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BASAL GANGLIA

Objectives
Understand the role and function of basal ganglia
circuits in the control of planned, volitional movements.
Describe and locate the major nuclei (caudate,
putamen, globus pallidus, and subthalamus) of
the basal ganglia and know how they relate to
the direct and indirect pathways.
Define the four neurotransmitters used in these
two circuits (glutamate, GABA, dopamine, and
acetylcholine).
Understand how the direct pathway excites
the motor cortex and how the indirect
pathway suppresses the motor cortex.
Describe the major lesions of the direct and
indirect circuits.
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Introduction
Basal ganglia consist of a complex, interconnected network of subcortical nuclei (gray
matter) embedded deep within the cerebral hemispheres, midbrain, and diencephalon.
Like the cerebellum, these circuits play an essential role in the motor control of planned,
volitional movements but with distinctively different functions.
1.

Functions of the basal ganglia (extrapyramidal motor system):
a. Excitation of motor cortex to initiate voluntary movements
b. Suppression of the motor cortex to inhibit motor activity and prevent the
breakthrough of unplanned movements.
c. Provide cognitive and emotional function.

3. Like the cerebellum, the basal ganglia’s role in the control of movement is via the
upper motor neuron (UMN) with no direct connections with the lower motor neurons
(LMN).
4. Basal ganglia require much less sensory information than the cerebellum.
5. The basal ganglia circuitry consist of two loops : direct and indirect pathways
described in the text.
6. The basal ganglia circuits relay through the same thalamic motor nuclei (VA and VL)
as the cerebellum.
7. There are four important neurotransmitters utilized in the basal ganglia circuits:
1. Glutamate
2. GABA
3. Dopamine
4. Acetylcholine
8. Blood flow to most of the basal ganglia is provided by the lenticulostriate branches of
the middle cerebral artery.
9. Movement disorders (dyskinesia) resulting from basal ganglia lesions will be either
hyperkinetic characterized by a breakthrough of uncontrolled involuntary, jerky
movements (Huntington’s disease) or hypokinetic characterized by increased tone
(rigidity), slow movements (akinesia or bradykinsia), and problems initiating planned
movements (Parkinson’s disease).
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Nuclei of Basal Ganglia

The basal ganglia circuits include the following five bilateral nuclei embedded deep
within the cerebral hemispheres, midbrain, and diencephalon (Fig. 8.1, 8.2, and 8.3).

A. Cerebral Hemisphere
1.

Striatum. The striatum (neostriatum) consists of two components: caudate and
putamen nuclei. These two nuclei develop together and have similar histology. The
caudate nucleus and the putamen receive the major inputs to the basal ganglia from
the cortex (primarily the sensorimotor cortex) and are referred to as the input center.
The striatal neurons are inhibitory (GABA). The anterior limb of the internal capsule
separates the two nuclei.
a. Caudate nucleus. The caudate nucleus is a comma-shaped structure comprised
of a head, body and tail. The head is the largest part and can be identified
protruding into the lateral aspect of the lateral ventricle and has connections with
the putamen. The tail curves around the corpus callosum and enters the temporal
lobe. The caudate nucleus is mostly involved in cognition.
b. Putamen. The putamen is the large, convex nucleus located just deep to the insular
cortex. The putamen forms the most lateral part of the basal ganglia. The putamen
and the globus pallidus are separated from the caudate nucleus by the fibers of
the anterior limb of the internal capsule. The putamen is mostly involved in motor
control. The putamen and the globus pallidus together form the lenticular nucleus.

3. Globus pallidus. The globus pallidus is a two-part, triangular-shaped nucleus located
just medial to the putamen and lateral to the internal capsule. The two parts of the
globus pallidus are the Internal segment (medial) and the external segment (lateral).
a. Internal segment. The internal segment is the innermost part of the globus pallidus
and is separated from the thalamus by the posterior limb of the internal capsule.
The internal segment is described as the output center characterized by its
inhibitory (GABA) projections to the VA and VL nuclei of the thalamus. The internal
segment is integral to both the direct and indirect circuits (described later).
b. External segment. The external segment is the lateral part of the globus pallidus,
adjacent to the putamen. The external segment forms part of the indirect circuit.
The combination of the caudate nucleus and the lenticular nucleus (putamen and
globus pallidus) form the corpus striatum. Note that the caudate nucleus and thalamus
are located medial to the internal capsule and the putamen and globus pallidus are
located lateral to the internal capsule.
The organization of the terminology used to describe these nuclei of the basal ganglia is
Illustrated below:

Corpus striatum

Striatum

Caudate necleus
Putamen
Globus Pallidus
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B. Midbrain

The substantia nigra is the largest nuclear mass in the midbrain and is located just
dorsal to the cerebral peduncles on each side of the midbrain. It consists of two parts.
The dorsal part is the pars compacta which contains darkly pigmented dopaminergic
neurons. Dopamine is a critical neurotransmitter for striatal function by exciting the
direct pathway and inhibiting the indirect pathway. Thus, dopamine is important in
activating the direct pathway. The ventral part is the pars reticulata which contains cells
similar to the internal globus pallidus (GABA).

C. Diencephalon
The subthalamic nucleus is a large, deeply stained nucleus located just inferior to
the thalamus in the diencephalon. The subthalamic nucleus is separated from the
globus pallidus by the posterior limb of the internal capsule. The subthalamic nucleus
is integrated into the indirect circuit and is excitatory (glutamate) to the internal globus
pallidus.
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FIGURE 8.1 Axial Image of Cerebral Cortex at Level of the Basal Ganglia
3

8

Neuroanatomy

Corpus callosum
(genu)
Lateral ventricle
frontal horn

Internal
capsule

Anterior limb
Genu
Posterior limb
Third ventricle

Splenium of
corpus callosum

Caudate nucleus
(head)
Putamen
Globus pallidus
Thalamus
Lateral ventricle
posterior horn

FIGURE 8.2 Axial CT Scan of Cerebral Cortex

Lateral
ventricle

Caudate
nucleus
Putamen

Internal
capsule
Third
ventricle
Subthalamic
nucleus

Thalamus
Globus pallidus,
external segment
Globus pallidus,
internal segment

Mammillary
body

FIGURE 8.3 Frontal Image at the Level of the Diencephalon

4

Basal Ganglia

Afferent Inputs to the Basal Ganglia
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Most afferent inputs to the basal ganglia enter via the striatum (input center: caudate
nucleus and putamen) and are excitatory (glutamate).
1.

The basal ganglia receives input from many areas of the cerebral cortex and the
substantia nigra.
a. The putamen receives inputs from the motor cortex of the frontal lobe and the
somatosensory cortex of the parietal lobe. These circuits are more involved in
motor functions of the basal ganglia.
b. The caudate nucleus receives inputs from cortical association areas (mostly
prefrontal cortex) and limbic areas of the cerebral cortex. These circuits appear to
be more related to emotional and cognitive functions.

2. The striatum also receives essential inputs from the pars compacta part of the
substantia nigra (dopamine).

Intrinsic Circuits of the Basal Ganglia
Knowledge of the excitatory and inhibitory circuits within the basal ganglia pathways
is important in understanding the normal functions of the basal ganglia and also
helps to explain the disorders of movement seen in basal ganglia diseases. The basal
ganglia circuits interconnect the ipsilateral cerebral cortex and the thalamus to control
movement via two complex circuits: the direct pathway and Indirect pathways. All
circuits occur on the ipsilateral side of the hemisphere.
The following is an overview of some of the more critical principles concerning the
direct and indirect pathways of the basal ganglia and are illustrated in Figure 8.4.
1.

Direct pathway. Activity within the direct pathway results in disinhibition of the
thalamus, which allows excitatory thalamic output to the motor cortex resulting in the
initiation of movement.

2. Indirect pathway. Activity within the indirect pathway results in disinhibition of the
subthalamic nucleus which allows subthalamic to excitation of the internal globus
segment and increased inhibition of the thalamus. This increased thalamic inhibition
prevents thalamic activation of the motor neurons in the cerebral motor cortex
resulting in the suppression of movement.
3. The striatum forms the input center, and the internal segment of the globus pallidus
forms the output center.
4. The direct and indirect pathways control movement by influencing the upper motor
neurons in the cortex and brainstem. Basal ganglia circuits do not directly influence
the lower motor neurons.
5. The two circuits utilize four neurotransmitters: glutamate, GABA, dopamine, and
acetylcholine.
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6. Note that all outputs of the striatum and both parts of the globus pallidus are
inhibitory, using GABA as the neurotransmitter. The outputs of the subthalamic
nucleus and thalamus are excitatory, using glutamate as the neurotransmitter.
7. There are two sets of inhibitory neurons (GABA) in the striatum. One group projects
into the direct pathway, and the other group projects into the indirect pathway. Each
set of neurons have different receptors (D1 and D2) with dopamine having opposite
affects on them
8. Both the direct and indirect pathways relay through the VA and VL nuclei of the
thalamus.
9. Cholinergic (acetylcholine) neurons of the striatum have opposite effects than
dopamine by activating the indirect pathway.
10. Both circuits consist of interconnections between nuclei that are confined to the
ipsilateral side of the hemisphere. Thus, a unilateral lesion of the basal ganglia on one
side of the cortex influences ipsilateral UMN that affect contralateral limb muscles.
Note this is different than cerebellar lesions that affect ipsilateral limbs.
11. Both circuits are capable of mediating disinhibition of downstream target neurons.
Disinhibition occurs with three neurons in sequence. It is a type of excitation that
results when the first neuron in the circuit exerts an inhibitory influence on the second
neuron. The inhibition of the second neuron (which is also inhibitory) reduces the
inhibition influence of the second neuron onto the third neuron. This disinhibition
provided by the second neuron allows the third neuron to exert excitatory influence
on downstream targets. Thus, two inhibitory synapses in sequence within a circuit will
result in the excitation of the third neuron.
12. In addition to the motor loop described in this chapter, basal ganglia circuits also play
a role in eye movements, cognitive functions, and emotional functions.
13. Blood supply to the basal ganglia is provided by several sources:
a. Perforating branches of the posterior cerebral and posterior communicating
arteries to the substantia nigra and subthalamic nucleus.
b. Lenticulostriate (lateral striate) branches of the middle cerebral artery to the
striatum.
c. Anterior choroidal branch of the internal carotid artery.
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A. Direct Pathway
1.

The primary and premotor cortices of the frontal lobe provide the principal excitatory
(glutamate) inputs to the GABA neurons of the striatum (input center). The cortical
input neurons for motor functions project primarily to the putamen.

2. Also projecting to the input center are the dopamine neurons from the pars
compacta of the substantia nigra. Dopamine is a critical neurotransmitter for striatal
function, and regulates the activity of the direct and indirect pathways. Dopamine
binds to the D1 receptors on the striatal cell membranes and activates the GABA
neurons of the direct pathway. Dopamine also binds to the D2 receptors of the
striatum, and suppresses the GABA neurons of the indirect pathway. This double role
of dopamine will open the direct pathway and close the indirect pathway. This double
role of dopamine will favour the direct pathway over the indirect pathway.
3. The inhibitory GABA striatal neurons of the direct pathway project to the internal
segment of the globus pallidus (output center). The neurons (GABA) of the internal
globus pallidus project to and disinhibit the thalamus are in the direct pathway.
4. This inhibition of the internal segment neurons (GABA) projecting to the thalamus (VA
and VL nuclei) results in disinhibition of the thalamus. Thalamic disinhibition allows the
VA and VL thalamic nuclei to be excitatory to the upper motor neurons of the motor
cortex resulting in the initiation of planned movements.

B. Indirect pathway
1.

The principal excitatory (glutamate) inputs to the neurons of the striatum (input
center) project from many areas of the cerebral cortex.

2. At the end of the planned movement, excitatory cholinergic neurons of the striatum
open the indirect pathway by activating the GABA inhibitory neurons of the striatum
that project to the external segment of the globus pallidus.
3. The neurons (GABA) of the external segment project to and inhibit the subthalamic
nucleus. This sequence of two inhibitory neurons results in disinhibition of the
subthalamic nucleus, allowing the subthalamic nucleus to be excitatory (glutamate)
to the internal segment of the globus pallidus.
4. This excitatory (glutamate) output from the subthalamic nucleus to the internal
segment activates the GABA inhibitory neurons of the internal segment to the
thalamus resulting in the inhibition of the VA and VL nuclei of the thalamus.
5. This inhibition of the thalamus prevents excitatory activity from the thalamus to the
motor cortex and suppresses movement.
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Comparisons of Both Pathways:
1.
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Note that the internal segment of the globus pallidus receives inhibitory inputs
from the striatum in the direct pathway and excitatory inputs from the subthalamic
nucleus in the indirect pathway. This regulation of the internal segment then controls
the degree of inhibitory output of the internal segment of the globus pallidus to the
thalamus. Thus, the net balance of excitatory and inhibitory inputs to the internal
globus pallidus determines the effect of basal ganglia on upper motor neurons.
•

Decreased output of internal globus pallidus in the direct pathway disinhibits
the thalamus and results in excitation of motor cortex activity and initiation in
movement.

•

Increased output of internal globus pallidus in the indirect pathway suppresses
the thalamus resulting in inhibition of motor cortex activity. This decreases the
level of cortical activity and suppresses unwanted, break-through movements.

2. Excitation of neurons in the direct pathway results in net excitation of the motor
cortex (initiation of movement).
3. Excitation of the neurons in the indirect pathway results in net inhibition of the motor
cortex (suppression of movement).
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Lesions of Basal Ganglia

Basal ganglia movement disorders resulting from an imbalance between the direct and
indirect pathways are referred to as dyskinesia characterized by abnormal movement.
Symptoms of basal ganglia movement disorders include difficulty initiating movements,
alteration of muscle tone, breakthrough of unplanned movements, and cognitive and
behavioral problems. Most of these movement disorders are expressed bilaterally.
The unplanned movements are divided into either hyperkinetic disorders (random
patterns of jerks or twists) or akinetic or hypokinetic disorders with increased rigidity and
problems initiating movements. Also, there can be a combination of both of these types
of disorders in a patient. Muscle strength and reflexes are basically normal.
Some of the major disorders of basal ganglia disease are discussed below:

Lesions of Direct Pathway: Hypoactive Cortex
Parkinson’s disease

1.

a. Most common of the hypokinetic diseases. Cause is unknown.
b. Results from the degeneration of dopaminergic neurons of the compact part of
the substantia nigra accompanied by an increase of acetylcholine. Treated with
L-dopa and anticholinergic drugs. Loss of dopamine results in faliure to open the
direct pathway and loss of the inhibition of the thalamus.
c. Slow onset, around 45-60 years of age.
Symptoms include:
1.

Pill-rolling resting tremor.

2. Slow movements (bradykinesia and akinesia) and difficulty initiating movement.
3. Lead-pipe or cog-wheel rigidity and increased muscle tone.
4. Stooped posture and shuffling gait.
5. Hypertonia: Masked face and loss of facial expressions.
6. Slow and slurred speech.

Lesions of Indirect Pathway: Hyperactive Cortex
1.

Huntington’s disease
a. Autosomal dominant hereditary disorder (trinucleotide CAG repeating disorder)
involving chromosome 4.
b. Results from an extensive and significant degeneration of the GABA and
acetylcholine striatal neurons (primarily in the caudate nucleus) to the external
segment in the indirect pathway. There is also loss of GABA neurons projecting
from the external segment to the subthalamic nucleus. This will result in loss of
excitation from the subthalamic nucleus to the internal segment and hyperkinetic
movements.
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c. Slow onset: Symptoms appear 30-50 years of age. Death usually follows in about
15-20 years.
Symptoms include:

1. Early symptoms (30-50 years) are subtle onset of hyperkinetic movement disorders
and small changes in cognitive functions that become more evident over time.
2. Chorea movements: Abrupt, jerky, and wild involuntary movements primarily
affecting the limbs, face, and tongue. They often are referred to as dance-like
movements.
3. Athetosis: Slow, serpentine, writhing and twisting movements of the limbs.
4. Personality and mood changes with dementia. There is loss of intellectual
functions, major changes in personality, and loss of ability to take care of their daily
personal needs. They can become very aggressive and with depression.
3. Hemiballismus
a. Violent, swinging, ballistic involuntary movements of limbs only on one side
b. Results from a lesion of the subthalamic nucleus contralateral to the side of
hemiballismus (usually results from a hypertensive stroke: involving a branch of the
posterior cerebral artery).
c. Lesions of the subthalamic nucleus result in a reduction of the inhibitory functions
of the thalamus in the indirect pathway, leading to in increased movements of the
contralateral limb.
4. Additional Disorders
a. Tourette syndrome, Wilson’s disease, Dystonia.
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