Chapter 2

Enteric Nervous System - The Second Brain

The enteric nervous system (ENS), commonly referred to as the
“second brain,” is an extensive network of neurons located in the
walls of the gastrointestinal tract. Containing roughly 200 to 600
million neurons—surpassing the number in the spinal cord —
it functions largely independently.[1]The ENS regulates key
processes such as gut motility, secretion, and blood circulation,
and it also serves as a vital communication link between the gut
and brain, forming an essential part of the gut-brain axis.

2.1 Anatomy and Structure of the ENS

The ENS is organized into two primary plexuses:

The Myenteric Plexus (Auerbach’s Plexus): Situated between
the longitudinal and circular layers of the muscularis externa,
this plexus primarily regulates gut motility.

¢ The Submucosal Plexus (Meissner’s Plexus): Located in
the submucosa, this plexus modulates blood flow, secretion,
and absorption[2].

These networks house sensory neurons, interneurons, and motor
neurons, all of which interact with glial cells, enteroendocrine
cells, and the immune system to coordinate digestive functions
independently of central control.

2.2 Autonomy and Integration with the CNS

While the enteric nervous system (ENS) is capable of operating
on its own, it engages in continuous two-way communication
with the central nervous system (CNS) through several key
pathways:

e The Vagus Nerve: The main route for transmitting both
sensory (afferent) and motor (efferent) signals.

* Sympathetic and Parasympathetic Fibers: These regulate
gut functions such as tone, movement, and immune activity.
Interestingly, about 80-90% of the vagus nerve fibers are
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afferent, meaning that most of the signaling travels from the
gut to the brain rather than the other way around.[3]

2.3 Neurotransmitters of the ENS

The ENS utilizes more than 30 neurotransmitters — many of
which are also found in the CNS — including:
* Serotonin (5-HT): Approximately 90-95% of the body’s

serotonin is synthesized in the gut by enterochromaffin cells. It
regulates motility, secretion, and perception of visceral pain[4].

* Dopamine: Involved in modulating gastrointestinal motility
and immune activity.

* Gamma-Aminobutyric Acid (GABA), Acetylcholine, and
Substance P: Play roles in gut reflexes and smooth muscle
activity[5].
The presence of these neurochemicals reinforces the concept of
the gut as a neuroactive organ with extensive regulatory capacity.

2.4 Enteric Glia - The Supporting Cells of the Enteric Nervous
System

Similar to astrocytes in the brain, enteric glial cells provide
essential support to neurons within the enteric nervous system
(ENS). They help maintain the integrity of the gut barrier,
influence inflammatory responses, and communicate with both
neurons and immune cells. [6] Growing research indicates that
enteric glia may play a role in gastrointestinal conditions such as
irritable bowel syndrome (IBS) and inflammatory bowel disease
(IBD).[7]

2.5 Gut Sensation and Visceral Perception

Sensory neurons in the ENS detect mechanical (stretch), chemical
(pH, osmolarity), and noxious stimuli, contributing to:

* Visceral pain (e.g., bloating, cramping)
* Gut reflexes (e.g., peristalsis)
* Central processing of gut discomfort

Disruptions in this sensory system can lead to hypersensitivity
and chronic gastrointestinal disorders[8] The Gut-Brain
Connection: How Your Microbiome Affects Mental Health |16
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2.6 ENS in Health and Disease
Dysfunction of the ENS has been implicated in several disorders:

* Irritable Bowel Syndrome (IBS): Altered ENS activity,
neurotransmitter imbalance, and visceral hypersensitivity are
key features[9].

* Parkinson’s Disease (PD): Alpha-synuclein pathology has
been observed in the ENS before motor symptoms appear in
the brain, suggesting a possible gut origin of PD[10].

e Autism Spectrum Disorder (ASD): Altered ENS structure
and function may underlie common GI symptoms in autistic
individuals[11].

2.7 ENS-Microbiome Interaction

Microbial metabolites such as short-chain fatty acids (SCFAs),
tryptophan metabolites, and bile acids can influence ENS
function. Conversely, the ENS regulates microbial environment
via motility, mucus secretion, and immune activation[12].

Studies using animal models have shown that germ-free mice
exhibit underdeveloped enteric nervous system (ENS) networks
and impaired gut motility. However, these abnormalities can be
corrected through the introduction of microbiota. [13].
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