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Basal Ganglia: 

· gray matter of the brain

· motor control – not how you move, but if you do or not.

Lentiform nucleus: (conical shaped) 

· Putamen – largest part externally

· Globus Pallidus II

· Globus Pallidus I

Caudate nucleus: (largest nucleus in B. G.)

· Head - (lateral wall of anterior horn of lateral ventricle) (largest part)

· Body – (floor of body of lateral ventricle)
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Tail – (roof of interior horn of lateral ventricle ending anteriorly in the amygdala)
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Subthalamic nucleus: utilizes glutamate (excitatory neurotransmitter)

Substantia Nigra: 

· pars compacta – utilizes dopamine (excitatory)  (Ex: Parkinson’s disease)

· pars reticulata – utilizes GABA (inhibitory)

Corpus Striatum: 

· caudate nucleus (all) and lentiform nucleus (all)

Neostriatum or Striatum:
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Normal (left); Parkinson's disease (right) (Source: Strange, 1992, Fig. 10.3.)
Box 14.28

Normal (left); Huntington's disease (right) (Source: Strange, 1992, Fig. 11.2.)
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head of caudate nucleus and putamen

* Claustrum: (unknown fxn)

* Amygdala: (functionally part of the limbic system)










Basal ganglia - circuitry





At rest, the Substantia Nigra (has reciprocal connections w/caudate n.) inhibits the Putamen which withdraws its inhibition on the Globus Pallidus (GP)  The GP then is active (it can also be excited by Subthalamic n. or Caudate n.) & inhibits the Ventral Lateral Thalamic n.  In turn, the VLT n. inhibits the supplementary motor cortex (Area 6 – premotor cortex: lateral surface of cerebrum or supplemental motor cortex – medial surface [mid sag.] of cerebrum).



So, at rest:

· Substantia Nigra inhibits Putamen

· Putamen, Subthalamic n. or Caudate n. excite GP

· GP releases GABA which inhibits VLT n. (TH)

· Thalamus now can’t release Glutamate to excite Cortex

· Cortex is therefore inhibited

           
= NO MOTION

Activation from the Substantia Nigra pars compacta (SN-PC also has reciprocal connections w/caudate n.) excites the Putamen.  Putamen inhibits GP, which causes GP to withdraw its inhibition on the Ventral Lateral Thalamic n. 

[Inhibition of Inhibition] . This results in excitation of the supplementary motor cortex & initiation of mov’t.


For Mov’t initiation:

· Substantia Nigra or Caudate n. excite Putamen

· Putamen inhibits GP

· GP withdraws the inhibition on the VLT n. (TH)

· Thalamus releases Glutamate

· Cortex is excited

          =  MOTION


Basal ganglia - disorders
Hypokinetic Disorders: inability to move

· Akinesia – inability to initiate mov’t, stuck  (Parkinson’s)
· Bradykinesia – slowness of mov’t  (Parkinson’s – time and space distortion)

Parkinson’s Disease


Depletion of Dopaminergic cells in the Substantia Nigra causing the breakdown of 

the nigrostriatal circuitry.  *Cause unknown: May be an autoimmune rxn to dopamine cells *


Symptoms

· Akinesia – impaired or inability to initiate (paucity of) mov’t

· Detrimental to patient b/c they can become “stuck”.  May “unstick” via a cue

      (visual, auditory, etc.)

· Bradykinesia – decreased amplitude & velocity of voluntary mov’t

· Resting (pill rolling) tremor – slow alternating contraction of distal limb agonists & 

                                                   antagonists more pronounced at rest.

· Goes away w/ motion & dissipates with sleep

· Cog Wheel rigidity (Basal Ganglia)

· Flexed posture – stooped over

· Mask-like facial expression – don’t respond to emotion; stare

· Shuffling gait & impaired balance

Treatment

· Administration of L-Dopa (precursor to dopamine – can’t cross BBB)

· Disadvantage – degree of aid varies by person; has many side effects

· Transplantation of human embryonic dopamine cells 

· Some improvement, but most transplant cells die

· Any benefit from remaining transplanted cells is counteracted by patient’s 

      own dopamine cell death.

· Pallidotomy – removal of GP or VLT n. (thalomectomy) one or both sides depending on severity.

· Performed on patients not responding to meds

· Effective in alleviating some Parkinsonian symptoms









Hyperkinetic Disorders: increased, unwanted mov’ts

· Dyskinesia (involuntary mov’ts)

· Chorea – dance-like, haphazard, small muscle mov’t but not always same muscle

· Ballism – (subthalamus) tick in proximal muscle so it appears as gross mov’ts,

              arms/legs flinging around.

· Athetosis – slower mov’t

· Dystonia – stuck muscle (agonist & antagonist contracting at the same time)

· Hypotonia – low muscle tone b/c of these diseases; rarely seen in Parkinson’s

                   but seen in athetonic.

                 
Huntington’s Disease (Chorea)
· Autosomal dominant heredity disease – 50% chance of getting disease if one parent carries gene

· Insidious onset at age 40-50.  

· Results in slow degradation of neurons in the striatum.

Symptoms
· Chorea (choreiform mov’ts) – involuntary twitching of extremities and face 
                     (quick, jerky, tick-like, but non-repetitive mov’ts)  that progressively worsens & expands

· When involves face = easy to Dx; Limbs only = easy to hide/incorporate abnormal mov’ts.

· Progressive cognitive deterioration – dementia

· Behavioral/psychiatric disturbances

· Death usually 15-20 yrs after disease onset (unable to produce any useful mov’ts).

Sydenham’s Chorea  - (St. Vitu’s Dance)

· Transient  (lasts 1-2 yrs) (reversible) childhood chorea associated w/rheumatic fever 

      
and affecting the striatum.

· More prevalent in little girls

· Dx of disease is confirmed upon cessation of symptoms.  

Athetosis  (symptom & disease name)
· Degeneration of the GP resulting in slow, sinuous, writhing mov’ts of distal extremities.

· Commonly seen in Cerebral Palsy

Ballism  (symptom & disease name)
· Lesion of the Subthalamic n. (usually caused by a small stroke)or it’s connections results in 

      mostly contralateral involuntary mov’ts of the proximal extremities and trunk.

· Patients can fxn on that side.  

· Meds create Parkinsonian symptoms (Akinesia & tremors) on good side = difficult to manage disease.

Dystonia Musculorum Deformans

· Associated w/ injury of the Lentiform n., resulting in co-contraction of agonist & antagonist muscles.

· Commonly seen in Cerebral Palsy 

· “stuck” in every motion; if able to move, motion is not smooth, restricted

Basal Ganglia





Not in cerebrum. 


Part of 


Diencephalon in midbrain





Both are sometimes referred to as anatomical constituents of B. G. b/c of the general anatomical definition of the B. G. as the gray matter of the cerebrum.
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In cross section - 


Level 1:  see Putamen


Level 2:  see Putamen & G. P. I


Level 3: see Putamen, G.P.I & II
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B.G. cells utilize GABA except:        Substantia Nigra – dopamine          Subthalamic nucleus - glutamate





Pars Compacta – dopamine


Pars Reticulata - GABA





Mid Brain – Inf. Colliculus level Decussation of SCP





NORMAL





PARKINSON’S





NORMAL





HUNTINGTONS CHOREA





Dopaminergic cells of Substantia Nigra are drastically reduced.





Lateral ventricle is larger due to cell death.


Caudate n. is reduced


Putamen is reduced





Mid Brain – Sup Colliculus level Almost at Red Nucleus





 These symptoms usually lead people to see their Dr.








CORPUS STRIATUM
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