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Three Functional Types of Neurons

/ Schwann cell |
{ i - Dendrites
{ Axon
- . terminal
Axons ) Dendrites Axons \
Somatic senses
Nucleus of
¢ Schwann cell
Neurons for smell and vision
Motor Neurons

Sensory Neurons
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Interneuron
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@ Sensory neuron

(3) Integration center
@ Effector

<

SPinaI cord
(in cross section)









Neuronal Circuits

%npul X l

Input ‘ 8 i J‘%‘XJ \
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Input\ L & &

l 1 l 1 Outputs 1 Output
Output

(a) Diverging circuit (b) Converging circuit (c) Reverberating circuit (d) Parallel after-discharge
circuit

Input

QOutput 1

Diverging -- single cell stimulates many others
Converging -- one cell stimulated by many others

Reverberating -- impulses from later cells repeatedly stimulate early
cells in the circuit (short-term memory)

Parallel-after-discharge -- single cell stimulates a group of cells that

all stimulate a common postsynaptic cell (math problems) 1705
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| Excitatory
, Chemical
CTYPESOF [/ Smape
SYNAPSES . Inhibitory
\ Electrical
synapse
BIOLOGY READER



Synapse

* Types of synapse
— Electrical synapse Vs Chemical synapse

Nature Reviews | Neurosclence
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 Ref: Pereda AE. Electrical synapses and their functional interactions with chemical synapses. Nature Reviews Neuroscience.
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Axo-dendritic Dendro-dendritic




Neurotransmitters

An excess or lack of neurotransmitters
can impact our behavior.

I | | [ |

For example, Parkinson’s | | |
Disease causes the brain

l

cells that produce | Transmitting Transmitting
dopamine to die.The —— neuron
lack of dopamine in the - RS
body lead haki ' * ® * Dopamine ¢* Dopamine

ody leads to shaking, ol * s~
irregular movements, and <.

loss of motion control. Receptor cel Receptor cell
Lack of dopamine also \
depresses your mood, @~ Healthy patient Parkinson’s patient

which affects your W
personality and habits. =~

i
JiRd LRy 4" (A l !',. !

E W Il
A






Presynaptic
terminal

— mitochondria

vesicles

eurotransmitter

7 —— autoreceptor. '
S O & -
O synaptic cleft - : 3
I— postsynaptic receptors

Postsynaptic Neuron



protein

Re-uptake

Axon

Synapse

Dendrite




~ Enzymatic
Reuptake by degradation
presynaptic

neuron

Diffusion away
from synapse

>

Neurotransmitter
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Location Function

Putamen, nuclens — Inhibation causes

accumbens 1.e extrapyrimidal

nigrostrial pathway — disorders

Striatum, substantia - Control

nigra, pitwitary — hehaviour,voluntary,
prolactin release

(1-like receptor _
family

Midbrain, mucleus
accumbens &
hypothalamus

Frontal cortex,
medulla and
midbrain Le
mesocortical pathway

D2-like receptor

family

Hypothalamus,
hippocampus




Presynaptic
inputs (excitito

Action Potential?

-

Trigger Zone (=Hillock)

Digital
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neu-ro-plas-ticty
/ n(y)oora pla'stisedé/
noun

1. The brain’s ability to reorganize itself by

forming new neural connections throughout
life... In response to new situations or to
changes in [the] environment.

- Medicine.net ..




Neuroplasticity occurs in the brain under two
primary conditions:

1. During normal brain development when the immature brain first
begins to process sensory information through adulthood
(developmental plasticity and plasticity of learning and memory).

2. As an adaptive mechanism to compensate for lost function and to
maximize remaining functions in damaged brain.



2 Types of Plasticity

. aimectural Flasticity — Actual changing of
the neuron or actually growing new
LTS,

+  MNegrogencsis only occars in the hippocampus

2. Functional Plasticity — When an area of
the brain takes up a new function 1o
replace a damaged area of the brain.




Mechanism of Neuroplasticity
in CNS after an injury

Acute reorganization
— Unmasking of
previously present lat
synapses.
Chronic reorganization
— Changes in synaptic
efficacy.

— Growth of new synapses
by axonal sprouting.

These plasticity changes in CNS
can occur at multiple levels like
cerebral cortex, brain stem and
spinal cord.




Unmasking Sprouting
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Basic Definitions

O

© John Wiley & Sons Canada, Lid.



Sensation and Perception

= Perception — the process of selecting,
" organizing and

" interpreting raw sensory data into
useful mental representations of the

world




» Visual Information Pathways Parietal Lobe

Perception of the spatial
location/movement of objects

“Where” pathway

Dorsal
stream

Primary
visual
cortex

Temporal Lobe Ventral
3-D perception stream
of size, shape,
orientation, and
colour

“What” pathway
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Executive human brain functions

Considering future and
making predictions

Focusing
attention

Ability to balance
short-term rewards
with long term goals

Organizing thoughts
and problem solving

Forming strategies
and planning

Impulse control
and delaying
gratification

Inhibiting inappropriate
behavior and initiating
appropriate behavior

Modulation of
intense emotions

Simultaneously
considering multiple
streams of information
when faced with
complex and challenging
information

Foreseeing and
weighing possible
consequences of
behavior







-———— =

brainstem
arousal/reward
systems

Current Opinion in Behavicral Sciences




Unstressed Stressed

‘\' >

N s
Prefrontal Prefrontal
cortex . cortex

) )
A

_ Afnygdala

\
\
Q

Tight control of thoughts, Weaker control of thoughts,
emotions and actions emotions and actions
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Dopaminergic Pathways

Striatum

Substantia nigra

Frontal
cortex

Nucleus
accumbens

' H;-ypo.t'halamqs“ i

Pituitary gland

—> Mesolimbic Ventral tegmental area
—» Mesocortical
—>» Nigrostriatal

—>» Tuberoinfundibular
© Alila Medical Media - www.AlilaMedicalMedia.com
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Symptoms
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Four Dopamine Pathways & Schizophrenia

N\ AL

striatum

<

prefrontal
cortex

nucleus
accumbens , .'.

f"‘"'-

ventromedial
prefrontal
cortex

1) Mesolimbic (SCZ - increase in DA causes positive symptoms)

2) Mesocortical (SCZ - DA hypoactivity: negative & cognitive & affective symptoms)
3) Nigrostriatal (Drugs - EPS & TD drug side effects)

4) Tuberohypophyseal (Drugs - hyperprolactinemia side effects)




SEROTONIN SYSTEM

Basal ganglia

Raphe nuclei

To spinal cord



Cortex .‘ | ~ (Pre)frontal

‘Basal ganglia

. 5'HT1A t'?/l 5'HT3
¥ 5HT,, || 5HT,
® 5HT, B 5HT. A 54T,




Striatum

Frontal cortex o
Substantia nigra

Nucleus

accumbens VTA Hippocampus

Dopamine pathways Raphe Serotonin pathways
TN nucleus e —
Functions Functions

-Reward (motivation) *Mood

+Pleasure, euphoria *Memory processing
-Motor function (fine tuning) Sleep

«Compulsion «Cognition

«Perseveration



Neocortex

W_/\’\_\ Thalamus

/3¢

Y -l Cerebellum

Amygdala
Hippocampus
Locus
coeruleus To spinal cord

Hypothalamus




Noradrenergic System

Core neurons are in the /locus coeruleus in the
pons

Targets are spinal cord, cerebellum, hypothalamus,
thalamus, and most of neocortex

Noradrenalin is released
Functions are complex

Involved in regulation of attention, arousal, and
sleep-wake cycles

Core neurons are activated by novel, non-painful
sensory stimuli

General increase of brain responsiveness
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The Neural Circuitry of Fear and Anxiety

Primary Sensory and
Association
Cortices

. Low Road I \
Emotional Emotional
Stimulus

Response

LeDoux J. The Emotional Brain, 1996.



object

short route
. mntext
characteristics -
Em-nth::nal emotional

stimulus response



The Role of the Amygdala

AMYGDALA
: “Is this

"Yes, you're the correct
rnght, I'm response?”
concerned/ Feelings of

worried” concern or
CONSCIOUS e
MIND




A Fear Circuit View

amygdala

B Defensive Survival Circuit View

Sensory
Threat > System_)

amygdala

Fear Responses
-Fear Behavior

-Physio. Responses

Defense Responses
-Defensive Behavior

-Physio. Responses




Fight/Flight/Freeze Response

External mput

!

Subcortex-thalamus

Amygdala \

(Adlarm; feardanger) Cortex
(Rational thinking)
« Rasponse o corlex is 22 milliseconds slower than
the responsa from the amygdalks
* Amygdale also tnggers glucose releas




; Thalamus j-f;;

Basolateral
nucleus

Key Nuclei
in Amygdala
and Major
Connections

\*,{_}
Lateral
nucleus

Amygdala

Central
nucleus

Motor areas ANS
(freezing, (arousal and
startle) stress hormone
release)

|~ Back to memory
storage areas,
including the cortex,
basal ganglia, and
hippocampus

After LeDoux, 1998, 2000; McGaugh, 2002.



Highly integrated
“limbic” circuits
innervated by
dopamine
neurons in

the VTA.

Nucleus
accumbens

Amygdala

Hippocampus




The reward pathway

prefrontal v \ % \

v Ventral Tegmental Area(VTA),
v" Nucleus accumbens (NA) &
v Prefrontal cortex (PFC).

» VTA is connected to both NA &
PFC via this pathway sending
iInformation via its dopaminergic
neurons,

» Dopamine released in NA &
PFC




From Mice to Men:
Reward Pathway in Humans

© PFC - Prefrontal Cortex
© NAc - Nucleus Accumbens
O VTA - Ventral Tegmental Area




