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Introduction

» Stimulus (r) - response (F) relationship
 Weber-Fechner: F ~logr
e Stevens: F~r" (m>0)

 Anatomical and physiological constraints
impose limits on the minimum (F ) and

min
maximum (F ) responses

MaXx

* Dynamical range is the log-difference between
stimuli levels corresponding to the maximum
and minimum responses



Example: olfatory system

o Stevens law: m = 0.55 (smell
of coffee), 0.60 (heptane),
0.25 (rubber)

» Microscopic level (receptor

neurons): dynamic range of
10 dB

» Macroscopic level (dendro-
dendrictic neuronal network
in the glomeruli): 30 dB

 Enhancement of the dynamic
range as a network effect
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This work

 WWhat are the possible network effects on the
stimuli-response relationship?

* Network properties = number of neurons,
connection architecture, coupling strength...

» Effects to be studied = form of stimuli-response
relationship (exponent, maximum and minimum
levels, dynamic range...)

e Computational model: small-world network of
Hodgkin-Huxley neurons with chemical
synapses



Modeling of small-world networks

. V (t): membrane potential of the i-th neuron at
time t, wherei1 =1, 2, ... N is the network index

 \V measured in mV, time in ms

» The time evolution of V (t) is given by the
Hodgkin-Huxley equations

 The connection of the i-th neuron with other
neurons is modeled by a synaptic current | (t)

,Syn

* The external signal acting on the i-th neuron is
modeled by an external current | (1)

|,ext



Hodgkin-Huxley equations
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membrane potential [mV}

=50

Parameter values

Membrane specific capacitance C = 1.0uF /em?

Maximum specific conductances(msS/em?)

INa =120 gk =36 gr, =03

Nernst (reversal) potentials(mV’)

Eng = 55 (T, S ||

HHmodel %W only ex_wn Lambda=10 dt O.01

50 100 150 200
time[ms])



Modeling of chemical synapses

» g:synaptic specific
conductance
. A adjacency matrix

. rj: number of bond

receptors of the j-th
pre-synaptic neuron

N
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j=1

Characteristic times(ms)
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Reversal potentials(mV”)
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External signal

* train of stereotyped
electric impulses with " | ' 'R
external current

| (1) =12 oft-t)
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* interspike intervals :
follow a Poisson o | | )]
process with input ' '
rate r (stimulus)
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Stimulus-response relationship for a
single neuron

 Firing rate F =
number of spikes
per unit time

0'2 | LU

* Power-law
relationship

e valid within the
dynamic range .

A = 10logyy s
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Small-world network of HH neurons

Hegular: Small World Randam
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» Adjacency matrix obtained from a one-
dimensional chain (local connections only)

» Watts-Strogatz procedure: some local
connections are randomly replugged into
nonlocal shortcuts with probability p



Stimulus-response relationship for a

SW network

« Network of N = 2000
neurons

* fixed probability of
shortcuts p = 0.001

* Varying the
connection strength
the value of F

Increases, whereas
F ) remains constant

ma

* A phase transition?

0.2 =T TTTTT [
(El)
0.15 / —
ESSSS3S5S8S82S85333::3::27 /1
L 01888888 ,sss38ssssssisy _
040040 1—.—-—.—_:__:__:,_:__:_.::" v ;
*ecsecsssosee,, _' ; _
0.05 - H-‘—.—.—'.—H—l,_g__‘_“_ .__.__._, - # — %E:D'jj |
J»'/( - —au 2 =00
s = Cc
0 s =80 5 Sl [ R
0.0001 0.01 1 10
I
I::}.]._.q | | | | [ | | | |
- —
(b) PR S g
e
-
0.1— > —
£ T
& »
0.05— .. —
0 ) | I IR |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

— 2
mS/cm )
g (



Increasing the coupling strength

.
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e SW network of N = 2000

neurons with p = 0.001

Dynamic range initially
iIncreases to a maximum
but decreases
afterwards (dynamical
effect?)

Slope of power-law
relationship
monotonically decreases



Increasing the number of neurons

35
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» Dynamic range _sp K .

increases (by a factor  x- -

of two): agrees with 15_1,--’ ’
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* Exponent of power-
law (F vs. r) relation
decreases with N "
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Increasing the shortcut probability
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Conclusions

* The stimulus-response relationship is a power-law
(within specified limits) in both microscopic (single
neurons) and macroscopic levels (neuronal networks)

* The main effect of the network structure (with respect
to the behavior of single neurons) is the enhancement
of the dynamic range

* The decrease of the power-law exponent follows from
the increase of the minimum response level
associated with the constancy of the maximum
response level (the curve is “pushed upwards”)



Thank you very much!
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