KIN 437, Lecture 2


I. Organization of Mammalian Nervous System 

A. Central nervous system (CNS)

1. cerebral hemisphere

2. diencephalon

3. brainstem

4. spinal cord

B. Peripheral nervous system (PNS): part of the nervous system outside the CNS

1. Somatic division (outer body)

a. sensory information for touch, pain, pressure vibration, temperature, proprioception related to outer body

b. motor output to all skeletal muscle

2. autonomic division (visceral organs)

a. sensory information for stretch, pain, temperature, chemical changes related to visceral organs

b. motor output to smooth muscle, cardiac muscle, glands

II. Cerebral hemisphere ("mushroom cap")

A. Organization

1. cortex is the outer layer of grey matter (cell bodies)

2. white matter (axons) is found underneath the cortex

3. deep nuclei (cell bodies)

B. Primary Motor Cortex (9-6)

1. located in caudal portion of precentral gyrus

2. plays key role in voluntary control of skeletal muscles, i.e. directing muscles to contract

3. receives input from the cerebellum (error detection/correct?), somatosensory cortex, premotor and supplementary motor cortex (premotor and supplementary motor cortex integrates sensory information from higher order sensory cortex and motor information from subcortical structures and relays this information to primary motor cortex)

4. descending projections give rise to corticospinal tract

5. motor homunculus (9-7)

C. Supplementary Motor Cortex (9-6)

1. located in medial surface of cerebral hemisphere

2. receives its major input from basal ganglia (note, role of the basal ganglia in movement is not well understood) via the thalamus

3. planning and programming complex movement sequences (blood flow study with simple finger movement, complex finger movement and only thinking of complex finger movement)

D. Premotor Cortex (9-6)

1. located rostral to primary motor cortex

2. receives its major input from cerebellum via the thalamus

3. descending projections to reticular formation, thus giving rise to reticulospinal tract (control girdle muscles)

4. control of proximal and axial muscles necessary in initial phases of orienting body and arm toward a target

E. Basal nuclei or ganglia (deep)

1. structures

a. caudate 

b. lentiform (globus pallidus + putamen)

c. amygdala

d. internal capsule 

2. contribute to starting and stopping movements ordered by the cortex

a. Parkinson's disease: difficulty starting movements, tremor; too little motor drive?

b. Huntington's disease: jerking movements; too much motor drive

III. Diencephalon

A. Thalamus

1. right and left thalamus are egg-shaped strucutres (contain a dozen nuclei each) near midline and are joined by the intermediate mass (commissure)

2. major relay area 

a. any signals going to cerebral cortex from other brain centers must pass through thalamus first

b. ascending sensory input headed for primary somatosensory cortex passes through thalamus 

B. Hypothalamus

1. about a dozen nuclei found near midline

2. involved in maintaining homeostasis

3. regulates visceral organ activity via brainstem nuclei

4. associated with the limbic system which is responsible for basic physiological drives, instincts and emotions

IV. Brainstem

A. Midbrain

1. cerebral peduncles contain ascending and descending (part of pyramidal system) fibers 

2. substantia nigra is a dark band seen in transverse section just dorsal to the cerebral peduncles; produces melatonin, a dopamine neurotransmitter precursor

3. red nuclei are a pair of oval-shaped structures in transverse section that get their red color from rich blood supply' mediates limb flexion movement

B. Pons

1. pons respiratory center controls transition between inhalation and exhalation

2. cerebellar peduncles contain horizontal fibers which "hold" cerebellum to dorsal surface of pons

C. Medulla

1. reticular formation nuclei found in medulla

a. cardiac center adjust force and rate of heart beat

b. vasomotor center regulates blood pressure (blood vessel diameter)

c. medullary respiratory center controls rate and basic breathing pattern

2. pyramids are found at midline; corticospinal tract decussates here (crosses midline)

V. Cerebellum 

A. Organization

1. cerebellar cortex is outer gray matter and inner white matter with 3 pairs of deep cerebellar nuclei 

2. connected to dorsal surface of brainstem via cerebellar peduncles

3. has circuitry for movement error detection/correction

B. Regions

1. spinocerebellum (inputs/outputs associated with spinal cor)

2. vestibulocerebellum (inputs/outputs associated with vestibular system)

3. cerebrocerebellum (inputs/outputs associated with cerebral cortex)

VI. Spinal cord

A. Segments correspond to vertebra  (lies inside vertebral foramen)

1. cervical

2. thoracic

3. lumbar

4. sacral

B. Anatomy 

1. white matter is found on outside of spinal cord and consists of ascending and descending axons (tracts)

2. grey matter (cell bodies) is found internally

a. dorsal horns contain terminals of sensory neurons

b. ventral horns contain cell bodies of motor neurons

3. dorsal and ventral roots emerge from dorsal and ventral horns respectively and converge to form a spinal nerve which exits the vertebral column

4. dorsal root ganglion contains cell bodies of sensory neurons and is found on dorsal root

5. central canal found in middle of grey matter contains cerebrospinal fluid

6. conus medularis is caudal, conical tip of the spinal cord; the last solid portion of the spinal cord

7. filum terminale extends from conus medularis and anchors spinal cord to coccyx

8. cauda equina ("horse's tail") composed of long ventral and dorsal roots and filum terminale; extends caudally from conus medularis

VII. Protection of the brain/spinal cord 

A. Coverings

1. dura mater: "tough" mother

a. fibrous connective tissue

b. subdural space between dura and arachnoid mater

2. arachnoid mater: has web-extensions to pia mater

a. subarachnoid space contains cerebrospinal fluid 

b. fine connective tissue (elastic)

c. large blood vessels

3. pia mater: "gentle" mother

a. clings tightly to spinal cord

b. fine connective tissue

c. fine blood vessels

B. cerebrospinal fluid (CSF)

a. filtrate of blood plasma

b. reduces weight of brain (97%); brain/spinal cord “float”

c. made by special cells in ventricles

