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Abstract 
The basal ganglia consist of a collection of subcortical nuclei that play an essential role in the 

control of motor function but also too in cognition. These nuclei can in turn be divided 

according to their projections into input, output and intrinsic nuclei. The classical basal ganglia 

model was developed to explain the circuits within this structure. It consists of a direct pathway 

that promotes movement, an indirect pathway that inhibits movement and a dopaminergic 

pathway that modulates movement. Disorders are seen to arise due to a dysfunction in a part 

of the circuit. Such can be arranged in a spectrum that consists of hyperkinetic disorders on one 

side and hypokinetic disorders on the other. By identifying which parts of the circuit is 

dysregulated, one would be able to design therapies to elevate these symptoms.  
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Introduction 
 

The basal ganglia can be defined as a series of 

nuclei that are located deep within the 

telencephalon (1,2). They are primarily 

involved in voluntary motor control. This 

collection of structures are also seen to be 

involved in other processes, such as those 

motivational, cognitive and emotional that 

eventually lead to movement being carried 

out. (3,4). In fact  the associate, limbic, motor 

and orbitofrontal cortico- basal ganglia- 

thalamo-cortical loops have all been 

identified. For the purpose of this review 

emphasis will be made on the motor cortico- 

basal ganglia-thalamo-cortical loop, due to it 

being the most relevant in motor 

pathophysiology (5).  

The classical model of 

Parkinson’s disease 
 

The classic basal ganglia model was 

developed in 1980’s and is based on the 

cortico- basal ganglia- thalamo- cortical loop. 

It can be simplified as follow; projections 

arise from the motor and association cortex 

and terminate on the striatum (Figure 1). 

From here, impulses move to the pallidum 

that is the internal segment of the Globus 

pallidus (GPi) and the substantia nigra pars 

recticularis (SNpr). These in turn project onto 

the thalamus which then sends neurons back 

to the motor cortex (3). This model states that 

cortical activation, as a result of the intention 

to carry out a desired movement, leads to 

glutamate release on the striatal neurons. This 

results in the activation of the medium spiny 

neurons (MSN). Being inhibitory due to 
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GABA release, MSN result in SNpr and the 

GPi deactivation. Since now the SNpr and 

GPi have been inhibited, the GABA release 

from the SNpr and GPi is reduced and thus 

inhibition of subsequent structures, which 

include the thalamus, is lost. This allows for 

activation of venterolateral and 

venteroanterior thalamus. Hence these 

neurons can now activate the primary motor 

cortex, the premotor and supplementary 

motor cortex. This is known as the direct 

pathway. Furthermore, MSNs that project 

from the striatum to the pallidum also project 

onto the external segment of the Globus 

pallidus (GPe) via the indirect pathway. 

MSNs release GABA onto the GPe and result 

in its deactivation. Hence now the 

subthalamic nucleus ( STN) which was 

previously inhibited by the GPe will be 

activated. This leads to the activation of the 

GPi because of glutamate release from the 

STN. The STN also activates the SNpr 

through glutamate release.  Both the SNpr and 

the GPi contain inhibitory GABA releasing 

neurons, hence once activated they will 

inhibit the superior colliculus and the 

thalamic nuclei respectively. As a result, 

excitatory impulses arising from the thalamus 

and projecting to the motor cortex are 

abolished. Hence, the thalamus will no longer 

be able to stimulate the cortex and thus 

movement is revoked. (6-8) The direct and 

indirect pathway are theorised to work 

simultaneously so as to select intended 

movement and supress the undesired ones (9). 

This model also states that dopamine released 

from the substantia nigra pars compacta 

(SNpc) plays a major role in providing 

modulation of the inputs of the cortex from 

the striatum. The modulation depends on 

whether dopamine binds to D1 receptors 

located on neurons participating in the direct 

pathway causing excitation or to D2 receptors 

located on neurons in the indirect pathway, 

causing inhibition (10). 

 

It should be noted that the STN receives 

additional projections that arise directly from 

the cerebral cortex, these are excitatory 

impulses that form part of the hyperdirect 

pathway. Activation of this pathway leads to 

inhibition of the thalamus via the activation of 

the SNpr as previously described and hence 

no movement occurs (6) 

 

 

Figure 1: The classical basal ganglia model 

demonstrating the direct, indirect pathway and hyper-

direct pathways. Retrieved from White et al., 2001.  

 

Overview of basal ganglia 

movement disorders 
In terms of disorders that can arise, one can 

compose a spectrum with two opposing ends; 

hyperkinetic disorders, characterised by 

involuntary movement, like Huntington’s 

disorder on one side and hypokinetic 

disorders, characterised by a diminished 

motor activity (excluding the resting tremor), 

like Parkinson’s disease on the other side. It is 

suggested that involuntary movements seen in 

hyperkinetic disorders are a result of a 

diminished inhibitory output from the basal 

ganglia. This results in a decreased 

suppression of fronto-cortical areas which in 

turn initiate movement. The reversal of this is 

observed in hypokinetic disorders (11). 
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Parkinson’s disease 
 

Parkinson’s disease (PD) collectively refers to 

neurodegenerative conditions that affect 

different parts of the brain. Parkinsonism in 

turn refers to the motor impairments 

experienced such as akinesia, bradykinesia, 

rigidity and resting tremors. These motor 

impairments are largely attributed to a 

diminished dopamine in the basal ganglia. It 

has been shown that parkinsonism is a 

complex connectivity disorder that arises as a 

result of dysfunctional activity in a group of 

neurons mainly in substantia nigra. These 

neurons in turn alter the synchrony, 

excitation, oscillatory activity and also 

sensory response of regions in the cerebral 

cortex that are involved in movement 

planning and execution. Signs, including both 

motor and non-motor will start to appear once 

substantial loss of nigrostriatal neurons has 

taken place. (12) 

Degeneration of the dopaminergic neurons in 

the SNpc is observed, while some of these 

neurons take decades to degenerate, neurons 

that project to the putamen do so at a faster 

rate. (12). Dopamine loss results in the 

reduction in post synaptic potential 

facilitation in the direct pathway and a 

reduction in the post synaptic potential 

inhibition in the indirect pathway, allowing 

for the latter to take over (Figure 2). This 

results in an abnormally high inhibition 

arising from the basal ganglia reducing the 

thalamic activation of upper motor neurons 

within the cortex hence resulting in the 

hypokinesia experienced (6). Thus, 

dopaminergic neuron loss leads to GPe 

neurons firing less and GPi, STN and SNpr 

cells with a greater spontaneous discharge and 

increased response to cortical stimulation. 

Studies have shown that there is also a change 

in their firing patterns as well as firing rates. 

An increased tendency to fire in a burst of 

action potentials was observed in the striatum 

and STN as well as enhanced 

rhythmic/oscillatory activity. In addition, 

there was also increased synchrony between 

neighbouring neurons. Burst activity of the 

Globus pallidus and STN was seen to be more 

prolonged Figure 1: A simple representation of the 

direct pathway in (a), indirect pathway in (b) and the 

alteration observed in Parkinson’s Disease (blue 

arrows: excitatory glutaminergic pathways; red 

arrows: inhibitory Gabaergic pathways; green 

arrows: dopaminergic pathways). Retrieved from 

Magrinelli et al., 2016. 

in terms of its duration, as well as in the length 

of the individual burst (Figure 3). The 
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presence of abnormal oscillatory activity 

within each nucleus and among structures in 

Parkinson’s disease has also been recognised. 

This may in turn contribute to the 

development of parkinsonism. This is because 

the oscillatory activity in a single cell in the 

basal ganglia is reflected in the cerebral 

cortex. (12,15). 

Figure 3: A figure that illustrates the change in single 

cell activity as observed in normal and MPTP treated 

monkeys (to represent parkinsonian patients). Each 

segment represents a 5s duration. Retreived from 

Galvan and Wichmann, 2008. 

In addition to this, dopamine loss also results 

in other secondary changes such as the 

reduction in dendritic spine density of the 

MSNs, especially those present in the 

putamen. This would have major 

pathophysiological significance as it results in 

major alterations in the corticostraital and the 

thalamostriatal projections as it may account 

for diminished glutamatergic input (Figure 4). 

Studies have shown that D2 receptor 

expressing MSNs are affected to a greater 

extent and loss of spines may be a result of 

calcium channel dysregulation. Furthermore, 

dopamine reduction also leads to changes in 

both sensitivity and density of dopamine 

receptors (12,15). A study was conducted by 

by Gerfen and his colleagues using rats with 

lesions nigrostriatal dopamine pathway 

induced by 6-hydroxydopamine to serve as 

Parkinson’s disease models. The latter 

showed that D1 receptor mRNA was reduced 

in the MSNs participating in the direct 

pathway and D2 receptor mRNA was 

increased in MSNs participating in the 

indirect pathway (16). 

 

Figure 4: Anatomical changes observed a 

result of substantia nigra (SN) dopaminergic 

neuron degeneration Retrieved from Mandel 

et al., 2010.  

 

Since the pathophysiology underlying 

Parkinson’s disease is dopamine depletion, 

indicated treatment is to provide 

pharmaceutical products that replace this 

dopamine loss. In fact, L- DOPA (levodopa) a 

dopamine precursor has been shown to be 

quite successful and more to the point, is 

considered to be the gold standard for PD 

patients.  This precursor encourages 

dopamine synthesis by midbrain neurons 

(17).  Additional drugs can be added to L –

DOPA so as to increase L- DOPA’s half-life, 

hence allowing for a reduced dose to be 

prescribed. An example of the latter is 

Carbidopa, a dopamine decarboxylase 

inhibitor. This block peripheral breakdown of 

L- DOPA, as it is unable to cross the blood 

brain barrier. Hence, increasing the amount of 

L- DOPA delivered to the brain, without an 

increase in L- DOPA dose (18).  None the less, 

some patients also experienced dramatic side 

effects when taking L- DOPA like emotional 

disturbances and dyskinesia (17). In fact, L- 

DOPA dyskinesia is one of the most 

denilitating side-efects faced by patients 

suffering from this disease who are taking this 

particular treatment. This occurs when 

antiparkinsonian effects of this drug are 

maximal (19).  The on and off phenomenon 

can be used to describe the effects of L- DOPA 

after long term use. In the off-phase, patients 

experience negative symptoms such as 

rigidity due to the lack of drug efficacy. In 

contrast, the on phase describes positive 

symptoms which can range from normal 
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movement to abnormal movement. 

Sometimes the term intermediate is used to 

describe normal movement (24). This 

phenomenon is thought to arise due to 

pulsatile administration of L –DOPA (23). 

This leads to an increased gene expression of 

the neurotransmitter in the direct pathway 

while failing to normalise the pathogenic 

upregulation of gene expression in the 

indirect pathway .Recent studies have 

indicated that dyskinesia experienced with 

this treatment is a result of these 

neurotransmitter changes (20,21).  

Another way of targeting this disease is by 

increasing the activity of the ventrolateral and 

ventroanterior nuclei of the thalamus. This 

can be done by reducing the activity of the 

GPi. In addition, one can also aim to reduce 

STN activity which would also result in a 

reduction in GPi impulse generation. This can 

be done through deep brain stimulation, a 

recent advancement of neuro-medicine in the 

last two decades that involves the delivery of 

adjustable stimulation which in turn can offer 

a therapeutic effect for disorders related to an 

abnormal circuitry, which allows for 

neuromodulation of these targets described. 

This technique is actually applied to modulate 

the activity of the STN and GPi that are hyper 

activated. Improvements in the quality of life 

of patients that underwent this procedure were 

reported even in those with advanced PD.  

When deep brain stimulation is used along 

with L-DOPA treatment, potentiation of their 

beneficial outcomes occurs resulting in 

decreased PD symptoms (17,24). 

PD arises from dopamine producing cell 

degeneration in the substantia nigra pars 

compacta, hence replacement of these cells 

can also be a way of increasing dopamine 

production. Treatments have been developed 

to target this by providing nigral cell 

transplantation. This method utilises 

embryonic midbrain neurons which are then 

transplanted into adult brains. These neurons 

are then able to form axons in the scar tissue 

present resulting in the innervation to be 

resorted (17). A somewhat similar approach 

was also devised using genetically modified 

cells that contain the necessary genes to 

produces tyrosine hydroxylase, an enzyme 

utilised in the dopamine production (6). 

Conclusion 
 

Despite information with regards to the core 

structure within the basal ganglia being 

available for some years, the actual role of 

these structures as well as its projections to 

both cortical and subcortical structures is still 

in a process of development, with more 

circuits both intrinsic and extrinsic being 

discovered. Thus, more research is required in 

this grey area. This allows for the ability to 

link clinical observations to those modelled in 

the laboratory to be able to devise new 

treatments hence potentially increasing the 

life expectancy and quality of life of patients 

who have both physical and cognitive 

impairments as a result of a dysfunction in 

this major core structure. 
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