KIN 437, Lecture 7


I. Disorders of the Basal Nuclei (Ganglia)

A. Anatomy

1. five nuclei

a. putamen (deep nuclei in cerebral hemisphere),

b. caudate (deep nuclei in cerebral hemisphere),

c. globus pallidus (deep nuclei in cerebral hemisphere), internal and external segments

d. subthalamic nucleus

e. substantia nigra (midbrain), pars reticulata and pars compacta

2. functional groups

a. major input to basal nuclei: striatum: putamen and caudate

b. major output from basal nuclei: globus pallidus internal segment and substantia nigra pars reticulata

B. Control of movement via two pathways: direct and indirect pathways

1. direct pathway: excitatory effect on cortical areas that control movement (positive feedback that reinforces activation of cortex)

a. cortex has excitatory input to putamen

b. putamen has inhibitory input to internal globus pallidus/substantia nigra reticulata

c. internal globus pallidus/substantia nigra reticulata has inhibitory input to thalamus

d. thalamus has excitatory input to supplementary motor cortex

2. indirect pathway: inhibitory effect on cortical areas that control movement

a. cortex has excitatory input to putamen

b. putamen has inhibitory input to external globus pallidus

c. external globus pallidus has inhibitory input to subthalamic nuclei 

d. subthalamic nuclei has excitatory effect on globus pallidus/substantia nigra

e. globus pallidus/substantia nigra has inhibitory input to thalamus

f. thalamus has excitatory input to supplementary motor cortex

C. Neurotransmitters in basal nuclei

1. dopamine 

a. substantia nigra has dopaminergic cells which have inputs to the putamen (note, 80% of dopamine in the brain is in the substantia nigra)

b. the direct pathway has D1 receptors which cause excitation

c. the indirect pathways has D2 receptors which cause inhibition

d. the overall effects is to reinforce the direct pathway and inhibit the indirect pathway

2. GABA

a. putamen inhibitory input to internal globus pallidus/substantia nigra reticulata is mediated by GABA and  substance P

b. putamen inhibitory input to external globus pallidus is mediated by GABA and enkephalins

D. Parkinsons’s Disease

1. degeneration of up to 90% of dopaminergic neurons in substantia nigra

2. effect on direct pathway

a. D1 receptors in striatum are not activated

b. Striatum inhibition of globus pallidus internal segment/substantia nigra pars reticulata is reduced

c. Thus, inhibition of thalamus by globus pallidus internal segment/substantia nigra pars reticulata is increased

d. Net result is less excitation input from the thalamus to the cortex, resulting in reduction in spontaneous movement

3. effect on indirect pathway

a. D2 receptors in striatum are not activated

b. Striatum inhibition of globus pallidus external segment is reduced

c. thus inhibition of subthalamic nucleus by globus pallidus external segment is increased

d. globus pallidus internal segment/substantia nigra has less excitation by subthalamic nucleus resulting in increase inhibition of thalamus

e. Net result is less excitation input from the thalamus to the cortex, resulting in reduction in spontaneous movement

4. cause is unknown but may be related to toxins, infection, trauma, hereditary

5. characteristics

a. akinesia: difficulty in initiating movements

b. bradykinesia: slowness and difficulty maintaining movements

c. tremor and ridigity

6. treatment: dopamine therapy (less effective over time)

E. Huntington’s Disease

1. progressive degeneration of GABAergic striatum neurons (caudate and putamen) 

2. effect on indirect pathway

a. inhibitory input to globus pallidus external segment is reduced

b. result is an increase in inhibition of the subthalamic nucleus by the globus pallidus external segment

c. that causes the subthalamic nucleus to provide less excitation of the globus pallidus internal segment/substantia nigra pars reticulata

d. thus, the globus pallidus internal segment/substantia nigra pars reticulata is less able to inhibit the thalamus

e. net result is that the thalamus excitatory input to the cortex increases, and thus, there is an increase in involuntary movements, e.g. chorea

3. cause is genetic defect

4. characteristics

a. chorea

b. hypotonia (reduced muscle tone)

c. akinesia and bradykinesia

d. tremor and ridigity

F. Tourette’s Syndrome

1. characterized by involuntary movements called tics

a. can be muscle twitches or even complex movements, i.e. jumping, speaking

b. associated with impulsion or urge to perform a tic that is only satisfied when tic occurs

2. may be inherited, but seems linked to hyperactivity disorders (males more likely than females)
3. limbic circuits of basal nuclei may be influenced 
a. some tics may involved sexual reference or swearing (coprolalia)

b. decreased activity in limbic circuits may result in the activity in the direct pathways being abnormally high
4. dopamine therapy can help to manage symptoms
