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Structure and Function of 
the Nervous System

Neuroscience Lectures for MBT

Index
1. The nervous system

2. The neuron doctrine

3. Glial cells

4. The nervous impulse

5. Synaptic transmission

6. Sensory perception

7. Movement

8. Topographic mapping

9. Specialized brain regions

10. Brain asimmetry

1. The nervous system

https://commons.wikimedia.org/wiki/File:EdSmPaPlateVIandVIIPrintsx.jpg

Edwin Smith Papyrus, 1600 B.C.

https://commons.wikimedia.org/wiki/File:Brainbow_(Smith_2007).jpg
from Smith SJ, Circuit Reconstruction Tools Today, Curr Opin Neurobiol 2007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2693015/

Brainbow
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Brodmann areas, 1909

The triune brain
Paul D. MacLean, 1960s 
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1. The nervous system

«The human brain …is the most 
complicated organization of matter that 

we know» 
Isaac Asimov, 1986

«Mind, a mysterious form of matter 
secreted by the brain»
Ambrose Bierce, 1911

TAKE HOME MESSAGE:
– THE NERVOUS SYSTEM IS 
EXTREMELY COMPLEX AND 

HIGHLY ORDERED –

2. The neuron doctrine

1830, the «Cell» theory SAMPLE
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«Like the entomologist hunting for brightly coloured 
butterflies, my attention was drawn to the flower garden 
of the gray matter, which contained cells with delicate 

and elegant forms, the mysterious butterflies of the soul»
Santiago Ramòn y Cajal, 1894

Dynamic polarization principle

2. The neuron doctrine

TAKE HOME MESSAGE:

– NEURONS ARE THE 
FONDAMENTAL 

COMPONENTS OF THE 
NERVOUS SYSTEM –

3. Glial cells
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«This connective substance … is a kind of glue 
in which the nervous elements are planted»

Rudolph Virchow, 1856 («nervenkitt»)

Glial cells are critical partecipants in every major 
aspect of brain development, fucntion and disease

Ben Barres, 2008

Development of  the cerebral cortex

...while past work has 
focused on the role of 
these cells during 
disease, recent imaging 
studies reveal dynamic 
interactions between 
microglia and synaptic 
elements in the healthy 
brain.
Despite these intriguing 
observations, the 
precise function of 
microglia at remodeling 
synapses and the 
mechanisms that 
underlie microglia-
synapse interactions 
remain elusive...

PRR, pattern recognizement receptors
…able to trigger inflammatory pathways

DAMP, danger-associated molecular patterns
…i.e., misfolded proteins

PAMP, pathogen-associated molecular patterns
…i.e., microbial molecules
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THP1 chemotaxis assay
Ibidi Chambers
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3. Glial cells

TAKE HOME MESSAGE:

– GLIAL CELLS PLAY 
KEY ROLES IN BRAIN 

FUNCTION (AND 
DYSFUNCTION) –

4. The nervous impulse

It seems a plausible conjecture … that the 
nerve performs the function of a conductor

Luigi Galvani, 1791

Loligo forbesi
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The membrane acts as a barrier 
and prevents the ions in the 

external solution from mixing with 
the internal solution
Alan Hodgkin, 1964

Summation, which includes both spatial and temporal summation, is the 
process that determines whether or not an action potential will be triggered by 
the combined effects of excitatory and inhibitory signals, both from multiple 
simultaneous inputs (spatial summation), and from repeated inputs (temporal 
summation). Depending on the sum total of many individual inputs, 
summation may or may not reach the threshold voltage to trigger an action 
potential
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4. The nervous impulse

TAKE HOME MESSAGE:

– NEURONS PRODUCE 
ELECTRICAL SIGNALS 

THAT CARRY 
INFORMATION –

5. Synaptic transmission

‘In view of the probable importance of the … 
nexus between neuron and neuron it is 

convenient to have a name for it. The term 
introduced has been synapse.’

Charles Sherrington, 1906

1921
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•Amino acids: glutamate, aspartate, D-serine, γ-aminobutyric acid (GABA), 

glycine

•Gasotransmitters: nitric oxide (NO), carbon monoxide (CO), hydrogen sulfide 

(H2S)

•Monoamines: dopamine (DA), norepinephrine (noradrenaline; NE, NA), 

epinephrine (adrenaline), histamine, serotonin (SER, 5-HT)

•Trace amines: phenethylamine, N-methylphenethylamine, tyramine, 3-

iodothyronamine, octopamine, tryptamine, etc.

•Peptides: somatostatin, substance P, cocaine and amphetamine regulated 

transcript, opioid peptides

•Purines: adenosine triphosphate (ATP), adenosine

•Others: acetylcholine (ACh), anandamide, etc.

Major neurotransmitters:
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5. Synaptic transmission
TAKE HOME MESSAGE:

– NEURONS COMMUNICATE 
WITH EACH OTHER THROUGH 

CHEMICAL SIGNALS –

6. Sensory perception

‘All our knowledge begins with the senses, 
proceeds then to the understanding, and 

ends with reason.’
Immanuel Kant, 1787

The senses are the windows through which information 
about the outside world enters the brain. 

Each sense organ is specialized to detect data in the 
form of physical energy, which is then converted into 

electrical impulses that are sent to the brain, where 
they are processed and interpreted to generate a 

coherent experience of the world.
Costandi Moheb. 50 Human Brain Ideas You Really Need to Know
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Alpha IMS retinal prosthesis

Proprioception: The 6th Sense

6. Sensory perception

TAKE HOME MESSAGE:

– THE BRAIN RECEIVES 
‘INPUTS’ THROUGH THE 

SENSE ORGANS –

‘We have a brain for one 
reason and one reason only, 

to produce adaptable and 
complex movements.’ 

Daniel Wolpert, 2011

7. Movement
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Degeneration of UMN and LMN = 
Amyotrophic Lateral Sclerosis 
(ALS)

Parkinson’s disease (PD)
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7. Movement

TAKE HOME MESSAGE:

– MOVEMENTS ARE 
THE MAIN OUTPUT OF 

THE BRAIN –

8. Topographic mapping 
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Orbitoclast, used in transorbital lobotomy 

António Caetano de Abreu Freire Egas Moniz , 
Nobel prize 1949 

Amarro Fiamberti, “ice picks” 1937 

Phineas Gage 1848

American Phrenological Journal 1851
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8. Topographic mapping 

TAKE HOME MESSAGE:

– THE BRAIN 
CONTAINS MAPS OF 

THE BODY AND 
EXTERNAL SPACE –

9. Specialized brain regions
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Franz Joseph Gall (1758 – 1828) 

Lombroso’s Anthropological criminology

1835-1909

Physiognomy or anthroposcopy

‘The great number of specially 
prepared structural areas 

suggests a special separation of 
individual functions.’

Korbinian Brodmann, 1909

Santiago Ramon y Cajal 

Visual cortex Motor cortex

‘Damage to but one hemisphere 
will make a man speechless.’ 

John Hughlings Jackson, 1874

Functional modularity and distributive processing are not mutually 
exclusive, however. Indeed, the current view of how the brain works 

is a combination of the two ideas. 
Neuroscientists now think that the brain operates as what they call 

a ‘massively parallel distributed processor’, with multiple 
networks working together to generate thoughts and behaviour.

In other words, the brain does contain discrete areas specialized to 
perform specific functions, but individual specialized brain areas do 

not act on their own. Instead, each one can be thought of as a 
node within a network that is distributed throughout the brain or 

within particular regions.



01/10/2024

17

9. Specialized brain regions

TAKE HOME MESSAGE:

– THE CORTEX CONTAINS 
DISTINCT AREAS FOR 

SPECIFIC FUNCTIONS –

10. Brain asimmetry

Yakovlevian brain torque

Morphological cerebral asymmetries of modern man, and non-human primates. Ann NY Acad. Sci. 1976

In evolutionary terms, brain 
asymmetries may be 

advantageous because 
they enable different tasks 
to be performed by each 
hemisphere in parallel, or 

simultaneously.

‘There are two brains in the head … 
The one lying on the right side is the 
one that perceives; with the left one, 

we understand.’ 
Diocles, 4th century BC
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10. Brain asimmetry

TAKE HOME MESSAGE

– THE LEFT AND RIGHT 
HEMISPHERES PERFORM 
DIFFERENT FUNCTIONS –


