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MULTIPOLAR NEURON

Primary Disciplinary Field(s): Neuroscience, Anatomy, Cell Biology

1. Core Definition and Morphology

A multipolar neuron is the most common type of neuron found within the central nervous system

(CNS), characterized by its distinctive morphology which features a single axon extending from the

cell body and numerous dendrites branching extensively from the soma. This structural

configuration is encapsulated by the definition: neurons which have multiple dendrites but with

only a single axon are called multipolar neurons. The extensive dendritic arborization

dramatically increases the neuron's surface area, making it highly efficient at receiving and

integrating synaptic input from thousands of other neurons. This complex integration capability

underlies the sophisticated computational capacity observed in regions like the cerebral cortex and

the cerebellum.

The morphology begins with the soma, or cell body, which houses the nucleus and essential

organelles responsible for protein synthesis and metabolic maintenance. Emerging from the soma

are the dendrites, which function as the primary receptive zones. These processes are generally

short, highly branched, and taper significantly as they extend away from the cell body. In contrast,

the single axon emerges from the axon hillock, a specialized region of the soma where electrical

signals (action potentials) are typically initiated. This axon may extend over long distances,

sometimes spanning the entire length of the spinal cord, to transmit the resulting electrical signal to

target cells, which may include other neurons, muscle cells, or glandular tissue. The balance

between the singular output structure (axon) and the multiple input structures (dendrites) defines

the key functional characteristic of this neuronal class.

The internal structure of the multipolar neuron supports its high level of activity. The cytoplasm is

rich in Nissl bodies (rough endoplasmic reticulum clusters) reflecting the massive requirement for

synthesizing proteins necessary for maintaining the extensive membrane and synaptic machinery

of the dendrites and axon. The axon itself is often myelinated by oligodendrocytes (in the CNS) or

Schwann cells (in the PNS), a critical modification that ensures rapid, saltatory conduction of the

action potential. This intricate cellular arrangement is essential for integrating the vast amount of

information required for complex motor control, sensory processing, and cognitive function.

2. Functional Classification and Role

Functionally, multipolar neurons dominate the categories of motor neurons and interneurons,

although they also include some specialized sensory pathways. Their primary role is that of

integration and output generation within complex neural circuits. As motor neurons, they are
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efferent, meaning they transmit signals away from the CNS to effector organs. For instance, alpha

motor neurons in the ventral horn of the spinal cord are classic examples of multipolar neurons,

possessing large cell bodies and long axons that innervate skeletal muscle fibers, directly

controlling voluntary movement.

The majority of multipolar neurons, however, function as interneurons. These cells are contained

entirely within the CNS and serve as crucial relay points, processing and modulating information

flow between sensory neurons and motor neurons, or between different regions of the brain. The

complexity of the interneuron structure, particularly the extensive dendritic tree, allows them to

perform highly specialized inhibitory or excitatory functions necessary for regulating rhythm

generation, filtering noise, and refining signals. Without this intricate network of multipolar

interneurons, the brain's ability to coordinate complex behaviors and maintain homeostasis would

be severely compromised.

The high degree of convergence--the ability to receive input from numerous presynaptic cells--is a

hallmark of the multipolar architecture. This convergence, facilitated by the multiple dendrites,

allows the neuron to summate multiple excitatory and inhibitory postsynaptic potentials (EPSPs

and IPSPs). The resulting membrane potential change is then integrated at the axon hillock,

determining whether the threshold for firing an action potential is reached. Thus, the multipolar

neuron acts as a miniature computational unit, constantly weighing inputs to generate a specific,

timed output signal, which underscores their importance in all aspects of neural processing.

3. Types of Multipolar Neurons

While sharing the core structural feature of one axon and many dendrites, multipolar neurons

exhibit vast heterogeneity in shape, size, and connectivity, reflecting their specialized functions in

different brain regions. Three prominent and widely studied subtypes illustrate this diversity:

Pyramidal Cells: These are the most prevalent excitatory neurons in the cerebral cortex and the

hippocampus. They are easily recognizable by their triangular, or pyramid-shaped, soma. A large

apical dendrite extends toward the cortical surface, while basal dendrites spread horizontally.

Pyramidal cells are the principal output neurons of the cortex, critical for cognition, learning, and

memory. Their ability to integrate information across cortical layers is fundamentally dependent on

their complex, multipolar geometry.

Purkinje Cells: Located exclusively in the cerebellar cortex, Purkinje cells are among the largest

neurons in the human brain and possess perhaps the most spectacular dendritic arbor. This highly

complex, fan-like dendritic tree extends in a single plane, allowing them to receive massive

synaptic input--upwards of 200,000 synapses--mostly from parallel fibers. Purkinje cells are

inhibitory (using GABA) and constitute the sole output from the cerebellar cortex, playing a pivotal

role in motor coordination, balance, and motor learning.
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Stellate Cells and Basket Cells: These are examples of specialized interneurons. Stellate cells

often have dendrites radiating outwards in a star-like pattern and are commonly found in the cortex

and cerebellum. Basket cells, named for the basket-like formation of their axonal terminals around

the soma of target cells, are powerful inhibitory interneurons primarily found in the cortex and

hippocampus, crucial for controlling the firing patterns of pyramidal cells and regulating network

excitability.

The morphological distinctions among these multipolar subtypes are directly linked to their

computational power. The arrangement of dendrites dictates the spatial summation of inputs,

influencing the neuron's tuning properties and responsiveness to specific stimuli. For example, the

precise, planar organization of the Purkinje cell dendrites allows for highly specific integration

required for fine motor control, differentiating them functionally from the broadly integrating

pyramidal cells.

4. Distinctions from Other Neuronal Types

The classification of neurons into multipolar, bipolar, unipolar, and pseudounipolar types is based

purely on the number of processes (axons and dendrites) emanating directly from the cell body.

Understanding these distinctions highlights the functional specialization inherent in the nervous

system structure.

Bipolar Neurons: These neurons possess two processes extending from the cell body: one axon

and one dendrite. Bipolar neurons are relatively rare in the mammalian nervous system and are

typically associated with specialized sensory functions. Classic examples include neurons found in

the retina (bipolar cells), the olfactory epithelium, and the inner ear. Their linear structure facilitates

direct transmission of sensory information with minimal integration, contrasting sharply with the

highly integrative nature of multipolar cells.

Unipolar Neurons: True unipolar neurons, possessing only a single process, are rare in

vertebrates but common in invertebrates. In unipolar cells, the single process serves as both the

input and output pathway, although functional specialization occurs along the length of the

process.

Pseudounipolar Neurons: These neurons appear to have only one process extending from the

soma, but this process quickly splits into two branches: one acting as the dendrite/receptive

component (often extending to the periphery) and the other as the axon (extending into the CNS).

These cells form the majority of sensory neurons found in the dorsal root ganglia (DRG).

Although they handle sensory input, they are structurally distinct from multipolar neurons as their

dendrites do not branch extensively from the cell body itself.

The sheer number and complexity of the dendritic tree distinguish the multipolar neuron structurally

and functionally. While bipolar and pseudounipolar cells are designed for rapid, relay-like
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transmission of sensory data, the multipolar neuron is built for complex, weighted integration of

diverse signals across vast networks, making it the primary cellular structure responsible for

higher-order CNS functions.

5. Developmental Biology and Migration

The formation and proper placement of multipolar neurons during early development, a process

known as neurogenesis, is a highly regulated sequence of events involving proliferation,

migration, and differentiation. Most multipolar neurons originate from progenitor cells located in the

ventricular and subventricular zones of the neural tube. Once generated, these neurons must

migrate long distances to establish their final laminar positions within structures like the cerebral

cortex or the spinal cord.

Neuronal migration often follows specific pathways guided by radial glia, which act as structural

scaffolds. Defects in the migration or differentiation of multipolar neurons can lead to severe

developmental disorders, such as lissencephaly (smooth brain), where cortical neurons fail to

migrate properly to form the distinct layers. The development of the elaborate dendritic tree is a

post-migratory event, driven by intrinsic genetic programs and extrinsic trophic factors and synaptic

activity. The environment heavily influences the final complexity of the multipolar neuron, ensuring

that its structure is optimally tuned to the local circuit requirements.

6. Clinical Significance and Related Pathologies

Due to their widespread distribution and critical roles as motor effectors and central integrators,

multipolar neurons are implicated in numerous neurological and neurodegenerative disorders.

Specific diseases target different subsets of multipolar cells, leading to characteristic clinical

presentations.

Amyotrophic Lateral Sclerosis (ALS): Also known as Lou Gehrig's disease, ALS is

characterized by the progressive degeneration and death of the large multipolar motor neurons in

the spinal cord, brainstem, and motor cortex. The loss of these efferent cells leads to muscle

atrophy, paralysis, and eventual respiratory failure.

Cerebellar Ataxias: Many forms of hereditary and acquired ataxia involve the selective loss or

dysfunction of Purkinje cells, a key multipolar subtype. Damage to these cells disrupts the

cerebellum's ability to coordinate movement, resulting in difficulties with balance, gait, and fine

motor skills.

Epilepsy and Schizophrenia: Dysfunctions in cortical and hippocampal multipolar interneurons,

such as GABAergic basket cells, are frequently observed in these conditions. Imbalance between

excitatory pyramidal cells and inhibitory interneurons can lead to hyperexcitability and seizures

(epilepsy), or aberrant signal processing (schizophrenia).
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Understanding the pathology often begins with identifying which specific multipolar neuronal

populations are affected and how their unique morphology and connectivity contribute to disease

symptoms. Therapeutic strategies often aim to protect these vulnerable cell populations or restore

the balance of their inhibitory and excitatory outputs.

7. Research Techniques and Study Methods

The complexity of the multipolar structure requires specialized techniques for accurate study, both

morphological and functional. Historically, the morphology of these cells was elucidated through

staining techniques:

Golgi Staining: Developed by Camillo Golgi, this silver impregnation method randomly stains a

small fraction of neurons completely, revealing the full extent of the dendritic and axonal

arborization. This technique was crucial for mapping the intricate structure of pyramidal and

Purkinje cells.

Immunohistochemistry (IHC): This technique uses antibodies to target specific protein markers

found only in certain multipolar subtypes (e.g., calcium-binding proteins like parvalbumin for

specific interneurons), allowing researchers to identify and map functional subpopulations within

neural tissues.

Electrophysiology (Patch Clamping): This method allows researchers to record the electrical

activity of single multipolar neurons in vitro or in vivo. By analyzing the summation of postsynaptic

potentials at the soma and dendrites, scientists can determine how the complex dendritic structure

influences the firing pattern and integration capabilities of the cell.

Modern approaches utilize genetically engineered fluorescent labels (e.g., GFP) and clarity

techniques to visualize the entire dendritic tree and axonal projections in three dimensions within

intact brain tissue. These advanced methods continue to deepen our understanding of how the

multipolar architecture contributes to fundamental neural computations.

8. Further Reading

Neuron (Wikipedia)

Basic Neuroanatomy (NCBI Bookshelf)

Pyramidal Cell (Wikipedia)

Purkinje Cell (Wikipedia)
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