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Basic neuron models-brainbows



Brainbows

I Auditory portion of a mouse brainstem. A special gene (extracted from
coral and jellyfish) was inserted into the mouse in order to map intricate
connection. As the mouse thinks, fluorescent proteins spread out along
neural pathways

I This view of the hippocampus shows the smaller glial cells (small ovals)
in the proximity of neurons (larger with more filaments).

I A single neuron (red) in the brainstem
I http://www.wired.com/science/discoveries/multimedia/

2007/10/gallery_fluorescentneurons

http://www.wired.com/science/discoveries/multimedia/2007/10/gallery_fluorescentneurons
http://www.wired.com/science/discoveries/multimedia/2007/10/gallery_fluorescentneurons


Neurotransmitter release



Electrical Synapse



Ion channels
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Synapse

I excitatory neurotransimitters-DA (dopamine), Gu (glutamate),
GABA (A-fast, B-slow)

I inhibitory-neurotransmitters GABA (Gamma-aminobutyric acid),
http://cs.wikipedia.org/wiki/Kyselina_
gama-aminomseln

I synaptic cleft - 1µ, synaptic vesticles
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excitatory and inhibitory potentials



Ca signalling



Conductance-based models

− IC(t) = cm
dVm(t)

dt
IC(t) = gLVm(t) + Isyn(t), Iext = 0

Isyn = gsyn(t)(Vm(t)− Esyn)

τsyn
dgsyn(t)

dt
= −gsyn(t) + δ(t − tpre − tdelay)
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MATLAB Program

1 %% Synaptic conductance model to simulate an EPSP
2 clear; clf; hold on;
3
4 %% Setting some constants and initial values
5 c_m=1; g_L=1; tau_syn=1; E_syn=10; delta_t=0.01;
6 g_syn(1)=0; I_syn(1)=0; v_m(1)=0; t(1)=0;
7
8 %% Numerical integration using Euler scheme
9 for step=2:10/delta_t

10 t(step)=t(step-1)+delta_t;
11 if abs(t(step)-1)<0.001; g_syn(step-1)=1; end
12 g_syn(step)= (1-delta_t/tau_syn) * g_syn(step-1);
13 I_syn(step)= g_syn(step) * (v_m(step-1)-E_syn);
14 v_m(step) = (1-delta_t/c_m*g_L) * v_m(step-1) ...
15 - delta_t/c_m * I_syn(step);
16 end
17
18 %% Plotting results
19 plot(t,v_m); plot(t,g_syn*5,’r--’); plot(t,I_syn/5,’k:’)



Giant Nerve Cells of Squid



Voltage Clamp Method



Hodgkin–Huxley model

Figure: Typical form of an action potential; redrawn from an oscilloscope
picture from Hodgkin and Huxley (1939).



The minimal mechanisms

Resting potential
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Concentration of Na , K



HH stucture

I Iion = ˆgion(V − Eion)

I voltage and time dependent variables n(V , t),m(V , t),h(V , t)

ĝK (V , t) = gK n4

ˆgNa(V , t) = gNam3h

EK

KRNaRRL
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Hodgkin–Huxley equations and simulation

C
dV
dt

= −gKn4(V − EK)− gNam3h(V − ENa)− gL(V − EL) + Iext (t)

τn(V )
dn
dt

= −[n − n0(V )]

τm(V )
dm
dt

= −[m −m0(V )]

τh(V )
dh
dt

= −[h − h0(V )]

dx
dt

= − 1
τx (V )

[x − x0(V )]→ x(t + ∆t) = (1− ∆t
τx

)x(t) +
∆t
τx

x0

  Spike train with constant input
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Ion channels resistance

x(0) =
α

α+ β
, tx = αβ, x ∈= {n,m,h}

αn =
10− V

100(e
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10 −1)
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Matlab implementation



Refractory period

I waiting for inactivation of sodium channels about 1 ms
I absolute refractory period limiting firing rate to 1000Hz
I hyperpolarizing activity further limits the neuron’s rate
I relative refractory period
I brainstem neurons 600Hz, cortical neurons 3Hz



Propagation of action potentials

I action potentials=spikes travel about 10 m/s.
I non-loss signal transfer - SLOW
I myelin = FAST lossy signal transfer in axon
I Ranvier nodes = AP regeneration
I myelination happens after second year of age
I Alzheimer deased - DESmyelination!



NON-LOSS transfer



LOSSY transfer



Stimulation of neuron



Signal transmission



HH - simplification: Hugh Wilson model for neocortical neurons

I h = 1− n
I τm ≈ m0(V )

I h = 1 no inactivation of the fast Na+ channel combining leakage
and Na channel, only for cortical neurons

I R describes recovery of membrane potential
I 2 differential equations

C
dV
dt

= −gK R(V − EK )− gNa(V )(V − ENa) + Iext(t)

τR
dR
dt

= −[R − R0(V )]



Wilson model
I more realistic mammalian neocortical neurons
I two more channels types→ more diverse firing
I cation C2+

a described by gating variable T
I slow hyperpolarizing current Ca2+-mediated K+ described by

gating variable H

C
dV
dt

= −gNa(V − ENa)− gK R(V − EK )− gT (V − ET )− gHH(V − EH + I(t))

τR
dR
dt

= −[R − R0(V )]

τT
dT
dt

= −[T − T0(V )]

τH
dH
dt

= −[H − 3T (V )]

gNa(V ) = 17.8 + 0.476V + 33.8V 2

R0(V ) = 1.24 + 3.7V + 3.2V 2

T0(V ) = 4.205 + 11.6V + 8V 2



Wilson model:results

I RS: regular spiking neuron
I FS: fast spiking neuron
I CS: continously spiking neuron
I IB: bursting neuron
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Matlab implementation



Compartmental models

j + 1jj - 1
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Cable theory

I discretization - compartments like branching j , j + 1, j + 1

λ2 ∂Vm(x , t)
∂x2 − τm

∂Vm(x , t)
∂t

− Vm(x , t) + V0 = RmIinj(x , t)

λ =

√
dRm

2Ri

τm = RmCm

Vm = V0e − x
λ

∂Vm(x , t)
∂x2 ←

Vj+1 − 2Vj(t) + Vj−1(t)
(xj−1 − xj)2



Simulators
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