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Chapter 12 Notes: Nervous Tissue

NERVOUS SYSTEM

Functions:

The nervous system (and endocrine system) help control and integrate ALL body activities in order to maintain homeostasis.

Nerves are also involved in:

Orientation,

Coordination,

Assimilation,

and,

Instinctual behavior

_________________________________________________________

THREE BASIC TYPES OF NEURONS IN HUMANS

1. Sensory = sense changes

2. Integrative = interpret changes

3. Motor = react to changes

_________________________________________________________

VOCABULARY

Nerve = bundle of neurons

Ganglia = a group of nerve cell bodies that lie outside of the central nervous system (CNS)

Tract = a bundle of nerve fibers in the CNS

White matter = bundles of myelinated axons located in the brain and spinal cord

Gray matter = area in the CNS and ganglia consisting of non-myelinated nerve tissue

Nucleus = a cluster of non-myelinated nerve cell bodies in the CNS

Horns = gray matter located internally in the spinal cord

_________________________________________________________
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DIVISIONS OF THE NERVOUS SYSTEM

A.) Central Nervous System (CNS)

1. brain

2. spinal cord (begins at the base of the skull, at the foramen magnum, and ends at L-2, second lumbar vertebra)

The brain and spinal cord have both gray and white matter.

Brain has superficial gray matter and internal white matter.

Spinal cord has superficial white matter and internal gray matter.

Also, both the brain and spinal cord are surrounded by cerebral spinal fluid (CSF), but CSF is only produced by the brain.

Brain facts:

Weighs 3-6 pounds and contains 100 billion neurons.

It is 2% of the body's weight but requires 20% of the body's oxygen.

Brain tissue does not regenerate.

B.) Peripheral Nervous System (PNS)

1. cranial nerves (12 pairs)

2. spinal nerves (31 pairs)

CRANIAL NERVES:

12 pairs, numbered I to XII.  They are named on the basis of distribution and numbered by order of attachment to the brain.

Cranial nerves I, II and VIII contain ONLY SENSORY fibers and are called sensory nerves.
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The other cranial nerves are called MIXED nerves because they contain BOTH sensory and motor fibers.

Sensory receptors transmit sensory information TO the brain and spinal cord by way of SENSORY (AFFERENT) neurons.

MOTOR (EFFERENT) neurons carry information OUT of the brain and spinal cord to innervate EFFECTORS (muscles and glands).

Interneurons (association neurons) integrate and process sensory information and make an appropriate response.

NOTE: 90% of the neurons in the body are interneurons.

***KNOW the number, name, type and function of the 12 cranial nerves and be able to identify the location of each in a model or diagram.***

I = Olfactory, Sensory only

Fx = smell

II = Optic, Sensory only

Fx = vision

III = Oculomotor, Sensory and Motor  

Fx: S = muscle proprioception

M = move eyelid and eyballs, constrict pupils, and do accomodation of the lens for near vision

IV = Trochlear, Sensory and Motor

Fx: S = muscle proprioception

M = movement of the eyeball

V = Trigeminal, Sensory and Motor

Fx: S = muscle proprioception; also sense touch, pain, and temperature

M = chewing

VI = Abducens, Sensory and Motor

Fx: S = muscle proprioception

M = movement of the eyeball

VII = Facial, Sensory and Motor

Fx: S = taste and muscle proprioception

M = facial expression and secretion of saliva and tears

VIII = Vestibulocochlear, Sensory only

Fx = conveys impulses associated with hearing and equilibrium
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IX = Glossopharyngeal, Sensory and Motor

FX: S = taste, touch, pressure and pain receptors in tongue

Also, muscle proprioception of the muscles of swallowing

M = secretion of saliva

X = Vagus, Sensory and Motor

Fx: S = sensations from visceral organs supplied in thorax and abdomen; also taste, touch, pain and temperature from pharynx and epiglottis; also monitor blood pressure, O2 and CO2 in blood

M = regulate breathing rate and depth; swallowing, coughing, voice production; slow heart rate; secretion of digestive fluids; smooth muscle contraction / relaxation of GI tract organs: stomach, small and large intestine, gall bladder

XI = Accessory, Sensory and Motor

Fx: S = muscle proprioception

M = swallowing movements and movements of head

XII = Hypoglossal, Sensory and Motor

Fx: S = muscle proprioception

M = movement of tongue during speech and swallowing

_________________________________________________________

Acronym to remember the 12 cranial nerves: On Occasion Our Trusty Truck Acts Funny; Very Good Vehicle Any How

"O, O, O, T, T, A, F, V, G, V, A, H"

_________________________________________________________

SPINAL NERVES: 31 pairs:

8 cervical

12 thoracic

5 lumbar

5 sacral

1 coccygeal

_________________________________________________________

C.) Autonomic Nervous System

Non-voluntary

Involved in homeostasis

Divisions:

1. Sympathetic (fight or flight)

fx = speeds up body systems and organs, such as the heart, EXCEPT digestive functions
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2. Parasympathetic = slows down body systems and organs, EXCEPT digestive functions

NOTE: Most organs have dual innervation.  They receive impulses from BOTH sympathetic and parasympathetic fibers.  One division causes excitation and the other one causes inhibition.

ANS FUNCTIONS:

Regulates the activity of smooth muscle, cardiac muscle and certain glands.

Maintains homeostasis by constantly receiving sensory input from receptors in organs, and producing motor output to those same effector organs.

ANS SUMMARY:

The Parasympathetic division regulates activities that conserve and restore body energy.

The Sympathetic division prepares the body for emergency situations by speeding up most body systems and burning energy.

_________________________________________________________

INNERVATION OF NERVES

1. Motor = from CNS (Efferent) to an effector such as a gland or muscle

2. Sensory = to CNS (Afferent) from sense organ or receptor

3. Mixed = Motor and Sensory neurons in the same nerve cord

_________________________________________________________

Acronym: "SAME" = Sensory (afferent), Motor (efferent)

_________________________________________________________
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HISTOLOGY OF NERVOUS TISSUE

Neuroglia = support cells:

1. Astrocytes = form Blood/Brain barrier

Found ONLY in the CNS, where they surround blood vessels

2. Microglia = phagocytic cell found ONLY in the CNS, where they engulf and destroy microbes and cellular debris

3. Ependymal cells = found ONLY in the CNS, where they line brain ventricles and produce Cerebrospinal fluid (CSF);

ciliated type assists the circulation of CSF

4. Myelin-producing cells:

a) Oligodendrocytes = produce myelin sheath around axons of neurons in the CNS ONLY

b) Neurolemmocytes (Schwann cells) = produce myelin around a single axon of a Peripheral Nervous System (PNS) neuron

Note: the myelin sheath insulates the axon, which helps conduct nerve impulses faster

Saltatory conduction = nerve impulse jumps between gaps in the myelin sheath called neurofibril nodes or Nodes of Ranvier

(white matter is white because neurons are myelinated;

gray matter is non-myelinated neurons)

Neuron = nerve cell

Nerve or tract = MANY nerve cells

_________________________________________________________

COMPONENTS OF A NEURON

1. cell body = contains the nucleus; integrates nerve impulses; has Nissl bodies which are involved in making protein

2. dendrites = receives nerve impulse and sends it to the cell body

3. axon = takes impulse AWAY from the cell body
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a) axon collateral = side branch of an axon

b) axon terminal = fine filaments near the end of an axon

c) synaptic end bulb = synaptic vesicles (bulb-like structures) which house the neurotransmitter Acetylcholine (Ach)

_________________________________________________________

CLASSIFICATION OF NEURONS

A.) based on the number of processes extending from the cell body:

1. multipolar

2. bipolar

3. unipolar

B.) based on the direction in which they transmit nerve impulses:

Sensory (afferent) neurons conduct impulses TOWARD the CNS

Motor (efferent) neurons conduct impulses FROM the CNS to effectors (muscles and glands)

_________________________________________________________

NEUROPHYSIOLOGY

1. The nerve impulse (action potential) is the body's quickest way to control and maintain homeostasis.

2. Neuron plasma membranes contain ion channels which open and close due to the presence of “gates” in the channel protein.
3. Leak channels are gated and open and close randomly which allows Na+ and K+ to cross the neuron plasma membrane.
4. Other gated channels open and close in response to specific stimuli.

Other Types of Gated Channels:

a) voltage gated (+/- charges)

b) chemically gated (Ach, other neurotransmitters, hormones)

c) mechanically gated (vibration, touch, sound waves, stretch receptors in stomach and bladder)

d) light gated (photoreceptors in eyes)
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NERVE IMPULSE CONDUCTION:
1. The membrane of a resting neuron is positive outside and negative inside because of differing numbers of K+, Na+, large negatively charged proteins, and the operation of the sodium/potassium pump.

A typical value for the resting membrane potential is -70mV inside and the membrane is said to be polarized.

2. When a stimulus causes the inside of the cell membrane to become positive (+30mV), and the outside negative, the membrane is said to be depolarized and has an action potential which travels along the membrane.

The travelling action potential is a nerve impulse and the ability of a neuron to respond to a stimulus and convert it into a nerve impulse is called EXCITABILITY.

3. Restoration of the resting membrane potential (back to -70mV) is called REPOLARIZATION.

The period of time during which the membrane recovers and cannot initiate another action potential is called the REFRACTORY PERIOD.

4. According to the "all or none" principle, if a stimulus is strong enough to generate an action potential, the impulse travels at a constant and maximum strength.

(A stronger stimulus will NOT cause a larger response).

5. Nerve impulse that occurs as a step-by-step process is called CONTINUOUS CONDUCTION.  A nerve impulse that jumps from neurofibril node to node is called SALTATORY CONDUCTION.

6. Speed of Nerve Impulse:

a) large diameter nerve fibers conduct impulses faster than smaller diameter nerve fibers

b) myelinated fibers conduct nerve impulses faster than non-myelinated fibers

c) nerve fibers conduct impulses faster when warmed and slower when cooled

_________________________________________________________

Page 9

CONDUCTION ACROSS SYNAPSES:

1. A threshold stimulus generates an action potential in the membrane of a neuron.

2. Voltage-gated channels open and sodium ions flow into the neuron, depolarizing it.

3. The inside membrane of the neuron changes from -70mV to +30mV.

4. Potassium (K+) channels open, potassium flows out and the neuron inner membrane is repolarized to -70mV.

5. When the nerve impulse reaches a chemically gated synapse, voltage regulated gates open and release calcium ions.

6. Ca++ causes synaptic vesicles to fuse with the pre-synaptic membrane and release Ach into the synaptic cleft.

7.  The neurotransmitter, Ach, diffuses over to the post-synaptic membrane where it interacts with chemical channel proteins to produce either a IPSP (-), or EPSP (+) effect.

EPSP (+) = excitatory post-synaptic potential = IMPULSE GENERATION.

IPSP (-) = inhibitory post-synaptic potential = IMPULSE INHIBITION.

_________________________________________________________

Note:  Synaptic conduction may be altered by disease, drugs and pressure.

(Local anesthetics prevent opening of voltage-gated Na+ channels, so nerve impulses are not able to pass through).

_________________________________________________________

REGENERATION OF NERVOUS TISSUE:

At about 6 months of age, the neuron loses its ability to divide.

_________________________________________________________
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Notes:

The junction between neurons, neurons and muscle fibers or neurons and gland cells is called a SYNAPSE.

At a synapse, the direction of nerve impulse is only ONE WAY, from the pre-synaptic membrane of one neuron to the post-synaptic membrane of another neuron.

The post-synaptic neuron is an integrator.  It receives signals, integrates them and then responds accordingly.

At a synapse there may be:

1. Impulse generation = EPSP+ = excitatory post-synaptic potential.

2 Impulse inhibition = IPSP- = inhibitory post-synaptic potential.

_________________________________________________________

END OF CHAPTER 12 NOTES

