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Glial Cells

• Support and protection 
for neurons

• Supply nutrients and 
oxygen to neurons

• Insulate neurons

• Destroy pathogens

• Remove dead neurons

• Generate the most neurons and glial cells

• Sense O2 and Ph in brain; vital for homeostasis

• Support synaptic strength, synaptic formation 
& pruning; i.e. vital for neuroplasticity

• Alter brain states, such as sleep

• Communicate with other Glia and with 
neurons; discovered glio-transmitters

• Play a major role in chronic pain,  
neurodegeneration and neurological disorders

• Play a vital role in initiating and maintaining 
high sympathetic nervous system activity, 
increasing inflammation, and contributing to 
the development of chronic diseases such as 
cardiovascular disease
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Different Types of Neuroglial Cells• Oligodendrocytes 
• form myelin sheaths in CNS
• each wraps processes around many nerve fibers

• Schwann cells 
• myelinate fibers of PNS
• Each segment of myelin = one Schwann cell

• Astrocytes
• contribute to BBB & regulate composition of brain tissue fluid
• most abundant glial cells - form framework of CNS
• Regulate metabolism
• Modulate neuronal transmission (synapses)
• Important for CNS development and repair

• Ependymal cells 
• line cavities & produce CSF

• Microglia (macrophages) formed from monocytes
• concentrate in areas of infection, trauma or stroke

• Satellite cells 
• cover the surface of nerve cell bodies in sensory, 

sympathetic, and parasympathetic ganglia.

• Enteric glia
• Found in the gut
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Neuroglial Cells of CNS vs PNS

In addition, new data suggests
that enteric glia, a unique type of peripheral glia 
found within the enteric nervous system, have the 
potential to
modify visceral perception through interactions 
with neurons and immune cells. Implicated in 
abdominal pain. (Morales et al. 2018)
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Myelin Sheath• Insulating layer around a nerve fiber
• oligodendrocytes in CNS 
• Schwann cells in PNS

• Looks white as formed from 
wrappings of plasma membrane

• 20% protein & 80% lipid

• Nodes of Ranvier = Gaps between 
myelin segments

• Neuroplasticity – their presence, the 
number, distribution, length and 
thickness of myelin sheaths all affect 
action potential conduction velocity
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Oligodendrocytes
• Small cell bodies and a few 

delicate processes.

• Surround nerve cell bodies and 
form myelin sheath around 
nerve axons in the CNS
(Schwann cells in PNS)

• Unlike Schwann cells in PNS, a 
single Oligodendrocyte in CNS 
can form several segments of 
Myelin.

• Can form as many as 60 
internodal segments of myelin
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Oligodendrocytes

• Have neurotransmitter 
receptors to respond to nerves

• Have a range of ion channels 
and ion transporters

• Neuronal activity likely 
changes oligodendrocytes’ 
myelin making activity (to 
change distribution, numbers, 
thickness and length) as 
needed

• Responsible for myelin numbers, 
distribution, thickness and length.

• So important for neural plasticity

• Influences timing of nerve to nerve 
communication by changing action 
potential propagation speed
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Schwann Cells
• Myelinate cell axons of PNS
• Each segment of myelin = one Schwann cell

Tortora & Grabowski, ch 12
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Astrocytes

• Is the most abundant glial cell

• Form framework of CNS, scaffolding for 
nerves, fill the space between nerves

• Regulate chemical content of extracellular 
space

• Cover and isolate synapses and remove 
neurotransmitters from synaptic gap

• Also regulate K+ ions in extracellular space

• Two types
• Protoplasmic – around cell bodies

• Fibrous – around axons

• Perivascular feet maintain BBB

Form the outer & inner  glial limiting membranes
• Outer limiting membrane found beneath pia mater
• Inner limiting membrane found beneath the ependyma 

lining the ventricles and central canal of spinal cord
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Astrocytes

• Surround axon hillock and cover 
Nodes of Ranvier

• Synaptic insulators as covers the 
connections between cells 

• Thus modulate neuronal 
transmission; thus important for 
neuroplasticity

• Connected with each other by gap 
junctions

• Serve as a scaffolding for the 
migration of immature neurons

• Story glycogen – feed neurons

• Phagocytic – clean up dead 
tissue, thus important in both 
CNS development and repair

• Replacement gliosis – replace 
damaged neurons
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Astrocytes

• Respond to neurotransmitters

• Astrocytes are fundamentally important for glutamate and GABA 
neurotransmission in the brain.

• Existence of glial-transmitters

• Influence immune function via cytokines

• Contribute to chronic pain

• Implicated in CNS various diseases
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Ependymal Cells

• Line the cavities of the brain 
and central canal of the 
spinal cord

• Form a single layer of cuboidal or columnar cells

• Contain microvilli and cilia

• Contribute to the flow of the CSF

• Three types:
1. Ependymocytes – line ventricles, gap junctions between cells so CSF has free 

communication with CNS tissue
2. Tanycytes – lines the floor of 3rd ventricle overlying the hypothalamus. Thought to 

transport chemical substances from CSF to hypophyseal portal system.
3. Choroidal epithelial cells – covers the surface of the choroid plexii, tight junctions 

between cells to prevent leakage of CSF into underlying tissue

Tortora & Grabowski, ch 12
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Satellite glial cells

• Surround nerve cell bodies in 
peripheral nerve ganglia, and 
surround entire ganglia

• Physiologically similar to astrocytes; 
monitor perineural environment

• Communicate bidirectionally with 
neurons and with each other via gap 
junctions

• Implicated in chronic pain initiation 
and maintenance
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Microglia
• Embryologically unrelated to the other glial cells

• Closely resemble connective tissue macrophages

• Smallest of all neuroglia

• Found throughout entire CNS

• Migrate into nervous system during fetal development

• Increase in number and become activated in the presence of 
damaged nervous system tissue.

• Can become actively phagocytic

• Astrocytes and microglia in the central nervous system and 
satellite glia in dorsal root ganglia contribute to chronic pain 
states through reactive gliosis, the modification of glial 
networks, and the synthesis and release of 
neuromodulators.

• microglia have also been implicated in synapse formation. 
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Enteric Glia

• Produce Glial-derived 
neurotrophic factor (GDNF)

• Implicated in inflammatory 
bowel disease and chronic 
abdominal pain

• Similar in structure and function to 
astrocytes. Also some similarities with 
Schwann cells. 

• Greatly outnumber enteric neurons, 
and enteric glia cover the enteric 
neurons

• Connected via gap junctions and 
connect to blood vessels

• Protect enteric neurons and regulate 
their activity

• Maintain integrity and permeability of 
gut mucosa
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1. Maintenance of intestinal 
barrier functions 

2. Protect enteric neurons 
3. React to damaged neurons or 

tissue trauma, infections, 
immune insult or inflammation 

4. Respond to and produce 
cytokines and chemokines that 
impact local events 

5. Protect local tissue integrity
6. Regulate neuronal activity
7. Control GI motility 

8. Regulate mucosal secretion 
9. Regulate mucosal immunity 
10. Act as progenitor cells 
11. Protect, support, and maintain the 

mucosal neural network 
12. Constrain microbiota composition 

towards increased anti-
inflammatory and decreased pro-
inflammatory bacterial lineages 

13. Modulate epithelial cell 
proliferation, differentiation, and 
healing

14. Defend intestinal mucosa against 
pathogen invasion

Known Enteric Glial Cell Functions
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Glial cell influence on Microbiome and Gut-Brain Axis
• Gut-Brain Axis is Influenced & Regulated at multiple levels:

• Microbiome
• Nutrient intake
• Stress levels
• Enteric glial cells
• Nervous system
• Endocrine system
• Immunological system
• Brain

A breakdown in the gut-brain axis can lead to inflammatory-, autoimmune-, neurodegenerative-, 
metabolic-, mood-, behavioral-, cognitive-, autism-spectrum-, stress- and pain-related disorders.
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Intestinal Permeability can be 
caused by:
- stress
- obesity
-western diet
- allergens
-carcinogens
- Vit A or D deficiency
- food additives
-certain drugs
-heavy metals

Gut permeability allows the 
following to enter circulation:
- microbial metabolites 
- cytokines
- toxins
- allergens
- carcinogens
- food additives 

Increases 
Inflammation
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Glial cell disfunction is known to lead to:

• Motility disorders
• Constipation
• diarrhoea

• Malabsorption 
syndromes

• Infectious gastroenteritis
• Inflammatory bowel 

disease 
• Chron’s Disease
• Ulcerative Colitis
• Intestinal inflammation
• Irritable bowel 

syndrome 

• Schizophrenia
• Bipolar disorder
• Attention deficit hyperactivity disorder (ADHD)
• Anxiety disorders
• Dementia
• Major depressive disorder
• Parkinson’s disease 
• Autism spectrum disorder 
• Amyotrophic lateral sclerosis 
• Alzheimer’s diseases
• Prion diseases 
• Encephalopathies 
• Creutzfeldt-Jakob disease 
• Depression and/or Anxiety 
• Behaviour, Mood and/or Cognition 
• Stress & Fatigue 
• Stroke
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Tryptophan

5-Hydroxytryptophan

Serotonin

N-acetylserotonin (NAS)

Melatonin

BRAIN FUNCTION

+ve

Kynurenine

Quinolinic Acid

-ve

Stress and gut 
permeability

pro-inflammatory cytokines 
and reactive oxygen species
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Enteric Glial cell function in the gastrointestinal tract
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Stomach 
(e.g. Helicobacter pylori)

Small Intestinal 
Bacterial Overgrowth

Abnormal Microbiota 
Composition (Dysbiosis)

Impaired Gut 
Permeability

Increases 
Inflammation

Periodontal Disease
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Glial cell influence on 
inflammation and chronic 

disease

• Astrocytes and microglia can 
modulate sympathetic nervous 
system activity

• Increased sympathetic tone 
over time contributes to 
maladaptive increases in 
systemic arterial hypertension 
and chronic heart failure
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Glial cells involvement in 
neurodegeneration and 

disease

• Early in the neurodegenerative process, 
glial cells activate and trigger an insidious 
neuroinflammatory reaction, metabolic 
decay, blood brain barrier dysfunction and 
energy impairment, boosting neuronal 
death

• Astrocytes, microglial cells, and 
oligodendrocytes are all implicated

• Glial cells implicated in Parkinson’s and 
Alzheimer’s diseases, epilepsy, multiple 
sclerosis, dementia, AIDS and 
Schizophrenia

© Haavik Research 2022



Glial cell influence 
on Neural Plasticity

• Gliotransmitters can influence synaptic 
plasticity between neurons

• Glial cells can influence both the pre-
synaptic neuron and the post-synaptic 
neurone.

• Astrocytes, Oligodendrocytes and 
microglia have all been shown to regulate 
synaptic function

© Haavik Research 2022



Glial cells influence 
on chronic pain

• Glial cells are responsive to 
neurotransmitters in pain 
circuits and produce, secrete, 
and regulate modulators that 
activate and sensitize 
nociceptors

• Astrocytes, Enterocytes, 
Oligodendrocytes, Schwann 
cells, Microglia, Satellite glial 
cells have all been implicated
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Glial cells and Homeostasis

• Central chemosensory 
homeostatic functions

• Monitor oxygen, carbon 
dioxide and Ph in the brain

• Alter neuronal excitability, 
autonomic nerve function 
and adaptive bodily 
responses
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Glial reaction to injury

• Astrocytes multiply, enlarge 
and become fibrous

• Oligodendrocytes expand and 
can lead to demyelination

• Microglia cells proliferate, 
become actively phagocytic, 
become antigen-presenting 
cells
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