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Abstract. Experimental data indicate that thalamic inputs are impor-
tant factors for the generation and termination of seizures. In this paper
a minimal biophysical model of cortico-thalamo-cortical network is in-
vestigated by a computational approach. The results show that a change
in the amplitude of synaptic currents between thalamic and cortical neu-
rons promotes seizure like dynamics. Moreover, the increase of the level
of inhibition between neurons of the thalamic network is sufficient for
seizure termination.

1 Introduction

About 50 million people worldwide have epilepsy, and they are usually con-
trolled, but not cured, with medication. Although many studies have been made
on seizures, the mechanisms of generation and termination still remain poorly
understood(see for a complete review[Il2]). Recently a new vision of the epilep-
tic seizures has been discovered[3]. Contrary to the traditional view, suggesting
hypersynchronous neuronal activity during the ictal activity, an highly heteroge-
neous neuronal spiking activity was observed. In particular, seizure termination
is described by a quasi-homogenous phenomenon leading to an almost complete
cessation of spiking activity[3]. In addition it was found that the spike waveforms
does not change at seizure termination, an indication that depolarization block
is not the principal factor responsible for the cessation of spiking activity [3].
Obviously, the most important mechanisms, relevant for a deep understanding
of seizure dynamics, are those driving the generation and termination of the
ictal events. Among the possible mechanisms of generation and termination of
seizure, thalamic inputs can play an important role. In fact the cortex is in-
timately connected with thalamus, and the cortico-thalamo-cortical excitatory
loop can mediate network oscillations underlying epilepsies [4]. Moreover, in a
recent experimental work it was shown that thalamocortical neuronal activity
is required for post-stroke epilepsy; in addition a reduction of the activity of
thalamocortical cells is sufficient to stop seizures [5]. Concerning the problem of
seizure termination in [6] it was shown that a clear connection exists between
extinction and spatial synchronization of populations. This general results could
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be useful to justify the possibility that the termination of seizures can arise from
an emergent property of the network itself. Moreover, in a recent computational
study it was shown that a depolarization block could be the primary factor for
the seizure termination [7], but this result does not seem to be in agreement
with the experimental data of Truccolo et al. [3]. Therefore, motivated by the
above discussion the effects, of the synaptic connectivity of the cortico-thalamo-
cortical network, on the dynamics of seizure generation and termination will be
investigated computationally.

2 Methods

2.1 Model Description

The artificial network is composed by Npy pyramidal neurons, Npg FS
interneurons, Ngrp reticular neurons and Npc thalamocortical neurons. A
schematic representation of the network connectivity if reported in figure 1.
The pyramidal neuron models are coupled by excitatory synapses and receive
inhibitory inputs from the network of FS interneuron. For either the pyrami-
dal neuron or the interneuron, a single compartment biophysical model is em-
ployed to describe its spiking activity. In particular, the adopted pyramidal and
interneuron biophysical models were those proposed in [§]. The mathematical
model of the j — th pyramidal neuron reads:

dv;

C dtj = Ipj — gnamhi(Vy — Viva) — gxni (Vi — Vie) — gvw; (Vi — Var)
—g.(V; = Vi) +Ipp,; + Itp; + Irp; + npép,;(t) (1)
dm;
dt] = (1 —mj) = B jm; (2)
dh;
dtj = ap,j(1 = hy) — Bn,jhy, (3)
dn;
dtj = (1 = ny) = Bnny, (4)

dw; _ Wjoo = Wj (5)

dt Tjw ’

where C = 1 uF/em?, Ip; = Ip(j = 1,2,..N) is the external stimulation
t. The maximal specific conductances and the reversal potentials are respec-
tively: gna = 100 mS/em?, g = 80 mS/em?, gpr = 1 mS/em?, g1 = 0.15
mS/em? and Vi, = 50 mV, Vi = -100 mV, Vyy = -100 mV, Vi = - 72
mV. The rate variables describing the currents are defined by: am, ;(V;) =
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<

0.32(V;+54)/[1—exp((V;+54) /4)],6m,;(V;) = 0.28(V;+27) /[exp((V;+27)/5) 1]
)

( 1),
w3 (V3) = 0.128eap(—(V; + 50)/18), fns(V;) = 4/[1 + exp(—(V; + 27)/5)]
an; (Vi) = 0.032(V; + 52)/[1 — exp(—(Vj + 52)/5)], Bu;(V;) = 0.5eap(—(V; +
57)/40), wj,00 = 1/[1 +exp(—(V; +35)/10)], 75w = 400/[3.3exp((V; +35)/20) +
exp(—(V;+35)/20)]. In this model the onset of periodic firing occurs through an
Hopf bifurcation for Ip & 3.25 uA/cm? with a well defined frequency (v =2 5H z).

The current Ipp ; arises from the excitatory coupling of the j — th pyramidal
neuron with the other cells, Irp; describes the inhibitory current due to the
coupling with the network of interneurons and Irp; represents the excitatory
inputs from TC cells. These currents will be defined in the next section.

<

--__.. —
exc. syhapse inh. synapse gap junction

Fig. 1. Schematic representation of the neural networks connectivity. Pyramidal neu-
rons (PY) receive excitatory inputs from thalamocortical cells (TC) and inhibitory
inputs from FS interneurons. Thalamic reticular neurons (RE) receive excitatory in-
puts from pyramidal and TC neurons, and inhibit T'C cells. F'S interneurons are coupled
by electrical synapses, inhibit PY neurons and receive excitatory inputs from PY on
TC neurons.

To reproduce the membrane potential fluctuations each j — th cell model is
injected with the noisy current np&p ;(t), {p; being an uncorrelated Gaussian
random variable of zero mean and unit standard deviation < £p;,£p; >= ;5,1 #
j = 1,2,3,, Npy. The adopted value of the parameter np was chosen to get
realistic amplitude of the fluctuations of membrane potential.

The biophysical mathematical model of the j — th FS interneuron reads:

av;
C 7 =1Ip; — gnamih;(Vi = Vva) — gxn;(V; — Vi) — go(V; = Vi)

dt
+Irr; + Jrr; + Ipr; + Itr; + nrér,;(t) (6)
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dm;
dtj = am,j(1 —m;) — Bm,jm; (7)

dh;
dtj = anj(1 = hj) — Bn,jhj, (8)

dn;
dtj = an,i(1 —n5) — Bn,jnj, 9)

where C = 1 pF/em?, Ir; = Ip(j = 1,2,..N) is the external stimulation
current. The maximal specific conductances,the reversal potentials and the rate
variables are equal to those adopted for the pyramidal cell model. In this model
the onset of periodic firing occurs through an Hopf bifurcation for Ir = 1.04
pA/em? with a well defined frequency (v = 2Hz).

The current Ipp,; arises from the inhibitory coupling of the j — th FS in-
terneuron with the other cells, while Jrp; describes the current due to the
electrical coupling (gap-junction) among interneurons; Ipr ; describes the exci-
tatory current due to the coupling with the network of pyramidal neurons, and
ITF ; represents the excitatory current from the TC pool. These currents will be
defined in the next section. To reproduce the membrane potential fluctuations
each j — th cell model is injected with the noisy current np&r ;(t), {r,; being an
uncorrelated Gaussian random variable of zero mean and unit standard devia-
tion < &pi,&r; >= 035,01 # j = 1,2,3,, Nps and < £p;,&r,; >= 0. The value
of the nrp was chosen to get realistic amplitude of the fluctuation of membrane
potential. The single compartment models of RE and TC cells were adopted
from [9]. The mathematical model of the j — th reticular neuron reads:

dv;
dtj = —9ca—rm% oo (Vi)hr;(V; = Vea) — 9Lr(Vi — Vir)

—garpmjaap(V; — Vi) + Igra,j + IrrB,j + ITrj + IPRj + 1RER,;(t) (10)

C

dhp.;
YT = 42 (V) — ) (1)) ()
dm;
P = 0.02(Cal;(1 — my app) — 0.025m; anp ()
d[Cal;
[Cal; _ —0.019ca—rm3 (Vi)hr,j(V; = Vea) —0.08[Cal; (13)

dt
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The maximal specific conductances and the reversal potentials are respectively:
C=1uF/cm?, goa—r =2mS/cm?, Voo, =120 mV, gr.r = 0.06 mS/cm?, Vi g =
-60 mV, gagp = 0.3 mS/ch7 Vi =-90 mV. The rate variables describing the
currents are defined by: mp oo (V;) = [1 + exp(—(V; + 52)/7.4)]7L, hpoo(V;) =
1+ exp((V; + 78)/5)] 7L, 7rn(V;) = 100 + 500[1 + exp((V; + 78)/3)] L. The
currents Irra ;, IrrB,; represent inhibitory coupling among RE cells, ITr ; and
IpR,; describe respectively excitatory inputs from TC and pyramidal neurons. To
reproduce the membrane potential fluctuations each j — th cell model is injected
with the noisy current nrér ;(t), £r,; being an uncorrelated Gaussian random
variable of zero mean and unit standard deviation < &g 4,&R,j >= 05,1 # j =
1,2,3,, Nrg. The adopted value of the parameter ng was chosen to get realistic
amplitude of the fluctuations of membrane potential.
The mathematical model of the j — th thalamocortical neuron reads:

dV:
C dtj = _gCame%,oo(ij)hT,j(V} - VCa) - gLT(V}' - VLT) - gsagrj(v}' - V;ag)
+Igra,; + Irrn,; + Iprj + nrér,;(t) (14)
dhr.;
g = 120m0e (V) = hr ) 77 (V5) (15)
dT’j
" = (rae (Vi) = 1)/ Tuaa(V3) (16)

The maximal specific conductances and the reversal potentials are respectively:
C =1 puF/em?, goa—r =2.5 mS/em?, Voo = 120 mV, grr = 0.025 mS/em?,
Vir = -T5 mV, gsag = 0.04 mS/em?, Vsag = -40 mV. The rate variables de-
scribing the currents are defined by: mr o (V;) = [1 + exp(—(V; + 59)/6.2)] 71,
hroo(V3) = [L+eap((V;+81)/44)] 1, 7, (V;) = 30+220(1+ eap((V; +78)/3)] 1,
Too(V;) = [14+exp((V;475)/5.5)] 71, Toag(V;) = 20+1000[exp((V;+71.5)/14.2)+
exp(—(V; +89)/11.6)]~'. The currents Igra,j, Irrp,; represent inhibitory in-
puts due to the coupling with the network of RE neurons , Ipr; describes
excitatory inputs from pyramidal neurons to TC cells. To reproduce the mem-
brane potential fluctuations each j — th cell model is injected with the noisy
current nrér ;(t), {r,; being an uncorrelated Gaussian random variable of zero
mean and unit standard deviation < 74,87 ; >= 045,11 # j = 1,2,3,, Npc. The
adopted value of the parameter 17 was chosen to get realistic amplitude of the
fluctuations of membrane potential.

The reason of using a single compartment model of each cell is motivated
by computational constraints. The simulation will be performed by using up to
180 coupled neuron models, and this requires a high computational cost. There-
fore, for the aim of the present work, the choice of using a single compartment
biophysical model of each cell is a good compromise between two requirements:
computational advantages and realistic network of coupled neurons.
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2.2 Synaptic Coupling

The excitatory synaptic coupling among pyramidal cells is assumed to be all-to-
all. The excitatory synaptic current acting on the j —th pyramidal cell is defined

by
1

Ippj = T Npy 1 deSPP,k(t)(V}' — Vpp) (17)
k#j
where g. = 0.5m.S/cm? represents the maximal amplitude of the excitatory

coupling, the function sppj(t) describes the time evolution of the postsynaptic
current and Vpp is the corresponding reversal potential. According to [§ the
time evolution of spp(t) is described by

dspp(t)
k) — T
dt

where T'(V,) = 5(1 + tanh(Vy/4) and 7. = 2ms is the decay time constant.
Similarly the inhibitory synaptic coupling among F'S interneurons is assumed
to be all-to-all and the synaptic current on the j — th interneuron reads

(Vi)(1 — sppk) — sppi/Te (18)

1
Irp; = " Nps 1 ;gisFF,k(t)(Vj — VFF) (19)
j

where g; = 0.25m.5/cm? represents the maximal amplitude of the inhibitory
coupling and Vrp is the corresponding reversal potential. The time evolution of
sprk(t) is described by

dsrr k(t)
) — T
dt

where T'(V) = 2(1 + tanh(Vy/4) and 7 = 10ms is the decay time constant.
The pyramidal cells excite the network of FS cells and the corresponding
excitatory current acting on the j — th interneuron is defined as

(Vi)(X = sprk) — SFRE/Ti (20)

1

“Npy 1 ZQPFSPF,k(t)(Vj —Vpr) (21)

Py
where gpp represents the maximal amplitude of the excitatory coupling and
Vpr = Vpp is the corresponding reversal potential. The time evolution of
sprk(t) is driven by

dSpF’;C (t)
dt

where T'(V,) = 5(1 + tanh(Vy/4) and 7. = 2ms is the decay time constant.
The network of FS interneurons feedback inhibition to the pyramidal neurons
and the inhibitory current of the j — th cell is given by

Ippj =

=T(Vi)(1 —sprr) — sSprk/Te (22)

1
Irp; = " Nps 1 ;gFPSFP,k(t)(Vj —Vrp) (23)
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where gpp represents the maximal amplitude of the inhibitory coupling and
Vep = Vgp is the corresponding reversal potential. The time evolution of
sppk(t) is determined by

dSFP’k(t)

dt = T(Vk)(l — SFp’k) — SFp’k/TZ‘ (24)

where T'(V,) = 2(1 + tanh(Vy/4) and 7; = 10ms is the decay time constant.
The electrical coupling among F'S interneurons is all-to-all and the correspond-
ing current on the j — th cell is defined as

1

Mo 1 20V = Vi) (25)

oy

Jrr,j =

where g¢; is the coupling amplitude. The parameters values g;, ge, gpr, grp are
those adopted in [§] .

The excitatory coupling due to TC network on F'S neurons is described by an
AMPA current

1
Itp; = — Z!]AMPA(T—F)STF,k(t)(V} —Vampa) (26)
Nreo 4
where ganrpa(T—F) represents the maximal amplitude of the excitatory coupling
and Vapyrpa = 0 mV is the corresponding reversal potential. The time evolution
of the synaptic variable spr (t) is described by

dSTF’k(t)
dt
where s (Vi) = 2[1 + exp(— (Vi + 45)/2)]7L, 77 = 10 ms.
The excitatory coupling due to TC network on PY neurons is described by
an AMPA current

= 500(Vi)(1 = s7FR) — STFK/TT (27)

1
Itp; = — . Z!]AMPA(T—P)STP,k(t)(V} —Vampa) (28)

Nr -

where ganrpa(r—p) represents the maximal amplitude of the excitatory coupling
and Vayrpa = 0 mV is the corresponding reversal potential. The time evolution
of the synaptic variable spp(t) is described by

dstp(t)
dt
where 500 (Vi) = 2[1 + exp(— (Vi +45)/2)] 7L, 70 = 10 ms.
The inhibitory coupling among RE neurons are characterized by GABA-A
and GABA-B synapses, defined by the following equations

= $0oc(Vk)(1 — s7pK) — STPK/TT (29)

1

N ZQGABA—ASRA,k(t)(Vj —Vapa—a) (30)
RE

k

IrrA; = —
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where ggapa—a = 0.5 mS/cm? represents the maximal amplitude of the in-
hibitory coupling and Vgapa—4 = -75 mV is the corresponding reversal poten-
tial. The time evolution of the synaptic variable sga i(t) is described by

dSRA’k(t)
dt

where 200 (Vi) = 2[1 + exp(—(V; +45)/2)] 7! and 74 = 12.5 ms

=Zoo(Vi)(1 — SRAk) — SRAK/TA (31)

1

IrrB,; = —
7 N,
R

. ZQGABAfBSRB,k(t)(V}' —VaaBa-B) (32)
&

where gaapa_p = 0.1 mS/cm2 represents the maximal amplitude of the in-
hibitory coupling and Vgapa—p = -90 mV is the corresponding reversal poten-
tial. The time evolution of the synaptic variable sgp k() is described by

ds t

R§£k( ) - Sco(TrBk)(1 — SRBK) — SRBK/TB (33)
dzx t

RoEl;t,k( ) - Too(Vi)(1 = TRBK) — TRB.K/T2,B (34)

where soo (rp k) = 0.01[14+exp(—(zrp k—1/€)/0.02)] 71, 75 = 200 ms 2 (Vi) =
5(1 + exp(—(V; +45)/2)] 7! and 7, g = 100 ms ,

The excitatory coupling due to TC network on RE neurons is described by
an AMPA current

1
Irg,; = ~ Noe > gampacr—rstrE(t)(V; — Varpa) (35)
k
where ganpacr—ry = 0.02 mS/em? represents the maximal amplitude of the
excitatory coupling and Vaprpa = 0 mV is the corresponding reversal poten-
tial. The time evolution of the synaptic variable srr x(t) is described by

dSTR’k(t)
dt
where s (Vi) = 2[1 + exp(— (Vi +45)/2)] 7L, 70 = 10 ms

The excitatory coupling due to PY network on RE neurons is described by
an AMPA current

= 50c(Vi)(1 — STRK) — STRK/TT (36)

1

Ipr; = “Np

. > " ganpap-rysprkt) (Vi — Varrpa) (37)
K

where ganarpa(p—r) Tepresents the maximal amplitude of the excitatory coupling
and Vaprpa = 0 mV is the corresponding reversal potential. The time evolution
of the synaptic variable spg ;(t) is described by

dSpR’k(t)

dt :T(Vk)(l *SPR,k) *SPR,k/Te (38)
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where T'(V,) = 5(1 + tanh(V/4) and 7. = 2ms is the decay time constant.
The inhibitory coupling due to RE neurons on TC neuron are characterized
by GABA-A and GABA-B synapses, defined by the following equations

1
Irra; = " N > 98k pa-asrar)(V; — Vaapa—a) (39)
k

where gg'z; B A 4 Tepresents the maximal amplitude of the inhibitory coupling and
Veapa—a = -75 mV is the corresponding reversal potential. The time evolution
of the synaptic variable spa x(t) is described by

dSRA’k(t)
dt

where zoo (Vi) = 2[1 + exp(—(V; +45)/2)] 7! and 74 = 12.5 ms

=2oo(Vi)(1 — SRAk) — SRAK/TA (40)

1
IrrBj = " N > 98hpa-psrer(t)(V; — Vaapa_s) (41)
k

where gGR£ pA_p represents the maximal amplitude of the inhibitory coupling
and Vgapa_p = -90 mV is the corresponding reversal potential. The time evo-
lution of the synaptic variable sgp x(t) is described by

ds t

Rs};k( ) = Soo(ZrB.k)(1 — SERB.K) — SRB.K/TB (42)
dz t

Rgt’k( ) =20o(Vi)(1 —ZRBK) — TRBK/T2,B (43)

where soo (rB,k) = 0.01[14+-exp(—(zrp,k—1/€)/0.02)] 7, 75 = 200 ms z (Vi) =
5[1 4 exp(—(V; +45)/2)]~! and 7, 5 = 100 ms ,

The excitatory coupling due to PY network on TC neurons is described by
an AMPA current

1
Iprj = " Npy ZQAMPA(PfT)SPT,k(t)(Vj —Vampa) (44)
k
where ganrpa(p—1) represents the maximal amplitude of the excitatory coupling
and Vaprpa = 0 mV is the corresponding reversal potential. The time evolution
of the synaptic variable spr ;(t) is described by

dSpT’}C (t)
dt

where T(V};,) = 5(1 + tanh(V},/4) and 7, = 2ms is the decay time constant. The
parameter values describing the amplitude of the synaptic current among neu-
rons of the thalamus were those reported in [9]. The remaining values describing
the synaptic currents from cortical and thalamic cells were chosen to get realistic
amplitude of the postsynaptic potentials.

=T (V)1 —sprk) — Sprk/Te (45)
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3 Results

Let us start first by investigating how the the whole cortico-thalamo-cortical
network behave in absence of coupling between cortical and thalamic compart-
ments. The corresponding results are reported in the left panel of figure 2.
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Fig. 2. Effects of coupling betweeen thalamic neuron and pyramidal neurons on the
networks dynamics‘ Left panel: JAMPA(T-P) = 0, JAMPA(T—-F) = O, JAMPA(P-T) = 0,
gampap—r) = 0,. Middle panel: garypacr—p) = 0.2mS/cm?, ganrpacr—r) = 0,
gampap-1) = 0, gampap—r) = 0. Right panel: garrpacr—py = 0.8mS/cm?,
gampar-r)y = 0, gampap—my = 0, gampap—r) = 0. For all panels it is:
ge = 0.5mS/em?, g; = 0.25mS/cm?, g = 0, Ip = 3.5uA/cm?, Ir = 0.5uA/cm?,
98 pa_a = 0.15mS/em?, g&sa_s = 0.05mS/ecm?, Npy = 80, Nrs = 20,
Nrc = 40, Nrg = 40. For all panels the plus symbols represent the FS interneu-
rons, the diamonds represent the pyramidal cells, the open circles represent the TC
neurons and the open triangles the RE neurons.

FS and pyramidal neurons fire in close synchrony and a qualitatively similar
behaviour is exhibited by RE and TC cells (in this last case the level of network
synchrony is smaller than that for the cortical compartment). In the middle panel
are reported the results obtained in the case in which the pyramidal cell receive
the excitatory synaptic inputs from TC cells (ganrpacr—p) = 0.2mS/em?). In
this case there is an increment of the spiking activity of pyramidal neurons.
The increase of the amplitude of the synaptic input from TC cells to pyramidal
neurons promotes the generation of seizure-like dynamics (right panel of figure
2). This behaviour is in agreement with the experimental results described in [5].
An important point concerns the impact of the FS cells on the network dynamics
when the synaptic input from TC to FS cells is set on. The results for the case
JAMPA(T—F) = 0.5m.S/cm? are reported in the left panel of figure 3. Comparing
these results with those reported in the right panel of figure 2 it follows that the
main effect of this additional coupling is to enlarge the time window where the
bursting of FS cells occur.
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# Interneurons & Neurons

Fig. 3. Effects of coupling betweeen thalamic neuron and pyramidal neurons on the net-
works dynamics. Left panel: ganpar—p) = 0.8m.S/cm?, JAMPA(T—F) = 0.5mS/cm?,
gamparr-1) = 0, gampap—r) = 0, ga = 0. Middle panel: ganpacr—p) =
0.8mS/em®, gampar—ry = 1.2mS/em?, gampar-m) = 0, gampap—r) = O,
ger = 0. Right panel: gappar—p) = 0.8m.S/cm?, JAMPA(T—F) = 1.2mS/cm?,
gamparr-1) = 0, gampap—r) = 0, g = 0‘15m5/cm2‘ For all panels it is:
ge = 0.5mS/em?, gi = 0.25mS/em?, Ip = 3.5uA/em? g8 pa_4 = 0.15mS/cm?,
98 pa_p = 0.05mS/em?, Ir = 0.5uA/cm?, Npy = 80, Nps = 20, Nyrc = 40,
Ngre = 40. For all panels the plus symbols represent the FS interneurons, the dia-
monds represent the pyramidal cells, the open circles represent the TC neurons and
the open triangles the RE neurons.

However, as expected, the increase of the inhibitory inputs determines a re-
duction of the time window where the bursting of the pyramidal cells occurs.
Increasing more the coupling amplitude (ganrpa(r—r) = 1.2m.S/cm?) promotes
the increase of the firing activity of the FS cells (see middle panel of figure 3),
but the activity of the pyramidal cell is practically unaffected. Similar results
were found when the electrical coupling among FS cells was set on (see right
panel of figure 3). Let us now study how the presence of the excitatory synaptic
inputs from pyramidal cells to RE and TC neurons affects the network dynamics.
The corresponding data reported in figure 4 show that both RE and TC cells
now fire more synchronoulsly; moreover a reduction of the firing activity of the
FS cells also occur (see for comparison the data in the middle panel of figure
3). Also in this situation the pyramidal cells exhibit seizure like behaviour. The
increase of the amplitude of the synaptic inputs between RE and TC cells has a
dramatic effect on the network dynamics. The corresponding results are reported
in the right panel of figure 4 and clearly show that the seizure like behavior is
terminated.

In addition the data show a complete cessation of spiking activity of the
thalamic cells. Why this occurs? To respond to this question it is important to
know how RE and TC cell models behave when receive excitatory (or inhibitory
inputs). To this aim let us consider a single RE (or TC) cell injected with a
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Fig. 4. Effects of coupling betweeen thalamic neuron and pyramidal neurons on the net-
works dynamics. Left panel: gappar—p) = 0.8m.S/cm?, JAMPA(T-F) = 0.5mS/cm?,
JAMPA(P—T) = 0.05m.S/cm?, JAMPA(P—R) = 0.02mS/em?, gEL g a_4 = 0.15mS/cm?,
98  sa_p = 0.05mS/cm?. Right panel: JAMPA(T—P) = 0.8m.S/cm?, JAMPA(T—F) =
1.2mS/cm?, JAMPA(P-T) = 0.05mS/cm?, JAMPA(P—R) = 0.02mS/cm?, g8 pa_ 4 =
L1mS/em?, g8 pa_p = 0.9mS/cm? . For all panels it is: go = 0.5mS/cm?, g; =
0.25mS/cm?, ga = 0, Ip = 3.5uA/cm?, Ir = 0.5uA/cm?, Npy = 80, Nrs = 20,
Nrc = 40, Nrg = 40. For all panels the plus symbols represent the FS interneurons,
the diamonds represent the pyramidal cells, the open circles represent the TC neurons
and the open triangles the RE neurons.

depolarizing (hyperpolarizing) current. Let us first consider the RE cell that,
for the adopted parameter values, generates action potential spontaneously at a
frequency of about 8 Hz. When this cell is injected with a depolarizing current the
amplitude of the action potential decreses as the amplitude current grows (the
corresponding frequency exhibit small changes). When the current amplitude is
greater than 1.1 mA/cm?, the firing disappears. Therefore, for the RE cell model
a depolarizing input depress the firing activity. If the RE cell model is injected
with an hyperpolarizing current, the amplitude of the action potential increases.
However, for amplitudes of the injected current smaller than -1 mA/cm? the
firing ceases (data not shown). Let us now consider the TC cell model. In this
case, for the adopted parameter value, the value of the membrane potential
of a single TC cell is at resting (about —55mV’). If the cell is injected with a
depolarizing current the values of the membrane potential increases but no firing
occurs. If the TC cell is injected with an hyperpolarizing current of amplitude
-0.7 mA/em? then a firing activity starts (with a frequency of about 2.5Hz). As
the current gets smaller values both the amplitude of the action potential and
the firing frequency decrease; the firing disappears for current amplitude smaller
than -1.4 mA/em? (data not shown). The single pyramidal neuron (or the FS
interneuron) model when injected with a constant current behaves more regularly
than RE or TC cells [8I10]. Then, it can be shown qualitatively that the seizure
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termination (see figure 4) is a direct consequence of the response properties of
the single RE and TC neuron models to depolarizing (hyperpolarizing) inputs
discussed before.

Taken together these results are qualitatively in keeping with those described
in [5]. In particular in this experimental work it was shown that the inhibition of
thalamocortical neurons interrupted seizures, and this indicates that a suitable
modulation of the activity of the cortico-thalamo-cortical network could be used
to control seizures generation and termination.

4 Conclusions

The main goal of this paper was the understanding of some possible mechanisms
controlling epileptic seizures dynamics. Recently, experimental results pointed
out that thalamic inputs modulate seizure dynamics: i.e. they can promote gen-
eration and termination of ictal activity [5]. Motivated by these experimental
data, we studied the dynamical behaviour of a biophysical inspired network
of four coupled populations of cells: the first population is composed by cou-
pled F'S interneurons (coupled by inhibitory and electrical synapses), the second
one is constituted by coupled pyramidal cells (coupled by excitatory synapses),
the third is composed by thalamic reticular neurons RE (coupled by inhibitory
synapses), while the last pool is composed by thalamocortical cells TC. In par-
ticular, our attention was focused to study how alteration of the coupling among
thalamic and cortical neurons affects the whole network firing activity. The nu-
merical simulations have shown that the increase of the amplitude of the exci-
tatory coupling from TC neurons to pyramidal cells promotes the generation of
seizure-like behaviour (see figure 2). Furthermore, the addition of the excitatory
coupling from TC neurons to FS interneurons enlarges the time window where
the bursting of FS cells occurs. As a consequence, the fast bursting regime of
the pyramidal cells is reduced. The presence of excitatory synaptic inputs from
pyramidal neurons to RE and TC neurons produce a synchronization of the fir-
ing activity of both RE and TC cells. A remarkable result is obtained when the
inhibitory coupling on TC cells from the RE pool is increased. Indeed the spiking
activity of the TC neurons is absent and we observed a complete cessation of
the bursting regime of pyramidal neurons (see figure 4). In conclusion this com-
putational study have clearly shown that the cortico-thalamo-cortical network
is capable of promoting ( or inhibiting) cortical ictal activity. These findings are
in agreement with the experimental results described in [5].
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