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3 LECTURE OUTLINE:

-About the brain...

‘Neuroscience

-Cellular structure of CNS (and cortex)
-Communication in the brain
‘Neurotransmitters and receptors
-Brain plasticity
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March 11-17, 2013
March 10-16, 2014
March 16-22, 2015
March 14-20, 2016
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O tell me where is fancy bred
Or in the heart, or in the head

Willilam Shakespeare
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Egyptian hieroglyphics for the word

“brain”

17th century B.C.

The earliest known reference to the human brain
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Hippocrates and Plato
among others:

There is something special about
the brain

The brain is responsible for
behaviors in human and other
animals
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Understanding the biology of brain
function is a major goal of
modern science
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&
CURRENT VIEWS OF NERVE

CELLS, THE BRAIN AND BEHAVIOR

Anatomy Camillo Golgi, Santiago Ramoén y Cayal
Embryology Ross Harrison

Physiology Galvani, Du-Bois-Reymond, Mueller, von Helmholtz
Pharmacology Claude Bernard, Paul Ehrlich, John Langley
Psychology René Descartes, David Hume, John Locke

Franz Joseph Gall: Functions of the mind have a biological basis

L\/\ University of SpUt, School of Medicine; Depawtwwntofl\)wrom,enw!

4/4/2016 Zoran Dogas



3 A fundamental goal of

neurosclience

To understand the way
neurons generate animal

behaviors
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neurons



Apical dendrite
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Myelin sheath

Presynaptic terminal

Postsynaptic neuron
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... .
Pyramidal

neuron of
vertebrates

axonal branches
make synapses
with around
1.000 other
neurons
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Motor neuron of spinal cord Pyramidal cell of Purkinje cell of cerebellum
hippocampus
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Cerebral cortex neurons
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Examples of synaptic connections

Spine synapse /

Shaft synapse

Axosomatic Axodendritic Axo-axonic
synapses synapses synapse
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COMMUNICATION IN THE
BRAIN
(SIGNALIZATION)
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Action potential

Figure The action potential and resting potential as

recorded with a capillary pipette across the membrane of
the squid giant axon in a bathing solution of seawater.
Time marker on the horizontal axis is 500 Hz. The verti-
cal scale indicates the potential of the internal electrode
in millivolts; the sea water outside is taken as zero poten-

tial. (Fro@gkin and Huxley, 19@
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action potential
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Synaptic connection
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glutamate synapse and
NMDA receptor

Glutamate
synapse

Presynaptic
Increased firing rate
Increased release
Decreased uptake

NMDA Ca?+ e
receptor

Postsynaptic

Mg2t Increased number of
NMDA receptors including
A some abnormal receptors

Decreased resting potential

Increased vulnerability to
calcium
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Regional distribution of receptors
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Acetylcholine esterase
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Acetylcholine nicotinic receptor
“Yonotropic receptor”
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ACh
receptor
(NnAChR)

computer rendering
Imaged by cryo-
electron microscopy
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Dopamine receptor
“Metabotropic receptor”

Zoran Dogas



Re-uptake mechanism
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Chemical reaction
GABA from glutamate

COOH COOH
CHo CH,»
(1) +C02
CH, > CH,
HzN_CH HQ_N—CHZ
COOH
Glutamate GABA
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IPSPs and EPSPs generation

A Excitation

Excitatory | -
input -

\
\
\‘

Excitatory
synaptic
current

Impulse — H
initiated ]
here

B Inhibition

- Inhibitory
% input

Inhibitory
synaptic
> current

Impulse =~
initiated :
here
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C Excitation and inhibition

Excitatory Inhibitory
input -1 input

Excitatory
synaptic
current
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Classical neurotransmitters

GABA, glutamate
glycine, serotonin, dopamine, acetilcholine,
(nor)adrenaline, histamine
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4 IDENTIFICATION METHODS

Evidences for classical neurotransmitters:

¢ Anatomical — presence

¢ Biochemical — enzimes

¢ Physiological — exocitosis

¢ Pharmacological — agonists/antagonists
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Mechanism
of Learning
and
Memory

NO

L-arginin

NOS
NO

L-citrulin
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Acidosis

free radicals

lipases
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Cortical layers

Motor Fibres
Afterents from Thalamus
Association and Collosal Afferents
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Pathways to Cortex
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Projections to Cortex
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Sleep Stages

Stage 3

e MM — .
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Stage 1
Church sleep
i Car d rivi ng sleep

Boring lecture sleep
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REM sleep:
REM; Rapid Eye Movements,
*Fast Brain Activity,
*Atonia of skeletal muscles
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CEREBRAL
CORTEX ™

THALAMUS ~— T
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“THE BRAIN NN

FROM THE BLACK BOX

March 10-16, 2003

TO THE BRAIN AWARENESS WEEK
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Academic Press items and derived items

copyright © 1999 by Academic Press
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“  Brain activity- PET/CT
Highly
| active

|nachve
M
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Cortical activity
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... Visual stimulation
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Adhesio interthalamica
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ANNINERSARIES
IMPULSE BIRTHDAYS

SHOPPING GOLD-DIGGING SENSORY
TOILET
CLEANING

SEX
INITIATOR

TALK, TALK GLAND

REALLZATION

OF WANTS

V5. NEEDS GOSSIP
CONTROL
CEHTRE

SHINY THINGS

AND MELROSE PLACE
DIAMONDS MEMORY CENTRE | toLp you DRIVING SKEILLS
OLFACTORY S0 GLAND

FOOTHOTE: The "Put Oil into the Car'' and "Be Quiet During the Game" glands are active only when the

“SHINY THIHGS AMD DIAMONDS"™ OLFactorny h:aﬁ‘lllazeogllg gatizfied or when there is a shoe sale.
56



MALE BRAIN CROTCH SCANMING
AREA

TOILET
AIMING CELL

DOMESTIC
SEILLS

AL DDANGEROUS
Punsuns

TN, AND
REMOTE
CONTROL
ADDICTION
CENTRE

LISTEMING
PARTICL

MISION

ATTENTION
2FAN “AVDID

FERSOMNAL LAME IRONING
AUESTIONS AT EXCUSES

ALL CO3T5" GLAND

AREA

FODTHOTE: the "Listening to children cry in the middle of the night” gland is not shown
due Lo it"s zmall and underdeveloped nalure. Best viewed under a microscope.
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BRAIN PLASTICITY
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Learning & Memory

M
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' Bazalni predn]i'f gl rin Medsodarsah
mozak - - ' ‘ezgra < Rinalni korteks — novo
~ - dugorocno eksplicitno

~ pamcenje

- *» Hipokampus — dugorocno

- pamcenje poloZaja u prostoru
% Amigdala — pamcenje
cuvstvenih znacCenja odredenih
iskustava
“» Sekundarni senzorni korteks
| asocijativni korteks — neuralni
krugovi za pohranu dugoroCnog
pamcenja
“* Implicitno pamcenje —
senzomotoriCki zadaci — mali
mozak i strijatni sustav
(dopaminergicke strukture —
kaudatus i putamen)
“* Prefrontalni korteks —
vremenski slijed dogadaja




cingulate gyrus

thalamus

brain stem (cut edge)
interthalamic adhesion

hypothalamus
pituitary  hippocampus
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An example of the brain plasticity

LTP-Long Term Potentiation
In the hyppocampus

Cellular mechanism of
Learning and Memory
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Synaptic connection
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NO

+ GLUTAMATE
(NMDA)

{\ University of Split, School of Medicine; Department of Neuroscience "




Learning and memory
an example of brain plasticity

LTP-Long Term Potentiation
Cellular mechanism of L&M
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Y NMDA
Gl receptor
-
- AMPA -
receptor
]

AR

_ﬁ-olbﬂ A model for the early and late phase of LTP. A protein. CREB in turn activates targets that are thought to lead
single train of action potentials leads to early LTP by activating to structural changes. Mutations in mice that block PKA or
_ - - - Py 4 e mm atimmimmta tha lata nhasa nf | TR The adenudvl
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Uranslocation to the nucleus, where it phosphorylates the CREB dominant negative PKA; tPA = tissue plasminogen activator.




Teaching methodology
Teachers’ task

Let us be a stimulus for LTP generation

This way we will create new synapses in the
brains of our students
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Education purpose?
Is It achieved or...?

/

o

The purpose of an education is to fill
vessels and to light fires...

Today, we fill the vessels so full, they
overflow and put out the fire...

~

!
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THANK YOU FOR YOUR
ATTENTION!
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Need Sleep?,

www.sleepnet.com”
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