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Generate the most neurons and glial cells

Glial Cells

* Sense 02 and Ph in brain; vital for homeostasis

_ e Support synaptic strength, synaptic formation
Support and protection & pruning; i.e. vital for neuroplasticity

for neurons _
e Alter brain states, such as sleep

Supply nutrients and « Communicate with other Glia and with
oxygen to neurons neurons; discovered glio-transmitters

e Play a major role in chronic pain,

Insulate neurons neurodegeneration and neurological disorders

Destroy pathogens * Play a vital role in initiating and maintaining
high sympathetic nervous system activity,
Remove dead neurons increasing inflammation, and contributing to

the development of chronic diseases such as
cardiovascular disease
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Oligodendrocytes Different Types of Neuroglial Cells

* form myelin sheaths in CNS
* each wraps processes around many nerve fibers

Schwann cells
* myelinate fibers of PNS Oligodendrocytes Microglia

* 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 - . _7,‘?:':,.-.‘; Nt

* line cavities & produce CSF X = " _J :m,/’j
Microglia (macrophages) formed from monocytes L Schwann cells _ ’

* concentrate in areas of infection, trauma or stroke N\ ’ ﬂ‘

Satellite cells | rSa‘elL‘e‘,ﬁ
L P
* cover the surface of nerve cell bodies in sensory, ) \\::gﬁ

sympathetic, and parasympathetic ganglia. !’_ » ’j b
\‘—"/} Neuron ‘

Enteric glia cell body Enteric glia

* Found in the gut
© Haavik Research 2022 30
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Neuroglial Cells of CNS vs PNS

i OLIGODENDROCYTE

ASTROCYTE

Central
nervous system

SCHWANN

| _—

Satellite
cell

Neuron
cell body

SATELLITE GLIAL CELL

CELL

Peripheral
nervous system
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Enteric glia

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)



Insulating layer around a nerve fiber
 oligodendrocytes in CNS
e Schwann cells in PNS

Looks white as formed from
wrappings of plasma membrane

e 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

~
Myelin Sheath

Central nervous Peripheral nervous
system (CNS) system (PNS)
6 ‘ Nucleus
)
h
’l ¥ WcaerI]II;
i
/ Node of Ranvier /

Node of Ranvier

Oligodendrocytes — .\

Nucleus
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Oligodendrocytes

Small cell bodies and a few Dendrite —*
delicate processes. Neuron

Surround nerve cell bodies and \
form myelin sheath around ‘
nerve axons in the CNS : Myelin sheath

(Schwann cells in PNS) l \

Synapse

Axon

Unlike Schwann cells in PNS, a
single Oligodendrocyte in CNS

Oligodendrocytes
can form several segments of ¥ VIS — .\
Myelin.

Nucleus

Can form as many as 60 /

internodal segments of myelin T S—
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~
Oligodendrocytes

* Have neurotransmitter
8 » x receptors to respond to nerves
%
* Have a range of ion channels
* Responsible for myelin numbers, and ion transporters
distribution, thickness and length.

* Neuronal activity likely

* So important for neural plasticity changes oligodendrocytes’
o myelin making activity (to
* Influences timing of nerve to nerve change distribution, numbers,

communication by changing action

potential propagation speed thickness and length) as

needed
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Schwann
cells

NEURON

Schwann Cells

Myelinate cell axons of PNS
Each segment of myelin = one Schwann cell

Central nervous Peripheral nervous
system (CNS) / system (PNS)

Nucleus

.- \
_‘.{’Q g Node of Ranvier }’ i(©

@ Node of Ranvier

Oligodendrocytes

Nucleus

T w
-
N\

© Haavik Research 2022



SCHWANN CELL:
-CYTOPLASM
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Astrocytes Astrocyte

-

Nucleus

Is the most abundant glial cell

-
- - N d

Form framework of CNS, scaffolding for >
nerves, fill the space between nerves = 7

= Astrocyte
Regulate chemical content of extracellular \ -
space L P
Cover and isolate synapses and remove 7 -
neurotransmitters from synaptic gap Myelin \Amn

Also regulate K+ ions in extracellular space

Two types Form the outer & inner glial limiting membranes
. Protoplasmic —around cell bodies S .

_ *  Quter limiting membrane found beneath pia mater
. Fibrous —around axons

* Inner limiting membrane found beneath the ependyma

Perivascular feet maintain BBB lining the ventricles and central canal of spinal cord
© Haavik Research 2022



Astrocytes

Surround axon hillock and cover
Nodes of Ranvier

Synaptic insulators as covers the
connections between cells

e Thus modulate neuronal
transmission; thus important for
neuroplasticity

Connected with each other by gap ) Ehagocytlc B clean up Qead
junctions tissue, thus important in both

_ CNS development and repair
Serve as a scaffolding for the

migration of immature neurons * Replacement gliosis — replace

Story glycogen — feed neurons damaged neurons
© Haavik Research 2022



Astrocytes

Respond to neurotransmitters

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

Existence of glial-transmitters

Astrocytes

Influence immune function via cytokines
Contribute to chronic pain

Implicated in CNS various diseases

© Haavik Research 2022



Ependymal Cells

Line the cavities of the brain o
and central canal of the :I_ Cilia
spinal cord Edaiial

Form a single layer of cuboidal or columnar cells ‘ ‘ ‘ cell

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 3™ 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

© Haavik Research 2022



Satellite glial cells

e Surround nerve cell bodies in

Satellite peripheral nerve ganglia, and
Jj cell surround entire ganglia
Il 4 i
4 . * Physiologically similar to astrocytes;
v o } monitor perineural environment
D
"4 = Neuron * Communicate bidirectionally with
cell body neurons and with each other via gap
junctions

* Implicated in chronic pain initiation
and maintenance

© Haavik Research 2022



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.

_—Potassium channel
Nucleus :

9
Microbes
Cellular debris —— Y ¥ y :
Cytotoxicity

®
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Enteric Glia

neurotrophic factor (GDNF)

* Implicated in inflammatory
bowel disease and chronic
abdominal pain

e 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
© Haavik Research 2022
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H H ° - {fu:' hS 2
Known Enteric Glial Cell Functions —=_3&2 .-
— .
Maintenance of intestinal 8. Regulate mucosal secretion
barrier functl.ons 9. Regulate mucosal immunity
Protect enteric neurons 10. Act as progenitor cells
React to damaged neurons or 11. Protect, support, and maintain the
tissue trauma, infections, mucosal neural network
immune insult or inflammation . . .
12. Constrain microbiota composition
Respond to and produce towards increased anti-
cytokines and chemokines that inflammatory and decreased pro-
impact local events inflammatory bacterial lineages
Protect local tissue integrity 13. Modulate epithelial cell
Regulate neuronal activity E(raglllifﬁgratlon' differentiation, and
Control GI motility 14. Defend intestinal mucosa against

pathogen invasion

© Haavik Research 2022



Glial cell influence on Microbiome and Gut-Brain Axis

* Gut-Brain Axis is Influenced & Regulated at multiple levels:
* Microbiome

Nutrient intake Gut-Brain Connection

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.

© Haavik Research 2022



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 Increases
- allergens Inflammation

- carcinogens
- food additives

INTESTINAL PERMEABILITY

Healthy
tight junctions

Faulty tight *— Microorganisms
junctions and toxines

Blood flow

© Haavik Research 2022
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Schizophrenia Glial cell disfunction is known to lead to:

Bipolar disorder
Attention deficit hyperactivity disorder (ADHD)
Anxiety disorders

* Motility disorders

. N
Dementia Constipation

Major depressive disorder * diarrhoea
Parkinson’s disease * Malabsorption
Autism spectrum disorder synd romes

Gut-Brain Connection

Amyotrophic lateral sclerosis e Infectious gastroenteritis

Alzheimer’s diseases
* Inflammatory bowel

disease

Chron’s Disease
Ulcerative Colitis
Intestinal inflammation

Stress & Fatigue Irritable bowel

Stroke syndrome
© Haavik Research 2022

Prion diseases
Encephalopathies
Creutzfeldt-Jakob disease

Depression and/or Anxiety

Behaviour, Mood and/or Cognition



Stress and gut 5.?”

permeability Tryptophan
pro-inflammatory cytokines &

and reactive oxygen species 5-Hyd roxytryptophan

\

Serotonin

/

N-acetylserotonin (NAS)

/

Melatonin

Kynurenine

Quinolinic Acid
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Enteric Glial cell function in the gastrointestinal tract

ESOPHAGUS

ASCENDING COLON

CECUM {

VERMIFORM APPENDIX

SIGMOID COLON

GASTROINTESTINAL SMALL A FOLD OF EPITHELIAL CELL
THE INTESTINAL VILLI
TRACT INTESTINE LINING WITH MICROVILLI
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Periodontal Disease \
Increases

Inflammation
Stomach /

(e.g. Helicobacter pylori)

| | _
I';i < Small Intestinal

2 / Bacterial Overgrowth

_ Impaired Gut
Abnormal Microbiota Permeability

Composition (Dysbiosis)
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Cerebral cortex

Thalamus

Glial cell influence on
inflammation and chronic
disease

Hypothalamus

* Astrocytes and microglia can
modulate sympathetic nervous
system activity

Somatic ne@\.
from skin, muscle, \.
bone of thorax, \N“
arms, dermatomes :

Stomach/lower

oesophagus

* 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

Snerﬁy impairment, boosting neuronal
eat

Astrocytes, microglial cells, and
oligodendrocytes are all implicated

Glial cells implicated in Parkinson’s and
Alzheimer’s diseases, epilepzy, multiple
sclerosis, dementia, AIDS an

Schizophrenia 33
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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

e 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 éf%

© Haavik Research 2022
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Glial cells and Homeostasis

° Central Chemosensory Membrane tranSporterS
homeostatic functions

Simple Gated ion

* Monitor oxygen, Ca rbon diffusion  Aquaporin channel Antiporter Symporter
dioxide and Ph in the brain s @ -

* Alter neuronal excitability, M” M’V MW iﬂ’” W
autonomic nerve function &1&11 ﬂiﬂ ﬂﬂﬂ Iﬂiﬂ ﬂ
and adaptive bodily Cytopiasm
responses s N o 9 5

e Ater lon
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Glial reaction to injury

* Astrocytes multiply, enlarge

and become fibrous

can lead to demyelination

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

cells

>/°‘ .3 Myelm sheath
g

Macrophage

© Haavik Research 2022
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I\ Introduction to Chiropractic Care

The introduction to chiropractic video series is the perfect way to gain an understanding of why chiropractic care may help you and your family.

The Beginners Guide to Chiropractic How the Brain Perceives the World

In this first introductory video we explore what chiropractic is all Did you know that your brain and central nervous system are
about, and how it works, then we briefly explore the evidence constantly changing? It's quite amazing - from one day to the next
informed effects of chiropractic care. your brain is not the same.

Viewvideo » Viewvideo »



The Beginners Guide to Chiropractic

The Beginners Guide to Chiropractic

The word chiropractic derives from the Greek words “cheir’, meaning hand, and “practikes” meaning skilled in or concerned
r who coined it in 1895 when he founded

with. The origin of the word chiropractic can be traced back to D.0. Falmr

chiropract

Chiropractic care is really about total heaith and wellbeing

What does a Chiropractor do?

A chiropractor i3 a healthcare professional wha specializes in the health and fL a of the spine and nervous system.

Because of this focus on the spine. marny people think chiropractors can only help with problems such a3 back pain,
ches, They can often help with these Bsues but there ks much more to chirepractic than just pain,

¥ pain

and head
This is the first video in our animated series "Intreduction to Chiropractic”. In this video, we outline what a chirgpractor does,

then we briefly explore the effects of care. It is 3 porfect one to watch for anyone that is curious about chirepractic care, and

how it can help their famity,

Video References
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The Beginners Guide to Chiropractic

In this first introductony video we explore what chiropracticiz all
sibout, and how it works, thenwe briefly explore the evidence
informed effects of chiropracticcare.

Chiropractic Affects your Brain

“Your brain receives information sbout your body from the
environment and your organs. Did wou knows that the muscles inyour
body are slzosenzory organs?

Expesting da feel pain e
. actuslly maks y Feel pain

I
LA A
Pain and the Immune System

Fzsearch studies have shown that the way you fieel pain all degends
anwhat's going on for you - and most importanthy - what you think:
and fieel sbout the situation.

i
How the Brain Perceives the World

Diid you know that your brain and central nenvous system are
constanthy changing? t's quite amezing - from one day to the next
your brain is not the same.

What is that Pop?

[fyou have been adjusted before by 3 dhiropractor you may have
noticed a strange popping sound. Daon'tworry - itis just the formation
of gaswithin ajoint.

Chiropractic and Headaches

Headaches are a sign thet something is not right. Your brain will
create foryou the sensation of pain if it thinks thers is something
wrongar if there is a potential problem.

11

il

Break the Pain Cycle

Did you know that peinis oreated in your brain to ket you know that
something is not ok within your body? Feeling pain is good berause it
iz actualby helpful and informative.

Lower Back Pain

Scientists havewarked out that at any one time, ower 500,000,000
peaple around the world are suffering from low back pain and itis
now the leading cause of disability worldwide.

Pain is Created in Your Brain

Diid you know that the scientists now know that the feding of painis
something your brain decides that you should experience - ifit
beligves thatthere is 3 problem?

Chiropractic Care and Migraines

Diid you know that 1in & people in the world experience migraines
regularhy? The World Health Organisation consider them to be the
mast debilitating of all neurological disorders.

Growing Pains

‘Wieve all heard of growing paires right? But did you know that what we
call growing pains aren't associated with growing? So they're not
ectually growing pains st all.

Chronic Pain

Chroriic pain is the second-most common resson peoole ses 3 doctor
=nd miss work: More than one-third of people with chronic psin
become dizabled by their pain to somes degree.
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B Print & Digital Assets

High-resolution images, A4 print brochures and A3 sized posters for you to download and share.

o= W= A

To download the digital assets, simply click on the corresponding button below the image.
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Chronic Pain Painis in the Brain Neck Pain

Chronic pain that has persisted for more Sometimes pain persists long after tissue Up to half the world's population suffers
than 3 months is no longer protective, nor damage has actually healed. When pain from neck pain at some stage. For some,
informative. So, what is chronic pain and persists for more than three months we one big problem is that it just keeps
what can you do about it? call this chronic pain. coming back, or becomes chronic.
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UNDERSTANDING PAIN

)
Dr. Kelly Holt Dr. Heidi Haavik
BSc, BSc(Chiro), PGDIpHSe, PhD BSciPhysiol), BSciChire) PhD

Experiencing pain is normal. Everyone experiences pain now and then.' Pain is supposed to

be protective to make you stop doing things that may be dangerous.” But chronic pain that

has persisted for more than s is no longer protective, nor i
sut it if you suffer from it?
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