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In vivo recordings
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Randomly connected 210 neurons A Regular spiking g Intrinsically bursting

Izhikevich’s formalism { ]
AN
v=f(v) —u+I(t) (voltage) ~ Jjjjj B
’L.L — CL(bU — U) (recovery) C Chattering p Fast spiking

V(t) = Vpeak ﬂb L
Then v(t) — ¢, u(t) — u(t) + d. MM

dc input

|Izhikevich, |EEE Transactions on neural networks, 2003

Conductance-based synapses -
Lsyn, z Z GZ@’;UJ/W Eex/m . Uz) L L
ePresyn
ex/in : yea;/m . jjjjjjjjjj/ ‘\//\f
dGZ/J ( ) _ G@‘/j (t) X ' 25(75 B tf) N —
At Tewsin de/in v J

I\ H —— — _ R FAPESP

Laboratorio de Sistemas Neurais (SisNe) - rodrigo.pena@usp.br



mailto:rodrigo.pena@usp.br?subject=

Ensemble of trajectories that leave to SSA
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0.15

Const. SSA
Persistent
013 oscillatory
SSA
0.11 i
“{Temporary
g eX . oscillations
0.09
0.07
Decay

0.05

C

Persistent oscillatory SSA

100

S — * % 00’ 0.0" :’
= Z R .56 s g
c c . o progt® ': P .
S £ S0F ‘,,'Z@Iw LML Ee Work published at Tomov, P, Pena, R. F., Zaks, M. A.,
(<} o ‘&ﬁ s TR . . . .
= z I s o - & Roque, A. C. (2014). Sustained oscillations, irregular
=05 €°~21 ' : : firing, and chaotic dynamics in hierarchical modular
® % networks with mixtures of electrophysiological cell types.
e @ 0.1 Frontiers in computational neuroscience, 8.
o
£ =
if 0 o o

100 150 200 250 300 100 200 300 400 500

Time(ms) Time(ms)

Uﬁjﬁ R FAPESP

Laboratério de Sistemas Neurais (SisNe) - rodrigo.pena@usp.br



mailto:rodrigo.pena@usp.br?subject=

- Activity is transiently self-sustained;
- Sensitive dependence of individual trajectories on initial conditions;

- Exponential distribution of lifetimes in the large ensemble of trajectories:

Typical raster plot 3000 o -
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Attributes of transient chaos

Lai, Y. C., & Tél, T., Transient chaos: complex
dynamics on finite time scales, 2011

Work published at Tomov, P, Pena, R. F., Zaks, M. A,,
& Roque, A. C. (2016). Mechanisms of self-sustained
oscillatory states in hierarchical modular networks with
mixtures of electrophysiological cell types. Frontiers in
computational neuroscience, 10.
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Neurons are stochastic

Spontaneous neurotransmitters
release

unreliable synapses
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Lindner, B. (2016)
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Neurons are stochastic: synaptic noise

Tsyn(t) = Geg(t)(Bex — V) + Gin(t)(Ein — v

: Gear; /in (t) /
Gea: /in t) = — Tex/in | 2D f t Point-conductance model described by Destexhe et. al., (2001).

where we assume that the stochastic process £ is Gaussian with (£(¢)) = 0

and (£(t)€(s)) = 0(t — ).
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Experiments measuring amplitude and frequency of mEPSC in the cerebral cortex of
mice and rats show that these are:

sl lower after a few hours of sleep,
mmmmlp higher after a few hours of wake,
s> higher after sleep deprivation.

Rao et al., (2007), Liu et al., (2010)
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up down awake Power spectrum
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mmmmlp> Spectra agree with the literature;
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Young, Gerald A., et al. (1978): 89-91.
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Neuron #

Down state is influenced by:

35 =l Noise level

° (RS and FS) down

= (RS and LTS) down

> (RS and FS) up
(RS and LTS) up

Averaged resilience time [ms]
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Experiments where inhibitory neurons are
progressively blocked showed that inhibition
Up influences up down transitions.
Down Sanchez-Vives, M. V, Journal of Neurophysiology (2010)

Evidences showing that noise regulates up down

transitions.
Holcman, D. and Tsodyks, M. PLoS Comput Biol, (2006)
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