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Nervous Systems

Yang Yang, PhD



Outline

e Brain XK

o Anatomy and function

« Neuron £ 0
o Structure: dendrite and axon
o Function: resting and action potential

« Synapse Ffi
o Signal tfransduction
o Synaptic plasticity




Outline

e Brain XK

o Anatomy and function




Brain: anatomy and function

Phrenology Fiitf 2




Cerebral cortex Parietal lobe

Functional Areas of
the Cerebral Cortex

Visual Area:
Sight
Image recognition

Image perception

Association Area
Short-term memory
Equilibrium
Emotion

Motor Function Area
Initiation of voluntary muscles

Broca's Area
Muscles of speech

Auditory Area

Frontal lobe
Occipital lobe

Hearing

Emotional Area
Pain
Hunger

“Fight or flight” response Brain stem

Pituitary gland

Temporal lobe

Cerebellum Respiratory centers Cerebellum

Brain stem —\

@ Sensory Association Area Lateral View Sagittal View

Olfactory Area
Smelling

Frontal lobe

Sensory Area
Sensation from muscles and skin

omatosensory Association Area
Evaluation of weight, texture,
temperature, etc. for object recognition

Wernicke's Area Parietal lobe

Written and spoken language comprehension

Motor Function Area
Eye movement and orientation

Higher Mental Functions
Concentration

Planning

Judgment

Emotional expression
Creativity Temporal lobe
Inhibition

Functional Areas of
the Cerebellum

Motor Functions
(] Coordination of movement
Balance and equilibrium Superior View Inferior View
Posture

Dana

Occipital lobe Cerebellum Foundation
®

Brain stem
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homunculus
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Visual
cortex

Olfactory cortex

Auditory cortex
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Cerebral cortex Parietal lobe

Functional Areas of
the Cerebral Cortex

Visual Area:
Sight
Image recognition
Image perception
Association Area
Short-term memory
Equilibrium
Emotion

Motor Function Area
Initiation of voluntary muscles
Broca's Area
Muscles of speech

Auditory Area
Hearing

Emotional Area
Pain
Hunger

“Fight or flight” response Brain stem
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Occipital lobe

Pituitary gland
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Cerebellum Respiratory centers Cerebellum

Brain stem —\

@ Sensory Association Area Lateral View Sagittal View

Olfactory Area
Smelling

Sensory Area
Sensation from muscles and skin

@ Somatosensory Association Area

Frontal lobe

Evaluation of weight, texture,

temperature, etc. for object recognition
Wernicke's Area Parietal lobe
Written and spoken language comprehension

Motor Function Area
Eye movement and orientation

Higher Mental Functions
Concentration
Planning

Judgment
Emotional expression
Creativity
Inhibition

Temporal lobe

Functional Areas of
the Cerebellum

Motor Functions
(] Coordination of movement
Balance and equilibrium Superior View Inferior View
Posture

Dana

Occipital lobe Cerebellum Foundation
®

Brain stem
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Prefrontal cortex BIEnM
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Higher cognitive functions

The Case of Phineas Gage (Harlow 1868)

® Tamping iron blown through
skull: L frontal brain injury

m Excellent physical recovery

®m Dramatic personality change
‘no longer Gage’: stubborn,
lacked in consideration for
others, had profane speech,
failed to execute his plans




Grunge@YouTube
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Hippocampus j

Lobe
temporal

Cervelet

Hippocampe

Cerveau normal Cerveau d’'HM

Brenda Milner @



Patient H. M. (Henry Molaison)

PACKARD

e Greal New  Lines of Cotd for 23/

The New Packard CLIPPER -

The Luxurious PACKARD —
America’s New Choice In The Fine-Car Field!

knE=—for '53—a great new car in the

H quality field—the brilliant new

PACKARD, With the world’s highest

¥ « compression eight, Packard provides
power 10 spare, the finest of all no-shift

drives, power steering and power brakes.

NOW, .. ASK THE MAN WHO OWNS ONE

Ir YOU WANT a truly distinctive car, and
want it wow, see America’s most advanced
car—with trend-settdog contour styling,
cffortless case of handling and the famous
Packard ride. The record proves that
“Bailt like a Packard" means built 1o last!

f)

Big-Car Value At Medium-Car Cost!

OW PACKARD offers an entirely new
line— Packard CLIPPERS—~for big-

car value at medinm-car cost. These teue
pre sof Packard experience, eogineer-
ing and skill give you Packard quality at
# price within the average family's income,

POWERED WY PACKARD'S mighty
Thunderbolt Eight Engines, they are the
roomiest cars in their price class, So no
matter what you plan to spend for a cag,
PACKARD—with fue.great new lines—
offers you your best motorcar investment.




Reward system

Apparatus: Skinner box
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“Positive reinforcement produced by electrical stimulation
of septal area and other regions of rat brain.”

Olds and Milner, 1954
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Routtenberg and Lindy 1965



Reward system: dopamine

Ventral tegmental area (VTA)
projects to Nucleus
Accumbens (NAc)

VTA projects to frontal cortex
VTA releases dopamine % Ef%

Dopamine is also involved in
motor control

P N >
Frontal y \ 2 \ Striatum
cortex /
.~ Substantia
: nigra
(,

accumbens

i

Hippocampus

Wikipedia.com
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* Brain
o Anatomy and function

 Neuron
o Structure: dendrite and axon
o Function: resting and action potential




Neuron: Structure

Dendrite #%: branched extensions that receive signals from other neurons
Axon #i%: a much longer extension that transmits signals to other neurons

Dendrites

Presynaptic cell %@\ )

The Scientist
Synapse

Synaptic % /

— “==._terminals~
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4 Postsynaptic cell

Neurotransmitter



Resting potential §F/RFE(\

« Inside cell: High K*, Low Na*.
 Neuron at rest: K* leak channels open.
* Resting potential: around -70mV.

Extracellular fluid ‘ ‘
@ ‘ Na* channel
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Action potential

EN{ERR (AL

1. Most channels closed

Ligand-gated channels open il
LA ) 5 8 8 4T T :
3. Voltage-gated Na* channels ‘gA &
» ~ \ N [ =
open FiL s 1240l TE 4T JT £E
£ Threshold
4. Voltage-gated Na* channels £ -50- (SRRl P LR
inactivated; voltage-gated K* =
s o gk v Depolarizati Resting potential
channels open i % ] #4418 i © LEEEEIE =100 Tim:s — S
KRG, L TIESEETT T
OUTSIDE OF CELL Sodium  Potassium

channel channel

5. Voltage-gated K" channels

close and resting potential

restored B JE | ] 4549 38 1 24 1A

INSIDE OF CELL

@ " X
Inactivation Ioop/u Q [5] Undershoot
(1] Resting state



Signal transduction: Action Potentials

« One direction: presynaptic cell -> postsynaptic cell
« All-or-none &8

Stimulus Strong depolarizing stimulus
K_H f_%
+50 +50, .
ction
. s otential
Dendrites £
s
R - - § 0- 0
Nucleus—— = 2
| cén ) R . | sofThresn R |
Presynaptic cell /\ £
'body S
Resting Resting
potentia[I) e potential
-10 Frepearizationg,

012345

Time (ms)

Synapse Synaptic
Eﬁ[@[[lils‘\\ Synaptic .~
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Neurotransmitter Postsynaptic cell
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Time (ms)



How Neurons Work
BioFlix

How Neurons Work
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o Anatomy and function
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o Structure: dendrite and axon
o Function: resting and action potential

« Synapse
o Signal fransduction
o Synapftic plasticity




Synaptic transmission

Presynaptic action potential
opens voltage-gated
calcium channels, leading
to neurotransmitter release

P22 33 R R T

Binding of neurotransmitters
causes ligand-gated ion
channels Btk 1325 FiEiE in
the postsynaptic cell to
open, generafing a
postsynaptic potential
(excitatory or inhibitory)

Presynaptic cell Postsynaptic cell

@\ Axon Synaptic vesicle
containing neurotransmitter
Synaptic :
cleft Postsynaptic
- - membrane
¥
| BN &

Presynaptic
membrane

Ligand-gated

Voltage-gated :
ion channels

Ca?* channel




How Synapses Work

BioFlix"
How Synapses Work




Synaptic plasticity: neural basis of learning

Strengthening or addition of synapses
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weakening or elimination of synapses
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Synaptic plasticity: Hebbian theory

« Hebb's postulate
o Donald Hebb, 1949: “When an axon of cell A ... excite(s)

cell B and repeatedly or persistently takes part in firing it,
some growth process or metabolic change takes place

such that A's efficiency, as one of the cells firing B, is

increased.”
(Fire together, wire together)

Stimulation

(\ Change in Synapse Strength
ﬁ(") AD % Long-term potentiation
o \/ (LTP)
‘;‘V\A/J\" \ Py @
® giEl /
L) \
& ,/ 3 y
8 C / * Long-term depression
”X - (LTD)
J NO Change in Synapse Strength

® NO Stimulation

Donald O. Hebb
1904-1985



Synaptic plasticity and learning

ALILAIMEDILAL MEDIA

www.AlilaMedicalMedia.com




