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Detailed Chapter Summary
Chapter 15, The Brain and Cranial Nerves
15.1 Overview of the Brain (p. 399)

1. The adult brain weighs 1,450 to 1,600 g. It is divided into the cerebrum, cerebellum, and brainstem. 
2. In brain anatomy, the directional term rostral refers to structures relatively close to the forehead, or anterior to another structure, whereas caudal refers to more posterior structures, closer to the rear of the head or closer to the spinal cord.

3. The cerebrum is conspicuously divided into right and left cerebral hemispheres separated by a deep groove, the longitudinal fissure. The two hemispheres are joined by a bridge, the corpus callosum, at the bottom of this fissure. The corpus callosum constitutes a prominent C-shaped landmark in median sections of the brain.

4. The cerebellum, the second largest part of the brain, lies inferior to the cerebrum in the posterior cranial fossa.

5. The cerebrum and cerebellum are conspicuously marked by surface gyri (folds), sulci (shallow grooves), and fissures (deeper grooves).
6. The brainstem is a vertical stalk composed of the diencephalon, midbrain, pons, and medulla oblongata, from rostral to caudal; many authorities, however, consider only the last three of these to be the brainstem. The brainstem is continuous caudally with the spinal cord.
7. Like the spinal cord, the brain is composed of two kinds of nervous tissue: gray matter and white matter. Gray matter constitutes the surface cortex and deeper nuclei of the cerebrum and cerebellum, and nuclei of the brainstem. White matter lies deep to the cortex and consists of tracts of myelinated nerve fibers.
8. The brain is surrounded by a the same three meninges as the spinal cord: dura mater, arachnoid mater, and pia mater. The dura mater is divided into two layers, periosteal and meningeal, which in some places are separated by blood-filled dural sinuses. In some places, the dura folds inward to separate major brain regions, such as the falx cerebri that separates the two cerebral hemispheres, the tentorium cerebelli between the cerebrum and cerebellum, and the falx cerebelli between the right and left halves of the cerebellum. A subdural space separates some areas of dura from the arachnoid, and a subarachnoid space separates arachnoid from pia.
9. The brain has four internal, interconnected chambers: two lateral ventricles in the cerebral hemispheres, a third ventricle between the hemispheres, and a fourth ventricle between the pons and cerebellum. The lateral ventricles are connected to the third by an interventricular foramen on each side, and the third is connected to the fourth by the cerebral aqueduct in the brainstem.
10. The ventricles and canals of the CNS are lined with ependymal cells, and each ventricle contains a choroid plexus of blood capillaries.
11. These spaces are filled with cerebrospinal fluid (CSF), which is produced by the ependyma and choroid plexuses and in the subarachnoid space around the brain. The CSF of the ventricles flows from the lateral to the third and then fourth ventricle, out through foramina in the fourth, into the subarachnoid space around the brain and spinal cord, and finally returns to the blood by way of arachnoid villi.
12. CSF provides buoyancy, physical protection, and chemical stability for the CNS.
13. The brain has a high demand for glucose and oxygen and thus receives a copious blood supply. The blood–brain barrier and blood–CSF barrier tightly regulate what substances can escape the blood and reach the nervous tissue; together these constitute the brain barrier system (BBS). The BBS is an obstacle to drug delivery to the CNS (such as chemotherapy for brain cancer); yet on the other hand, gaps in the BBB, such as the circumventricular organs, allow for the human immunodeficiency virus (HIV) to invade the brain.
15.2 The Hindbrain and Midbrain (p. 406)

1. The medulla oblongata is the most caudal part of the brain, just inside the foramen magnum. It conducts signals up and down the brainstem and between the brainstem and cerebellum, and contains nuclei involved in numerous visceral functions and some muscular control. Cranial nerves IX through XII arise from the medulla. Most descending motor fibers decussate in the medullary pyramids.
2. The pons is immediately rostral to the medulla. It conducts signals up and down the brainstem and between the brainstem and cerebellum. Cranial nerve V arises from the pons, and nerves VI through VIII arise between the pons and medulla.
3. The midbrain is rostral to the pons. It conducts signals up and down the brainstem and between the brainstem and cerebellum, and gives rise to cranial nerves III and IV. It includes important centers for vision, hearing, pain, and motor control.
4. The reticular formation is a loosely organized network of gray matter in the core of the brainstem, including over 100 small neural networks. Because of the number and variety of nuclei, it has wide-ranging functions in motor control, visceral function, pain modulation, sleep, and consciousness.
5. The cerebellum is the largest part of the hindbrain and receives most of its input by way of the pons. It has three pairs of cerebellar peduncles that attach it to the medulla, pons, and midbrain.
6. Histologically, the cerebellum exhibits a fernlike pattern of white matter called the arbor vitae, deep nuclei of gray matter embedded in the white matter, and unusually large neurons called Purkinje cells.
7. The cerebellum contains more than half of all brain neurons. It monitors many forms of sensory input is concerned with motor coordination, equilibrium, memory of motor skills, and diverse emotional and cognitive functions.
15.3 The Forebrain (p. 413)

1. The forebrain consists of the diencephalon and cerebrum. The diencephalon is composed of the thalamus, hypothalamus, and epithalamus.
2. Nearly all sensory signals pass through the thalamus, which processes them and relays coded signals to the appropriate regions of the cerebral cortex; it is the “gateway to the cerebral cortex.” It also relays signals from the cerebral cortex to other regions of the brain. Figure 15.11 summarizes the functions of its major nuclei.
3. The hypothalamus is inferior to the thalamus and forms the walls and floor of the third ventricle. It is a major homeostatic control center and acts through the pituitary gland and autonomic nervous system to regulate many fundamental functions including pituitary hormone secretion, thermoregulation, cardiovascular control, food and water intake, digestion, sleep, circadian rhythms, emotional responses, and memory.
4. The epithalamus lies above the thalamus and includes the pineal gland (an endocrine gland) and habenula (a relay from limbic system to midbrain).
5. The cerebrum is the largest part of the brain. Each of its hemispheres has five lobes: frontal, parietal, occipital, and temporal lobes and the insula.
6. The frontal lobe is concerned with cognition, speech, emotional control, motor control, and the sense of smell and integration of smell and taste.
7. The parietal lobe is involved in the general senses, taste, perception of body position and movement, and some visual processing.
8. The occipital lobe received and processes visual input.
9. The temporal lobe is involved in hearing, smell, learning, memory, and some aspects of vision and emotion.
10. The insula is a center of taste, visceral sensation, and comprehension of speech.
11. Nerve fibers of the cerebral white matter are bundled in tracts of three kinds: projection tracts that extend between higher and lower brain centers, commissural tracts that cross between the right and left cerebral hemispheres through the corpus callosum and the anterior and posterior commissures; and association tracts that connect different lobes and gyri within a single hemisphere.
12. The cerebral cortex is a surface layer of gray matter 2 to 3 mm thick, with two types of neurons: stellate cells and pyramidal cells. All output from the cortex travels by way of axons of the pyramidal cells. Most of the cortex is neocortex, in which there are six layers of nervous tissue. Evolutionarily older parts of the cerebrum have one- to five-layered paleocortex and archicortex.
13. The basal nuclei are masses of cerebral gray matter lateral to the thalamus, concerned with motor control. They include the caudate nucleus, putamen, and globus pallidus.
14. The limbic system is a loop of specialized structures on the medial border of each cerebral hemisphere. Its major components include the cingulate gyrus, hippocampus, and amygdala. Parts of the hypothalamus, thalamus, basal nuclei, and prefrontal cortex are also often regarded as belonging to the limbic system. Major functions of the limbic system include memory and emotion.
15. The cerebral cortex includes areas of primary cortex that either directly receive sensory input or provide the cerebral output to the muscular system, and much more extensive association areas that integrate sensory information, plan motor outputs, and are the seat of memory and other cognitive processes.
16. The special senses originate in relatively complex sense organs of the head and involve distinct regions of primary sensory cortex and association areas. Vision resides in the occipital lobe and inferior temporal lobe; hearing in the superior temporal lobe; equilibrium in the cerebellum and brainstem, but with centers of consciousness of body movements and position low in the parietal lobe; taste in the parietal lobe and insula; smell in the frontal and temporal lobes; and there is an association area in the frontal lobe for taste and smell combined.
17. The primary cortex for somatosensory function is in the postcentral gyrus of the parietal lobe, where there is a point-for-point correspondence (somatotopy) with specific regions on the contralateral side of the body. The somatosensory association area is a large region of parietal lobe caudal to this gyrus.
18. Motor control resides in the motor association area and precentral gyrus of the frontal lobe. The precentral gyrus shows a somatotopic correspondence with muscles on the contralateral side of the body. It contains the upper motor neurons whose axons project to lower motor neurons in the brainstem and spinal cord.
19. The basal nuclei and cerebellum play important roles in motor coordination and learned motor skills (procedural memory).
20. Language is coordinated largely by the Wernicke and Broca areas. Recognizing language and formulating what one will say or write occur in the Wernicke area; the Broca area compiles the motor program of speech; and commands to the muscles of speech originate in the precentral gyrus. Lesions in these language centers can result in various language deficits called aphasias. 
21. Emotional responses are controlled by the hypothalamus, amygdala, and prefrontal cortex. Output from the amygdala influences such feelings as fear, nausea, pleasure, love, and anger.
22. Cognition encompasses the mental processes by which we acquire and use knowledge. Cognitive functions are widely distributed through the association cortex of all the cerebral lobes as well as the cerebellum. The prefrontal cortex is the seat of many of our most distinctively human cognitive abilities such as social judgment and abstract thought.
23. Procedural memory is the memory of motor skills ranging from how to tie one’s shoes to how to play a violin; declarative memory is the memory of facts that can be put into words, such as remembering a phone number or information for an exam.
24. The limbic system, especially the hippocampus, is an important site for the creation of new memories although not for memory storage; it essentially “teaches the cerebral cortex,” which stores memories for the long term. The amygdala is important in creating emotional memories, such as associating fear with dangerous situations.
25. The brain exhibits cerebral lateralization: Some functions are coordinated mainly by the left hemisphere and others by the right. The categorical hemisphere (in most people, the left) is responsible for verbal and mathematical skills and logical, linear thinking. The representational hemisphere (usually the right) is a seat of imagination, insight, spatial perception, musical skill, and other “holistic” functions.
15.4 The Cranial Nerves (p. 427)

1. Twelve pairs of cranial nerves arise from the floor of the brain, pass through foramina of the skull, and lead primarily to structures in the head and neck. 

2. Cranial nerves I and II are purely sensory. All the rest are mixed, although the sensory components of some are only proprioceptive and aid in motor control, so they are often regarded as motor nerves (III, IV, VI, XI, and XII).

3. The olfactory nerve (I) leads from the upper nasal cavity to the olfactory bulbs below the frontal lobes of the brain. It carries the sensory signals for smell. 
4. The optic nerve (II) leads from the eyes to the thalamus and midbrain. It carries the sensory signals for vision.

5. The oculomotor nerve (III) leads from the midbrain to the eyes and associated muscles. It carries motor signals that control eye movements, opening of the eyelids, pupillary constriction, and focusing of the lens. 

6. The trochlear nerve (IV) leads from the midbrain to the superior oblique muscle of the eye, and carries motor signals for eye movement. 

7. The trigeminal nerve (V) is a large nerve with three branches (ophthalmic, maxillary, and mandibular). It is the main sensory nerve of the face, carrying signals from the facial skin, eyeball, tear gland, sinuses, nasal and oral cavities, and dura mater, to the pons. It also carries motor signals from the pons to several muscles of mastication and a muscle of the middle ear. 
8. The abducens nerve (VI) leads from the pons to the lateral rectus muscle of the eye, and carries motor signals for lateral eye movement. Cranial nerves III, IV, and VI control different muscles of the eye.

9. The facial nerve (VII) carries sensory signals for taste from the anterior tongue to the thalamus, and motor signals from the pons to the tear glands, nasal glands, palatine glands, some salivary glands, a middle-ear muscle, and some facial and neck muscles.
10. The vestibulocochlear nerve (VIII) carries sensory signals of hearing and equilibrium from the inner ear to the medulla oblongata and pons, and carries motor signals from the pons to the inner ear for tuning the sense of hearing. 

11. The glossopharyngeal nerve (IX) carries sensory signals for taste, touch, pressure, pain, and temperature sensations from the tongue; for touch, pain, and temperature sensations from the outer ear; and for blood pressure and chemistry. All of these signals go to the medulla oblongata. Motor signals travel from the medulla via this nerve to a pharyngeal muscle and to certain salivary and lingual glands, with roles in salivation, swallowing, and gagging.

12. The vagus nerve (X) has the most extensive distribution of all cranial nerves. It includes sensory fibers that lead from the thoracic and abdominal viscera, tongue, pharynx, larynx, epiglottis, outer ear, and dura mater to the medulla oblongata, and motor signals that travel from the medulla to the tongue, palate, pharynx, larynx, and many viscera of the thoracic and abdominal cavities. It carries sensory signals for taste, hunger, fullness, and gastrointestinal discomfort, and motor signals for swallowing, speech, and regulation of pulmonary, cardiovascular, and gastrointestinal functions.

13. The accessory nerve (XI) carries motor signals from the medulla oblongata and spinal cord segments C1 to C6, to the palate, pharynx, and trapezius and sternocleidomastoid muscles. It is involved in swallowing and head, neck, and shoulder movements.

14. The hypoglossal nerve (XII) carries motor signals from the medulla to muscles of the tongue for the tongue movements of speech, food manipulation, and swallowing. 

15.5 Developmental and Clinical Perspectives (p. 437)

1. The brain exhibits substantial atrophy in old age, and neurons exhibit less efficient signal conduction and synaptic transmission.
2. Alzheimer disease (AD) is the most common neurodegenerative disease of old age and a major cause of death in the elderly. It involves memory deficits, personality derangement, and a loss of motor and cognitive skills. At the structural level, AD shows neurofibrillary tangles and senile plaques in the cerebral tissue, a loss of cholinergic neurons, and a low level of acetylcholine in affected areas of the brain. Some forms of AD have a genetic basis.
3. Parkinson disease (PD) results from degeneration of dopamine-releasing neurons of tissue called the substantia nigra in the midbrain. It is characterized by involuntary muscle contractions and progressive difficulty in motor tasks such as walking and speech. It is incurable, but medical and surgical treatments can reduce its severity and progression.

