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Using pioneering experimental techniques of that time, Hodgkin and Huxley (1952) determined

not only the equations butimeasured all the parameters values :
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CV = I — gKn YV — Ex) — gnam®h(V — Exa) — gn(V — Ev)
n = oa,(V)(1—n)—06.,(V)n
m = ap(V)(1-m)— ﬂm(V)m (V)
h = ah(V)( h) = Bu(V)h
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exp(lolgv) —1’

-V
0.125exp ( 20 ) :
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exp(25 V) 1
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B (V) = 4dexp (_1;/) ,

Values of shifted Nernst equilibrium potentials (so that V., = 0) :
-V

Ex=-12mV, Ex,=120mV,  FEp=10.6mV; on(V) = 0.07exp| -],
Values of maximal conductances: 1
_ 2 _ 2 2 Bu(V) = 30— V '
gk = 36 mS/cm” | gna = 120 mS/cm” | gL, = 0.3 mS/cm”. exp(55—) + 1
Value of membrane capacitance: 4-dimensional system: difficult to study the dynamics
C = 1pF/cm? A lot of parameters to be determined to model a neuron!

This is generally hard to measure!




The Hodgkin — Huxley model, simplified

Many interesting features of single neuron dynamics can be illustrated using two-dimensional systems

leak It instantaneous Iy, p

CV = [—EL(V—ELS_V_EN%J_

K
BK'(V_EKF :

@ = (V) —n)/7(V).

Definition: x-Nullcline:
curve such that % =x=0

The V-nulicline is given by the equation I — gL(V_EL) — 9Na moo(V) (V_ENa) — gk N (V—EK) =0

_ I —gL.(V—=EL) — gNna Moo (V) (V — Ena)

which has the solution n

JK (V — EK)

The equation Moo(V) —m =0  defines the n-nulicline

n = Neo (V)




Nullclines:

n

= I —gn(V—EL) — gnaMoo(V) (V—ENa)

gk (V — Ex)

N = Neo (V)
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FitzHugh-Nagumo model

= Ve-VV-1)-w+I,

w = bV —cw,

The system
imitates generation of action potentials by Hodgkin-Huxley-type models having cubic (N-shaped) nullclines
(similar to the Figure in the previous slide)

« Parameter I mimics the injected current. For the sake of simplicity, we set 7 =0

« Parameter a describes the shape of the cubic parabola V (@a—V )(V —1)

The nullclines of the FitzHugh-Nagumo are: o = V(a — V) (V — 1) 4+ 1 (V-nullcline)
w=">b/cV (w-nullcline),



The nuliclines of the FitzHugh-Nagumo are:

w=V(a-V)(V -1)+1I

w=>b/cV

recovery, w

(V-nullcline)
(w-nullcline),
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Recording neural activity

Now that we have a model for spikes,
we want to record real spikes!

Or is it the other way around?

We first make recording of spikes and propose to use
dynamical models of spikes
to make sense of our recordings
(we are just measuring few spikes out of many, many more!)
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Measuring electrical activity in the brain
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Measuring electrical activity in the brain
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» Measuring electrical activity in the brain
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» ultra-lightweight = customizable
= compact = |low-cost

Connector

= Tetrodes manufactured
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» Tungsten, HML coating
» Impedances:
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Neural recordings

Raw data | \ ¢ 1100V

Low-pass Local Field Potential
filter (LFP)

Neuronal activity
(spikes)

High-pass
filter

200 ms

Work with Santiago Boari



Neural recordings
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Neural recordings
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Neural recordings
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Neural recordings

Neural activity in
response to the
Bird’s Own Song
(BOS)
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Neural recordings: LFP and MUA
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LFP and MUA
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Rhythms in the Brain?




Rhythms in the Brain
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Speech production exhibits rhythmicity

Baby you can drive my car

o

Sound pressure (a.u.)
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Frequency (kHz)
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Rhythms in the Brain of a Songbird?

Spontaneous synchronization to speech reveals
neural mechanisms facilitating language learning
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LFP vs. MUA vs. SUA
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Extracellular
recordings in
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