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Nervous System:  Chapter 33



Updated 19 January 2012
Updated from 2011 Book (15th edition)
Brains of early vertebrates had 3 principal divisions (see Fig. 33.13, p. 323):

1. Forebrain (= prosencephalon) (smell)
2. Midbrain (= mesencephalon) (vision)
3. Hindbrain (+ rhombencephalon) (hearing and balance)
Different vertebrate groups have evolved different kinds of brains over time; Comparison of Vertebrate Brains – see Fig. 33.12, 322
Basic organization of the brain (details about function are below):
1.  Forebrain
a. Thalamus

b. Hypothalamus

c. Cerebrum (paleocortex and neocortex)
-
paleocortex – it is more towards the inside of the brain;  has the 
limbic system (fulfilling needs, like feeding and sex);  one part of 
limbic system is hippocampus (site of learning and memory)


     -   
 Neocortex – on the outside – it envelopes much of the forebrain 



and all of the midbrain (usually just called cerebral cortex now)
2.
Midbrain

a.
tectum (including the optic lobes)

3,
Hindbrain

a. Medulla oblongata
b. Pons

c. cerebellum
Parts of the Brain  (Human Brain)
(see Fig 33.14, p. 324)

Cerebrum – 2 hemispheres

a. Humans – 4 lobes

i. Frontal Lobe
1. motor

2. correct grammar of speech

3. association area (personality, judgment, short-term memory, etc.)

ii. Parietal Lobe

1. receives sensory information from skin on opposite sides of body (pain, touch, temperature)

2. association area – gives meaning to sensory information, understanding speech, awareness of body parts

iii. Temporal Lobe – hearing 

1. Wernicke’s Area (in left temporal lobe) – making sensible, understandable sentences when speaking)

2. Right temporal lobe – music appreciation, understanding speech, reading

iv. Occipital Lobe – visual area

Corpus callosum – nerve pathways connecting 2 hemispheres – allows communication

2. Medulla Oblongata

a.  cardiac center is located here – can change heart  rate

b.  main respiratory center is here

c.    controls diameter of blood vessels

3. Cerebellum

a. Arbor vitae – “tree of life” – white matter (white matter is made of mylinated nerve fibers)

(note:  gray matter is made of the cell bodies)

b. Controls skeletal muscles, movements, balance muscle tone

Other Parts of Brain:

4. Pineal gland – in humans, it might be involved in onset of puberty

5. Thalamus – 2 sides embedded in cerebral hemispheres (it is dumbbell shaped)

i. channels sensory information (except smell) to proper cerebral hemisphere

6. Hypothalamus (under the thalamus)

a. Many functions

b. Makes hormones to stimulate pituitary gland

c. Influences heart rate, blood pressure

d. Body temperature control

7. Pituitary Gland = Hypophysis – “master endocrine gland” – secretes many hormones

Meninges:
Meninges are 3 protective membranes cover the brain and spinal cord

1. dura mater – outermost, thick, white, completely encases the brain and spinal cord

a. contains spaces at longitudinal fissure and elsewhere, called dural or venous sinuses – these contain blood returning from brain back to heart

2. arachnoid mater – middle layer, weblike

a. contains subarachnoid space – holds cerebral spinal fluid (CSF) bathing entire outer surface of brain and spinal cord

b. arachnoid villi (granulations) – project through dura into dural sinus;  allows CSF to flow into bloodstream

3. Pia mater – thin membrane attached directly to brain and spinal cord surface;  anchors blood vessels

Flow Pattern of CSF

- CSF is produced by choroid plexus in each ventricle (4  ventricles)

-  It is clear fluid produced from plasma- about 400 ml per day

-  Slowly circulates through ventricles and out onto brain and spinal cord surface- cushions these for protection

-  Pathway = (2) lateral ventricles to 3rd ventricle to 4th ventricle to central canal of spinal cord to subarachnoid space to arachnoid villi to dural sinus to jugular vein to heart

Hydrocephalus – happens when the flow of CSF gets blocked somewhere in the pathway, CSF builds up, pushes brain outward, skull bones separate, head enlarges tremendously (usually seen in infants)

*********************************************************************
How Does the Nervous System Work?

- know structure and functions of the parts of a motor neuron (Fig. 33.1, p. 313 and Fig. 33.2, p. 313)
Nerve Impulse Transmission (see Fig. 33.4, p. 314 and Fig. 33.5, 315):
1.
Membrane Potential at Rest:


- K+ inside cell


- Na+ outside cell


- negatively charged proteins are inside cell
++++++++++++++++++++Na+ outside +++++++++++
 -  - - - - - -  -

-  - - - - - - - - (proteins inside = negative charge overall)

    K+      K+___________________________________

- at rest, Na+ is kept outside and K+ is kept inside by 

sodium-potassium pump;  overall charge is +++ outside and ---inside

- difference in charge on either side of membrane of resting neuron is the membrane (resting) potential (it is a polarized membrane)

- dfference of 70mV (70mV less on the inside)

2.
Excitability - 

- if sufficient stimulus is applied to polarized membrane, the permeability of the membrane to Na+ changes;  i.e., the Na+ channels open and Na+ comes into cell

- this results in a depolarized membrane 

- once depolarization occurs, we can say an "action potential" (nerve impulse) has been generated

- the charge then spreads along the membrane;  the nerve impulse becomes a "self-propagating" negative wave

- depolarized membrane:   ------------- (outside)





 +++++++++++++
(inside)

- membrane is then repolarized;  its resting potential is restored initially because K+ goes outside through the K+ channels;  so you get a positive +++ charge outside again

- then shortly after this, the Na+-K+ pump restores the ions to the correct side of the membrane (i.e., with Na+ outside, K+ inside)

3.
Refractory Period:
- membrane recovers;  nerve cannot yet conduct another impulse

- "all or none principle" - if a stimulus is strong enough to generate an action potential, impulse is conducted along the entire neuron at a constant maximum strength for existing conditions

- threshold stimulus = liminal stimulus - is any stimulus     

strong enough to initiate an impulse

- subthreshold stimulus = subliminal stimulus - not strong enough to initiate an impulse
******************************************************************
Speed of Conduction (see Fig. 33.6, 316):
- saltatory conduction - this happens on myelinated fibers;  the nerve impulse jumps from one node of Ranvier to the next;  this speeds up the impulse

- on nonmyelinated fibers, conduction of nerve impulse is continuous (i.e., nonsaltatory);  therefore, it takes longer for the impulse to be conducted

Synapses:

Know and understand Fig. 33.7, p. 318 and Fig. 33.8, p. 319  - it shows nerve synapses (i.e., gaps) 
- synaptic vesicles hold a neurotransmitter (e.g., acetylcholine)
- acetylcholinesterase inactivates acetylcholine 

**************************************************************

- central nervous system (CNS) - brain and spinal cord
- peripheral nervous system - nerves outside of CNS

**************************************************************

Know parts of reflex arc: (Fig. 33.11, p. 321)

receptor --> afferent (= sensory) neuron (goes toward central nervous system) --> central 
nervous system (where synaptic connections are made between the sensory neurons and the 
interneurons) --> efferent (= motor) neuron --> effector (e.g., muscles, glands, etc,. that is, 
structures/etc by which the animal responds to environmental changes)
Peripheral Nervous System (all nervous tissue outside central nervous system):
Peripheral nervous system consists of:

1. efferent (motor)and afferent (sensory) neuron fibers that are bundled together in the same nerves

- afferent (sensory) neurons carry action potentials from receptors in periphery of 
the body to CNS


- efferent (motor) neurons carry action potentials from CNS to effectors in the 
periphery

- the efferent neurons of the peripheral nervous system belong to either:


a.
somatic nervous system (supplies skeletal muscles)


b.
autonomic nervous system (ANS) (supplies smooth muscle, 



cardiac muscle, and glands);  subdivisions of ANS:




1.
parasympathetic division - as general rule, this system is 




active under resting conditions




2.
sympathetic division - as general rule, this system is active under conditions of physical activity and stress  



- most organs are innervated by both kinds of fibers

Parasympathetic Division of Autonomic Nervous System (part of Peripheral Nervous System) (See Fig. 33.16, p. 325 and Fig. 33.17, p. 326)
1. Peaceful conditions, at rest
2. Forms craniosacral outflow
3. Contains terminal ganglia
4. Ganglia near or within visceral effectors
5. Each preganglionic fiber usually synapses with 4-5 postganglionic neurons that pass to single visceral effector
6. Distribution limited mainly to head and viscera of thorax, abdomen, and pelvis
Sympathetic Division of the Autonomic Nervous System

(part of Peripheral Nervous System) 

1. Speed-up --- “fight or flight”
2. Forms thoracicolumbar outflow
3. Contains sympathetic trunk and prevertebral ganglia
4. Ganglia close to CNS and distant from visceral effectors
5. Each preganionic fiber synapses with many postganglionic neurons that pass 
6. Distributed throughout body, including skin
