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Introduction Results

One of the most prominent features observed in waking electroencephalograms of a :
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variety of mammals, mainly at eyes-closed rest, is the alpha rhythm (~10 Hz). e
Although alpha is strongly associated with reduced visual attention, it is also related Pheain s e s ey ® ghie— S ey
to other functions such as the regulation of the timing and temporal resolution of e Sy Sle= 0] Lo o
perception, and transmission facilitation of predictions to visual cortex [1]. Eries e Tring rate [spikesis] 0] T Lo
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Understanding how and where this rhythm is generated can elucidate its functions. - ¥ === 7
In this regard, two potential alpha generators were studied: (S e o R
1) Pyramidal cortical neurons of layer 5 (L5) producing rhythmic bursts (IB, ® s jj\l
intrinsically bursting) close to 10 Hz after stimulation by a short current pulse [2]. - [T R S RS B 0 i ;
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2) A thalamocortical loop delay around 100 ms previously proposed in mean-field replacement of 50% of excitatory neurons by IB cells. A) raster plot: ggg;efof-d;’fgvrgt;ﬁggggi::;"gffgdt;fggsg;tg‘fsz?fg{;;}
models [3] was evaluated for different combinations of thalamocortical and ) Coretion, Comfent. and By mowar apecttm onourated Tom to 60% of the total L5 excitatory neurons). The shaded area
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corticothalamic de|ays_ network activity. Each color represents a different population.
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The cortical network is composed of ~200k neurons and the thalamic network of e ] S |
~1.2k neurons simulated using the AdEx model. Neurons are connected by o ©
current-based synapses with instantaneous rise and exponential decay. Network _ s =
connections are constructed based on the macaque connectivity map given in [4]. Mw : Tk - .
All simulations were performed using the neural network simulator NEST. | iy o 1, 6 L5E
Neurons (AdEx model)
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w V — V Figure 5. Network activity of the thalamocortical network. Figure 6. Power spectra estimated from spiking activity by
Tw e — CL(V — EL) — W If v > v / then reset Thalamocortical and corticothalamic delays set to 30 and 50 ms layer for different combinations of corticothalamic synaptic
d cut w = W —|— b respectively. A) raster plot; B) firing rates; C) coefficient of variation delays. Thalamocortical transmission delays were fixed to
of the interspike intervals; D) correlation coefficient; and E) power 2 ms. The shaded area represents the alpha range.
spectrum calculgted from network activity. Each color represents a
Thalamocortical network dfierent population.
The thalamic network was composed of 902 thalamocortical (TC) and 301 inhibitory Alpha rhythm propagation
neurons (IN). Cortical neurons in L4 and L6 received thalamocortical connections. solated V1 with L5 IB neurons halamocortical network
In turn, L6 neurons send feedback to thalamus. ) ) ©)
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i : v j// Figure 7. (A) and (C): Granger causality (GC) in the frequency domain (y-axis) estimated from V1 CSD proxy signal (x-axis). Dashed grey
: LGN T T lines represent the default network (Fig. 2), while black solid lines represent the networks where both hypotheses were tested. (B) and (D):
e e o A._‘:] / Schematic diagram illustrating the direction of alpha rhythm propagation through the cortical layers based on GC measures. Blue arrows
— \_ — AN indicate the circled peaks. Red dashed arrows in (B) and (D) denote experimental results from [5] and [6], respectively.
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Figure 1. Electrophysiological classes. Cortical neuron patterns on top: S
—g@ [nhibitory Inhibitory regular spiking (RS), fast spiking (FS), and intrinsically bursting (IB). ummary
connection ' neuron Thalamocortical (TC) and inhibitory (IN) neurons from thalamus on bottom.
S ¢ tivit lvsi T  Both mechanisms support alpha oscillations, but with different laminar
pontaneous activity analysis TEY T U ESL batterns
) iﬁg'ityesot\égszz the default network for testing g 2 2 8. . Bhmm—— » Hypothesis 1 points to Granger causality in the alpha range originating mainly
+ It mimics resting state with no specific external ©) o | T == in L5 and L2/3, similar to empirical observations in [5]
stimulation | G * Hypothesis 2 points to L4 and L6 as the main source layers, similar to
« Non-simulated areas were represented by s empirical observations in [0]
Poisson spike trains | =
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