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AMACRINE CELLS

Primary Disciplinary Field(s): Neuroscience, Vision Science, Cell Biology

1. Core Definition

Amacrine cells represent a highly specialized and diverse population of interneurons located within

the retina. Their primary function is to establish complex lateral or side-to-side relationships,

mediating and modulating the flow of visual information as it passes from the photoreceptor layer

toward the output neurons. Situated mainly within the inner nuclear layer (INL) and extending their

processes into the inner plexiform layer (IPL), these cells form a crucial processing step between

retinal bipolar cells and retinal ganglion cells. They are considered essential components for

healthy retinal functioning, contributing significantly to the refinement of spatial and temporal vision

processing before signals exit the eye via the optic nerve.

A defining morphological characteristic of amacrine cells, and the origin of their name (from the

Greek, meaning "without a long fiber"), is that they generally do not possess true axons. Unlike

ganglion cells, which project long axons that form the optic nerve, amacrine cells operate strictly

within the local retinal circuitry. Their output synapses are established entirely via their extensive

dendritic trees, which branch horizontally within the IPL, thereby influencing a large cohort of

surrounding neurons. This architecture allows them to integrate input from multiple bipolar cells

and modulate the output of numerous ganglion cells simultaneously, facilitating complex

processing such as directional selectivity and transient responses.

The physiological importance of amacrine cells lies in their role as mediators of lateral inhibition

and temporal filtering. They serve as the major source of inhibition in the inner retina, utilizing

neurotransmitters like GABA (gamma-aminobutyric acid) and glycine to shape the receptive fields

of retinal ganglion cells. By providing inhibitory feedback and feedforward signals, amacrine cells

sharpen the boundaries of visual stimuli, enhancing contrast, and regulating the timing of neural

responses, ensuring that the visual signal relayed to the brain is optimized for detailed

interpretation.

2. Structure and Morphology

Amacrine cells exhibit perhaps the greatest morphological diversity of any cell type in the central

nervous system. Despite this variability, their structure is characterized by a cell body (soma)

residing in the inner nuclear layer and an elaborate, arborized dendritic tree that ramifies within one

or more sublaminae of the inner plexiform layer. The highly stratified nature of the IPL, which is

divided into ON and OFF sublaminae, allows different classes of amacrine cells to specifically

modulate signals related to increases in light intensity (ON pathway) or decreases in light intensity

(OFF pathway), or to influence both pathways simultaneously.
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The unique absence of a conventional axon means that all synaptic transmission, both input and

output, occurs along the dendritic processes. This structural feature dictates their role as local

circuit regulators, ensuring that their influence is confined entirely to the retinal environment. The

shape and extent of the dendritic arbor are crucial for classification; some amacrine cells have very

narrow, highly focused dendritic fields (narrow-field amacrine cells), influencing only a small cluster

of adjacent neurons, while others possess vast, wide-field arbors that can cover a significant

portion of the retina, enabling long-range lateral signaling.

The stratification pattern of the dendritic arbor within the IPL is directly correlated with function. For

instance, cells that process sustained light information typically stratify near the center of the IPL,

whereas those involved in transient, fast signaling often stratify at the outer edges. This precise

layering ensures that the appropriate types of visual information--e.g., motion detection versus

simple contrast detection--are modulated by the correct amacrine cell subtype before reaching

their respective ganglion cell targets. This structural organization highlights the complex

microcircuitry that defines retinal information processing.

3. Functional Role in the Retina

The fundamental functional role of amacrine cells is the modulation of signal transmission between

the bipolar cells and the ganglion cells, particularly through the mechanism of **lateral inhibition**.

Lateral inhibition is a critical process where the excitation of one neuron reduces the activity of its

neighbors. In the retina, this is achieved by amacrine cells receiving excitatory input from bipolar

cells and then using inhibitory neurotransmitters (GABA or glycine) to suppress the firing rate of

surrounding bipolar or ganglion cells. This mechanism is crucial for enhancing contrast and

sharpening the boundaries of visual stimuli, making it easier for the brain to discern edges and fine

details.

Beyond simple contrast enhancement, amacrine cells are indispensable for processing temporal

visual information. They are highly involved in regulating the transient versus sustained nature of

ganglion cell responses. Many amacrine cells respond vigorously but briefly to changes in light,

providing the necessary circuitry for motion detection and flicker sensitivity. By providing inhibitory

feedback that quickly shuts down the response of the ganglion cell, they ensure that the visual

system is highly sensitive to movement and rapid changes in the environment, rather than being

saturated by static stimuli.

Furthermore, specific subtypes of amacrine cells are responsible for generating highly specialized

visual computations. For example, the starburst amacrine cells (SACs) are integral components of

the circuitry responsible for **directional selectivity**--the ability of a ganglion cell to respond

strongly to movement in one specific direction while remaining silent to movement in the opposite

direction. This complex computational capability requires precise spatial and temporal integration
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of signals, mediated almost exclusively by the unique connectivity and neurotransmitter release

patterns established by amacrine cells.

4. Classification and Diversity

Amacrine cells constitute the most diverse population of neurons in the retina, with estimates

suggesting over 30 distinct morphological and physiological types in mammalian species. This

extreme diversity underscores the complexity of the signal processing functions they perform.

Classification is typically based on three main criteria: morphology (shape and size of the dendritic

field), stratification (where the dendrites terminate within the IPL), and the primary neurotransmitter

used.

Morphological classification divides them into categories such as narrow-field (dendritic fields less

than 100 micrometers), medium-field, and wide-field (dendritic fields often extending over 1

millimeter). Wide-field cells, such as the A17 cell, often play roles in complex, long-range circuitry,

integrating visual information across vast areas of the retinal surface. Narrow-field cells,

conversely, are typically involved in highly localized adjustments and fine-tuning of receptive fields

in specific areas.

Neurotransmitter-based classification is crucial, as it determines whether the cell provides

inhibitory or excitatory signals. The vast majority of amacrine cells are inhibitory, using either

**GABA** or **glycine**. GABAergic amacrine cells tend to have wider dendritic fields and are

involved in broader, transient inhibition, while glycinergic amacrine cells are typically narrow-field,

providing spatially precise inhibition. A small subset of amacrine cells uses other neurotransmitters,

such as dopamine or acetylcholine (as seen in the starburst amacrine cells), adding further layers

of modulation to the retinal circuit.

5. Synaptic Connections and Circuitry

Amacrine cells participate in intricate synaptic connections within the inner plexiform layer, acting

as critical nodes in the retinal network. Their synaptic relationships are complex, involving three

primary interactions: input from bipolar cells, output to ganglion cells, and reciprocal connections

with other amacrine cells. These connections facilitate the subtle modifications of the visual signal

that define sophisticated vision.

The primary excitatory input to amacrine cells comes from the axon terminals of **bipolar cells**.

This connection allows the amacrine cell to sample the graded potential signal generated by the

bipolar cell, which has already been influenced by photoreceptor activity. This feedforward

excitation is immediately processed into an inhibitory output signal. This feedforward inhibition is

essential for generating the antagonistic surround of the ganglion cell receptive field, where

illumination in the peripheral area suppresses the central response.
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Amacrine cells exert their influence through two main output mechanisms: direct inhibition onto

ganglion cell dendrites, and inhibition onto the axon terminals of bipolar cells (feedback inhibition).

The direct inhibition onto ganglion cells shapes the final output signal sent to the brain, contributing

to the central area concerning antagonism of retinal ganglion cell receptive areas. Furthermore, the

numerous **amacrine-to-amacrine** connections allow for complex processing networks, where

different amacrine cell types communicate laterally to coordinate timing, gain control, and

directional processing across the retina, far surpassing the capabilities of simple linear pathways.

6. Significance in Visual Processing

The contribution of amacrine cells to visual processing is profound and multifaceted, extending

beyond basic contrast enhancement to enable sophisticated visual capabilities. Their inhibitory

influence is vital for setting the dynamic range and sensitivity of the retina, ensuring that the system

can operate effectively across a wide range of light intensities, from dim starlight to bright daylight,

a process known as **adaptation**. Without the rapid, transient inhibition provided by amacrine

cells, the ganglion cells would quickly become saturated, losing their ability to encode subtle

changes in light.

They are foundational to the creation of functional receptive fields in ganglion cells. The source

content explicitly notes their contribution to the "antagonism of retinal ganglion cell receptive

areas." This antagonistic center-surround organization, first established by the photoreceptor-

horizontal cell-bipolar cell pathway, is significantly refined and intensified by the inhibitory input

from amacrine cells, guaranteeing high spatial resolution and efficient encoding of visual edges.

The resulting receptive field structure is the fundamental unit of information passed to the higher

visual centers of the brain.

In essence, amacrine cells act as the programmable logic gates of the inner retina. They transform

the relatively simple, sustained signals from bipolar cells into the complex, temporally filtered, and

spatially refined patterns of activity observed in ganglion cells. Specialized functions, such as the

ability to detect movement (directional selectivity) and the perception of flicker (temporal

resolution), are entirely dependent on the existence and functional integrity of these diverse

interneurons, confirming the assertion that amacrine cells are necessary for **healthy retinal

functioning**.

7. Further Reading

Amacrine Cell (Wikipedia)

Organization of the Retina and Visual System (Webvision, University of Utah)

Retinal Interneuron (Wikipedia)

Inner Plexiform Layer (Wikipedia)
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