WEEK 1&2

BRAIN ANATOMY



Know about the major cell types of the brain
Know about the brain’s protection mechanisms
Know the major subdivisions of the brain
Know about brain areas implicated in learning

Know about brain areas implicated in movement control
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system
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« CNS (central nervous system)

- Brain, Spinal Cord

- 12 pairs of cranial nerves (originate
from cranium)

- 31 pairs of spinal nerves

- Somatic and autonomic nervous
system

- Serves to bring information into the
CNS and to carry signals out of the
CNS



e
Brain anatomy — overview
1) What's contained within the brain ?
- Cell types of the CNS
2) What protects the brain?
- Physical and chemical protection

3) Major subdivision of the brain and their function
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Cell types of the nervous system

- 2 types of cells in nervous Neuron
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- “grey matter” Astrocyte

* much larger (axon can be 0.1mm to 2m)
« different in shape

- Glia
- surround neurons — from the
Greek for ‘glue’

- “white matter”

7 Lecture on Glia
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3 types of neurons

Cell bOdy Dendrite
Receptor
Cell
Direction of < o
conduction , Interneuron Cell body
Myelin

sheath
Axon Cell Body
Axon —

Axon

Neurofibril
\ A node (node
Cell body of Ranvier)

Pre-synaptic
terminal

Receptor = CNS  CNS — CNS CNS — Effector
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Types of neurons — types of neurotransmitter

ADRENALINE NORADRENALINE DOPAMINE SEROTONIN
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Neurons

abrane. The semipermeable
braifgiihat encloses the neuron.

- ~10'2 in the human brain

- General structure:

1 Dendrites Myelin, The ety
2 Cell body s |
RAN oYY, Thegape
3 Axon between sections of myelin.
4 Buttons (pre-

synaptic terminals)

c onlike endings of
branies, which release
synapses.

Synapses. The gaps between
adjacent neurons across which
chemical signals are transmitted.

© Pearson Education



Neurons
- General structure: General function:
1 Dendrites 1 receiving input
2 Cell body 2 integrating — cellular response
3 Axon 3 intracellular communication
4 Buttons (pre- 4 intercellular communication -

synaptic terminals) output



Brain Anatomy — Cell types

Dendrites

Extensions which receive signals from other
nerve cells (message IN)

Carry impulses from other neurons or receptors
toward the cell body

Most neurons have several dendrites

Day 0 Day 1 Day 4

)it

Dendritic spines: Little protrusions where
iIncoming synapses connect

Dendritic spines grow after learning:

© www.brainexplorer.org



2 Cell body

- Structural elements

- Microtubules

- 20nm thick tubes %

Dendrites ‘o Microtubule
Neurofibrils - W Synaptic vesicles
eurotransmitte P |
' 1 . BUIEE Mo = _,//
Synaptic cleft - "
Axonal terminal £

- Consist of a and B-tubulin

Rough ER
(Nissl body)

Polyribosomes

- Intracellular movement

Node of Ranvier

Ribosomes

* Microtubule-associated proteins

Golgi apparatus

* e.g., tau (disrupted in AD)

Myelin Sheath
{Schwann cell)

Nucleus
Nucleolus

Membrane
Microtubule - E

- Neurofibrils

- 10nm twisted cables

ondrion )
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X Microfilament
Microtubule

- Consist of several NF-molecules . L
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o Axon
3 Synapse L_J8 ‘ ;
- Structural support s N

- Microfilaments

- 5nm thick doublehelix
- Consist of actin molecules

- Cytoskeletal support

© Elsevier



Brain Anatomy — Cell types

information

— supplemental

Microtubules

o 3
s J

AR
= % ¥

tons i
oahw.mww SR TN I

FA

1. Synthesis,

+

e el

)

4. Retrograde
transport fo
degradation’

4
4

or reuse

4
Gtubules
4

Cri
’

" FLJ/ Mi

assembly,
and export

2. Axonal

transport

3. Release of neurotransmitter

and membrane recycling

© McGraw Hill



3 Axon

Initial segment

‘ Axon /»» :

— collateral 4

- Main conducting unit of the neuron

\ N S, \H‘
— Dendrites —~ Q) ﬁ w,
N N AL /
Cell body N
/ S,
)

- Carries impulses away from the cell body to aoon
other neurons or to effectors (message OUT) ; \\
gxn?n‘:nals \‘\\\\‘

- Axon terminal (terminal bouton) — the end of
the axon

Myelination in the Central
Nervous System

- Wrapped around by a myelin sheath
(myelination) in vertebrates

- produced by oligodendrocytes (glia)

- facilitates electrical communication (“saltatory
conduction)

© McGraw Hill/Pearson Education



Synapse

Neurotransmitters

4  Buttons/Presynaptic terminals

Terminal

- Neurons communicate via synapses ° 3

Synaptic
Cleft .

Postsynaptic

- Cell transmitting a signal = presynaptic Terminal
- Cell receiving = postsynaptic;

can be another neuron or an effector such as a muscle or gland
- In between: Synaptic cleft

- Signal within cells is electrical, but between cells is chemical

- Chemical messengers which transmit the signal = neurotransmitters

T~
Synaptic vesicles. Spherical
membrane packages that store
neurotransmitter molecules ready
for release near synapses.

Neurotransmitters. Molecules
that are released from active
neurons and Influence the activity

© Pearson Education



The synapse in neurodegeneration
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e
Brain anatomy — overview
1) What’s contained within the brain ?
- Cell types of the CNS
2) What protects the brain?
- Physical and chemical protection

3) Major subdivision of the brain and their function



- Brain protection

1) Physical
= Skull

= 3 meninges
= Dura mater
= Arachnoid membrane
= Pia mater

= Cerebrospinal fluid (CSF)

= Ventricles
= Subarachnoid space

© Oxford University

> Physical protection

> Buoyancy and shock absorption




Meninges and CSF

Scalp

Skull

Dura mater

meninx

Arachnoid

meninx

Subarachnoid

space ~ by

Pia mater . == E;':_E‘.}\ ‘
meninx B —f
Cortex — E"‘-

Artery Sinus

CSF
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CSF

- Produced by choroid plexus
- Filling the ventricles

Subarachnoid space Lateral
ventricles

Third
ventricle

. W Cerebral
Lateral ventricle — S | aqueduct

Fourth
ventricle

d Central
. ———Cisterna magna canal

Central canal

- Functions:
- Mechanical cushion
- Removal of brain metabolites
- Provide a constant extracellular environment for neurons and glia

© SfN / Pearson Education



Hydrocephalus — no draining of CSF

Enlarged head

Brain with Brain with
normal ventricles enlarged ventricles

—

© Lucina Foundation



- Brain protection

2) Chemical: Blood Brain Barrier

Lumen of blood vessal

Astrocyte Pericyte

- Specialized structure preventing the
entry of toxins (and drugs...) from the
blood into the brain

Basement membrane Endothelial cell

Neuron Tight junction

- Composed of

- Endothelial cells / astrocytes / pericytes /
basal membrane

Blood
' Monocyte .

I i . Neutrophil
- Selective permeability: Lymphocyte

- Tight junction

- “Tight junctions” Biood-brain L’ 1. 1. 1. 1. 1. 1_. 1. .l. ]— Endothelial cell

— Basement

membrane
Astrocyte
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BBB dysfunction and consequences

Diseases BBB proteins and affected mechanisms

Alzheimer’s disease BBB disruption and permit peripheral IgG to brain. Decrease P-gp and accumulate amyloid- 8 in
brain [67].

Parkinson’s disease BBB disruption increases therapeutic agent concentration and reduces efficacy of Pgp [6].

Astrocytes secrete TGFf that downregulates tissue plasminogen activator (tPA) and

Stroke anticoagulant thrombomodulin (TM) [68].

Epilepsy Transient BBB opening and upregulation of multiple drug resistance (MRDI) Pgp [69].

Trauma Opening of BBB, release of IL-6 from astrocytes, and neuroinflammation [70].

HIV BBB T] disruption. Loss of glycoproteins and apoptosis of endothelial cell lead to increase
diameter of cortical vessels [71].

Infectious processes Increase CSF/serum albumin ratio. Bacterial lipopolysaccharides affect BBB TJ [72].

Breakdown of BBB TJ, overexpress folate, insulin, and transferrin receptor, and downregulation of
claudin 1/3 [73].

BBB breakdown due to MMP?9 release by neutrophils and degradation of occludin, claudins, and
JAM [74].

Brain tumours

Ischaemic brain oedema

© Biomed Research International



Which of the following is true?

. Microtubules stabilize
the synaptic cleft

. Microtubules stabilize
the axon

. Microtubules stabilize
dendrites




Synaptic transmission is electrical




How is the brain protected?



Brain anatomy — overview

1) What’s contained within the brain ?
- Cell types of the CNS

2) What protects the brain?
- Physical and chemical protection

3) Major subdivision of the brain and their function



The 5 Major Division of the Brain

Forebrain
Telencephalon

- Diencephalon

Midbrain
Mesencephalon

— Hindbrain

\ “

© Pearson Education



Orientation in the brain

Anterior <€ - Posterior
Dorsal Superior Medial
A Lateral < » Lateral
Rostral

Rostral Anterior

A A

\4 \4
Caudal Posterior

—p \/
Ventral Dorsal Inferior
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Orientation in the brain

Sagittal
} plane

‘L Horizontal
4 <8 plane
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Frontal \
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Cross
section
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1) Myeloncephalon (Medulla)

- Site of reticular formation

- Regulates basic life functions

respiration
heart rate
vomiting
salivation

- Also implicated in vision, audition and
other functions via Reticular Activating
System (RAS)

© Pearson Education

Cerebellum

Reticular
formation




1) Myeloncephalon — Reticular Activating System

Special sensory
input

Reticular
formation

General cranial
or spinal nerve input

Because of its myriad of basic life functions, damage to the reticular formation
often leads to coma or death

© Teva Neuroscience



2) Metencephalon

- Site of reticular formation

- Pons

- a “bridge” for many fibers passing
from one side of the brain to the other

- Involved in

- sleep
- arousal
- muscle tone

erebellum

Reticular
formation

© Pearson Education



2) Metencephalon — supplementary information

- Pons and sleep

- Closed-loop optogenetic experiment

a C
EEG eYFP Arch/Halo eYFP
> REM? 180
EMG
- 120 = 120
) <
Yes No = P S
v v g 60 N g 60
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\\\\/b\_/_ Laser 0 0

=== | gser
m===  No laser

= | gser
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c, d, duration of REM sleep;
eYFP=control virus
ChR2: Channelrhodopsin, activatory opsin

© Nature Arch/Halo: Archerhodopsin, halorhodopsin=inhibitory opsins



2) Metencephalon

- Cerebellum

- Specialized cell layers

- Molecular Layer (output)

- Purkinje Cell Layer (regulatory —
inhibitory)

- Granule Cell Layer (input)

- Major Functions

Balance

Motor Coordination

Timing and sequencing of rapid
movements

Sensorimotor Learning

© Sinauer Associates

Parallel Stellate Basket
fiber cell cell

Climbig fibers

Mossy fibers

Purkinje
cell layer

Granule
cell layer




2) Metencephalon ﬁ

- Damage to the cerebellum:

Control Alcoholic

- Environmentally (toxin)-induced cerebellar ataxia:
- Damaged and dysfunctional cerebellum
- Poor coordination, unsteady gait, and difficulty with fine motor tasks
- Can be caused by toxins, stroke, vitamin deficiency, immunological disorders

© NIH



2) Metencephalon

- Genetically determined cerebellar ataxia: Niemann-Pick Type C

- Monogenetic neurodevelopmental disorder

Autosomal recessive inheritance

- Affected genes: NPC1 and NPC2

father '..‘
- Prevalence 1:150°000 I | |
) |
) : 1 3 {

- Metabolic dysfunctions - =)

- Loss of myelination in the cerebellum w I1 | 1¥ I | '}"
|I |l | _|l I ue
unaffected  carrier camer offected

child child chid chid
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[T atrected
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The 5 Major Division of the Brain

Forebrain
Telencephalon

- Diencephalon

Midbrain
Mesencephalon

— Hindbrain
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