3. Bioelectric Phenomena
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Neurons

Two classes of neuron
— Nerve cell
— Neuroglial cell

Neuron= nerve cell

A neuron consists of cell body, axon,
dentrite and presynaptic terminals
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Four major regions of typical neuron
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Membrane potentials
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Diagrams illustrating separation of charges across a cell
membrane. (Left)A cell membrane with positive ions along the outer
surface of the cell membrane and negative ions along the inner
surface of the cell membrane(Right)The further illustrates
separation of charge by showing that only the ions along the inside
and outside of the cell membrane are responsible for membrane
potential(negative ions along the inside and positive ions along the
outside of cell membrane).
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Membrane Potential

Elsewhere negative and positive ions are approximately evenly
distributed as indicated with the large plus/minus symbols for the
illustration on the right. Overall, there is a net excess of negative
ions inside the cell and a net excess of positive ions in the
immediate vicinity outside the cell.

Intracellular Space: E=0
Extracellular Space: E=0
Across the membrane: ~100 KV/cm.
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Generation & Measurement of
Action Potential

» Stimulation of an Axon While lts Membrane Potential Is Recorded

Deeilleseope
Elactrical
glirmulator Rocorde of \‘-.
changas in __/'
L MEMDEEneE
potential
disnl awad hars » & @
& & @
L ]

Intro. To BME




At rest, the Inslde of the neuron Is slightly negatlve
due to a higher concentratlon of posltively charged
sodlum lons outside the neuron.

When stimulated past threshold, sodlum channels
open and sodlum rushes Into the axon, causing a
reglon of positive charge within the axon.

The reglon of posltlve charge causes nearby sodium
channels to open. Just after the sodlum channels
close, the potassium channels open wide, and
potasslum exlts the axon.

This process continues as a chaln—reactlon along
the axon. The Influx of sodlum depolarizes the axon,
and the ourflow of potasslum repolarlzes the axon.

The sodlum/potassium pump restores the resting
concentrations of sodlum and potassium lons
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Nernst Equation

Diffusion
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= V = -2.303(RT/ZF)<l0og,,(C;,/C,4), Where R is the gas
constant, T is temperature in degrees Kelvin, and F
IS Faraday's constant.

. [Na™], [C ], [CI];
Ena=vi—v,=26In —mV Eq=v;—-v,=26In =26 In mV
\I [Nﬂ | ]i Minus [Cl ]f [Cl ]0
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Equilibrium Membrane Potentials

= If the plasma membrane were permeable only to
any single ion of K+, Na*, and CI-, the Potential
Difference across the membrane could be

calculated by the Aernst eqguation

Na* 12 140 +64mV
K* 139 1 -92mV
H 0 100 -89mV
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Resting Membrane Potentials
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Goldman-Hodgkin—-Katz Equation

= Because the membrane has a finite
permeability to most ionic species, the actual
electrical PD at any point in time is a
compromise between their combined influence.

s b oo WO (on __permeabiity (c/sec)
orovides a reasonable lon permeability [cm/Sec)

prediction of the Na+ 1x10°
electrical potential K+ 1x107
difference across the LG 1x10°8
plasma membrane of a

Ce" at rest Pp [Kl,. + Py [Wal, +Py[Cl],y

WV, 2 -60mV logy, Pp [K] s+ Py [Na],, + Py [Cl];,
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Sodium/Potassium Pump

= t0 maintain the
concentration gradients

for Na* and K*), there is an

energy dependent (ATP-
dependent) pump system
[Na+/K*—ATPase]) that
pumps Na* out of the cell
and K* into the cell.

= Normal operation of this
pump is essential for the
maintenance of Na* and
K* concentrations across
the membrane.
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= Sodium-Potassium Transporter in the Cell Membrane




Action Potential

=Brief (about one-thousandth of a second] reversal
of electric polarization of the membrane of an
excitable cell (neuron or muscle cell)
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=The refractory period

=The action potential is
all-or-none
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» Stimulation of an Axon While Its Membrane Potential Is Recorded
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» The Movements of lons During the Action Potential
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Conduction of Action Potential
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Direction of travel of action potential

= an action potential is conducted at speeds that
range from 1 to 100 m (3 to 300 feet) per second,"
depending on the properties of the fibre and its
environment.
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» Saltatory Conduction

Depolanizing
stimul us

Myelin sheath

Action potantial
Dacramental is regenarated

conduction under at nodes of Ranvier
myalin sheath

MS (Multiple Sclerosis) is an autoimmune disease that gradually
destroys the mylelin sheath
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Graded response and Action Potentials

Diagram illustrating a typical neuron with presynaptic terminals
of adjacent neurons in the vicinity of its dendrites
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« EPSP(Excitatory Post synaptic

Potential) causes

depolarization. Subthreshold
EPSP can add to raise
potential above Vith.

 |PSP(Inhibiting~) causes

hyperpolarization.
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