem

b. consisting primarily of the thalamus and hypothalamus and including the epithalamus and the subthalamus

4. cerebrum
a.  spreads over the diencephalon like a mushroom cap and occupies most of the cranium

3. Protective Coverings of the Brain

a. brain is protected by cranial bones and cranial meninges

b. cranial meninges
1. surround the brain

2. continuous with the spinal meninges

3. outer dura mater
4. middle arachnoid
5. inner pia mater
6. three extensions of the dura mater separate parts of the brain:

a. falx cerebri – separates the two hemispheres of the cerebrum

b. falx cerebelli – separates the two hemispheres of the cerebellum

c. tentorium cerebelli – separates the cerebrum form the cerebellum

4. Brain Blood Flow and the Blood-Brain Barrier

a. blood flows to the brain mainly via blood vessels

b. brain represents only 2% of total body weight

c. brain consumes about 20% of the oxygen and glucose used at rest

d. when activity of neurons and neuroglia increases in a region of the brain, blood flow to that area also increases

e. an interruption in blood flow for 1 or 2 minutes impairs neuronal function

f. total deprivation of oxygen for about 4 minutes causes permanent injury

g. glucose is not stored in the brain, so supply of glucose must be continuous

h. if blood entering the brain has a low level of glucose, mental confusion, dizziness, convulsions, and loss of consciousness may occur

i. blood-brain barrier (BBB)
1. protects brain cells from harmful substances and pathogens by preventing passage of many substances from blood into brain tissue

2. tight junctions seal together the endothelial cells of brain capillaries, which also are surrounded by a continuous basement membrane

3. also pressed up against capillaries are processes of astrocytes (type of neuroglia)

4. a few water-soluble substances cross the BBB by active transport

5. proteins and most antibiotic drugs do not pass at all from the blood into brain tissue

6. does not prevent passage of lipid-soluble substances, such as oxygen, carbon dioxide, alcohol, into brain tissue

CLINICAL APPLICATION

Breaching the Blood-Brain Barrier

· A consequence of the BBB’s efficient protection is that is also prevents the passage of certain drugs that could be therapeutic for brain cancer or other CNS disorders

· Researchers trying ways to move drugs passed the BBB – the drug is injected in a concentrated sugar solution
II. CEREBROSPINAL FLUID PRODUCTION AND CIRCULATION IN VENTRICLES

1. Cerebrospinal Fluid

a. clear, colorless liquid that protects the brain and spinal cord against chemical and physical injuries and carries oxygen, glucose, and other needed chemicals from the blood to neurons and neuroglia

b. continuously circulates through the subarachnoid space

c. four csf-filled cavities which are called ventricles:

1. lateral ventricle is located in each hemisphere of the cerebrum

2. anteriorly, lateral ventricles are separated by a thin membrane called the septum pellucidum
3. the third ventricle is a narrow cavity along the midline superior to the hypothalamus and btwn the right and left halves of the thalamus

4. the fourth ventricle lies between the brain stem and the cerebellum

d. the total volume of csf is 80-150 ml

e. contains glucose, proteins, lactic acid, urea, cations (na+, k+, mg2+), and anions (cl- and hco3-); also contains some white blood cells

f. contributes to homeostasis in three ways:

1. mechanical protection

2. chemical protection

3. circulation

g. sites of csf production are the choroid plexuses, which are networks of capillaries in the walls of all four ventricles

h. the capillaries are covered by ependymal cells that form csf from blood plasma

i. blood-cerebrospinal fluid barrier permits certain substances to enter the csf but excludes others, protecting the brain and spinal cord from some potentially harmful blood-borne substances

j. the csf formed in the choroid plexuses of each lateral ventricle flows into the third ventricle through a pair of narrow, oval openings, the interventricular foramina
k. the fluid flows through the cerebral aqueduct, which passes through the midbrain, into the fourth ventricle

l. csf enters the subarachnoid space through three openings in the roof of the fourth ventricle:

1. a median aperture
2. a paired lateral apertures
m. csf is gradually reabsorbed into the blood through arachnoid villi, fingerlike extensions of the arachnoid that project into the dural venous sinuses, especially the superior sagittal sinus
n. csf is reabsorbed at a rate of 1 pint a day

o. the rates of formation and reabsorption are the same, the presure of csf is constant

CLINICAL APPLICATION

Hydrocephalus
· when excess csf accumulates in the ventricles, the csf pressure rises

· elevated csf pressure causes a condition called hydrocephalus
· this is relieved by draining the csf
III. THE BRAIN STEM

1. General

a. consists of:

1. medulla oblongata

2. pons

3. midbrain

b. extending through the brain stem is a reticular formation, a netlike region of gray & white matter

2. Medulla Oblongata

a. a continuation of the superior part of the spinal cord; it forms the inferior part of the brain stem

b. * begins at the foramen magnum and extends to the inferior border of the pons – a distance of about 1 inch *

c. within the medulla are ascending (sensory) and descending (motor) tracts that connect the brain with the spinal cord – plus many nuclei that regulate vital body functions

d. also contains nuclei that receive input from or provide motor output to five of twelve cranial nerves

e. on anterior aspect there are two conspicuous external bulges called the pyramids and are formed by the largest motor tracts that pass from the cerebrum to the spinal cord

f. superior to the junction of the spinal cord, most axons in the left pyramid cross to the right, and most in the right cross to the left – called decussation of pyramids
g. neurons in the left cerebral cortex control skeletal muscles on the right side and neurons in the right cerebral cortex control skeletal muscles on the left side

h. lateral to each pyramid is an oval-shaped swelling called an olive 
i. the swelling is caused mostly by the inferior olivary nucleus with the medulla

1. neurons here relay impulses from proprioceptors to the cerebellum

j. nuclei associated with some somatic sensations (touch, vibration, and proprioception) are located on the posterior aspect of the medulla – right and left nucleus gracilis and nucleus cuneatus
1. relay the sensory info to the thalamus on the opposite side of the brain

k. contains nuclei that govern several autonomic functions

1. cardiovascular center, which regulates the rate and force of the heartbeat and the diameter of blood vessels

2. medullary rhythmicity area of the respiratory center, which adjusts the basic rhythm of breathing; and other centers in the medulla that control reflexes for vomiting,  coughing, and sneezing

l. contains nuclei associated with the following five pairs of cranial nerves:

1. vestibulocochlear (VIII) nerves

2. glossopharynegeal (IX) nerves

3. vagus (X) nerves

4. accessory (XI) nerves (cranial portion)

5. hypoglossal (XII) nerves

CLINICAL APPLICATION

Injury of the Medulla

· a hard blow to the back of the head or upper neck can be fatal

· symptoms of nonfatal injury may include cranial nerve malfunctions on same side of body, paralysis and loss of sensation on the opposite side of the body, and irregularities in breathing or heart rhythm
2. Pons

a. lies directly superior to the medulla and anterior to the cerebellum and is about 1 inch long

b. consists of nuclei and tracts

c. a bridge that connects parts of the brain with one another

d. these connections are provided by axons that extend in two main directions:

1. transverse axons of the pons are within paired tracts that connect the right and left sides of the cerebellum

2. longitudinal axons of the pons are part of ascending sensory tracts and descending motor tracts

e. important nuclei – help control breathing:

1. pneumotaxic area

2. apneustic area

f. contains nuclei associated with the following four pairs of cranial nerves:

1. trigeminal (V) nerves

2. abducens (VI) nerves

3. facial (VII) nerves

4. vestibulocochlear (VIII) nerves

3. Midbrain (mesencephalon)

a. extends from the pons to the diencephalon and is about 1 inch long

b. the cerebral aqueduct passes through the midbrain, connecting the third ventricle above with the fourth ventricle below

c. contains both tracts (white matter) and nuclei (gray matter)

d. anterior part of the midbrain contains a pair of tracts called cerebral peduncles
1. conduct nerve impulses from the cerebrum to the spinal cord, medulla, and pons

2. contain axons of sensory neurons that extend from the medulla to the thalamus

e. posterior part of the midbrain is called the tectum 

1. contains four rounded elevations called the corpora quadrigemina
2. two superior elevations are called superior colliculi – serve as reflex centers that govern movements of the eyes, head, and neck in response to visual and other stimuli

3. two inferior elevations are called the inferior colliculi – are reflex centers for movement of the head and trunk in response to auditory stimuli

f. contains several nuclei, including the left and right substantia nigra which are large, darkly pigmented nuclei that control subconscious muscle activities

g. present on left and right is red nuclei, whose name derives from their rich blood supply and an iron-containing pigment in their neuronal cell bodies

h. a band of white matter called the medial lemniscus extends through the medulla, pons, and midbrain

1. contains axons that convey nerve impulses related to sensations of touch, proprioception, pressure, and vibration

i. nuclei are associated with two cranial nerves:

1. oculomotor (III) nerves

2. trochlear (IV) nerves

4. Reticular Formation

a. brainstem also contains the reticular formation, a netlike arrangement of small areas of gray matter interspersed among threads of white matter

b. extends into the spinal cord and diencephalon  has both sensory and motor functions

c. the main sensory function is alerting the cerebral cortex to incoming sensory signals

d. part of the reticular formation, called the reticular activating system (RAS), consists of fibers that project to the cerebral cortex

1. is responsible for maintaining consciousness and for awakening from sleep

e. main motor function is to help regulate muscle tone

IV. THE CEREBELLUM

1. General

a. second largest part of brain

b. occupies the inferior and posterior aspects of the cranial cavity

c. posterior to medulla and pons and inferior to posterior portion of cerebrum

d. is separated from the cerebrum by a deep groove known as transverse fissure, and by the tentorium cerebelli, which supports the posterior part of the cerebrum

e. central constricted area is the vermis
f. lateral “wings” or lobes are the cerebellar hemispheres
g. each hemisphere consists of lobes separated by deep and distinct fissures

h. superficial layer is called the cerebellar cortex and consists of gray matter in a series of slender, parallel ridges called folia
i. deep to the gray matter are tracts called arbor vitae, that resemble branches of a tree

j. even deeper, within the white matter, are cerebellar nuclei, which give rise to nerve fibers that carry impulses from the cerebellum to other brain centers and to spinal cord

k. is attached to the brain stem by three pudencles:

1. inferior cerebellar peduncles – connect medulla to cerebellum

2. middle cerebellar peduncles -  connect pons to cerebellum

3. superior cerebellar peduncles -  connect midbrain to cerebellum

l. to evaluate how well movements initiated by motor areas in the cerebrum are actually being carried out

m. helps smooth and coordinate complex sequences of skeletal muscle contractions

V. THE DIENCEPHALON

1. General

a. extends from the brain stem to the cerebrum and surrounds the third ventricle

b. includes the thalamus, hypothalamus, epithalamus, and subthalamus

2. Thalamus

a. about 1 inch in length

b. makes up 80% of the diencephalon

c. consists of paired oval masses of gray matter organized into nuclei with interspersed tracts of white matter

d. a bridge of gray matter called the intermediate mass/massa intermedia crosses the third ventricle to join the right and left portions of the thalamus

e. a principal relay station for sensory impulses (except for smell)

f. plays an essential role in awareness and in the acquisition of knowledge – cognition
3. Hypothalamus

a. a small part of the diencephalon located inferior to the thalamus

b. is composed of a dozen or so nuclei in four major regions (just need to know two):

1. mammillary region
a. most posterior part of hypothalamus

b. mammillary bodies are two, small, rounded projections that serve as relay stations for reflexes related to the sense of smell

2. tuberal region
a. widest part of the hypothalamus

b. includes the infundibulum – which connects the pituitary gland to the hypothalamus

c.  one of the major regulators of homestasis

d.  functions:

1. control of ans

2. control of pituitary gland

3. regulation of emotional and behavioral patterns

4. regulation of eating and drinking

a. feeding center – responsible for hunger sensations; when sufficient food has been ingested, the satiety center is stimulated and sends out nerved impulses that inhibit the feeding center

b. thirst center – when certain cells are stimulated by rising osmotic pressure of ecf, they cause a sensation of thirst; the intake of water restores the osmotic pressure to rise to normal

5. control of body temperature

6. regulation of circadian rhythms and states of consciousness

4. Epithalamus

a. small region superior and posterior to the thalamus

b. consists of:

1. pineal gland

a. size of pea and protrudes from the posterior midline of the third ventricle

b. secretes the hormone melatonin, thus is an endocrine gland

2. habenular nuclei

a.  involved in olfaction, especially emotional responses to odors

5. Subthalamus

a. small area inferior to thalamus

b. includes tracts and the paired subthalamic nuclei – which connect to motor areas of the cerebrum

6. Circumventricular Organs

a. parts of the diencephalon

b. they lie in the walls of the third and fourth ventricles

c. can monitor chemical changes in the blood b/c they lack the blood-brain barrier

VI. THE CEREBRUM

1. General

a. is supported on the diencephalon and brain stem and forms the bulk of the brain

b. superficial gray matter layer of the cerebrum is called the cerebral cortex
c. contains billions of neurons

d. seat of intelligence

e. provides us the ability to read, write, and speak; to make calculations and compose music; to remember the past, plan for the future, and imagine things that have never existed before

f. when brain size increases rapidly, the cortical region rolls and folds upon itself – the folds are called gyri or convolutions
g. deepest grooves between folds are termed sulci
h. most prominent fissure, the longitudinal fissure, separates the cerebrum into right and left halves called cerebral hemispheres
i. the hemispheres are connected internally by the corpus callosum – a broad band of white matter containing axons that extend btwn the hemispheres

2. Lobes of the Cerebrum

a. each cerebral hemisphere can be further subdivided into four lobes, named after the bones that cover them: frontal, parietal, temporal, occipital lobes

b. the central sulcus separates the frontal lobe from the parietal lobe
c. precentral gyrus – located immediately anterior to the central sulcus – contains the primary motor area of the cerebral cortex

d. postcentral gyrus, which is located immediately posterior to the central sulcus, contains the primary somatosensory area of the cerebral cortex

e. the lateral cerebral sulcus separates the frontal lobe from the temporal lobe
f. the parieto-occipital sulcus separates the parietal lobe from the occipital bone
g. a fifth lobe, the insula, cannot be seen at the surface of the brain b/c it lies deep to the parital, frontal, and temporal lobes

3. Cerebral White Matter

a. the white matter underlying the cortex consists of myelinated and unmyelinated axons organized into tracts consisting of three principal types of fibers:

1. association fibers – transmit nerve impulses between gyri in the same hemisphere

2. commisural fibers – transmit impulses from the gyri in one cerebral hemisphere to the corresponding gyri in the other cerebral hemisphere

a. corpus callosum

b. anterior commissure

c. posterior commissure

3. projection fibers – form descending and ascending tracts that transmit impulses either from the cerebrum and other parts of the brain or spinal cord, or from the spinal cord to the brain

a. an example is the internal capsule – a thick band of sensory and motor tracts that connect the cerebral cortex with the brain stem and the spinal cord

4. Basal Ganglia

a. consist of several pairs of nuclei; the two members of each pair are situated in opposite cerebral hemispheres

b. largest nucleus in the basal ganglia is the corpus striatus – which consists of:

1. caudate nucleus

2. lentiform nucleus

a. subdivided into a lateral part called putamen
b. subdivided into a medial part called globus pallidus
5. The Limbic System

a. encircling the upper part of the brain stem and the corpus callosum is a ring of structures on the inner border of the cerebrum and floor of the diencephalon

b. hippocampus – a portion of the parahippocampus gyrus that extends into the floor of the lateral ventricle – functions in memory

c. emotional brain – b/c it plays a primary role in range of emotions

CLINICAL APPLICATION

Brain Injuries

· CONCUSSION

· an abrupt, but temporary, loss of consciousness (from seconds to hours) following a blow to the head or the sudden stopping of a moving head

· Most common type of brain injury

· No obvious signs of bruising of brain

· Signs are headache, drowsiness, lack of concentration, confusion, or post-traumatic amnesia

· CONTUSION

· Bruising of the brain due to trauma and includes leakage of blood from microscopic vessels

· Associated with a concussion
· Pia mater may be torn, allowing blood to enter the subarachnoid space
· Area most commonly affected is the frontal lobe
· Immediate loss of consciousness (lasting no longer than 5 minutes), loss of reflexes, transient cessation of respiration, and decreased blood pressure
· LACERATION

· A tear of the brain, usually from a skull fracture or a gunshot wound

· Rupture of large blood vessels, with bleeding into the brain and subarachnoid space]

1. Cerebral hematoma, edema, increased intracranial pressure
VII. FUNCTIONAL ASPECTS OF THE CEREBRAL CORTEX

a. General

b. sensory areas receive and interpret sensory impulses

2. motor areas initiate movements

c. association areas deal with more complex integrative functions such as memory, emotions, reasoning, will, judgement, personality, traits, intelligence
a. Sensory Areas

b. arrive mainly in posterior half of both cerebral hemispheres

c. primary sensory areas have most direct connections with peripheral sensory receptors

1. secondary sensory areas and sensory association areas are adjacent to primary areas- they receive input from the primary areas

d. integrate sensory experiences to generate meaningful patterns of recognition and awareness

1. important sensory areas:

2. primary somatosensory area

3. a.  receives nerve impulses for touch, proprioception, pain, and temperature

4. primary visual area

5. a.  receives impulses that convey visual information

6. primary auditory area

7. a.  interprets the basic characteristics of sound

8. primary gustatory area

9. a.  receives impulses for taste

3. primary olfactory area

a.  receives impulses for smell
a. Motor Areas

b. motor output flows mainly from the anterior part of each hemisphere

1. most important:

2. primary motor area

3. a.  controls voluntary contractions of specific muscles

4. broca’s speech area

a.  the production of speech occurs here, located in one frontal lobe, the left frontal lobe in most people, just superior to the lateral cerebral sulcus
a. Association Areas

b. consist of some motor and sensory areas

1. are connected with one another by association tracts and include the following:

2. somatosensory association area

3. visual association area

4. auditory association area

5. wernicke’s (posterior language) area

6. common integrative area

7. premotor area

8. frontal eye field area

9. language area

CLINICAL APPLICATION

Aphasia

· injury to the association or motor speech areas

· an inability to use or comprehend words

· nonfluent aphasia – know what they wish to say but cannot speak

· fluent aphasia – faulty understanding of spoken or written words

· word deafness – inability to understand spoken words

5. word blindness – inability to understand written words

a. Hemispheric Lateralization

b. about 2/3 of population, a region of the temporal lobe that includes wernicke’s area, is 50% larger on left than on right

c. each hemisphere specializes in perfoming certain unique functions - this functional asymmetry is termed hemispheric lateralization
d. left hemispher receives sensory signals from and controls the right side, whereas the right hemisphere receives sensory signals from and controls the left side

1. left:

2. spoken and written language

3. numerical and scientific skills

4. ability to use and understand sign language

e. reasoning

1. right:

2. musical and artistic awareness

3. spatial and pattern perception

4. recognition of faces

5. emotional content of language

6. generating mental images of sight

7. sounds

8. touch

9. taste

10. smell
a. Brain Waves

b. at any instance, brain cells are generating millions of nerve impulses and graded potentials in individual neurons are called brain waves
c. a record of such waves is called an electrocephalogram or EEG

1. four kinds of waves can be recorded:
2. alpha waves
3. beta waves
1. theta waves
4. delta waves
VIII. CRANIAL NERVES

2. General

a. part of peripheral nervous system

b. of the 12 pairs, ten emerge from the brain stem

c. nose (I), eyes (II), brainstem (III-XII), spinal cord (XI)

d. two cranial nerves (I and II) contain only sensory fibers and thus are called sensory nerves

e. the remainder are mixed nerves that contain axons of both sensory and motor neurons
IX. DEVELOPMENTAL ANATOMY OF THE NERVOUS SYSTEM

1.  General

X. AGING AND THE NERVOUS SYSTEM

1.  General

