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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

 

William Shakespeare



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 Ramón 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
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A fundamental goal of 
neuroscience

To understand the way 

neurons generate animal 

behaviors
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neurons
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A neuron 
and its
parts
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Pyramidal
neuron of 
vertebrates

SOMA

DENDRITES

AXONaxonal branches
make synapses
with around
1.000 other 
neurons
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Classification 
according to 
the number of 
processes that 
originate from 
the cell body
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Cerebral cortex neurons
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Synapse
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Examples of synaptic connections
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COMMUNICATION IN THE
BRAIN

(SIGNALIZATION)
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Action potential
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Events 
during
the
“talk” 
of the two
neurons
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Synaptic connection
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glutamate synapse and
NMDA receptor
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Regional distribution of receptors
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Acetylcholine nicotinic receptor
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Acetylcholine esterase
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Acetylcholine nicotinic receptor
“Ionotropic receptor”
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ACh 
receptor
(nAChR)

computer rendering 
imaged by cryo-
electron microscopy
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Dopamine receptor
“Metabotropic receptor”
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Re-uptake mechanism
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Chemical reaction 
GABA from glutamate
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IPSPs and EPSPs generation
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Classical neurotransmitters

GABA, glutamate
glycine, serotonin, dopamine, acetilcholine, 
(nor)adrenaline, histamine
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Evidences for classical neurotransmitters:

Anatomical – presence
Biochemical – enzimes
Physiological – exocitosis
Pharmacological – agonists/antagonists

IDENTIFICATION METHODS
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Mechanism
of Learning
and
Memory
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Ischemic stroke
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Cortical layers
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Pathways to Cortex
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Projections to Cortex
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Sleep Stages

4/4/2016 Zoran Đogaš42
University of Split, School of Medicine; Department of Neuroscience



4/4/2016 Zoran Đogaš

Stage 1
Church sleep

Car driving sleep

Boring lecture sleep
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Slow Wave
(deep) 
sleep
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REM sleep:
•REM; Rapid Eye Movements,

•Fast Brain Activity,
•Atonia of skeletal muscles
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THE BRAIN
FROM THE BLACK BOX

TO THE BRAIN AWARENESS WEEK
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Brain activity- PET/CT
Highly
active

inactive
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Cortical activity
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HOMUNCULUS

4/4/2016 Zoran Đogaš55
University of Split, School of Medicine; Department of Neuroscience



4/4/201656

FEMALE BRAIN
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MALE BRAIN



 

BRAIN PLASTICITY
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Learning & Memory
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Rinalni korteks – novo 
dugoročno eksplicitno 
pamćenje

Hipokampus – dugoročno 
pamćenje položaja u prostoru

Amigdala – pamćenje 
čuvstvenih značenja određenih 
iskustava

Sekundarni senzorni korteks 
i asocijativni korteks – neuralni 
krugovi za pohranu dugoročnog 
pamćenja

Implicitno pamćenje –
senzomotorički zadaci – mali 
mozak i strijatni sustav 
(dopaminergičke strukture –
kaudatus i putamen)

Prefrontalni korteks –
vremenski slijed događaja
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An example of the brain plasticity

LTP-Long Term Potentiation
in the hyppocampus

Cellular mechanism of 
Learning and Memory



Synaptic connection
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+ GLUTAMATE 
(NMDA)
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Learning and memory
an example of brain plasticity

LTP-Long Term Potentiation
Cellular mechanism of L&M
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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...?

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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