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PATHOGENESIS CLINICAL TREATMENT

MANIFESTATIONS OPTIONS

CAUSES OF DEVELOPMENT SYMPTOMS MEDICATIONS
DISEASES AND PROGRESSION AND SIGNS AND THERAPIES
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Nervous System




TATIFNIIZUUUTLRIN

szuuisesgin szuuisesgin

1 - 1
sSUNAY | Peeeliesesen | 3| QA8
= Brain and spinal cord brain and spinal cord
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Somatic Autonomic
or Volunta: (smooth and cardiac
(skeletal mus::{m) muscles and glands)
szuuilseannm
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ﬁ%&&s SYSTEM Brain and spinal cord
C N S oC:;'rols all l:o';icemfundions,

PERIPHERAL &
NERVOUS SYSTEM All nerves outside the CNS

Provides a complete network of motor and sensory
fibers connecting the central nervous system
Dothereslohh';gbody

AUTONOMIC o oo - 2
NERVOUS SYSTEM Parasymp ond symp nervous sy

Parallels the spinal cord but is separately involved
in control of exocrine glands, blood vessels, organs,
and external genitalia
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WINA:
» Body: cell metabolism

» Dendrites: receive information
from the environment

» AXon: generates and sends
signals to other cells

» Axon terminal: where signal
leaves cell

» Synapse: where axon terminal
and receiving cell combine
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Nodes of
sheefh Ranvier

Impulse conduction via myelinated axon
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Lfaatilatfiassuuiseain(neuroglia or glial cells

CNS Glial Cells

Ependymal
oz"esn(line
canal or cavity)

Capillary

Astrocyte
(support)

Oligodendrocyte
(prgggces mo;e)?in)

Myelinated
axons

Node

Unmyelinated
axon

Schwann cells
(forming myelin sheath)

PNS Glial Cells

CNS Glial Cells

Astrocyte — Metabolic and
structural support

Microglia — Remove debris

Oligodendrocytes — Make lipid

insulation (Myelin)

Ependymal cells — Cover and
line cavities

Cell body

of neuron

Satellite cells

Nerve fiber

PNS Glial Cells

1 Schwann cells — Produce myelin

2 Satellite cells — Support cells
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CNS sitfaa 4 2Aii6

PNS sitadaa 2 A6 :

1.

Astrocytes: metabolic and
structural support cells

Microglia: remove debris

Ependymal cells: cover and
line cavities of nervous system

Oligodendrocytes: make lipid
Insulation called myelin

1. Schwann cells: make myelin
for the PNS

2. Satellite cells: support cells
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Nerve impulse @ /
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axon terminal

Nerve impulse @
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Receptor

Synapse — éf/(‘\

Neurotransmitter
Receptor (acetylcholine)
Vesicles
containing
neurotransmitters
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Motor Neuromuscular
neuron axon junction Mitochondrion
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CENTRAL NERVOUS SYSTEM
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BRAIN

V Trigeminal
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MIDBRAIN :
BRAINSTEM PONS =
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SPINAL CORD /
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IX  Glossopharyngeal
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Traumatic brain injury (TBI)
Infection

Metabolic diseases
Autoimmune
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Neurons: degeneration
Cell dysfunction and death
Oxidative stress

A Protein degradation
systems

* * e a-synuclein misfolding and

release
Extracellular
a-synuclein
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o exosomes & ..;.. aggregates
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release and uptake

a-synuclein: & dynamics
Misfolding

Release
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Glial cells:
Neuroinflammation

4 gene expression

A phenotype — activation
+ Cytokines

{ PPR receptors

Astrocytes: s _
o e a-synuclein Y Z:Imuclea(
+ +TNFa, IL-6, etc :
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Astrocytes
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Neuroinflammation
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> Inflammatory
) ‘ | response
A Astrocytic Microglial
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‘ > Necrosis
Cell death Proinflammatory
‘ cytokines
(TNF-a, IL-1B, IL-6,
IL-12), ROS, NO
Apoptosis |
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Primary injury ’ Secondary injury

Excitotoxicity

-
Ischemia
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Cytokine % I
storm & ' Inflammasome
formation and
intracellular
signaling
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Infection of spinal cord,
brainstem, cerbellum,
ﬂ Descending infection via and other brain structures
nervous system to eye, 47
salivary glands, skin, (&
and other organs ¥

Rapid ascent in
spinal cord

Replication in
dorsal ganglion
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B Entry of virion in peripheral "

nervous system e Passive ascent via
' sensory fibers
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\ ﬂ Viral replication

Virus
inoculation

in muscle
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225, ROS
299
303% Proinflammatory
%0 factors
e * Coronavirus
(COVID-19)
2 Olfactory bulb
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O B Microglia
PNS manifestations of COVID-19 % AStrOCyte
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—— ormcrom o . . . %, Neuronal cell
Cytokine -mediated inflammation death
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Abscess Abscesses

31

A. S. aureus B. Early Abscess C. Mature Abscess

Extracellular
®

O I scv

HYPOXIA

|

v
Intracellular

Lysyl oxidase

{ e Lysed/necrotic
' J * neutrophil

O Stophylococcus Q Neutrophil

aQureus “remnant”
Lysed/necrotic V\ Fibrin
S. aureus
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ventricular zone brain development brain tumor development
—
N neural stem/

cancer stem

recursor cells
P cells

neuron oligodendrocyte astrocyte glioma cells




Tumor growth in brain

a b e . 3 Bar+ myeloid cell
~.. Exosome ~*R recruitment

! ,miRNAs CC'L 2 f
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nO
e :
O
Tumor Cells

PTEN loss induced by astrocyte-derived exosomal microRNA primes brain metastasis outgrowth
via functional cross-talk between disseminated tumour cells and brain metastatic microenvironment.

Proliferation 4 Outgrowth 4

PTEN level Apoptosis  y
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Microglial '~ e VVVV
Cortex

5 L Striatum

e Tat Aeroe—L T
Damage Y\ YW conpes
Signals ~Z \

PD Parkinson's disease | K X

(PD) m (o &
\

# Huntington's Disease -

(Muntngtn proten) <

A L 4 .
( 477 900000gy
A
'

Basal
ganglia

g %
Normal Brain Alzheimers Brain

Hippocampus

(AD) A Azheimers Disease
(Tau proten & Amyloid beta peptide)
 Frontotemporal Degeneration
(Tau & TAR DNA-binding protein-43 proteins)

Activated

Microghal (MS) @ PITATIS e e e
Activating
Racton Stimulus

Inflammation

Hippocampal Alzheimer AD
Neurons \ /’ Disease (AD)
Motoneurons = o S Amyotrophic
—> ENEURODESENERATLON Lateral Sclerosis (MS)
Dopaminergic / \ ' Parkinson
Neurons _ Disease , (PD)




TsansAudu (Parkinson’s disease, PD)

» AMsANEAaILARRINIRIUTURLAULEE Tuns (Substantla Nigra) i
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o E \ J
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State
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L Parkinson's
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- PARKIN
Normal condition PINK1

DJ-1

High density

Extracellular

W of resting : :
microglia neuromelanin
LRRK2 e ALYl from
SNCA degrading
i neurons 4
Astrocyte Mitochondrial a-synuclein
DAMPs ROS <«——— 299regates
Clearance of ‘
waste
Microglia , ‘

Neurotrophic \ VY
growth foctoc's\ .
\ » Microglia activation « » A1 astrocyte activation
IL-1g IL-1B
- IL6 IL6
TNF TNF
ROS ROS
NO
Proinflammatory NLRP3 +—-—
environmental insults inflammasome
activation

Neuron \ o ,\-,- ),'( ‘

- e -

' Neurodegeneration AN
in Parkinson Disease” ~/ .
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1. Neurofibrillary tangles da nayugulauaslusuiiizanin inn (tau) Wudue
2. Amyloid plagues &a Tus@iuizanin weuwafiaaas (beta amyloid) Fufduiiludauinnfalnd

healthy brain Alzheimer’s disease brain
thinning cortex

/" widening sulci

growing ventricles

amyloid-p

shrinking  shrinking
entorhinal  hippo- k
cortex campus neurofibrillary tangles
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Amyloid beta Hyperphosphorylation | :
accumulation of tau :/ e

Activated
microglia
L _\, 5 3
- —
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Ay Oxidative . -
stress l Y
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Neuronal
Cholinergic death
dysfunctioning (Y
- s ‘ . " \
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Pathophysiology of Activated ¢
astrocyte

Alzheimer's disease
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Tsadaaniszanidanuds (Multiple sclerosis, MS)

» Isalaandseanni&auuds tinann daanviudulssanniaadu (myelin
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Healthy Nerve Nerve Affected by M$
lllllllll 4 NORMAL AXON
< \

MMMMM
. ﬁyn.‘f ,,,,, NERVE FIBER
s n sheath \

DISINTEGRATION OF MYELIN

.
Oligodendrocytes £ .

llllllllll

DISRUPTION OF AXON FUNCTION
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Neck Muscles
Diaphragm
Deltoid (shoulder)
Wrist

Triceps

Fingers

Hand

Intercostals (Trunk)
Abdominals
Ejaculation

Hips

Quadriceps
Hamstrings - Knee
Foot

Penile erection
Bowel and bladder
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Causes of Spinal Cord Injury

B Motor vehicle accident
M Falls
B Violence

M Other / unknown
W Sports-related accidents
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Dorsal root ganglion
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Macrophages

Reactive Schwann cells
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I \
Peripheral nerve

Regenerative sprouts
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C4 injury
(tetraplegia)

Cervical

C6 injury
(tetraplegia)

T6 injury
(paraplegia)

Coccygeal | — Y

\
L

L1 injury
(paraplegia)
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Olfactory buio
Olfactory tract

Cribriform plate of Nerve Fibres

ethmoid bone

Fascicles of
olfactory nerve (I)

Nasal mucosa

Mitral cells

———Olfactofy bulb

@ @ B % 5 Sl en. Cribiform plate
AWJMML ~ Basalcellsp

Supproting cell
Olfactory sensory neurons

Cilia
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ACE2: TMPRSS2 NRPI
SARS-CoV-2
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Intramedullary ¢
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O Diabetic 60%
O Idiopathic 23%
O Chemo-induced 10%
O HIV/AIDS 2%
Other 5%

Peripheral Neuropathy
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Figu’e Legend ° Mltochondﬂa . 'nsu'in receptor
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ARTERY GLOMERULAR CAPILLARY RETINAL CAPILLARY

.

Mesangial /TN Neovascular
expansion i

Diseased
blood vessels _

L il
Nerves shrivel x -
when blood 4 »
: Endothelial i vessels disappear <
cell _— =
Macrophage Thrombus — c-*"l
foam cell \ % »

Smoothm. cell  Apoptosis
proliferation
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Myelin channels

|

Slow healing

Lack of sensation

Persistent injury Decreased physical

capacity

Increased risk of

Burning pain
ep accidents

i
Schwann cells/ E
myelin :
Ulcers
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NEURON FATE

PHYSIOLOGICAL PATHOLOGICAL

BBB DISRUPTION K 5 /
\ Neuron

-

+ + XX\ %
* W ¥

2 %® Microglia
- -

I < *

* % *%*
* *

% |
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