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A quoi A quoi sertsert le  le cerveaucerveau??

“…le mouvement est mouvement et agit
comme mouvement, en tant qu’il est en
relation avec des choses qui en sont
privées; mais, pour ce qui concerne les
choses qui y participent toutes
également, il n’agit nullement et il est
comme s’il n’était pas…”
(Galilée, 1632)

“Je chante l’homme vécu à la puissance
voluptueuse du grain de tonnerre!”
( T. Tzara, 1931)

“La ferme des célébrités”
(TF1)
(…effets même délétères)

À rien Construction intellectuelle



Two major roles of the central nervous systemTwo major roles of the central nervous system



Why focusing on electrical activity?Why focusing on electrical activity?



(Beetle)

(E. Adrian himself)

Electrical correlates of brain-mental activityElectrical correlates of brain-mental activity



Electrical correlates of brain-mental activityElectrical correlates of brain-mental activity



JAN SWAMMERDAM (1637–1680)  ON NERVE FUNCTION:

“Death of animal spirits” 

Descartes (1596–1650) ' illustration of his hypothesis of 
the movement of the 'animal spirits' in response to burning 

Swammerdam’ experiments



Animal electricityAnimal electricity

Luigi Luigi GalvaniGalvani (1737-1798)  (1737-1798) 

The Galvani’s sciatic nerve-muscle preparation The crucial experiment

From Galvani L. Aloysii Galvani de viribus electricitatis in motu musculari. 
De viribus electricitatis artificialis in motu musculari. 1791;7:363–418. 



Aldini (1762-1834) and his assistants used to electrify 
corpses of criminals that were decapitated in Bologna in 1802. 



SOME WORDS WITH A MUMMY

by Edgar Allan Poe

1850

Christian Gottlieb Kratzenstein
(1723–1795).

(Mary Shelley)



Effect of electrical stimulation on plant cells: 
speed up or stop of “ protoplasming streaming”

Künhe, 1864



A brief history of excitabilityA brief history of excitability

From From DuDu Bois- Bois-ReymondReymond to Hodgkin-Huxley to Hodgkin-Huxley  



«…la propriété de tout élément anatomique d’être mis en activité et de réagir
d’une certaine manière sous l’influence d’excitants extérieurs.»

Claude Bernard (1879)

LL’’excitabilitexcitabilitéé

Albrecht von Haller (1753)
“Irritability” (muscular contraction) and “sensibility” 

« L’excitabilité est une abstraction. La réalité mesurable c’est l’excitant, c’est-à-dire
l’action qui provoque la réaction propre à l’objet considéré…L’excitabilité est une

valeur réciproque de l’action excitante. »

Louis Lapicque (1926)

Capacité (relative) d’un élément excitable à décharger un potentiel d’action. Dépend
des interactions entre les propriétés électriques « passives », les conductances

membranaires actives et les entrées synaptiques.

Aujourd’hui



Stimulating agents used to Stimulating agents used to ““revealreveal”” excitability excitability
(reviewed in (reviewed in BaylissBayliss, 1915 and , 1915 and LapicqueLapicque, 1926), 1926)

•• MechanicalMechanical  disturbances: pinching, tapping, shaking...disturbances: pinching, tapping, shaking...

•• Changes in temperatureChanges in temperature

•• Irradiation with U-V light, X-rays, Irradiation with U-V light, X-rays, γγ-rays, -rays, αα-particles, neutrons-particles, neutrons……

•• Crystals of salt, glycerol (change in osmotic pressure)Crystals of salt, glycerol (change in osmotic pressure)

•• ““TrueTrue”” chemical agents: neurotransmitters and hormones chemical agents: neurotransmitters and hormones
(extracts of supra-renal glands, Schafer and Olivier, 1894).(extracts of supra-renal glands, Schafer and Olivier, 1894).

•• Electrical stimuli: duration, strength and frequency can beElectrical stimuli: duration, strength and frequency can be
accurately and conveniently graduated and measured!accurately and conveniently graduated and measured!

Graduation in strength and frequency by dropping mercury Graduation in strength and frequency by dropping mercury 
from different heights (Schafer, 1901)from different heights (Schafer, 1901)



Time course of the electrical
nerve impulse

(J. Bernstein, 1868)

Bernstein’s theory of membrane
polarization

and excitation (1912)

Recordings and nature of excitation: Recordings and nature of excitation: 
From From DuDu Bois- Bois-ReymondReymond to Adrian to Adrian

Recording of the “negative
Schwankung”

(Du Bois-Reymond , 1848)

Measure of conduction velocity
(Von Helmotz, 1850)



The
“chronaxie”

L. Lapicque and K. Lucas; 1900-1910

“chronaxie”
or “excitation time” 

Rhéobase

Accommodation

Hill, 1936

Time and excitation

E. Du Bois-Reymond,
1840



AA BBLapicque, 1907 Hodgkin and Huxley, 1952

The The ““equivalent circuitsequivalent circuits”” of excitation of excitation



Unitary electrical activity in sensory
fibers

during physiological stimuli
(E. Adrian, 1926)

Nerve killed

200 Hz

Muscle relaxes, no stim

100g / 10 sec, normal

Mechanical stimulus applied to 
gastrocnemius
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First single axon recording and sensory codingFirst single axon recording and sensory coding



First assessment of conductance changes during an action potentialFirst assessment of conductance changes during an action potential

(Cole KS and Curtis HJ, 1939)(Cole KS and Curtis HJ, 1939)



The ionic origin of action potential : the The ionic origin of action potential : the ““Hodgkin-HuxleyHodgkin-Huxley”” model model

1939 1952



Information processing in neuronsInformation processing in neurons

1. 1. MorphoMorpho-functional organization-functional organization



Neuron as a DeviceNeuron as a Device

Input
Output

Threshold

Time

••SynapseSynapse

••Dendrites (Input)Dendrites (Input)

••Cell BodyCell Body

••Axon (Output)Axon (Output)

Equilibrium: Membrane Potential

Dendrites: Passive Conductance

Axon: Spikes (Hodgkin Huxley Eqns)



Structural and functional features of neuronsStructural and functional features of neurons



““TrueTrue”” neuron types neuron types



The chemical synapseThe chemical synapse



Information processing in neuronsInformation processing in neurons

2. Electrochemistry and ionic basis of membrane and2. Electrochemistry and ionic basis of membrane and
synaptic potentialssynaptic potentials



The Variable Definitions
Ei : The equilibrium potential for the ion i. 
R : the thermodynamic gas constant 
T : the absolute temperature 
z : the charge/valence of the ion
F : the Faraday (96485.309 C/mol) 

[C] out : the extracellular concentration of the ion i. 

[C] in : the intracellular concentration of the ion i. 

NernstNernst equation equation Driving force and passive currentsDriving force and passive currents

K+
out Na+

out

K+
out Na+

out



A l’équilibre (potentiel de repos) Σ I ion = 0

Vm (gion, Eion)= ?



Vm (gion, Eion) = Σ [Gion.Eion]/ ΣGion





Information processing in neuronsInformation processing in neurons

3. Cable properties3. Cable properties



Time constantTime constant



Space constantSpace constant







Increase in synaptic currents as a function of the somatic distanceIncrease in synaptic currents as a function of the somatic distance





In vivoIn vivo……??



Information processing in neuronsInformation processing in neurons

4. Initiation and propagation of action potentials4. Initiation and propagation of action potentials



Initiation and propagation of the action potential: Initiation and propagation of the action potential: ““classical viewclassical view””

Eccles, 1952



CA1 pyramidal neuron during simultaneous 
somatic and dendritic (145 µm from the soma) recording

CA1 pyramidal neuronCA1 pyramidal neuron

Cerebellar Purkinje neuronCerebellar Purkinje neuron 

Cerebellar Purkinje neuronCerebellar Purkinje neuron 

Axonal Initiation and Axonal Initiation and dendriticdendritic  backpropagationbackpropagation

Clark et al, 2005Stuart et al, 1997



Information processing in neuronsInformation processing in neurons

5. 5. ““Non-linearNon-linear”” excitability excitability





Some parameters relative to membrane excitabilitySome parameters relative to membrane excitability



Current-evoked Current-evoked 
responsesresponses

SpontaneousSpontaneous
activityactivity

Comparative excitabilityComparative excitability

Cortical neuronCortical neuron StriatalStriatal neuron neuron



Vm

Example of non-linear electrical membrane propertiesExample of non-linear electrical membrane properties

20 µm



From Charlie Wilson

Impact of non-linear electrical membrane properties Impact of non-linear electrical membrane properties 
on synaptic integrationon synaptic integration



ConclusionsConclusions

Three peculiar features of the BrainThree peculiar features of the Brain

1.1. The brain information is The brain information is theoreticallytheoretically infinite infinite

2.2. Brain activity is probabilistic, highly variable and Brain activity is probabilistic, highly variable and ““state-dependentstate-dependent””

3.3. The brain is a liarThe brain is a liar



The brain information is The brain information is theoreticallytheoretically infinite infinite
Binary code of information (ShannonBinary code of information (Shannon’’ theory)  theory) 

If fmax = 1000 Hz (refractory period)

In one sec, in one cell, 21000 choices…

In the human brain (1012 neurons) => 21000 . 1012 choices for one sec
(2. 109. 21000 . 1012 for one life)

(# of atoms in the Universe = 1080) 



The synaptic transmission is probabilisticThe synaptic transmission is probabilistic
(Katz, Del Castillo, (Katz, Del Castillo, FattFatt; 1952-1954) ; 1952-1954) 

Quantal parameters

q = miniature eep (“quantum”)
p = probablility of release

n = total # of packets available for release
m = average # of packets released (=n.p)

Thus m = mean response/mean q

Mean response (number trials) = n.p.q
and

# of responses containing x quanta

nx = N. e-m. x / x!

(with N = # of trials)



Brain activity is highly variable and Brain activity is highly variable and ““statestate””-dependent-dependent

Sensory integration in visual cortical neuronsSensory integration in visual cortical neurons

StimStim

Same cell

From Azouz and Gray, 1999



Brain activity is highly variable and Brain activity is highly variable and ““state-dependentstate-dependent””

Sensory integration in cerebellar Purkinje neuronsSensory integration in cerebellar Purkinje neurons

Same cell

(From Mahon et al, 2005)



A

B

Neural worlds and real worldsNeural worlds and real worlds
The brain liesThe brain lies

(From Churchland and Churchland, 1999)




