KIN 437, Lecture 6


I. Disorders of Peripheral Nervous System

A. Definition

1. there are many different kinds of pathologic conditions, called peripheral neuropathies, that affect the peripheral nervous system

2.  categories

a. axonopathies (axon is affected) 

b. myelinopathies (myelin ensheathment is affected)

B. Clinical signs and symptoms

1. deficits in sensory function 

a. positional and vibratory sensation reduced in limbs

b. abnormal sensations (numbing, prickling, “pins and needles” in hands, feet), pain

2. deficits in motor function 

a. persistent weakness (slowing or block of nerve condution)

b.  involuntary muscle action (abnormal generation of action potential)

3. deficits in autonomic function

C. Axonopathies: Wallerian Degeneration

1. acute traumatic lesion of axon (i.e. laceration, crushing, traction, ischemia) causes functional continuity of axon to be disrupted, as a result, a form of axonal disintegration occurs distal to the lesion

2. distal axon is disconnected from cell body and therefore transport of supportive materials is absent

3. Wallerian degeneration stages (15-5) can occur in a few weeks in peripheral nerves (takes months in CNS)

a. axon swells and breaks apart

b. the myelin sheath in myelinated fibers breaks apart and is phagocytosed

c. the cell body undergoes significant changes too (or may die if injury is close to soma)

d. cell body swells and the endoplasmic reticulum (ER) breaks apart and is repositioned in periphery of cell body (chromatolysis)

e. the ER is the site of protein synthesis and this reorganization may be associated with massive synthesis of proteins necessary for axon regeneration which can occur 

f. if regeneration is successful, cell body regains its normal appearance

4. regeneration, i.e. growth of new axons, can occur in the peripheral nervous system and can even restore function

a. sprouts grow from the proximal segment of interrupted axon (15-5)

b. some of these sprouts may grow and travel within residual connective tissue elements (note, regeneration is better in crush than in laceration injuries which is lack a “path”)

c. reinnervation of target tissue (i.e. muscle fibers) can occur, however, sprouts may also follow aberrant routes to inappropriate destinations (e.g. the wrong muscle fibers result in controlling different movements or in the case of sensory fibers sprouting, the wrong sensation) 

d. axonal sprouts that fail to form appropriate connections ultimately disappear

D. Axonal Degeneration

1. similar to Wallerian degeneration, except the axon disintegrates slowly and is associated with chronic disease or long-term insult

2. dying back

a. distintegration begins at most distal part of axon

b. disintegration continues and progress all the way back to the cell body producing cell death

E. Effect of axonopathies on muscle: denervation

1. muscle fibers atrophy and change shape when denervated 

2. if any fibers remain, compensatory hypertrophy can occur because even a normal motor task imposes exaggerated workload on remaining fibers

3. reinnervation may occur by sprouting of intact motor axons

a. greatly enlarged motor units may result (7X the normal number of muscle fibers)

b. changes in fiber type may result

F. Myelinopathies

1. a variety of genetic, immunologic and toxic disorders result in destruction of myelin sheath or myelin-producing Schwann cells while leaving the axon relatively intact

2. entire internodal segments of myelin are usually lost which is called segmental demyelination (15-8)

3. loss of myelin results in slowed impulse conduction and possibly complete conduction block

a. remember, a nerve has many axon fibers

b. thus, the extent of the loss of function depends on how many of the fibers are demyelinated

c. a mixture of demyelined fibers and normal fibers would result in a different conduction velocities which may or may not produce overt symptoms

4. surviving Schwann cells can remyelinate the demyelinated segments, but usually, several cells will ensheath the area covered originally by only one cell, resulting in short, multiple intertodes (15-8)

II. Disorders of Ventral Horn Cells: The Neuronopathies

A. Definition

1. neuronopathies: disorders in which the primary pathologic defect is in the region of the motor neuron cell body 

2. spinal cord and/or brainstem motor neurons are involved

3. note, there may be overlap between neuronapathies and peripheral neuropathies

B. Clinical signs and symptoms

1. skeletal muscle weakness and wasting and fasiculations (twitches)
2. spasticity, hyperreflexia mixed w/ depressed or absent tendon reflexes

3. disease can progress to a point where there’s almost no striated muscle function at all 

4. limb, facial and respiratory muscles are affected

C. Amyotrophic lateral sclerosis (ALS)

1. most common motor neuron disease
a. neurodegenerative

b. adult onset (after 40 years)

c. fatal

2. loss and degeneration of motor neurons (16-3)

a. spinal motor neurons

b. brainstem motor neurons

c. pyramidal cells and corticospinal tracts

3. denervation causes skeletal muscle fibers to atrophy (16-4)

a. only some motor units are involved

b. thus, atrophied fibers are mixed in with normal fibers (unlike in peripheral neuropathy, where whole regions of muscle fibers are wasted) while normal fibers undergo hypertrophy
4. cause is unknown

a. genetic mutation for gene responsible for superioxide dismutase (SOD1), thereby causing free radical accumulation

b. glutamate toxicity (ALS patients have abnormally high glutamate levels in the blood)
5. Riluzole treatment

a. Decreases glutamate release

b. Prolongs life by a few months

D. Poliomyelitis

1. acute disorder caused by three strains of enteroviruses

2. less than 1% of those infected develop some degree of paralysis (i.e. isolated muscle group or in one limb or in many or all limbs)

3. respiratory muscles can be affected 

4. mechanism

a. spinal cord and to a lesser extent brainstem motor neurons are infected by the virus

b. inflammatory response occurs in area invaded by virus

c. motor neuron cell bodies are killed and removed by phagocytosis

d. motor axons under wallerian degeneration 

e. denervation causes skeletal muscle fibers to atrophy (16-8)

f. some reinnveration  from collateral sprouting of remaining motor axons occurs and spared muscle fibers hypertrophy

5. postpolio syndrome

a. 2/3 of people will develop secondary health problems after initial polio attack

b. includes fatigue, lack of endurance, musculoskeletal pain, weakness, atrophy

c. cause may be linked to overworked hypertrophied muscle fibers 

6. only treatment is prevention via immunology
a. Jonas Salk developed 1st vaccine (massive outbreak in 1952 caused hysteria)

b. Two important developments: produce virus  in large quantities and “kill” or inactivate the virus
c. Salk tested vaccine in himself and family resulted in successful antibody production
E. Herpes Zoster (shingles)

1. Virus (varicella zoster) causes chickenpox first (childhood), but is not eliminated from the body

2. Later (adulthood), the virus becomes active again, primarily affecting sensory ganglia of spinal cord or cranial nerves but can also lead to destruction of motor neurons
3. pain or tingling, rashes, lesions appear in skin regions (dermatomes) innervated by affected spinal nerves (16-9)

4. muscle weakness and wasting can also occur

F. Rabies

1. caused by transmission of virus (Lyssavirus) from animals to humans (i.e. bite, saliva)

2. results in encephalitis (brain inflammation)

3. virus travels along neural pathways

4. 20% of those infected have the paralytic form, “dumb rabies”, characterized by lower motor neuron paralysis of a limb or multiple limbs

5. Fatal if not treated with rabies vaccine (4 doses over 14 days)
G. Tetanus

1. disease caused by bacterial infection (Clostridium tetani, lives in soil, produces toxin) into an open wound

2. the toxin, tetanospasmin is retrogradely transported in motor axons to the motor neuron cell bodies

3. the toxin crosses synaptic cleft, accumulates in spinal inhibitory neuron terminals (e.g. Renshaw cells)

4. toxin prevents release of inhibitory transmistters, i.e. inhibition of motor neurons is reduced and muscles become rigid and/or spasm (causes difficulty breathing, cardiovascular problems, orthopedic problems, e.g. broken bones)

H. Strychnine poisoning

1. strychnine is a poison that blocks neuronal inhibition (competitive antagonist for glycine receptor)

2. causes convulsions

