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Indirect Pathway: Striatum( GPe(STN(GPi/SNpr(Thalamus

Direct Pathway: Striatum(GPi/SNpr( Thalamus

GPe Feedback

· GPe neurons feedback inhibition to neurons in Striatum and STN but feed-forward inhibition to neurons in GPi/SNpr
· Suggests GPe may oppose, limit, or focus effect of Striatal and STN projections to GPi/SNPpr

________________________________________________________________________

SNpc provides DA input to Striatum

· Made up of large DA containing neurons (degenerate in PD)

· DA neurons contain neuromelanin which gives the SNpc its blackish appearance

· Receives input from Striatum (Striosomes) GABAergic (-)

· SNpc DA neurons project to all of caudate and putamen in topographic manner

· SNpc firing changes in relation to behaviorally significant events but only in the context of a movement task (predict the occurance of a behavioral event)

Damage to SNpc: causes symptoms and development of Parkinson’s Disease

· DA neurons die

· Main symptoms of Parkinson’s Disease:

1. Tremor at rest that decreases during movement

2. Slowness of movement (bradykinesia)

3. Akinesia: paucity of movement

4. Muscular rigidity

5. Unstable posture

Treatment: L-Dopa, (DBS) of STN or GPi, Pallidotomy, lesion of STN

________________________________________________________________________

Striatum

What are the two principal input structures of the basal ganglia?

· Caudate & Putamen (hint; these two structures form Striatum)

· Neurons in Putamen receive input from the somatosensory and motor cortex and have activity correlated with both active & passive mvmt. but not with specific sensory modalities (touch, vibration, etc.).

Tonically Active Neurons (TANs); subset of Striatal neurons (~10%) fire continuously. Fire in relation to certain sensory stimuli that are assoc. w/ reward.

Damage to Striatum= slow voluntary movements or involuntary postures and movements

· GABA agonist Muscimol inactivates the putamen causing slower movement of the contralateral limb

· Huntington’s Disease: genetically based, degenerative disease in humans that results in disabling involuntary movements called chorea

· Chorea caused by: disinhibition of GPe neurons causing inhibition of STN & GPi/SNpr
· Frequent, brief, sudden random twitches

· Voluntary movements much slower than normal

· Results from loss of neurons in Striatum
________________________________________________________________________

STN

· Neurons tonically active, organized somatotopically, change activity in relation to eye or limb movement
· Majority of mvmt. related neurons in STN have signals related to movement direction

________________________________________________________________________

GPi/SNpr

· Two principal output structures from Basal Ganglia to Thalamus

· Neurons are tonically active and organized somatotopically

· GPi ( output for limb movements
· SNpr( output for eye movements
________________________________________________________________________

**Basal Ganglia “Brake Hypothesis:” motor output of BG analogous to brake. When movement is initiated, GPi neurons decrease their discharge on motor pattern generators (MPG) therefore removing tonic inhibition and “releasing the brake” on that generator. GPi neurons projecting to other MPGs increase firing rate and therefore increase inhibition to “brake” other movements to prevent interference.

________________________________________________________________________________________________________________________________________________

Cerebellum

· Contains more neurons and circuitry than all the remainder of the brain, and it packs it into only 10% of the total brain weight

· Important function of the cerebellum is to regulate neural signals in other parts of the brain
· Dysmetria: movements become erratic in their size and direction when it is damaged

· Important site for motor learning and movement execution (coordination of complex movements)
· Newest regions regulate higher cerebral processes for motor planning, cognition and problem solving

________________________________________________________________________

Lobes and Peduncles

Three paired longitudinal subdivisions:

1. Vermal (medial) zone

2. Intermediate Zone

3. Lateral Zone (imp. For cognition)

Peduncles carry information to and from the cerebellum














Source

· Superior Peduncle (.8 M)




deep nuclei

· Middle Peduncle (20 M)
     Mossy Fibers
Cortex to pontine N.


· Inferior Peduncle (.5 M)
   Climbing Fibers
  Spinal Cord/ BS

(current state input)

________________________________________________________________________

Cerebellum Layers

1. Molecular Layer

a. Cell poor containing mostly Purkinje Cell dendrites and their afferents

i. Afferents for PC are Parallel fibers and Climbing Fibers
2. Purkinje Cell Layer (1 cell thick)

a. Purkinje Cells: single type of efferent neuron in cerebellar cortex, inhibitor, project to cerebellar nucleus and vestibular nucleus

b. Special computational features
i. Calcium P currents underlying plateau potentials in PC dendrites are imp. From two perspectives:

1. Promoted by (+) from PFs, plateau potentials response. For the high spontaneous firing rates of PCs

2. Influx of Ca++ resulting from these currents is one of the factors that contributes to the motor learning mediated by the synaptic plasticity of PF( PC synapses

3. Granular Layer

a. Receives Mossy Fiber input which forms (+) cell glutamatergic synapses on granule cells, unipolar brush cells and Golgi cells

b. Billions of neurons (smallest neurons in the brain)

c. Cerebellar Glomeruli: densely packed clusters of Granule cells separated by islands of neuropil 

d. Axons ascend into the molecular layer where they bifurcate to form parallel fibers

________________________________________________________________________

Cerebellar Deep N.

1) Interposed N.; receives input from Intermediate zone 

a. (subdivided into emboliform, globose )

b. important for accuracy of voluntary movement (limb control)

2) Fastigal N.; receives input from vermal zone.

a. Projects to lower level areas of brain stem rather than thalamus

3) Dentate N.; receives input from lateral zone

________________________________________________________________________

Two main afferents into cerebellum:

1) Mossy Fiber

a. Bring different kinds of state information about the periphery and other brain centers

b. Upon reaching cerebellum MFs branch extensively and distribute bilaterally

c. Neighboring patches can have representation of different body parts that are functionally related

d. MF( granule cell( Purkinje cell pathway is a widely divergent system

e. PC may receive information about sensory conditions, internal states, external states, and plans of the organism

2) Climbing Fibers

a. Arise from inferior olive (IO) a complex of larger and smaller subnuclei located in the ventral medulla oblongata

i. Subdivisions of IO project to specific subdivisions of the cerebellar and vestibular N.

b. An individual climbing fiber leaves collaterals in cerebellar N. but contacts only one Purkinje cell (1:1 ratio)

________________________________________________________________________

Cerebellar Output; engages motor, autonomic, and cognitive parts of the brain

· Reaches all areas of motor nuclei, structures w/in ANS, and many areas of cerebral cortex with topically organized connections

· General Principles of Outflow:

1) Cerebral cortical areas that project to the cerebellum and some of the nonmotor areas of the prefrontal cortex are targets of cerebellar output

2) Cerebral cortical areas that do not project to the cerebellum are not targets of cerebellar output

3) Cerebellar output channels to different cortical areas are topically distinct zones of the dentate N.

_______________________________________________________________________

Long-Term Depression mediates motor learning

· LTD( name given to the synaptic plasticity of PF(PC synapses

· Diff. b/w LTP and LTD

· LTD desensitizes postsynaptic receptors instead of sensitizing them

· Classical conditioning depends on the cerebellum
________________________________________________________________________

Activation and Inactivation studies of cerebellum

· Cerebellum participates in the planning of complex movements and in a variety of cognitive and problem-solving functions

· Cerebellum activated when subjects make sequential movements

· Lateral cerebellum active in language task in which subjects are asked to generate appropriate verbs for visually presented nouns

· Newer parts of cerebellum are active in ways beyond those required for the execution of movements

________________________________________________________________________

Damage to Cerebellum = MOTOR DEFICITS

· Ataxia: lack of coordination b/w mvmt. of body parts

· Dysmetria: inability to make a mvmt. of the appropriate distance or direction

· Hypotonia: abnormally decreased muscle tone

· Nystagmus: involuntary and rhythmic eye mvmt. that usually consists of a slow drift and a fast resetting phase

· Action/intention tremor: involuntary oscillation that occurs during limb mvmt and disappears when limb is at rest. Titubation (tremor of entire trunk)

· Cerebellar damage also causes deficits in motor learning and classical conditioning
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