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Electrical processes can be examined at the level of:

>
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An organism as a whole

A system (cardiovascular, nervous, etc.)
An organ (the heart, the brain, etc.)

A tissue (herve, muscle, etc.)

A cell {of neurons, motor neurons, etc.)
A cellular membrane

Eukaryote Prokaryote

Mucleolis Mitochondria

Mucleoid

s Capsulz

Flzgellum
Cell Wall

Ribosomes Cel Membrzne

Zdro): hitp Hes wikipedia.orgf
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Excitable tissues are those that respond to an external

stimulus.

Excitation can occur by:
» Electrical stimulus
Chemical stimulus
Light stimulus
Mechanical stimulus
Thermal stimulus

¥V ¥V V¥V ¥
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Types of excitable membranes:
» Electrically excitable, by local currents
» Chemically, by the presence of a chemical substance
» Physically

Capsule
Cell wall
Masma membrane

Cytoplasm

Ribosomes
Plasmid
Fili

Eacterial Flagellurm
Mucleoid (circular DMA)

http: ifen wikipeda. orgf
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A neuron transfers excitation.

It consists of:
» Many protrusions - dendrites

» An axon that propagates excitation (up to one meter
long)

Zdroj http:ffeewiee alzheimer cal
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Schematic representation of a neuron:

dendrity s

N terminaln|

- buton

soma-. Y “ myelinovy
axon\ /" obal
. .
; “._ Ranvier(v
P Schwannuv 7 % zAFoz \
jadro-~ & obal >
P

dendrit jiného
neuronu

'““‘x\l«,l presynapticka zakoncéeni
jinych neuronu
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The connection consists of:
» A synaptic bouton
» A presynaptic membrane
» A synaptic cleft
» A postsynaptic membrane

Two types of connections:
» Excitatory
» Inhibitory

Zdrol httpeffes wikipedia org!
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Detail of a synaptic connection:

axon

vesikula
s neurotransmiterem *

synapticka
~ &térbina

@
. o -receptor
presynapticka / e P
membrana
postsynapticka i
membrana () A
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Neuromisculaginet

The synaptic connections form a neuromuscular junction.
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Cardiac cells are a special case of excitation:
» EXxcitation is not transmitted through the axon.

» Cells transmit excitation between each other through
contractions.

e

Sdroj httpffen wikipedia. orgf
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Living tissues consist of solutions => 2nd class conductor.
Electrodes are metals => 1st class conductor.

Two transfer types:
» Passive ion transfer
» Active ion transfer

Cxidizing
agent

Zdro) httpe S members. chello nlfr kuijt!
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A Passive Transfer
» |Is the result of efforts to establish a balance
» Its essence is diffusion

] u} il “mm'}}:; Hﬂ%]nmlj'ﬂ%ll{lll i ﬂ @

TIME B

Zdroj httpffes wikipedia.org!
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» Three sodium cations from the intracellular space |
bind to the transport protein

» Energy to change the shape of the transport protein is
obtained through the cleavage of adenosine
triphosphate ATP to adenosine diphosphate ADP

droj: hitpfos wilkipedia orgf
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» One phosphate group created through the cleavage of
ATP binds to the transport protein

» Na cations are released into the extracellular space

Ldroj httpeffes wilkipedia orgf
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Activelloniiainsteig \

» Two potassium cations from the extracellular space
bind to the transport protein

» Having released the phosphate group, the transport
protein changes its shape to the original shape,
thereby releasing a potassium cation into the
intracellular space

Ldro): httpeffes wilkipedia orgf
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Membrane Voltage:

» Is the difference of potentials between the external
and internal sides of the membrane

» Erythrocytes -10mV
» Fat cells -30mV
» Smooth muscle cells -60mV
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» The Nernst equation specifies the equilibrium voltage
between opposite sides of the membrane.

R . T l Cxa
11 -
o de Bl

L."Y = HL’?"}:_,*.F. - ﬂ,@x_,ﬂ = T

» Membrane voltage can be determined by using the
Goldman equation:

R-T I Pk - eki + PNa - eNai + Por - cole

F Py v exe+ Pa s e+ For»egus

By i
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» A temporary change-of membrane voltage occurs
upon cell excitation.

» In a nerve cell, the voltage drop is from -80 mV to -565
mV.

» For medical diagnoses, the most important are

electrical processes in the nerve tissue and cardiac
muscle.

Biomedicinskeé inzenyrstvi
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The process has the
following phases:
» Depolarisation

Transpolarisation
Plateau

Repolarisation

Y ¥V ¥V Y

Hyperpolarisation
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» Current sources represent a NakK pump.

» Voltage sources represent Nernst voltage for every
ion.

» Conductivities represent that ionic conductivity of
every element that is not linear.

intracelularni prostor
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» The model prowdes a quantltatlve descrlptlon of
nerve cell behavior during the action potential.

» The current |, constantly flows through the cell and is
called the leaking current.

intracelularni prostor
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Unmyelinated axon:
» The action potential is propagated by local currents.

» Local currents occur between the depolarised point of
the axon membrane and adjacent unpolarised

Excitation Prepagation thiieuighitherAxong

sections.
ie(t)
+ + +
S S
sireni
podrazdéni
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Myelinated axon:

» The size of local current loops is given by the distances
between the nodes of Ranvier.

» Here, the myelin sheath functions as electrical insulation.

» The speed of excitation propagation is up to 25 times
higher than in unmyelinated axons.

m_.
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Sifeni
podrazdéni
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> Through the axon, the action potential reaches the
presynaptic membrane, where it causes voltage

dependent channels to open for calcmm cations
Ca++. ™ bl &
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> Calcmm ions Ca++ flcrn.ﬂur through the presynaptlc
membrane in a cell, resulting in the release of a
neurotransmitter.

» The neurotransmitter diffusses through the synaptic
cleft to postsynaptic receptors.

» Receptors react to the presence of the
neurotransmitter by changing the permeability of the
postsynaptic membrane for some ions, which leads to
either its depolarisation or hyperpolarisation.

Biomedicinskeé inzenyrstvi
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Equivalent circuit with distributed parameters:
» The scheme is similar to a cable model of conduction.

» The model is axially symmetric.

» Itis assumed that the axon’s diameter is much smaller
than its length.

» The model only describes passive electrical properties.

Is(t}
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Equivalent circuit of an axon scheme:

intracelularni prostor
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Equivalent circuit with lumped parameters:

» Measurement on a very short axon section is
assumed.

» The impedance of axoplasma and extracellular
electrolytic solution are neglected.

» Values are relative to the membrane surface.
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Rheobase:

» The smallest current that would trigger an action
potential in a cell in a state of physiological rest if it
actuated for an indefinite period of time.

Chronaxie:

» The time over which a current equal twice the
rheobase would need to actuate in order to trigger the
action potential in a cell in a state of physiological
rest.

Biomedicinskeé inzenyrstvi
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The relationship of the magnltude and duration of an
excitation pulse:
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» Tissues of living organisms are composed largely of
water and complex compounds (carbohydrates,
proteins, fats,...).

» Tissues of living organisms are dispersive dielectric =
their conductivity, permittivity and permeability are
dependent on frequency.

» Their dependence on frequency is caused by the fact
that at higher frequencies, the dielectric does not
manage to polarize itself in accordance with the
changing magnetic field.

Biomedicinskeé inzenyrstvi



» Measured by a plate
condenser on various types
of tissues with a volume of 1
cmd.

Biomedicinskeé inzenyrstvi

107

1! X

107 R\—\“
10

107

10"

Moty f
107

107

0 Lt

A
107
10

Ko [0

10° L R

(i TR

107
10
10¢

' 19 1w0f 1" 10®

1 1 1
' 1¥ 10t 1 10

10" 10" 10" 10¥ 10"

bila hmata mozkovs

£ [Hz]

TR

Lin®

10%

Sl

10"

1 =
107 10’ 10 0¥ 0™ f[Hz]

jaterni tkar

10" 10¢ 10° 10° 10° 10% 107 10¢ 10 10" f[H2]

SR
10°

-107

1w’

10°

—5



=

BI;IIIE:I;IGIHBKE INZENYRSTVI F [ﬁ@q Uiein @y F’j @ [I@ g ['f‘fﬂﬂ @%ﬁ

‘i_F’ Nissues AJ,’

» At very low frequencies, the conductmty of tissues is
mainly given by the conductivity of extracellular
electrolytes. Conductivity depends on the volume of
electrolytes.

» At low frequencies (around 100 kHz), tissues show
alpha dispersion. Polarisation of larger structures
occurs. Permittivity drops by several orders.

» At radiofrequencies (100 kHz — 1 MHz), tissues show
beta dispersion. Polarisation of entire membranes is
evident. Impedance rises and permittivity decreases.

» In the range of ultra high frequencies (around 20 GHz),
gamma dispersion takes effect, caused by rotational
water relaxation. Water molecules reduce their rotational
energy.

Biomedicinskeé inzenyrstvi
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Effects on a cellular level:

» The current passing through actuates on a cell by
Joule heat.

» It is manifested either through electroporation or
dielectric membrane penetration.

» Electroporation:
» Artificial pores occur in the membrane.
» Itis used to introduce foreign DNA.

» Dielectric membrane penetration:

» The penetration does not have a destructive effect on
the cell itself.

."’.- 1 s
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Effects on the body:

» Most frequently, current passes between both upper
limbs or between an upper and a lower limb.

» Current flow depends on skin impedance; its value
ranges from 5 to 50kQ.

» Macroshock:
» The current passes through the entire body.

» Microshock:
» The current passes through an organ.

Biomedicinskeé inzenyrstvi
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» What types of exmtable cells do you know? Describe
their structure, specify the types of excitable
membranes and explain the manner of their response
to external stimulation.

» Describe the passive transport of ions through the
cellular membrane and its physical nature.

» Explain the operation of a NaK pump. What type of
transport does it represent and why?

» Explain the origin and significance of the membrane
voltage and its relation with the Nernst and Goldman
equations.

Biomedicinskeé inzenyrstvi
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» Explain the mechanism of the occurrence of an action
potential and its individual phases with a nerve cell
and a cardiac muscle cell.

» Explain the importance of the element of the cellular
membrane equivalent circuit and the Hodgkin-Huxley
model.

» Describe the transmission of a pulse through a
neuron and the synaptic transmission of a pulse;
draw respective equivalent circuits.

» ldentify the difference between the equivalent circuits
of an axon with lumped and distributed parameters.

BIOMEDICINSKE IHZEH"I’HSTHI
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» Explain the importance of chrona}ue and rheobase
and draw a graphical relationship between these
variables. Using a suitable equivalent circuit of an
axon, explain the relationship between chronaxie and
the time constant.

» Describe the dependence of electrical properties of
tissues on freqguency and its relationship to
dispersion.

» Describe the effects of electric current and voltage on
the body at the cellular and whole body levels.
Specify the differences between a macroshock and a
microshock.

Biomedicinskeé inzenyrstvi
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