From Neuron to Brain:
Pedagogic Approach

KAMALES BHAUMIK






Plasma membrane

Polar head
\\\

Phospholipid—

/ Hydrophobie environment

Non polar tails ‘ ‘ | ‘ ‘ ‘ ‘ ‘




Movement of charged ions across the cell membrane
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Voltmeter

@ Inside of the cell is

negative with respect to
outside.

Intracellular

fluid

Most of the cells

have a resting

membrane

Fluid potential in the
range of -30mV to
-80mV

Extracellular



Resting Membrane Potential

Nernst Potential



Nernst Potential

Chemical Potential = Partial Molar Gibbs Free Energy

Chemical Potential [ = ,Ll(? + RTInC

Electrochemical Potential M = ,UO +RTInC + zFV
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Nernst Potential
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CONCENTRATION
(millimoles/liter)

RELATIVE
ION Extracellular Intracellular PERMEABILITY
Na* 150 15 1
K* 5 150 30
Cl™ 108 10 0.025

A~ 0 65 0






Nernst-Planck Equation

U =u’ +RTInC, +zFV
J =Flux mol L> T™

du.
J; =—u,C, H /ICK’sLaw
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Integration of Nernst Planck Equation

CONSTANT FIELD MODEL
Goldmann Hodgkin Katz (GHK) Model

RT.G P, C, +P.C,+P.C’

V="In M7 5 1
F PNaCNa +PKCK +PCICCI



Excitation of cells at resting membrane potential

Passive Response

w i Voltage (mV)
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Excitable Cells

Action Potential

All or None response
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Basic Neuron Types
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Bipolar Unipolar Multipolar Pyrimidal
(Interneuron) (Sensory Neuron) (Motoneuron) Cell
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Currents Flowing in and out of the membrane
During Action Potential
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Resting membrane potential = K-Nernst potential

Capacitative current C

Peak of action potential = Na-Nernst Potential

Nonlinearity in the current flow

Necessity of a voltage clamp machine




Separation of ionic currents

TTX (Tetrodotoxin) Na-Channel Blocker

TEA (Tetra-ethyl-ammonium) K-channel blocker

Na and K channel conductance depends on membrane voltage

Chloride and non-specific ions follow Ohm’s law



Equivalent Circuit
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Propagation of Axon Potential
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Meurotranamitter
Meurotransmiter attached to receptor

released inlo synapse

Meurotranamittar : Enzyme that desirovs

aslored in vesicles neurotranamifter
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Left
eye

Right
eye

Optic (I} nerves
, Optic chiasm

Uncrossed axon
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Crossed axon

Optic tracts

Primary visual areas
in occipital lobes
of cerebral cortex
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Receptive field of Ganglion cell
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Photoreceptors









+ve contribution

Intensity of

signal
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A Gaussian function, whose mean value is kept at
zero, is given by:

1 x°
exp(—
V2710 20

where (J is called the standard deviation
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g(x,0) = 7)
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Response amplitude
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