MSP Neuroscience

Problem Set #3

1.

Nerve
Nuclei
Function
Clinical Application

III   Oculomotor
Oculomotor (III) nucleus
motor neurons that innervate extraocular muscles except superior oblique and lateral rectus; also innervates palpebrae superioris
Symptoms seen with damaged neurons?

Outward and downward deviation of eye at rest due to unopposed action of superior oblique and lat. rectus; drooping of eyelid


Edinger-Westphal nucleus
accomadation and pupillary constriction
Symptoms seen with damaged neurons?

Pupil dilation ipsilaterally


Trigeminal (V) Motor Nucleus
Muscles of mastication and tensor tympani
Symptoms seen with unilateral damage?

Weakness of jaw opening and closing

V  Trigeminal
Spinal nucleus
• Facial pain and temperature sensation

• corneal reflex

• (similar to spinothalamic for body)
Describe the reflex mediated by this nucleus.

Touching of cornea of one eye --> bilateral closing and blinking.


Main sensory nucleus
• Facial discriminative tactile and proprioceptive sensation

• (similar to dorsal column for body)
What symptoms are seen with damage to the nucleus?

Contralateral loss of sensation and discriminative touch


Mesencephalic nucleus
Ia afferent s from muscle of mastication and machanoreceptors of gums, teeth, and hard palate. Afferent limb of the massater reflex (jaw jerk)
What symptoms are seen with damage to the nucleus?

Absence of jaw jerk reflex


Facial (VII) nucleus
Facial muscles
What symptoms are seen with unilateral damage to the neurons?

Loss of facial movement on the same side



VII Facial
nucleus of the solitary tract
Taste from anterior 2/3 of tongue
What symptoms are seen with damage to the nucleus?

loss of taste from anterior 2/3 of tongue


Superior salivatory
Lacrimation and salivation


VIII Vestibulocochlear
Auditory (VIII) nucleus
hearing
What will occur with brainstem damage of the auditory path above the cochlear nuclei on the right side? What will happen with brainstem damage of the cochlear nuclei on the right side?

Deafness will not occur in the first case because auditory information crosses the midline at several brainstem levels. Deafness of the right ear will occur in the second case


ambiguus nucleus
innervates the pharynx and larynx
Symptoms seen with unilateral loss of neurons?

Difficulty with swallowing and laryngeal function

IX Glossopharyngeal 
Inferior salivatory nucleus
innervates the parotid gland



nucleus of the solitary tract
visceral sensation of tongue and taste on posterior 2/3 of tongue


X Vagus
ambiguus nucleus
innervates the pharynx and larynx
Symptoms seen with unilateral loss of neurons?

Difficulty with swallowing and laryngeal function


nucleus of the solitary tract
taste of epiglottis region


2. Explain the localization of cranial nerves as it relates to their development.

Neurons with similar types of function occupy columns that run in a rostrocaudal direction, and the different columns are organized in a medial to lateral sequence. Sensory and motor columns are located along the dorsal surface of the medulla and separated by the sulcus limitans just as they are in the spinal cord. Motor columns are located medially and sensory are located laterally. During development some nuclei shift ventrally.
3. A patient comes to your office with decreased conscious proprioception in the left upper extremity, decreased pain and temperature sensation in the left face, and decreased pain and temperature sensation on the right side of the body below the head. Where in his her lesion (at what level of the brain stem and on which side)? What nuclei and/or tracts are damaged?

Caudal medulla, let side. This lesion involves damage to the nucleus and fasciculus cuneatus, the spinothalamic tract, and spinal nucleus of V and its fibers.

4. a) Describe and explain the physical manifestations which would present with a lesion to the fibers in the right internal capsule which connect the cortex to the facial nucleus.

Since these fibers cross over to the contralateral side, they would effect the output of the left facial nucleus. The patient would present with facial paralysis only on the lower half of the left side of the face since the nuclei supplying the upper half of the face receive inputs from both ipsilateral and contralateral sides. There may be some manifestations of weakness or paralysis in the upper half of the face since the input from the contralateral side does predominate that from the ipsilateral side.
b) Describe and explain the type of lesion(s) which can possibly cause total paralysis of the whole right side of the face.  

There can be two possibilities here. One would be if we were to lesion the entire right facial nucleus. The other possibility is to lesion the right facial nerve somewhere early along its pathway. In both instances there are no inputs going getting to the right side of the face and the patient would then exhibit right facial paralysis. 

5. a) For each pathway, state i) the origin of its nuclei, ii) the origin of the afferents which innervate these nuclei, iii) the side which these fibers descend (ipsi/contra), and iv) the possible functions of these tracts.

rubrospinal tract:

nuclei originate from the magnocellular part of the red nuclei, receive inputs from the cerebral cortex an cerebellar nuclei, descend contralaterally, and contribute to skilled, goal-directed movements and maybe facilitatory effects on flexor muscles of the upper limbs (from Dr. Houser's notes)

lateral vestibulospinal tract:

originate from the lateral vestibular nucleus, receives inputs from the vestibular portion of the eighth nerve, descends ipsilaterally, and facilitates extensor muscles of both upper and lower limbs. 

6. Upon arriving on the ward for the first day of your neurology rotation, you are told by the intern on call the night before that two admits were made. The sleep-deprived intern remembers only the following pieces of information:

• she put one patient in room 1 and one patient in room 2

• one of the patients had a stroke in his left internal capsule (i.e. above the red nucleus) which interrupted multiple motor pathways

• the other patient had massive stroke in his brainstem below the red nucleus (on the right side)

• one of the patients is named Mr. D. Corticate (as in “decorticate”)

• the patient in room 2 has spastic extension of his left lower limb (but normal tone in his right lower limb)

Based on these clues, the intern wants you to tell her the following information about the patient in each room:

a) where is his stroke (left internal capsule or right brainstem below the red nucleus)?

b) what is his name?

c) how would you describe each of his 4 limbs (i.e. spasticity or normal tone? Extending or flexing?)

c) why does his lesion in that location cause that pattern of spasticity?

Room 1

a) Stroke in the left internal capsule

b) His name is Mr D. Corticate (“decorticate”)

c) Both his upper and lower left limbs have normal tone. His right lower limb is extended with spasticity and his right upper limb is flexed with spasticity.

d) Lesions that interrupt multiple motor pathways above the level of the red nucleus lead to increased tone (or spasticity) in the antigravity muscles (flexors of upper limbs and extensors of lower limbs). The red nucleus may exert facilitory influences on the flexors and inhibitory influences on the extensors of the upper limbs, but not the lower limbs.
Room 2

a) Stroke in the right brainstem below the red nucleus

b) His name is Mr D. Cerebrate (“decerebrate”)

c) Both his upper and lower right limbs have normal tone. Both his upper and lower left limbs are extended with spasticity.

d) Lesions that interrupt multiple motor pathways below the level of the red nucleus lead to increased tone (or spasticity) in the extensor muscles of both upper and lower limbs. Without the input from the red nucleus, the upper limb flexors lose their facilitation and the upper limb extensors lose their inhibition.

*** NOTE: In reality (as opposed to in “Problem Set World”), patients with decerebrate posturing are usually affected bilaterally because of marked damage in the brainstem (i.e. it is not limited to one side). Additionally, they usually have other severe problems – coma and respiratory problems.

7.  Upper motor neuron syndromes result from damage to multiple descending pathways of the motor system. They are comprised of both positive and negative symptoms, including (please circle the positive symptoms):

 paralysis
the Babinski sign
clonus

weakness
spasticity.

Spasticity, a common sign in an upper motor neuron disturbance results from “the loss of the proper balance of facilitation and inhibition”. Explain what this means in 1 or 2 sentences. 

Inhibitory control on alpha and gamma neurons by descending pathways is decreased and facilatory influences from supraspinal and spinal (i.e. local interneuron) levels predominates. 
8. You are sitting quietly in your private Neurology Clinic for the Explanation of Syndromes Related to One Chemically-Defined Pathway (NCTSROCDP). Suddenly your first patient of the day enters your clinic. She has been referred by her internist who has told her that she has problems with her serotonergic pathways from her brainstem to her spinal cord. 

There are two such pathways. For each, name the neuron cell location and the axon termination site for the related neurons.

Caudal raphe nucleus to substantia gelatinosa (in spinal cord) and caudal raphe nucleus to intermediolateral cell column (in spinal cord).

You discover the she does, indeed, have a low number of neurons in the above-referenced nucleus. This makes you think of a related, nearby nucleus with neurons which are rich in the same neurotransmitter.

What is the name of this nucleus and where its neurons project to? 

Rostral raphe nucleus. Forebrain and cerebellum. 
While you were unable to treat her, you fully explained your patient’s whacked chemically-defined pathway to her. No sooner did your first patient of the day leave than your next two patients enter the clinic. They are a pair of fraternal twins, one of whom has schizophrenia and one of whom has Parkinson’s disease. 

Explain what chemically-defined pathway is potentially pathological in these twins (the same system). For each of the two pathways in this system, name the location of the cell bodies and the location to which the axons project.  

Dopaminergic pathways. Parkinson’s : substantia nigra, pars compacta (of the midbrain) which project to the striatum -- the nigrostriatal system. Schizophrenic: ventral tegmental area (of the midbrain) which project to the septum, the amygdala, and the frontal lobe -- the mesolimbic and mesocortical dopaminergic systems.
Within moments after their departure, you hear a scream and look outside your clinic door. You see a woman asleep on your doorstep. The man with her says that she screamed “My locus ceruleus!” before falling asleep. Apparently she spontaneously lost the neurons in her locus ceruleus (this is a problem set! What do you expect?) and, being a psychic neuroscientist, she was announcing this to all passers-by before falling asleep. 

What neurotransmitter is associated with this nucleus? Where do the neurons from this nucleus project?

Norepinephrine. Virtually every region of the brain and spinal cord.
