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Today’s lecture will cover:

1- Nervous System Barriers
2- Plasticity and Regeneration of Nervous System
3- Visual and Auditory Pathways

4- Vestibular, Olfactory, and Gustatory Pathways

Today’s lecture will cover:

1- Nervous System Barriers
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Nervous System Barriers

Blood-Brain Barrier Blood-CSF Barrier Blood-arachnoid Barrier

o Blood-Brain Barrier

Blood-Spinal Cord Barrier

e}

o Blood-Cerebrospinal Fluid Barrier

o Blood-Nerve Barrier

Blood-DRG Barrier

(e}

Blood-Brain Barrier -Tatiana Barichello

Blood-Brain Barrier (BBB)

| Neurovascular unit |

yeu thell nel pacozm

» BBB is formed by a tight monolayer of brain endothelial cells. i Artery

» Function of BBB is maintaining brain homeostasis by regulating &:&

\ Micreglia
e \Y

transport to the brain.

Pericyte
Endothelium

» The plasticity of BBB is regulated within a dynamic system called Leukocytes , . ‘ >
erytrocytes, - p
platelets : f
Neurovascular unit. Basement membrane /..<
. Neuron
> BBB represents a significant roadblock in delivering drugs to brain. ‘ 3

TP

Blood-Brain Barrier -Tatiana Barichello
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Blood-Brain Barrier

| Junctional Proteins | | Transporter Proteins |

Adtwrens
jurctom

« Junctional proteins and transporters:

small inorganic molecules (O,, CO,, NO, and H,0)

ions, peptides, amino acids, proteins, carbohydrates,

hormones, vitamins, etc.

Neuroscience Online, the Open-Access Neuroscience Electronic Textbook

Circumventricular organs (CVOs)

Non-barrier regions (hormonal control)

o Pituitary gland

o Median eminence

o Area postrema

o Preoptic recess

o Paraphysis

o Pineal gland

o Endothelium of choroid plexus

Dl Ufnal, Neuropeptides 2014
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Blood-Brain Barrier Dysfunction

Disruption of BBB can lead to: | Dysregulated BBB transport in Alzheimer’s disease
o Changes in permeability [ oronal Alzhokmer's disesse
o Modulation of immune cell transport : v Hood duad uheuncst '+ s
\ POVt coserage inNb pROSTN oss ol pencytes
LN R | i :
o Trafficking of pathogens into the brain ""‘?‘y\ :
{r | S Hrecptoge
Z o beshoge of setum wiintences *

urctional et 1raraponers of fenction of
.mu ranseortons

8
7 J . wcxumemlation of AR

@
%ﬁf _‘hhd—-—

BBB dysfunction is associated with neurological disorders:

Neurodegenerative diseases, Cerebrovascular diseases, Brain infections, Inflammatory diseases, Brain tumors,

Neurotrauma, Mental or psychological stress

Storck, Neuroforum 2017

Blood-Spinal Cord Barrier (BSCB)

Composed of continuous type of microvessels

More permeable for cytokines and tracers compared to BBB:

o Lower level of occludin and ZO-1
o Less number of pericytes [\
Pathological conditions:
<>

Basal lamen

Proicyte

Astrocyse
foot
process

o Spinal cord injury
o Amyotrophic lateral sclerosis

o Radiation-induced myelopathy

Bartanusz, Annals of Neurology, 2011
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Epithelial cells of choroid plexus:

o Secrete cerebrospinal fluid (CSF)

o Form blood-CSF barrier

Role of blood-CSF barrier

o To restrict the passage of substances from blood into CSF

Blood-CSF Barrier

rrens

Diencephalic
ChP (third
ventricle)

Telencephalic ‘
CHE {lateral
ventricle)

Hindbrain
OhP (fourth
ventricle) —

’ T
Fecicyre’ | | Stramal ypace
Endothelial cull ©  Fenestrated

capiliary

Lun, Nature Reviews Neuroscience 2015

Blood-CSF barrier permeability alteration: L ¥1og ‘M tSsule FEcok 4 N meaingsdis
S posumonias * EVI0 * Jov - CVBd . Wy * TkaVius = T hruosi

o Infectious disease . car 5, sl

o Stroke

o Trauma

o Neurodegenerative disease

o Autoimmune disorders

Tumors of choroid plexus

Schizophrenia and chronic stress

Blood-CSF Barrier Dysfunction

Pathogen invasion through B-CSF barrier—l

Solar, Fluids Barriers CNS, 2020
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Blood-Nerve Barrier (BNB)

<+ Perineurial cells interaction with Schwann cells critical for
nerve development and regeneration

Blood-nerve exchange is maintained by endothelial cells of endoneurial vessels.

Reinhold, Experimental neurology 2020

Wallerian Degeneration

o Proliferation of Schwann cells

Injury of nerves and axons

o Invasion of circulating macrophages

ITyeinatry wo ] feritdant . .
Sceecen l o Alteration of the blood-nerve barrier
== e
-4 o Changes in the endoneurial extracellular matrix
el
Schanncol Pl o Elevation of cytokine production

we || Wakeran dogeraraen

Y
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Blood-Dorsal Root Ganglion (DRG) Barrier .

Epiperineurium

Present in DRG

o Somata of sensory nerves

o Nociceptive neurons

More permeable than the BNB

Peripheral nerve injury induces cellular and molecular changes in the DRG that contribute to induction and
maintenance of neuropathic pain.

Reinhold, Experimental neurology 2020

Today’s lecture will cover:

2- Plasticity and Regeneration of Nervous System
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+ Neuronal plasticity is defined as the ability of NS to modify the

activity and organization of neuronal circuitry according to
internal or external stimuli:

o Alterations in the level of the neurotransmitters

st

o Change in the protein content at synapses
&

3 Short-term and long-term potentiation and depression, milliseconds to hours or even longer
o Adaptational plasticity

Plasticity and Regeneration of Nervous System

Brain never stops changing ...

Continuous adjustment in response to environmental challenges
o Reparation plasticity

Positive or negative changes during functional or structural recovery of damaged neuronal circuits

Reparation Plasticity
The correction of developmentally miswired neuronal connections or rehabilitation after stroke or traumatic brain
injury depend crucially on the adult brain’s capacity for plasticity.

Reaction to injury differs in neurons of CNS and PNS

Vi¥ita. maar \ Lasion II
- \ / 4
p N ‘ P
S — e =
. L . . s ——— - \
Adult mammalian CNS has a limited regenerative capacity T \]
\
\\‘\
CNS \
o Damage to neurons, glial, and endothelial cells

o Breakdown of the blood-brain barrier

Gray marmar
Qligodendrocyte

o Activation of glial cells and a robust inflammatory response

S::r:uhm; and regenaratng nerve fibecs

Silver, Cold Spring Harb Prospect Biol 2015
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CNS Pathology after a Traumatic Injury

Glial environment of the adult CNS presents a major hurdle for successful axon regeneration

Inhibitory molecules for CNS regeneration:

o Chondroitin Sulfate Proteoglycans (from astroglial scar)

o Myelin-Associated Inhibitors (from oligodendrocytes)

o Inhibitory Signaling Pathways (Ibuprofen inhibits RhoA)

Pro-regenerative molecules
NGF, TGF-B, PDGF, EGF, BDNF, and oncomodulin

Mietto, Mediators of Inflammation 2015

Peripheral Nerve Pathology after a Traumatic Injury

Regeneration of PNS neurons depends on

o type of injury Cell bods
o age of the organism

o localization and function of neurons

% { i " F a 17 ) ("""'i" » s . {!
Schwann cells: overexpress a broad panel of v RN = Rl ,! : R
inflammatory mediators ~ o —_— osRaghe- | | g X !

Macrophages: phagocytosis of cellular debris

Navarro, Progress in Neurobiology 2007

10
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Cellular and molecular mechanisms during PNS regeneration

Regeneration-Associated Genes

o c-Jun

o activating transcription factor-3 (ATF-3)

o SRY-box containing gene 11 (Sox11)

o small proline-repeat protein 1A (SPRR1A)
o growth-associated protein-43 (GAP-43)

o CAP-23

+ Neuroma = Result of disorganized growth of cone
branches in an unsuccessful search of a receptor

or endoneurial tube is not reached, = painful lump
Huebner, Results Probl Cell Differ 2009

Several months after injury

Dlsmganll«) axonal sprouts
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Grinsell, BioMed Research Internationall 2014.

Today’s lecture will cover:

3- Visual and Auditory Pathways

11
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Visual Pathways

Structure of the human eye

Perception of motion, depth, form and color

Absorption Spectra of Human Visual Pigments

we Red
~- Rhodospin
e Green

we Blue

Absorbance

50 600 700
Wavelength (Nanometers)

Boron, Medical Physiology, 2003

Neuronal elements of visual pathway

Rod (100-130 million)
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Joukal, Anatomy of the Human Visual Pathway

12
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M zxyeho

Neuronal elements of visual pathway

OFF - peghon oet '. — ON - gangren oo

Arorse sed

P cells (80%)
o ganglion cells that monitor cones
o color-specific oef ok — i)
o terminate on P-neurons of the lateral geniculate body

M cells (10%) P
o ganglion cells that monitor rods § 1§ 5
o provide information about a general form of an object
o terminate on M-neurons of the lateral geniculate body

Hoseoreu cod

non-P non-M cells (10%)
o projection to subcortical nuclei, koniocellular cells of LGN

R

Joukal, Anatomy of the Human Visual Pathway

Visuat Seld of lefl sye Vieusd fiekd of right eye Pimary Visual Pathway

Monocular blindness

Temponsd hat Temporal halt
of lo#t retna of nght reting
Optc narve
- —— Optic chvasma
Dpbe tract

Ipsilateral fibers

@)

El \

3 A

5 9

-

S i

= Py

g //}" Optic nerve
3 M Lateral

Y geniculate

«» 10% of axons at LGN
terminate in the tectum of the
mesencephalon.These fibers
are important for optic
reflexes, such as pupillary
reflex or vestibulo-ocular
reflex.

magmy Of Sy corerEateT
whue Setts of 20U myes

e ki Joukal, Anatomy of the Human Visual Pathway

13



28.03.2024

3

« Ipsilateral input enters
layers 2,3 and 5 of LGN

< Contralateral input enters

layers 1,4 and 6 of LGN

Fibers crossing temporal lobe:
inferior lateral fibers or meyer's
loop

Fibers crossing parietal lobe:
superior retinal fiber

Joukal, Anatomy of the Human Visual Pathway

The Visual Cortex

Primary Visual Cortex Extrastriate Visual Cortex

Penfronis
A oomK

¥ & e
fou
> \ {7
! /J 1

Cekiviiia (f

Wisud fend

s>, W The ventral stream
" Information about object identification including shape, contrast, and
R\ color, “what” pathway
Petrs A The dorsal stream

Information about spatial features and movement, “where” pathway

Ipedasin o Comtanmal Joukal, Anatomy of the Human Visual Pathway

14
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Lesions of the visual pathway

Bitemporal hemianopsia Homonymous hemianopsia Scotoma

- A
LN "I

j ?46 area

Joukal, Anatomy of the Human Visual Pathway

Auditory Pathways

The perception of sound; the most important means of communication

cross section of the cochlea organ of Corti

Tevhizul

merlitane

-*\ v.-."
& a N

15
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Diagram of the major auditory pathways

1st order neuron
o Spiral ganglion cells

2nd order neuron Auditory
cortex
o Dorsal cochlear nucleus (temporal
— nucleus of lateral lemniscus o s
o Ventral cochlear nucleus: e

> VPCN — ? s |
» AVCN — superior olivary nucleus (trapezoid body)

Megial
geniculate nucleus

Inferior
coliculus
(mesencephalon)

Motor output |
to cranial
nerve nuclel
thr the
tectobulbar
tracts

3 order neuron
o nucleus of inferior colliculus

4th order neuron
o medial geniculate nucleus
(brachium of inferior colliculus)

tectospinal tracts

_Low-

Auditory pathway:
o Sensory hair cells
o Cochlear branch of vestibulocochlear nerve (C.N. VIII, Auditory Nerve):
Spiral ganglion cells —
Medial gm:umr body
o Brainstem: cochlear nucleus:

@

DCN — nucleus of lateral lemniscus —

. L
N ‘ \ (‘ y i\‘
VPCN — nucleus of inferior colliculus Q,k / ] ?
Inferior coflicadus — = |
(midteain) -
. . \ ! o
AVCN — superior olivary nucleus — \ _ AL =
IM] C o;’,\._'_‘} ~ Supenice olivary udles
o Midbrain: nucleus of inferior colliculus — Borssl coclew =
ocles ~ Cochiea
. . Tn 18 —~ /’} ‘,"
o Thalamus: medial geniculate nucleus — [jg{@ 5«’ J)

o Auditory cortex

/
Verral cochlesr
nucious

Cur.va e

Supenor semponl gy
(primary avdtory ea of
cerebual cormesd

16
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Let \ 7 Right \‘
AudRory A Auktory ]

N - /A Cotex }

fee /7 weds O\ 7 wedal NNt/
N Genicddate Genicdate |

Body \ Body / .
\A- T/ S Auditory cortex

L

\ Integration of

spectral and

spatial analysis

Temporal superior gyrus (Heschl gyrus)

Sound localization
/ Superior \5 ’v’f Supenor \-, C;J;t;q‘a:;(
{ Otey ) \ ’ / {drectional)
Lomplex %/ Amalysis
{ Daorsal '\ Complex
Cochhear | specaral
\: Nucleus  / / analysis
/ Ventral ‘- 4 JVenlrai ™ \ . . )
/' J Codiear | Coclesr | In Wernicke's area speech is comprehended.
SN Nuceus )/ o Nuceus I/,__\'

Left Ear : 1 Right Ex J
- /

Ascending and Descending pathways

Two functionally significant features of ascending pathway:
o tonotopical organization

o bilateral projection

Descending pathway functions (superior olivary complex):

o feedback system processing ascending information

o enhance signals ) C
o supress noise ="
o focus on a particular speaker

o inhibit other voices

17
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Pathology

Bilateral lesions in cortical deafness

o Hearing impairments

Impairments of speech comprehension

O

Speech repetition impairment

o

Impairment in recognition of familiar sounds and music

o

WHAT?

Today’s lecture will cover:

4- Vestibular, Olfactory, and Gustatory Pathways

18
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Vestibular Pathways

Vestibular information is used for:

Cupula

o Control eye movements

o Maintain statice and dynamic equilibrium Sermicircular —
canal \

o Conscious awareness of ourselves in “space”

3 afferent sources:

o Eyes =

Amgnly -——8
o General proprioceptive receptors throughout the body Usdicde ‘ '
o Vestibular receptors in the inner ear Cochiear duct ‘

Cochiea

Vestibular Apparatus
{4 Static organ

o Receptors of static apparatus (linear acceleration- gravity) B

o macula utriculi — orientation in horizontal position

o macula sacculi — orientation in vertical position i

o Receptors of dynamic apparatus (angular acceleration- rotation of the head)

o cristae ampullares of semicircular ducts

, Kinetic organ

- enlargement ey g 4 | / ol \ enlargement
= of crista \ | . of macula
. = otoconis

e > . otolithic
. :} stereocilia

kinactlium

Type
Type 1 hair cell

hsir cell

¥ it A
o e e e
-
/‘ ; : . supporting
nerve fibre basement membrane cells

D1997 Britannics, lno

19
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Vestibular pathways

Consciousness of
balance
T Oculomotor
control

- Mation
I | control
CA trvS rCs
Y
Reflex control of
Spinal o iateral
cord muscles

Connections with the spinal cord

To motoneurons that innervate axial and proximal limb muscles

o Lateral vestibulospinal tract
o from lateral vestibular nucleus
o uncrossed
o terminating at all levels of the spinal cord

o excitatory influences for extensors

) ] ) Support body against gravity
o Medial vestibulospinal tract \\{;’,’,‘:‘,";‘;,

o from medial vestibular nucleus
o uncrossed
o terminates mainly at cervical levels

o coordination of head position and eye movements

Marc, Fundamental Neuroscience 2013

20
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Connections with the cerebellum

¢ \-—Cambotum
‘f — ACCORROrY ’
. . . ot
o Vestibular nucleus | inferior cerebellar peduncles Perrly | oyasm ,
S Sentare wim bod
. . ~ Y '
vestibulocerebellum (Fastigial nucleus) /
Superar wattady k
s /’ \ Oty uyms
1 /_\\ |, o guny
o Fastigial nucleus | inferior cerebellar peduncles \ i e 2 ) il
Luteesl wentotar |\ PV - {A\1 \ [/ SRSty —4 f
s — - T canshn
vestibular nucleus (vestibulospinal tract ) XTI AN %
A S " AL N Scarzun
~ 4 4 = pangann
I ov et tamr \ '\.?q </ “
== T Sl L
Mata vesritutar e / Ve

te b

’ Maintenance of balance ‘

Connections with the brain stem

CN I
Medial vestibular nucleus —— CN VI ventricle — Eye’s muscle
) W\v® CN IV
(0%
e
gV
o°
get
((\G

left

Coordination of eye movements in response to head movements

vestibular nuc.

21
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Connections with the cortex

Thalamus: Ventral posteromedial nucleus

No primary vestibular cortex > ) (R

A
Distributed among several multisensory areas in the parietal and temporal cortices (B N -f/{ s Sstomenl
o Area 2v at the tip of the intraparietal sulcus : :"‘l ’} &
\ 1

4 |
o Parieto-insular vestibular cortex (PIVC) at the posterior end of the insula 25 s o

7 (0NN T Seree \

o Area 7 in the inferior parietal lobule ‘ |

] |y S—_—
Natural stimulation of the vestibular system during head motion and _ [ o
locomotion is always multisensory (visual, vestibular, somatosensory) TN 7 s veetnsas s

Conscious perception of movement and gravity

Brant, Vestibular cortex: its locations, functions, and disorders

7

WA

L

Vestibular Impairment

Disturbance in the body's balance system

Symptoms:

o . e Acoustic Neuroma
Dizziness, vertigo, nausea, vomiting, intolerance to head
motion, nystagmus, unsteady gait, and postural instability. Age-related dizziness and imbalance

Bilateral Vestibular Hypofunction

Cortical representation of vestibular information is important for cognition, emotion and the sense of self. ‘

.‘ frontiers

Cognitive and emotional disorders

Symptoms:

—

feeling “spaced out”, “body feeling stra| personality changes in patients with vestibutar
dysfunction

Bt S e | S

22
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Olfactory Pathways

Humans are capable of discriminating a great variety of odors and flavors.

[rv———
Cramporrs am :

o e . —
(ot vy et

D e

Mok frrarges

.
-

Olfactory Pathways

1st order neuron: bipolar olfactory neurons

Olfactory
bulb

’’’’’ - Offactory
,,,,, bulb
3 v 3 “ -u
: i \ N
P “ v \
- Ry < A [0
Cribriform ~ A 2
piale\
S~
Olfactory
Olfactory
N
epithelium . sensory — -
N

Olfactory neurons are distinctive among neurons in that they are

short-lived, with an average life span of only 30-60 days, and are

continuously replaced from the basal stem cell population.

Kandel, Samell and tatste; the chemical senses

% nemons\_N ) 4 ‘Q 8 ‘(‘
\\\ [} ) L/ # @ i
\\
e
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Olfactory Pathways

2d order neuron: mitral cells — lateral olfactory tract

Mrro

Pl

So ookt
5

Oifactory
SERGY
newrsn

< genonds

Mol ol
s

Eatemal
et orr
Loy

Chmaud

Olfactory information is processed in several regions of the cerebral cortex.

Olfactory Pathways

Mitral

Accessory "
bulb y e

cell
a5

N

Tufted
cell i

Ser

bulb

Vomeronasal Olfactory
organ epithelium

Olfactory

Anterior
oifactory
nucleus

:

Contralateral
olfactory
bulb

Olfactory
tubercle

3 order neuron: olfactory tubercle

41 order neuron: dorsomedial nucleus of thalamus

_
T )

Piriform Amygdala
conex

Entorhinal
conex

Hypothalamus

Hippocampus

Thalamus

Orbitofrontal
conex

Frontal cortex

24
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=1 ) Olfactory Pathways

Fibers 10 contrslatanal o actony bl flnteecs sormmisnse
MM:“MII’I.@“I“ P»anl::u
Sept & wes wel meriwl t\.‘
N
St doid Desheton W - -~ &
NN > - . L. i
RN . Olfactory nerve is divided to:
Ol wgocey wigoos and clismeory nbrchs ’ & &) \'
\_\ A= o Lateral olfactory stria
O st ony Haet . = . )
Cnlorgedon  Anisriol cliamony \ o Medial olfactory stria
Pate T3 Ofsetory b ‘ \J
\, X .
% - 0GB
5 ? //"/ d
O actomny /S
macose  Oflacion celd ,l/,/
OM sctory nerves 1} /,’ /!
T ourn phine (04 ethennd bo | rd /'
Laneral cbianony sria”
Lanaedl ol acnoey et rexchess Mypocsmps Fevbely
AT PO WS DT W 2 Devive gpes
Pathology

R s Loss of Olfactory Function—Early Indicator for
Covid-19, Other Viral Infections and
Neurodegenerative Disorders

wobs Botnats - B Bt I Bewan Durn Lasage Waitgang Snul  Onnest Blaber " sne
Altee W Maseel

e i e e BT

Possible Symptoms
of Covid-197
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Gustatory Pathways

The distribution and types of human lingual papillae

Sense of taste

Taste buds

o receptor cells (replaced about every 9-10 days by differentiating basal cells)

Taalepore  Commmercels

o supportive columnar cells

Nicrawid

o basal cells

yrapic veaxies

26
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Gustatory pathway

1st order neuron

o CN VII (facial nerve) — geniculate ganglion (chorda tympani)
o CN IX (glossopharyngeal) — inferior ganglion of CN IX

o CN X (vagus)— nodose ganglion (inferior ganglion of CN X)

v

a

. Lamotai gangion

2/3 1/3

Gustatory pathway g o o

2nd order neuron - rostral part of the solitary tract nucleus

3 order neuron — ventral posteromedial nucleus of thalamus

eres (X}

“Mages nawe (X

Tasperc’ Wi pw ol serey
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Gustatory pathway -

(b) Gustatory system

Primary gustatory cortex

o a.43in the postcentral gyrus ‘

y
o insula
Frontoparietal
operculum !
Limbc |
1
1
Lateral sulcus —— ]
Tralamys: '
s 7] ~ , sl
Insular Srainstem L 21223 ~

cortex

Dascarang
* Récpeocal

Gustatory impairment

Gustatory dysfunctions:

o quantitative disorders
a. Ageusia
b. Hypogeusia
c. hypergeusia

o qualitative disorders

a. Dysgeusia

b. phantogeusia

Oral sources of altered taste function are common and can be evaluated by a dentist.

Maheswaran, J Pharm Bioallied Sci 2014

28
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Reading list

Homonymous

" o l i i r n-fcﬂ;

Thank you very much for your attention

29



