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BASAL GANGLIA: ANATOMY
Reading: Purves et al., Ch.18

Introduction
 Basal ganglia include following structures:  caudate nucleus, putamen,  globus pallidus,  and two associated structures- subthalamic nucleus and substantia nigra. The first three are the grey matter in the middle of the telencephalon,  subthalamic nucleus is in the diencephalon, and substantia nigra (SN) is a part of mesencephalon. They are anatomically connected to regulate motor function. 
Dorsal structures: 
Corpus striatum: 1. Neostriatum (or only Striatum) - Caudate nucleus + Putamen. 
                2. Globus pallidus

Ventral structures:  Nucleus accumbens, olfactory tubercle, basal nucleus of Maynert and substantia innominata.  
Caudate nucleus is a curved structure that follows lateral ventricle. It has a head, body and tail that end in the temporal lobe close to the Amygdala (Fig. 1- A14). Cellular composition of N.Caudatus and Putamen are very similar and consists of medium spiny neurons that  are GABAergic cells. These two structures are divided by the anterior limb of the internal capsule (axons coming to and from the cerebral cortex). 
Putamen is positioned laterally in respect to Caudate nucleus (Fig.1). 
Striatum receives inputs from the Cerebral cortex, Thalamus (VA/VL) and Substantia Nigra (DA inputs).  Output from this region is mainly to Globus Pallidus.  
Striatum is heterogeneous in respect to its inputs and outputs.  When stained with enzyme acethyl-cholinesterase it shows pale (patches) and dark (matrix) areas. "Patch" compartment  has dense opiate receptors  and is enriched in enkephalin- and substance P-like immunoreactivity. The "matrix", has a high acetyl-cholinesterase and somatostatin-like immunoreactivity. Patches receive inputs from the prelimbic cortex (a medial frontal cortical area with direct "limbic" inputs from the amygdala and hippocampus); they also project to the substantia nigra pars compacta. Conversely, the matrix receives inputs from sensory and motor cortical areas and project to the substantia nigra pars reticulata (the source of the non-dopaminergic nigrothalamic and nigrotectal system). 
Globus pallidus has different cellular composition than striatum.  It consists of larger cells not densely packed, and on fresh cut tissue it looks pale (thus the name) since it contains myelinated fibers. It is positioned medially in respect to putamen. It has two parts:  external segment and internal segment.  The main output of Basal ganglia is through the internal part of GP which projects to VA/VL of the Thalamus.

BG are involved in regulating motor function of the motor cortex during the movement. Their role is essential in the initiation of the movement (Parkinson’s disease patients have trouble to start to walk), but there are active during the whole movement. Their enhanced activity stimulates some cortical regions to execute wanted movements (appropriate muscles) and decrease activity in adjacent cortical areas that regulate competing muscles.  These loops from cerebral cortex to BG and back to the same cortical regions are very fast and active during the entire movement. This will be explained in more details in the next lecture.
Anatomical components of the Direct Pathway:
Premotor and Motor Cerebral Cortex  >>> cortico-strate connections to Stratum (Putamen) >>> internal Globus Pallidus >>> output fibers in Ansa lenticularis and thalamic fasciculus to VA/VL of the Thalamus and from there through thalamo-cortical connections  to  the Motor Cortex.
This “Direct pathway”  is excitatory to the cerebral cortex.
Anatomical components of the Indirect pathway: 
Indirect pathway includes external Globus Pallidus, Subthalamic nucleus and Substantia nigra.  Including these additional structures made this pathway less excitatory to the cerebral cortex. Note: it is not inhibitory since connections from thalamus to cortex are always excitatory, only the level of excitation varies.
Cer Cortex >>> Putamen>> External GP >>> Subthalamic Nucleus (glutaminergic, excitatory input) >>> Internal GP >>>Thalamus (VA/VL) >>> Cer cortex
Subthalamic Nucleus >>> Subs Nigra >>>> VA/VL Thalmus>>> Cer Cortex
This pathway results in less excitation in the cerebral cortex. Both pathways are activated simultaneously but project to different neurons (that regulate diverse muscle groups).
Subthalamic Nucleus: is a lens-shaped nucleus, between diencephalon and mesencephalon.  When lesioned  the patient experience uncontrolled whole body movement- hemiballismus. Subthalamic nucleus sends excitatory impulses to Substantia Nigra and Internal Globus Pallidus, both of which are inhibitory to thalamus. Indirect pathway in BG includes loop through subthalamic nucleus. The net result is that thalamus sends less excitation to Cerebral Cortex.  Subthalamic N.  is a place of choice for deep brain stimulation (see below).
Substantia Nigra (SN) - consists of two parts: pars reticulata and pars compacta. Pars compacta  has dark color due to melatonin pigment in the cells that produce dopamine (DA). These neurons project to the striatum (both caudate and putamen) as nigro-striate projection which is dopaminergic. DA neurons from pars compacta are eliminated in Parkinson’s disease. Pars compacta has reciprocal connections with both N.subthalamicus and striatum.
Pars reticulata is more ventral and in cellular composition is similar to globus pallidus.  Cell types in SNr are mainly GABAergic neurons. This part projects to superior colliculus, thalamus, reticular formation,  and  striatum and receives projections from these sites, and also from the cerebral cortex (cortico-nigral fibers). There are connections between pars reticulate and pars compacta.
Inputs to SN are from striatum (via globus pallidus) , thalamus,   subthalamic nucleus, and cortex (SNr).
Deep brain stimulation is now used in therapy of Parkinson’s disease instead of surgery.  Several sites can be stimulated: thalamus, Globus Pallidus or Subtalamic nucleus. Subthalamic nucleus is a structure of choice lately.  Various symptoms of Parkinson’s disease can be improved with this intervention:  tremor, rigidity, slowness of movement (bradikinesia) and stiffness. Successful stimulation of the subthalamic nucleus allows patients to consistently reduce their medication while improving all of their other disease-related symptoms.  In addition, the surgery to place the stimulator in the subthalamic nucleus is generally easier than surgeries for the thalamus or globus pallidus.  The mechanisms of action for deep brain stimulation are not well known. It is believed that it sets the right discharge pattern of action potentials to override a pathological one.
The ventral striatum is a separate set of nuclei which are related to limbic system. It consists of nucleus accumbens, olfactory tubercle, and nucleus basalis Meynert in the substantia innominata.  The ventral striatum is strongly innervated by dopaminergic fibers from the ventral tegmental area (VTA) located in the mesencephalon next to SN. These DA projections are known as the mesolimbic dopamine system. 
N.accumbens is position rostrally and ventrally, at the level where caudate nucleus and putamen are still not divided by the internal capsule.  It has the highest density of serotonergic inputs in the striatum.  N. accumbens is believed to make a connection between motivation (output from the amygdale) to the behavior change (outputs of the basal ganglia).  This structure plays a major role in drug abuse. Drugs increase the level of DA in this structure. In is sometime surgically removed in treatment of alcoholism (in China).
Substantia innominata (unnamed substance) is slightly caudal from N.accumbens, positioned bellow the anterior commissure. It is part of the basal forebrain and includes the nucleus basalis of Meynert which contains large cholinergic neurons. This location is one of the first to be affected in Alzheimer disease.
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