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MYENTERIC PLEXUS

Primary Disciplinary Field(s): Anatomy, Physiology, Neuroscience, Gastroenterology

1. Core Definition

The Myenteric Plexus, also famously known as Auerbach's Plexus, constitutes a crucial

component of the Enteric Nervous System (ENS), often termed the "second brain" of the body.

Structurally, it is an intricate, highly organized network of neurons and glial cells embedded within

the walls of the digestive tract, extending from the esophagus down through the rectum. Its primary

location is specifically positioned between the two main muscular layers of the gut--the inner

circular muscle layer and the outer longitudinal muscle layer--a placement critical to its role in

regulating mechanical digestive processes. Functionally, the plexus serves as the primary

integrator and generator of motor patterns responsible for the complex sequence of muscle

contractions necessary for digestion, absorption, and elimination, effectively controlling the

movement (motility) of ingested material through the gastrointestinal tract.

The operational autonomy of the Myenteric Plexus is a defining characteristic of the ENS. Unlike

other visceral systems which rely almost entirely on central nervous system (CNS) input, the ENS,

and specifically the Myenteric Plexus, can function independently. While it does receive modulating

input from the sympathetic and parasympathetic branches of the Autonomic Nervous System

(ANS), its basic motor programs--such as peristalsis--are intrinsic to the neural circuits housed

within the plexus itself. This local control system ensures rapid and finely tuned responses to local

environmental stimuli, such as the presence, volume, and chemical composition of the food bolus

(chyme) within the lumen. The complexity of this neuronal network rivals that of the spinal cord,

underscoring its pivotal role in maintaining gut homeostasis.

In cooperation with the submucosal plexus (Meissner's Plexus), which primarily handles local

blood flow, secretion, and absorption, the Myenteric Plexus forms the backbone of the entire ENS

regulatory mechanism. However, their functional domains are distinct; the Myenteric Plexus is

overwhelmingly focused on motor control, orchestrating the propulsive and mixing movements that

drive material forward. The integrity of this neural structure is paramount for normal digestive

function, and its disruption is implicated in a wide range of gastrointestinal motility disorders,

highlighting its essential nature in maintaining life processes.

2. Anatomy and Location within the Gut Wall

The localization of the Myenteric Plexus is meticulously specific, dictated by its function as a motor

control center. It resides within the muscularis externa layer of the gastrointestinal wall, situated at

the interface between the smooth muscle fibers that comprise the longitudinal layer (outermost)

and the circular layer (innermost). This strategic placement allows the neuronal cell bodies and
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their processes to directly innervate and communicate with the muscle cells they control. The

plexus forms a continuous, mesh-like network throughout the entire length of the gut, providing

coordinated control across segments and ensuring that digestive actions, such as propulsion,

occur seamlessly from one region to the next.

Macroscopically, the plexus appears as a dense, interconnecting web of nerve bundles, forming

ganglia interconnected by numerous strands of nerve fibers. These ganglia are collections of

neuronal cell bodies, and the density and complexity of this network can vary subtly depending on

the specific region of the digestive tract--for instance, the organization might be slightly denser or

more diffuse in the stomach compared to the colon, reflecting regional variations in motility

patterns. This physical architecture facilitates rapid signal transmission across large surface areas,

enabling the widespread, synchronized contractions characteristic of peristaltic waves.

The close physical relationship between the Myenteric Plexus and the muscular layers it controls

necessitates a specialized microenvironment. Glial cells, which are structurally and functionally

similar to astrocytes in the CNS, surround the neurons, providing metabolic support, insulation, and

regulating the chemical environment within the ganglia. Furthermore, specialized cells known as

Interstitial Cells of Cajal (ICCs) are intimately associated with the plexus. These cells function as

pacemaker cells, generating spontaneous electrical slow waves that determine the rhythm of

smooth muscle contraction, acting as intermediaries between the neuronal instructions from the

plexus and the mechanical action of the muscle fibers. The integration of neurons, glia, and ICCs

within this confined space is key to its sophisticated regulatory capability.

3. Cellular Composition and Neurochemistry

The Myenteric Plexus is defined by its remarkable cellular heterogeneity, housing numerous types

of neurons, each specialized for a specific function. The neuronal populations within the plexus are

broadly categorized into sensory (afferent), motor (efferent), and interneurons, forming complex

reflex circuits entirely contained within the gut wall. Motor neurons are responsible for instructing

the smooth muscle layers to contract (excitatory) or relax (inhibitory), dictating the mechanical

action of the gut.

The neurochemical complexity of the Myenteric Plexus is astounding, utilizing dozens of different

neurotransmitters and neuromodulators. Excitatory motor neurons primarily rely on acetylcholine

(ACh) and Substance P to stimulate muscle contraction, particularly of the circular muscle layer.

Conversely, inhibitory motor neurons, which are crucial for the relaxation phase preceding a

propulsive wave, utilize neurotransmitters such as nitric oxide (NO) and Vasoactive Intestinal

Peptide (VIP). The balance and sequential release of these excitatory and inhibitory signals are

what generate the highly coordinated, directional movement known as peristalsis.

In addition to motor control, the plexus contains a vast array of interneurons that integrate input
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from sensory neurons and communicate between ganglia. These interneurons often employ

neurotransmitters like serotonin (5-HT) and ATP, allowing for complex processing and the

generation of sustained motor patterns. The sensory neurons (or intrinsic primary afferent

neurons, IPANs) detect mechanical stimuli (stretch from chyme volume) and chemical stimuli

(nutrient composition or pH changes) within the lumen, relaying this information back to the

interneurons and motor neurons to initiate local reflexes. This self-contained sensory-motor

feedback loop is fundamental to the Myenteric Plexus's ability to manage digestion autonomously,

adapting to the dynamic conditions of the gut lumen without constant CNS intervention.

4. Physiological Function: Orchestration of Motility

The principal function of the Myenteric Plexus is the generation and regulation of gastrointestinal

motility patterns. This control encompasses several distinct forms of muscle activity, tailored to the

specific needs of different gut segments, including mixing movements, tonic contractions, and the

highly organized propagation of material. The most famous motor pattern controlled by the plexus

is peristalsis, a fundamental reflex required for the forward movement of chyme.

Peristalsis is orchestrated by a stereotyped reflex arc: sensory input detecting distension triggers

the sequential activation of two sets of motor neurons. Orally (ahead of the bolus), the excitatory

neurons fire, causing muscle contraction to push the material. Aborally (behind the bolus), the

inhibitory neurons fire, causing muscle relaxation, allowing the tract to widen and receive the

incoming material. This precisely timed, wave-like action ensures that contents are pushed

unidirectionally. The Myenteric Plexus coordinates this complex spatial and temporal pattern by

integrating signals across multiple adjacent ganglia, maintaining the proper sequence of

contraction and relaxation over significant distances.

Beyond simple peristalsis, the plexus regulates other critical motor functions. In the stomach, it

controls the strong churning and mixing contractions necessary for physical breakdown and the

regulated emptying of gastric contents into the duodenum. In the large intestine, it oversees mass

movements--infrequent, powerful contractions that propel fecal material toward the rectum for

evacuation. During fasting periods, the plexus initiates the Migrating Motor Complex (MMC), a

cyclic, strong wave of contraction that sweeps residual, undigested material and bacteria from the

small intestine into the colon, serving a critical "housekeeping" role to prevent bacterial overgrowth.

5. Interaction with the Central and Submucosal Plexuses

While the Myenteric Plexus possesses significant autonomy, it operates within the broader context

of the entire nervous system. Its function is modulated by both the CNS and the other major

component of the ENS, the Submucosal Plexus (Meissner's Plexus). The CNS, via the ANS,

provides extrinsic, long-range control over the gut's overall activity level. Parasympathetic input,
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typically via the vagus nerve, generally enhances the excitability of Myenteric neurons, promoting

digestion and motility. Sympathetic input, primarily originating from the prevertebral ganglia,

generally inhibits motility and reduces excitability, particularly during periods of stress or fight-or-

flight response, redirecting resources away from digestion.

The coordination between the Myenteric Plexus and the Submucosal Plexus is essential for

comprehensive digestive regulation. While the Myenteric Plexus focuses on the motor output

(muscle movement), the Submucosal Plexus is specialized for secretomotor functions,

regulating glandular secretion (mucus, hormones, digestive enzymes) and fluid transport across

the epithelial lining, as well as local blood flow. Both plexuses receive sensory input from the

lumen, and they communicate extensively via interganglionic connectives. For instance, the

detection of specific nutrients by the Submucosal Plexus might trigger a signal to the Myenteric

Plexus to slow motility, allowing more time for absorption.

This tiered regulatory structure ensures that digestive actions are fully integrated. The CNS sets

the overall tone and responds to systemic needs (e.g., fasting or feeding), the Myenteric Plexus

handles the mechanical propulsion, and the Submucosal Plexus manages the chemical and

absorptive environment. The combined action of these interconnected neural networks allows the

digestive system to respond efficiently and locally to an incredibly diverse range of ingested

materials and systemic demands, ensuring optimal nutrient extraction and waste management.

6. Clinical Significance and Related Pathologies

The integrity of the Myenteric Plexus is crucial for health, and its dysfunction underlies a wide array

of gastrointestinal motility disorders, often categorized as enteropathies. Damage to or deficiencies

in the neuronal or glial populations within the plexus can severely impair the coordination

necessary for normal peristalsis, leading to debilitating conditions. The resulting pathologies can

manifest as either hypermotility (excessive, disorganized contractions) or hypomotility (sluggish or

absent contractions).

One of the most severe congenital conditions related to Myenteric Plexus deficiency is

Hirschsprung's Disease, where the neural crest cells fail to migrate properly during fetal

development, resulting in a segment of the colon lacking both the Myenteric and Submucosal

Plexuses (aganglionosis). This denervated segment is permanently contracted because of the loss

of inhibitory neuronal input (nitric oxide), leading to a functional obstruction and massive distension

of the proximal, healthy colon. Treatment usually requires surgical removal of the aganglionic

segment.

Acquired disorders are also common. Chronic idiopathic intestinal pseudo-obstruction (CIIP)

involves severe, unexplained motor failure that mimics mechanical obstruction, often traced back

to degeneration or inflammation of the Myenteric neurons (neuropathic CIIP). Furthermore,
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inflammatory bowel diseases (IBD) such as Crohn's disease can cause extensive inflammation

and damage to the ganglia, leading to motility disturbances that contribute significantly to patient

morbidity. Even highly prevalent conditions like severe chronic constipation or specific forms of

irritable bowel syndrome (IBS) are increasingly linked to subtle abnormalities in the density,

neurotransmitter profile, or functional excitability of the Myenteric Plexus neurons, underscoring its

role as a therapeutic target.

7. Further Reading

Myenteric Plexus (Auerbach's Plexus) - Wikipedia
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