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We present a biologically grounded
mathematical model of cortical tissue activity,
designed to study the effect of electric and
magnetic stimuli on brain activity. This
neural mass model includes various types of
neurons and synapses inspired from
neuroanatomical and neurophysiological data.

Our neural mass model is based on the
thalamocortical model by Sotero et al. (2008)
and Wendling et al. (2000). In this approach,
populations of neurons are considered.
Briefly, let us write the total EPSP at the level
of a neuron:
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The complete set of coupled differential
equations describing EPSPs/IPSPs for each
cortical column is:
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The model is capable of displaying a wide
variety of dynamical regimes, which is
illustrated in Fig. 3:
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This model will be used to identify interaction
mechanisms between electric/magnetic
stimuli and observed neurophysiological
responses, with the objective to translate
these findings towards therapeutic
applications.
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If we consider the temporal operator:
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Then the synaptic response is a Greens
function for the temporal operator. By applying
the temporal operator to Eq. (1), we obtain:
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Eq. 3 is typically written as a system of two
first-order differential equations:
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Eq. 4 forms the basis of our neural mass
model, and is applied to described each
EPSP/IPSP in the neural population network
considered (Fig. 1 modified from Wendling et
al. 2000).
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As a first approximation, we hypothesize that
pyramidal neurons are mostly affected
because of their size. Therefore, to simulate
the effects of electric fields on cortical
columns, we substitute:

  y1(t)− y2 (t)− y9 (t)⇒ y1(t)− y2 (t)− y9 (t)+δV (t) (9)

  EEG(t) = y1(t)− y2 (t)− y9 (t) (7)

It is straightforward to compute the EEG as:
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When neurons are exposed to electric fields,
it induces an additive membrane potential
perturbation (Schwan, 1983):

Then, we have simulated exposure to an
electric field of 0.4 V/m (induced by 60 Hz
magnetic field of 13 mT). EEG alpha (8-12 Hz)
power was computed before (100 s), and
during (100 s) exposure (see Fig. 4).

Fig. 4 illustrates a slight decrease in alpha
power that needs to be systematically studied
and quantified (which could be completed by
phase analyses). Identifying a threshold
above which systematic effects might be
detected would be highly relevant to
understand human exposure data and identify
interaction mechanisms.


