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Appendix A. Parameters and equations of the models

A.1 Hippocampal model

A.1.1 Pyramidal cell

The pyramidal cell model by Pinsky and Rinzel[110] consists of two coupled compart-
ments: a soma-like compartment with membrane potential vs and a dendrite-like com-
partment with membrane potential vd. The two are electrically coupled through a con-
ductance gc.

Cmv̇s =− IL,s − INa − IK-DR +
gc

p
(vd − vs)

+
Is

p
− Isyn,s

Cmv̇d =− IL,d − ICa − IK-AHP − IK-C

+
gc

1− p
(vs − vd) +

Id

1− p
− Isyn,d

(A.1)

The somatic compartment contains a leak (IL,s), a sodium (INa) and a delayed-rectifier
potassium (IK-DR) current and can therefore generate spikes.

IL,s = gL(vs − vL)

INa =gNam
2
∞(vs)h(vs − vNa)

IK-DR =gK-DRn(vs − vK)

The dendritic compartment contains besides the leak current (IL,d) slower currents: a
calcium current (ICa), an afterhyperpolarization current (IK-AHP) and a calcium-induced
potassium current (IK-C), and can therefore generate slower calcium-spikes, on top of
which somatic spikes ride during a burst.

IL,d =gL(vd − vL)

ICa =gCas
2(vd − vCa)

IK-AHP =gK-AHPq(vd − vK)
IK-C =gK-Ccχ(Ca)(vd − vK)

The calcium concentration is modelled as

Ċa = −0.13ICa − 0.075Ca

The kinetics of the gating variables look like

ẋ =
x∞(u)− x

tx(u)
, x ∈ {h, n, s, c, q}, u ∈ {vs, vd,Ca}

χ(Ca) = min((Ca/250), 1)
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A.1. Hippocampal model

parameter value parameter value
vL −60mV gL,s = gL,d 0.1
vNa 60mV gNa 30
vCa 80mV gCa 10
vK −75mV gK-DR 15
gc 2.1 gK-AHP 0.8
Cm 3 gK-C 15
p 0.5

Table A.1: Parameters used in the pyramidal cell model

The rate equations are given in the following equation:

x∞ =
αx

αx + βx

τx =
1

αx + βx

αm =
0.32(−46.9− vs)

exp((−46.9− vs)/4)− 1

βm =
0.28(vs + 19.9)

exp((vs + 19.9)/5)− 1

αn =
0.016(−24.9− vs)

exp((−24.9− vs)/5)− 1
βn = 0.25 exp(−1− 0.025vs)
αh = 0.128 exp((−43− vs)/18)

βh =
4

1 + exp((−20− vs)/5)

αs =
1.6

1 + exp(−0.072(vd − 5))

βs =
0.02(vd + 8.9)

exp((vd + 8.9)/5)− 1

αc =

{
exp((vd+50)/11−(−53.3−vd)/27)

18.975 if vd ≤ −10
2 exp((−53.3− vd)/27) if vd > −10

βc =

{
2 exp((−53.3− vd)/27)− αc if vd ≤ −10
0 if vd > −10

αq = min(0.00002Ca, 0.01)
βq = 0.001

(A.2)

The parameters used for the pyramidal cell are given in table A.1.
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Appendix A. Parameters and equations of the models

parameter value parameter value
vL,i −65mV gL,i 0.1
vNa,i 55mV gNa,i 35
vK,i −90mV gK,i 9
φh 5 φn 1
Cm,i 1

Table A.2: Parameters used in the interneuron model

A.1.2 Interneuron

The interneuron by [156] consists of a single compartment with membrane potential vi.
It contains a leak (IL,i), sodium (INa,i) and delayed-rectifier potassium (IK,i) current.

Cm,iv̇i = −IL,i − INa,i − IK,i − Isyn,i + Ii

IL,i = gL,i(vi − vL,i)

INa,i = gNa,im
3
i,∞(vi)h(vi − vNa,i)

IK,i = gK,in
4
i (vi − vK,i)

ẋ = φx(αx(1− x)− βxx), x ∈ {hi, ni}

(A.3)

The kinetics of the gating variables look like

αmi
=

−0.1(vi + 35)
exp(−0.1(vi + 35))− 1

βmi = 4 exp(−(vi + 60)/18)

αni
=

−0.01(vi + 34)
exp(−0.1(vi + 34))− 1

βni
= 0.125 exp(−(vi + 44)/80)

αhi
= 0.07 exp(−(vi + 58)/20)

βhi
=

1
1 + exp(−0.1(vi + 28))

(A.4)

The parameters used for the pyramidal cell are given in table A.2.

A.1.3 Synapses

All synapses will be modelled as in

Isyn = gsynpf,dssyn(vpost − vsyn)
ṡsyn = αsyn(1− ssyn)F (vpre(t− τd), θsyn, σsyn)− βsynssyn

(A.5)

In which F (x, θ, σ) is a sigmoid or softmax function F (x) = 1/(1 + exp(−(x − θ)/σ)),
αsyn and βsyn are the rise and decay rates (the inverse of the rise and decay times)
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A.2. Thalamocortical relay cell model

parameter value parameter value
vsyn,d,s −62mV vsyn,i 0mV
σsyn,d,s 1 σsyn,i 1
vsyn,ii −62mV or vsyn,ii −80mV
θsyn,d,s 0mV θsyn,i −40mV
θf −30mV σf 1
θd 0mV σd 1

Table A.3: Parameters used for the synapses, where syn, i denotes the excitatory synapse
onto the interneuron, syn, d, s denotes the inhibitory synapse onto the somatic and den-
dritic compartment of the pyramidal cell, syn, ii denotes the inhibitory interneuron-
interneuron synapse and f, d denotes facilitation or depression.

of the synapse, τd is the delay time of the synapse, vpre is the membrane potential of
the presynaptic neuron and vpost is the membrane potential of the postsynaptic neuron.
Short-term plasticity is modelled through variable pf,d, which obeys

ṗf = αfF (vpre(t− τd), θf , σf )(1− pf )− βfpf (A.6)

for facilitation and

ṗd = αd(1− pd)− βdF (vpre(t− τd), θd, σd)pd (A.7)

for depression. Similar as in the previous equations, in these equations αf and βf denote
the rise and recovery rates (the inverse of the rise and recovery times) for facilitation and
αd and βd denote the recovery and decay rates (the inverse of the recovery and decay
times) for depression. The parameter τd is the synaptic delay and the function F (x) is a
sigmoid. If no short-term plasticity is included, pf,d is simply set to 1.

The parameters used for the synapses are given in table A.3.

A.2 Thalamocortical relay cell model

The 3-compartment model of Destexhe et al. [33] was used as it covers the basic properties
of the TCR cell, such as a shift from a bursting to a spiking regime and earlier spiking with
depolarization. It is a reduction to three compartments (soma, basal dendrite and distal
dendrite) of a multi-compartment model of a rat dissociated thalamocortical relay cell.
The soma contains sodium current, potassium current, leak current and T-type calcium
current, whereas the dendrites only contain leak current and T-type calcium current. All
compartments contain calcium accumulation. The currents we added are the h-current
Ih (ḡh = 0.00013 Ω/cm2) as used in [31]; [32], which is a kinetic model of the h-current,
a high-threshold calcium current IL (p̄L = 0.00005 cm/s) and a calcium-activated potas-
sium current IKC (ḡL = 0.001 Ω/cm2 ), the last two written by Arthur Houweling after
the book Electrophysiology of the Neuron [63]. All can be found on the ModelDB (acces-
sion numbers 279, 3343 and 3808). The model was implemented in Neuron [21] with a
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Appendix A. Parameters and equations of the models

time step of 0.1 ms.

A model of the high-conductance state was implemented following [34]: a membrane
current consisting of independently fluctuating passive inhibitory and excitatory conduc-
tances was added to the membrane of the soma.

Ifluct = ge(Vm − Ee) + gi(Vm − Ei)
dge

dt
=
−(ge − ge0)

τe
+ χ1(t)

√
De

dgi

dt
=
−(gi − gi0)

τi
+ χ2(t)

√
Di

(A.8)

where Ee = 0 mV and Ei = −80 mV are the reversal potentials of the inhibitory and
excitatory channels and χ(t) is Gaussian white noise with parameters D = 2σ2/τ , σe =
0.0030µΩ−1, σi = 0.0066µΩ−1, τe = 2.728 ms and τi = 10.49 ms. In order repeat
the previous experiments, the average membrane potential was varied by adjusting the
relative excitatory and inhibitory conductance,ge0 and gi0, but the total conductance
was gtot = ge0 + gi0 kept constant at 0.07µΩ−1. In simulations with this fluctuating
conductance, a constant DC current of −275 pA was injected to keep the membrane
potential around −60 mV ar rest. The fluctuating background conductance was not
strong enough to make the model neuron spike. Therefore, an exponential synapse (τ = 3
ms, weigth= 0.1µΩ−1, reversal potential 0 mV) was added to the basal dendrite, which
received a Poisson spike train with a mean inter-spike interval of 100 ms (‘Randomstream’
template, [17]; [154], modeldB entry 83319).

A.3 Morris-Lecar model

The Morris-Lecar model [101], [126] was implemented as by Prescott et al. [115], [117],
with an added T-current [128], h-current [67] or adaptation current [115]. The equation
for the membrane potential is

dV

dt
= (Idc + AIfrozen(t) + Idcnoise + ξ(t)− INa − IK − IL − IT − Ih − Iadap)/c (A.9)

Where Idc is the dc-current injected to keep the neuron at a membrane state, Ifrozen(t)
is the same frozen noise input as used in the experiments, but with an adjusted ampli-
tude amplitude A. Parameter Idcnoise mimics the variation of dc-current between the
experiments and is chosen from a normal distribution for every experiment. Parameter
ξ represents white noise, its value is drawn every time-step from a normal distribution.
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A.3. Morris-Lecar model

The other currents are given by

INa = gNam∞(V )(V − VNa)
IK = gKy(V − VK)
IL = gL(V − VL)

IT = ḡT mT∞
2hT (V − VT )

Ih = ghkh(V − Vh)
Iadap = gadapz(V − VK)

(A.10)

The differential equations for the currents follow

dy

dt
= φy

y∞(V )− y

τy(V )
dhT

dt
= qhT

hT∞(V )− hT

τhT
(V )

dkh

dt
=

kh∞(V )− kh

τkh
(V )

dz

dt
= αz ∗ (z∞(V )− z)

(A.11)

with and parameters as in table A.4. with

m∞(V ) =
1
2
(1 + tanh(

V − βm)
γm

))

y∞(V ) =
1
2
(1 + tanh(

V − βy

γy
))

τy(V ) =
1

cosh((V − βy)/(2γy))

mT∞(V ) =
1

1 + exp(−(V + 60)/6.2
)

hT∞(V ) =
1

1 + exp((V + 84)/4)

τhT
(V ) = 28 + exp(

V + 25
−10.5

)

kh∞(V ) =
1

(1 + exp((Vk 1
2
− V )/k)

τkh
(V ) = Cbase + Camp exp(−(Vmax − V )2/σ2

kh
)

z∞(V ) =
1

(1 + exp((βz − V )/γz)

(A.12)

and parameters as in table A.4. This model was implemented in Bard Ermentrout’s XPP
with an Euler method with a time step 0.1 ms.
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Appendix A. Parameters and equations of the models

parameter value parameter value
gNa 20 VNa 50 mV
gK 20 VK −100 mV
gL 2 VL −7 mV
ḡT 20 or 0 VT 0 mV
gh 1.5 or 0 Vh −30 mV
k −9 Vk 1

2
−82 mV

gadap 2 or 40 or 0 αz 0.005 or 0.08
γz 5 or 17 βz 0 or −43 mV
γm 18 βm −1.2 mV
γy 10 βy varies between −25 and 0 mV
Camp 50 Cbase 10
qhT

2.5 Vmax −75 mV
A 20 or 15 σξ 0.4 or 0.3
σkh

20 σdcnoise 10 or 7.5
φy 0.15

Table A.4: Parameter values for the Morris-Lecar model
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