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Neuronova doktrina (~1895)

Neurony jsou hlavni funkcni jednotky nervoveé tkane
a existuji jako fyzicky oddelené bunky.

2

Ramon y Cajal
1852 - 1934
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Za normalnich fyziologickych podminek existuje
rozdil elektrickych potencialil mezi vnitrkem a
vnhéjskem bunek.

Vnitrek je obvykle zaporneéjsi nez okoli.

Department of Physiology, 2" Faculty of Medicine, Charles Universit
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Klidovy membranovy potencial ‘
e O R
Swig- 8 O Maji ho vSechny

5. zivé bunky

2 Typické hodnoty:
od -40 do -90 mV

Zdroje
negativity:

* bilkoviny
- fosfaty

* Cl- uvnitr
 Na* vne
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Koncentrace iontu uvnitr a vné bunék

Molarni koncentrace iontu v ruznych prostredich
[mmol/l] — i eukaryotni bunky ‘plavou v mori’

lont More E. coli Lidska bunka Sérum

K+ 10 30-200 140 4

500 200 (free) 7-15 140
200 (bound)

50 100 (bound) 10 (bound)
0.6 (free)

10 10-4 10-5

560 100-200 9-30 100
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Rovnovazny stav: stejné koncentrace vsude

Toto plati pro ionty i nenabité castice
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Difuzi po konc. spadu Ize kompenzovat el. silou

Udrzujeme-li koncentracni spad,
castice se budou po ném stale
pohybovat

ALE pouze do okamziku, kdy
aplikujeme silu opacného smeru.
Tato sila muze byt elektrostaticka
a jeji velikost Ize spocCitat pomoci
Nernstovy rovnosti:

i

N | R .
E _A 1 ! 1z kde [K*], a [K*]; jsou
eq, Kt — | R r471 !  koncentrace Estic na jedné
EF f’i 1 a druhé strané membrany

(vné a uvnitr bunky).

Copyright © 2012 Ludék Nerad
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Pridejme zaporny naboj do praveé poloviny...

Jsou-li cervené body kationty
a opusti-li jich N pravy objem,
cimz jej zanecha zapornéjsim
0 hodnotu Eg, k., pak dalsi
kationty nebudou opousteét
pravou polovinu. Obeé sily
budou v rovnhovaze.

Nernstova rovnost odpovida na otazku:

Jaky elektricky potencial musime postavit proti iontum,
pohybujicim se po jejich znamém koncentracnim spadu,
abychom jejich pohyb zastavili?

opyright © 2012 Ludék Nerad
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Pro kazdy iont a jeho koncentrace existuje Eeq

2 Nernstova rovnost (rovhovazny potencial)

RT K11, [K*], =4 mmol/l
ey — — In - o [K*]; = 140 mmol/I
2B KT Eoq ks = -90 MV

- Goldmanova rovnost (P, — propustnost pro iont X)

A PH"‘ .Pj\l'ﬂ'l‘

E .ﬂ'+ I r .EI ==
eq, i ! eq,Nat 7 eq,Cl
P fort -P fort -P fort

Ly,

napf. E., = 0.95%(-90) + 0.3%(67) + 0.2%(-86) = -82.6 mV.

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
Jgriit_ & _ZU o _LUJEK INeldd _
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Jak se klidovy membranovy potencial tvori?

CI
w0
e fa
" e

il A
'.\. ) 4 ’.‘

Extracellular

& Intracellular

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
U S _LUJER /Nerdd __

Nekompenzované
kladné naboje vné
bunky

a

nekompenzovaneé
zaporné nahoje
uvnitf bunky

se fyzicky srovnaiji
na povrchu
bunécné stény,
pfitahujice se
navzajem pres
tuto stenu.
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Plazmaticka membrana je kondenzator

kde e
Uc Je napeti ” WCI
Q je celk. naboj
C Je kapacita w
@ .

Cm - 1 ”F/ Cm2 ;.)';;raceuular - Intracellular
K vytvoreni U = 100 mV, je tfreba jen 6000 iontu,
jez zaujmou plochu 1 ym? na povrchu
membrany.

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
Jgriit_ & _ZU o _LUJEK INeldd
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Zaporna zpeétna vazba k udrzeni N. potencialu

Jak bunka vi kolik nekompenzovaného naboje ulozit
na bunéénou membranu? Pro¢ pocet takovych naboju
presné odpovida Nernstoveé potencialu?

Je-li pocet deponovanych

nabitych ¢astic velky, tj. wo ¥

vytvarejici napéti vy$sinez | o

je Nernstuiv potencial, B

momentalné volné naboje | & <

budou tazeny zpet touto N

silou do buiiky, kde v

zneutralizuji cast aniontu Bl G A

na membraneé. A naopak. Extracellular 2222 W intracellular

Department of Physiology, 2 Faculty of Medicine, Charles Universit
Jgriit_ & _ZU o _LUJEK INeldd __
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Co si pamatovat..

Plazmaticka membrana 9 Opacna strana
je propustna predevsim membrany je pokryta
pro K* vrstvou Na*

{E:%Lzzlj?nmg]l?lm 3 Velké objemy jsou
elektroneutralni
2 Plazmaticka membrana
je kondenzator
4 Elektrostaticka sila

klesa na nulu po 2 nm
smerem od steny

4 Membranovy potencial
vytvari maly pocet iontu

K* je puzen z bunky
koncentracnim spadem
Negativni bilkoviny jsou
pfedevsim v burice |
Organickeé anionty
nevykompenzované K*
Inou k bunécné stéene

Department of Physiology, 2 Faculty of Medicine, Charles Universit
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Jak komunikuji neurony: Jednosmérna komunikace

. neuron cell body
? 3 synapse
!’“ : : |
&) e
' nucleus
axon of | t""’
previous axon / s
Heuron I-"
neuron cell body 2=
. ™
nucleus :
/ axon dendrites of
/ tips ~ Mext neuron
g — .—F"f
ynapse A O electrical !
" signal
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Vedeni elektrického signalu v neuronech

41 Jednoduché

1 Vedeni v objemu

- Vedeni po povrchu

41 Slozite

5 Sifeni formou viny

Copyright © 2011 Ludék Nerad
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Vedeni signalu v dendritech — postsynaptické potencialy

30myv

-15mv

-70mv

Graph of Neuron Stimulation = PSP maji ruzné
amplitudy

5 2--PSP se Siri

s dekrementem

[T e 2 PSP jsou aditivni

2 PSPs jsou rychlé

42 PSP ‘nedosahnou’
dale nez 2 mm

PSP PSP zavisi na

typu synapse

blue: inhibitory stimulation  red: excitatory stimulation

Copyright © 2011 Ludék Nerad
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Akcni potencial

Fack
potential

- =70 my

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
& _ZUTo_LUJEK /NeTdd




R ST

Obecna Neurofyziologie

Definice akéniho potencialu

= docasné otoceni
elektrického

potencialu na bunécneé stene, |
ke kteremu dochazi lokalneé pri .
depolarizaci membrany nad "l-....
prahovou. uroven.

Department of Physiology, 29 Faculty of Medicine, Charles Universit 5
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Kde se vyskytuje ak€ni potencial?

Svalové bunky

70to +40 mV  J&& myokardu:
3ms &/ = A -60 az +10 mV
(2o 300 ms

Kosterni sval:
-95 az +20 mV
5 ms

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
Jgriit_ & _ZU o _LUJEK INeldd ____
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Sodno-draselna pumpa
(Na*/K*-ATPaza) obnovuje
klidoveé rozlozeni naboje

1 ATP

2K*

-70 mV

Department of Physiology,
LU Oo_LUJeR INerTdd __
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Refraktorni periody

2 Absolutni refraktorni perioda
- inaktivacni hradlo zavrené

et
P tervtial

~FO MWV - e 7
I X J Relativni refraktorni perioda
& - membranovy potencial je
- dale od prahové hodnoty
Rest

potervtial

=l s -
-F0

Department of Physiology, 2 Faculty of Medicine, Charles Universit
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Sifeni akéniho potencialu

Ortodromni :ZA
(normaini) , ).
2

= = A

1 Antidromni k
(experimentalné) o

_ ’*,

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
Jgriit_ & _ZU o _LUJEK INeldd __
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“Backpropagation” a soubézna aktivace

Department of Physiology, 2’9 Faculty of Medicine, Charles Universit
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Saltatorni vedeni (viz. tento Clanek: )

o

2 velka hustota napétim
ovladanych kanalu
v Ranvierovych zarezech :

£ §}% 2 rychly prenos signalu |
ﬂQ@W \ mezi Ranvier. zafezy
Node of Ranvier T
o\ X4 G j) e T

. Na*

O Dt:apolarizatlcg_X \ \O—k\ \3 [©) g C\O_O\O—O\?;Q\G | O)

Na* Nat

Department of Physiology, 2'¢ Faculty of Medicine, Charles Universit
% & _ZUTo_LUJEK /NeTdd
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Pasivni €ast saltatorniho vedeni. Problémy hypoteéz.

4 Elektromagnetickeé pole — sireni rychlosti svétla

1.>100 m/s
' : : 2. dekrement
3. preslechy

. Tok |ontu po koncentracnlm spadu

A \ X \M\O S \\H\H\H\ 1.<100 m/s
e == e

4 Elektrostatické posunovani sekvence iontt

0+0+0+0+0+Q)| s

Department of Physiology. 209 Faculty of Medicine. Charles Universit
yrigric. © U TS _LUJER /INeldd
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Saltatory Conduction as an Electrostatic Compressional Wave in
the Axoplasm

Tetsuya Akaishi'?

'Diepartment of Neurology, Tohoku University Graduate School of Medicine, Sendai, Mivagi, Japan
‘Diepartment of Neurolooy, Yonezawa Mational Hospital, Yonezawa, Yamagata, Japan

Saltatory conduction is an essential phenomenon to facilitate the fast conduction in myelinated nerves. The

- (] (] - (] L (] W LI cl L]
distance between adjacent Ranvier’s nodes is far larger than the axonal diameter. Though the exact mechanism of
saltatory conduction is not known yet, we can estimate that the nerve conduction in myelinated nerves take place on the

from one node to the next will not be increased. In other words, we cannot explain the saltatory conduction by direct
remote electrostatic force from the inflowing sodium ions at one Ranvier’s node to the 1ons at the next.

(A EF RN nh W CACH N S LA (A A X LS T T e S W Al % [

the strength of the wave. Also, the internodal length would be important for the faster conduction in larger
cult to suppose. Instead, a

compressional wave of electrically-charged ion particles will transmit the potential change to the distal resting node,

Kevwords: electrostatic interactions: internodal length; myelinated nerves: saltatory conduction; voltage-gated
sodium channel
Tohoku J. Exp. Med.. 2018 February, 244 (2), 151-161. © 2018 Tohoke University Medical Press
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Klasifikace nervovych viaken - axonu

Nerve Fiber Classificaton

Fiber Function Diameter | Conduction
Type Velocity
Aa Proprioception, 10-20 50-120
somatomotor, touch

AB Touch, pressure, extrafusal 4-12 25-70

Ay Motor to muscle spindle 7.9 10-50

Ad Pain (esp cold) 1-5 3-30
Preganglionic autonomic 1-3 3-15
Pain/temp/postganglionic <1 <2

autonomic/mechanoreceptor

Department of Physiology, 2" Faculty of Medicine, Charles Universit 5
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Rychlost vedeni je pfimo umérna priumeéru axonu
Primary Afferent Axons

vice kanalu ‘

Axon Type Aa Ap

Diameter (pm) 13-20 6-112
Speed (m's) §0-120 35-75

Department of Physiology, 27 Faculty of Medicine, Charles Universit
: opyrigric. © U S _LUJER _/Neldd I _ —
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" ProcC je dobré miti saltatorni vedeni..

-— S— T,
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