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Basic neuron models



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


Neuron as input-output device



Neuron types



Morphometric-based classification of (inhibitory) interneurons



Microcircuit of the Neocortex



Electrically based neuron classification



Synapse



Chemical Synapse



Digital Analog Device



Electrical and Chemical 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),
I synaptic cleft - 1µ, synaptic vesticles

Ca
Ca

Neurotransmitter

Synaptic vescicle
Voltage-gated 
Ca    channel2+

Neurotransmitter
receptor



excitatory and inhibitory potentials



Conductance-based models

� IC(t) = cm
dVm(t)

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

Isyn = gsyn(t)(Vm(t)� Esyn)
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= �gsyn(t) + �(t � tpre � tdelay)

g

m

gL

C

Time

I     (t)/5syn

g     (t)*5

V   (t)

A.  Electric circuit of basic synapse

C
ap
ac
ito
r

Battery

Resistor

B.  Time course of variables

0 2 4 6 8 10
−2

0

2

4

m

syn



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:’)
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