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Neostriatum

Primary Disciplinary Field(s): Neuroscience; Neuroanatomy; Neuropsychology

1. Core Definition and Anatomical Context

The Neostriatum, often simply referred to as the striatum, is the largest component of the basal

ganglia, a crucial subcortical collection of nuclei located deep within the cerebral hemispheres of

the brain. Anatomically, it is defined by its two primary structures: the caudate nucleus and the

putamen. These two structures are functionally and developmentally linked, forming the principal

input zone for the entire basal ganglia system. The neostriatum acts as a critical interface,

receiving extensive excitatory input from nearly all regions of the cerebral cortex, the motor

centers, and the limbic system, allowing it to integrate complex information related to motor

planning, emotional state, and cognition before processing it within the basal ganglia circuit.

Its strategic location places it lateral to the thalamus and internal capsule, and the two major

components are separated partially by fiber tracts, though they remain structurally and

histologically homologous. The caudate nucleus is a C-shaped structure that arches over the

thalamus and extends into the temporal lobe, while the putamen is a more massive, round

structure located beneath the insular cortex. Although once viewed primarily as a motor structure,

modern neuroscience recognizes the neostriatum as fundamentally involved in far more complex

processes, including procedural learning, habit formation, executive function, and the motivational

aspects of behavior driven by the dopaminergic reward system.

The term Neostriatum literally means "new striatum," denoting its comparative youth in

phylogenetic terms relative to other basal ganglia components, such as the globus pallidus, which

is sometimes referred to as the paleostriatum (old striatum). This distinction is based on

evolutionary history, where the neostriatum developed concurrently with the expansion of the

mammalian cerebral cortex, suggesting an evolutionary adaptation that facilitated the sophisticated

motor and cognitive control seen in higher vertebrates. This definition emphasizes that the

neostriatum is the site where voluntary motor commands and complex contextual information

converge to initiate, sequence, or inhibit actions deemed necessary for goal attainment.

2. Component Structures: Caudate Nucleus and Putamen

Although the caudate nucleus and the putamen are often treated as a single functional unit--the

striatum--they exhibit important structural and functional differences that reflect a degree of

specialization in processing different types of information. The putamen is predominantly

associated with sensorimotor functions. It receives input mainly from the primary motor and

somatosensory cortices and projects heavily to the motor segments of the globus pallidus.
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Consequently, the putamen is crucial for the execution and refinement of learned motor skills and

habitual actions, operating largely subconsciously to fine-tune movements.

In contrast, the caudate nucleus is more involved in cognitive and associative functions. Its input

primarily derives from associative cortical areas, including the prefrontal cortex, parietal cortex, and

limbic structures. This anatomical connectivity dictates its involvement in functions such as working

memory, planning, spatial orientation, and the integration of affective information into behavioral

outputs. Dysfunction in the caudate, therefore, tends to manifest more in deficits of executive

function, behavioral flexibility, and impulse control, highlighting its role in the cognitive loop of the

basal ganglia circuit.

Despite these differences in functional specialization, the two structures share a common cellular

architecture. Over 90% of the neurons in both the caudate and putamen are Medium Spiny

Neurons (MSNs). These are GABAergic inhibitory projection neurons that serve as the

fundamental processing units of the neostriatum. MSNs integrate massive amounts of excitatory

input from the cortex and modulatory input from the brainstem (primarily dopamine from the

substantia nigra) before generating the output signal that regulates the activity of downstream

basal ganglia nuclei. The collective inhibitory output of the MSNs is what ultimately controls the

selection and initiation of appropriate behaviors.

3. Evolutionary Significance

The phylogenetic position of the neostriatum underscores its importance in the development of

complex behavior. The designation "neo" is rooted in comparative neuroanatomy, differentiating it

from the older pallidal structures (the globus pallidus, or paleostriatum). While primitive basal

ganglia structures regulating basic, instinctual movements are found across most vertebrate

species, the massive expansion and differentiation of the neostriatum are intrinsically linked to the

parallel expansion of the cerebral cortex, especially in mammals and primates, culminating in

humans.

This evolutionary synchronicity suggests that the neostriatum provides the necessary circuitry for

handling the complexity inherent in cortically-driven actions. As the cortex evolved to support

abstract thought, complex language, and intricate planning, the neostriatum evolved to translate

these cognitive commands into refined, context-appropriate motor sequences and goal-directed

behaviors. The increased size and complexity of the neostriatum allow for greater input

convergence and diversification of functional loops (motor, associative, and limbic), which is

essential for tasks requiring sophisticated behavioral flexibility and learning.

Furthermore, the development of the neostriatum is associated with the refinement of the

dopaminergic system and its role in reinforcement learning. In simpler organisms, behavior often

relies on hardwired reflexes. However, the mammalian neostriatum, particularly through its
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interaction with the mesolimbic pathway, enables organisms to learn the predictive value of cues,

integrate reward expectations, and adjust behavior dynamically based on experience. This

capacity for adaptive learning, critical for survival in complex environments, is one of the most

significant advantages conferred by the evolution of the neostriatum.

4. Functional Roles in Motor Control

The most classically understood role of the neostriatum is its participation in the motor loop of the

basal ganglia, a feedback circuit essential for initiating and executing voluntary movements. The

neostriatum serves as the gatekeeper for movement, ensuring that only appropriate, selected

actions are permitted to proceed while competing, irrelevant movements are suppressed. This

gating function is mediated by the balanced activity of two distinct pathways originating from the

MSNs: the direct pathway and the indirect pathway.

The direct pathway is characterized by MSNs expressing D1 dopamine receptors. Activation of

this pathway facilitates movement; when stimulated by cortical input and dopamine, these D1

neurons inhibit the internal segment of the globus pallidus (GPi) and the substantia nigra pars

reticulata (SNr). Since the GPi and SNr are inhibitory to the thalamus, inhibiting them effectively

disinhibits the thalamus, allowing it to send excitatory signals to the motor cortex and initiate

movement. This mechanism acts like an accelerator for desired actions.

Conversely, the indirect pathway is characterized by MSNs expressing D2 dopamine receptors.

Activation of this pathway suppresses movement; D2 neurons inhibit the external segment of the

globus pallidus (GPe), which in turn disinhibits the subthalamic nucleus (STN). The STN then

excites the GPi, leading to increased inhibition of the thalamus and suppression of movement. This

pathway acts like a brake, halting unwanted or competing movements. The dynamic balance

between the D1-driven direct pathway and the D2-driven indirect pathway, modulated powerfully

by dopamine, is the core mechanism by which the neostriatum refines and selects motor outputs.

5. Role in Learning, Cognition, and Reward Processing

Beyond motor execution, the neostriatum is indispensable for procedural learning and the

establishment of habits. Procedural learning, or "knowing how," involves the acquisition of skills

and routines that are performed unconsciously, such as riding a bicycle or typing. The neostriatum

provides the neurological substrate for this type of memory, gradually shifting control over

repetitive, skilled tasks away from the conscious, error-correction mechanisms of the cortex and

into the reliable, automatic circuitry of the striatum. This process of habituation is linked to the

plasticity of the cortico-striatal synapses, which strengthen with repetitive successful performance.

Furthermore, the neostriatum sits at the epicenter of the brain's reward system, receiving heavy

dopaminergic projections from the Ventral Tegmental Area (VTA) and the substantia nigra.

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Ventral_tegmental_area
https://scales.arabpsychology.com/?p=62154
https://scales.arabpsychology.com
https://scales.arabpsychology.com


NEOSTRIATUM 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Dopamine serves as a critical teaching signal in the neostriatum, signaling the salience, novelty, or

prediction error related to a reward. When an action leads to an unexpected reward, the resulting

dopamine surge strengthens the specific cortico-striatal connections (primarily those driving the

direct pathway) that contributed to that successful action. This mechanism facilitates reinforcement

learning, driving the organism to repeat behaviors associated with positive outcomes and avoid

those leading to punishment.

The cognitive segment of the neostriatum, particularly the caudate nucleus, plays a vital role in

executive functions, including decision-making and cognitive flexibility. By integrating complex

prefrontal cortical information, the caudate helps weigh competing behavioral options based on

their anticipated costs and benefits. It is instrumental in switching between tasks (set-shifting) and

maintaining goal-directed behavior against distraction, thus contributing significantly to higher-order

planning that governs complex sequences of actions, not just simple movements.

6. Neurochemistry and Connectivity

The neostriatum is characterized by a highly complex neurochemical profile that facilitates its role

as an integrative hub. Its functionality is heavily dependent on the interplay between its primary

neurotransmitters and neuromodulators.

Medium Spiny Neurons (MSNs): These neurons are the sole output neurons of the striatum and

utilize Gamma-Aminobutyric acid (GABA) as their primary neurotransmitter. MSNs are inherently

quiet and require massive excitatory input convergence from the cortex to fire, ensuring a high

signal-to-noise ratio in the basal ganglia output. MSNs also co-release various neuropeptides, such

as substance P (in D1-expressing neurons of the direct pathway) and enkephalin (in D2-

expressing neurons of the indirect pathway), which fine-tune the long-term effects on their target

nuclei.

Afferent Input: The neostriatum receives the densest input of any basal ganglia component. The

primary excitatory input is glutamatergic, originating from the entire cerebral cortex in a topographic

manner (motor cortex projects to the sensorimotor striatum, prefrontal cortex to the associative

striatum). Furthermore, the neostriatum receives crucial modulatory input from the midbrain,

notably the dopaminergic projections from the Substantia Nigra pars compacta (SNc) and the VTA,

which are vital for learning and motor vigor.

Efferent Output: The GABAergic output of the MSNs forms the inhibitory projections directed

toward the pallidal segments (Globus Pallidus externa and interna) and the Substantia Nigra pars

reticulata. These projections ensure that the striatum exerts a suppressive influence on its targets,

thereby regulating the activity of the basal ganglia output nuclei which ultimately project back to the

thalamus and cortex. The careful channeling of this inhibitory signal is the means by which the

neostriatum controls action selection.
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7. Clinical Significance and Related Disorders

Due to its central role in motor control, cognition, and motivation, the neostriatum is implicated in a

wide spectrum of severe neurological and psychiatric disorders. The vulnerability of specific

neuronal populations within the striatum makes it a common target for neurodegenerative

processes and imbalances in neurotransmitter systems.

The most prominent disorder associated with striatal dysfunction is Parkinson's Disease (PD),

which is fundamentally a hypokinetic disorder caused by the degeneration of dopaminergic

neurons in the SNc. This loss leads to a profound depletion of dopamine in the neostriatum,

resulting in an imbalance where the indirect pathway (movement suppression) becomes overactive

and the direct pathway (movement initiation) is underactive. Clinically, this manifests as

bradykinesia (slowness of movement), rigidity, and tremor, reflecting the failure of the neostriatum

to adequately facilitate desired motor programs.

Conversely, Huntington's Disease (HD) is a hyperkinetic disorder characterized by

uncontrollable, involuntary movements (chorea). HD involves the selective degeneration and loss

of D2-expressing MSNs in the indirect pathway of the striatum, particularly within the caudate

nucleus. The resulting preferential loss of the indirect pathway's inhibitory function leads to an

overwhelming disinhibition of the motor circuitry, causing excessive, uncontrolled movements.

Furthermore, the degeneration in the caudate contributes significantly to the severe cognitive

decline and psychiatric symptoms characteristic of the disease.

Beyond neurodegeneration, the neostriatum plays a critical role in behavioral disorders. Its

involvement in the reward circuit makes it central to the study of addiction, where chronic drug

exposure fundamentally alters the plasticity and function of striatal synapses, leading to

compulsive seeking behaviors. Similarly, Obsessive-Compulsive Disorder (OCD) is often linked

to hyperactivity in the cortico-striatal-thalamo-cortical loops, suggesting that the striatum fails to

properly terminate habitual or repetitive thoughts and actions, leading to intrusive obsessions and

compulsions.

8. Historical Context and Modern Research

Early anatomical studies in the 19th and early 20th centuries identified the neostriatum as part of

the "extrapyramidal system," distinguishing it from the primary motor cortex and its descending

pathways. Initially, the basal ganglia were broadly considered primitive motor centers, a view

largely based on clinical observations of movement disorders. However, the true complexity of the

neostriatum's function only began to be unveiled in the mid-20th century with the discovery of its

distinct dopaminergic innervation and its critical role in Parkinson's etiology.

The introduction of modern neuroimaging techniques, such as functional Magnetic Resonance
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Imaging (fMRI) and Positron Emission Tomography (PET), revolutionized the understanding of the

living neostriatum. These tools allowed researchers to delineate the segregated functional loops--

motor, associative, and limbic--that operate through the striatum, moving the scientific consensus

beyond a purely motor role. Contemporary research utilizes sophisticated techniques like

optogenetics and calcium imaging to precisely manipulate and monitor the activity of specific MSN

subtypes (D1 vs. D2) in animal models, providing unprecedented insight into the real-time

dynamics of action selection and habit formation. This ongoing research continues to refine

therapeutic strategies for striatal disorders.

Further Reading

Basal ganglia - Wikipedia

The Striatum: A Behavioral and Anatomical Overview

Neostriatum - ScienceDirect Topics
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