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Inima= pompa sofisticata!
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Automatism
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Semnal electric intrinsec (xextrinsec?)
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Semnal 1onic + molecular

=== Forta contractila



Potentialul de membrana (Em)

Valoare = -90mV
» 1.Concentatia ionica transmembranara
« 2.Conductanta (permeabilitatea) ionica

« 3.Pompele electrogenice:
-Na*/K* ATP dependenta
-Pompa de Ca**



Concentratia ionica

* Na*, K*, Ca*, CI
« Canalele ionice:
-Deschise:(active) , voltaj dep.

. -Tnchise:(inactive)<‘activare
SheSIRal receptori, ligand dep.

'|' (0.001 mM) f

| Na*
Na* / (145 mM)

' \ (20mM) j

Secventializare + Coordonare

Potential de membrana—— Potential de actiune




Conductanta ionica

* Ionul permeabil =ion determinant in Em
Em=9g'K EK +g'NaENa+ g'CaECa+ g'Cl ECI

b/

g’x*=conductanta relativa (gy/01.15)

EX * =potentialul de echilibru al 1onulu1 X *

Em=9g'K (-96 mV) + g'Na (+50 mV) + g'Ca (+134 mV) + g'Cl (-90 mV)

EK =-61 log [K+]i / [K+]o =-96 mV



Pompa Na*/K* ATP-dependenta

* Mentine gradientul
lonic transmembranar

 Consum de energie

« Activitate
electrogenica

« Sensibila la Hipoxemie
* |Inhibata de digitala




Pompa si “schimbatorul” de Ca**

« Realizeaza scoaterea
Ca++ in exces din
celula

« Consum de energie!

e 2 mecanisme
suverane (1+2)

1=ATP-dependW ° Un mecanism de

2 = Na'/Ca™ exchanger (3:1)

3 = Na'/K"-ATPase pump (3:2) CcO ntrOI (3)




Potential de actiune (PA)

* PA al miocitelor “de lucru”
* PA al miocitelor “pacemaker”

/Nerve Cell
e« Caracteristicl intrinseci
aparte:
— Durata PA

— Tipul si momentul interventiel
lonilor in geneza PA




PA al miocitelor pacemaker

disc

fi /

* Celulele pacemaker
— Mai scurte decit

celulele contractile
— Contin putine miofibrile [ | T;;VI«/'-ﬁ’?eé‘ﬂ;e"‘:?”jdl,'_cere“ «
— [Fele) Sl el boart contoctl A i
sarcomerica
— Nu dezvolta forta
contractila

— Potential de membrana
instabil (-60mV) si ) %
miogenic ("upward drift" Celulele NS
— atingerea -40mV)

Celulele AV



PA din nodul sinoatrial

NSA= pacemakerul primar

 Faza 4 = depolarizare
spontana lenta

 Faza O = depolarizare
spontana rapida
 Faza 3 = repolarizare

« Canale ionice implicate:

— Canal de Na (“funny” currents)
— Canal de Ca** (“transient” -T)
— Canal de Ca* (“long lasting™-L)

Em = g'K* (-96 mV) + g'Ca** (+134 mV)
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PA din nodul sinoatrial

Threshold

Action
potential

Pacemaker
potential

<—Ca?* channels close,
K* channels open

Lots of Ca?*
channels

®._Some Ca?*
channels open,

If channels close I¢ channels

If channels open
open +
K™ channels close

Time ——>

(a) The pacemaker potential
gradually becomes less negative
until it reaches threshold,
triggering an action potential.

Time ——>

(b) lon movements during an action
and pacemaker potential
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Time —>

(c) State of various ion channels




« Afectarea activitatii de pacemaker din
nodul SA

— Activitatea simpatica

* NE si E cresc activitatea canalelor I

— Legarea de receptorii B, adrenergici activeaza CAMP si
cresc durata deschiderii canalelor I

 Cresc potentialul de pacemaker si rata de
descarcare a potentialelor de actiune.

Activitatea simpatica: Normal 7 Sympathetic stimulation -

Efect cronotrop pozitiv
Tfrecventei cardiace

Efect dromotrop pozitiv
Tconducerea PA
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Efect inotrop pozitiv
Tcontracti"tatea Depolarized More rapid depolarization




» Afectarea activitatii de pacemaker din nodul
SA

— Activitatea parasimpatica
» ACh legata de receptorii muscarinici

-Creste permeabilitatea K* si scade pe cea a Ca?*
= hiperpolarizarea membranara

* Prelungirea timpului de atingere a valorii de
prag = scaderea ratei de descarcare a PA

Activitatea parasimpatica:

Normal Parasympathetic stimulation

:

N
o

Efect cronotrop negativ
recventa cardiaca

o

Efect dromotrop negativ
{ viteza de conducere a PA
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Efect inotrop negativ
- \Hyperpolarized Slower depolarization
d contractilitatea




PA din miocitele non-pacemaker

Ventricular Ce

200 m=s

* Potential de mebrana~ Em K*

« Faza 1 =repo
 Faza 2 =repo
« Faza 3 = repo

« Canale ionice

 Faza O = depolarizare

arizere initiala
arizere platou
arizare finala

 Faza 4 = potential de repaus

— Canal rapid Na*

— Canale K* (faza 1 si faza 3)
— Canal L Calciutt

Em = g'’K* (-96 mV) + g'Na* (+50 mV) + g'Ca** (+134 mV)




Perioada refractara a miocardului
de lucru

* PA al muschiului scheletic vs. PA al
miocardulul contractil

SKELETAL MUSCLE CARDIAC MUSCLE
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(a) Skeletal muscle fast-twitch fiber: The refractory (c) Cardiac muscle fiber: The refractory
period (yellow) is very short compared with the amount period lasts almost as long as the entire
of time required for the development of tension. muscle twitch.




Perioada refractara

* Faza prelungita de platou previne sumatia
stimulului contractil datorita perioadel refractare
extinse.

« Fara capacitate de sumatie = nu tetanus!

CARDIAC MUSCLE

CARDIAC MUSCLE
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(c) Cardiac muscle fiber: The refractory
riod lasts almost as long as the entire
e 9 (d) Long refractory period in a cardiac

muscle twitch.
muscle prevents tetanus.




ECG & Membrane Potential of Ventricular Cell

mv 1

Overshoot -

(Internal - external

potential) = -90 p
0 _ , Relative
Absolute refractory period refracto 300 ms
FastNa'-channels are closed |period
i | l

Fig. 11-2 Steep phase 0 means rapid depolarisation KMc




Membrane
potential

Events leading
to threshold
potential

Rising phase of
action potential

Repolarization
phase

Hyperpolarization

Duration of
action potential

Refractory period

Potentialul de actiune

Muschiul scheletic vs. Muschiul cardiac

Comparison of Action Potentials in Cardiac and Skeletal Muscle

SKELETAL MUSCLE

Stable at =70 mV

Net Na* entry through ACh-
operated channels

Na' entry

Rapid; caused by K" efflux

Due to excessive K efflux at high

K" permeability when K™ channels
close; leak of K" and Na" restores

potential to resting state

Short: 1-2 msec

Generally brief

CONTRACTILE MYOCARDIUM
Stable at —90 mV

Depolarization enters via gap
junctions

Na' entry

Extended plateau caused by
Ca’" entry; rapid phase caused
by K" efflux

None; resting potential is
—90 mV, the equilibrium poten-
tial for K*

Extended: 200+ msec

Long because resetting of Na'
channel gates delayed until
end of action potential

Copyright © 2009 Pearson Education, Inc.

AUTORHYTHMIC MYOCARDIUM

Unstable pacemaker potential;
usually starts at =60 mV

Net Na“ entry through ¢ chan-
nels; reinforced by Ca?" entry

Ca’' entry

Rapid; caused by K" efflux

Normally none; when repolariza-
tion hits —60 mV, the I; channels
open again. ACh can hyperpolar-
ize the cell.

Variable; generally 150+ msec

None




Conducerea normala a impulsului
electric

S A T « Secventa conducerii AV
, — Atrii: 0,5m/s

— NAV:0,05m/s

— Hiss+ramuri: 2m/s

— Reteaua Purkinje: 4m/s
* Depolarizare atriala = 0,09s
* Depolarizare ventriculara =0,23s




Cum se face conducerea
intramiocardica intercelulara?

Gauri jonctionale=hemicanale=conexoni

Stressul+Hosmolaritatea+factori
metabolici mentin statusul “deschis”

Cx 40 si Cx 45 in sistemul de conducere

Cx 43 ubig. g o -

o

P

.00
0g0/0g

John S et all Acta Physiol Scand 2003, 179, 23-31




Reglarea conducerii intramiocardice

ocyte and Purkinje Cell
Action Potentials

Sympathetic V
.

agal

Nodal Cell Action Potentials

Effects of Parasympathetic (Vagal)
and Sympathetic Nerve Activation
on Conduction Velocity

« Sistemul nervos autonom:
— SNV Simpatic: dromotrop pozitiv
— SNV Para$S (vag):dromotrop negativ
« Stari patologice, medicamente
— Ischemia
— Antiaritmice: chinidina, anticalcice



Cuplarea excitatiei cu contractia
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Cuplarea excitatiei cu contractia

—————<]
Cardiac Myocyte H

Ca”

Myosin /
‘ " // “
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Miozina cu site-uri ATP



Structura miocitului cardiac

sarcomere

* 25 ym diametru

* 100 uym lungime

» Miofibrile

« Miofilamente

e Sarcomere

* Proteine contractile
* Proteine reglatoare

Figure 1. Cardiac myocyte composed of myofibrils,
each of which contains myofilaments. The sarcomere
lies between two Z-lines.




Structura sarcomerulul

« Delimitat de liniile Z

* Filamente subtiri Actina

* Filamente groase
Miozina

* Linille M

 Banda A

 Banda |




Interacfiunea miozina-actina

Troponin T

/Tropomn C

a-fropomyosin

Myosin
light chain

Cardiac 3-myosin
heavy chain




Proteinele reglatoare ale sarcomerului

At the Crossroads of Myocardial Signaling

The Role of Z-Discs in Intracellular Signaling and Cardiac Function

W. Glen Pyle, R. John Solaro
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Concluzi

1.Pompele ionice sunt esentiale in geneza si
mentinerea potentialelor de membrana si de
actiune miocardice.

2.PA al miocitului cardiac, difera de cel al fibrei
musculare scheletice.

3.Na* este ionul determinant al PA in miocitul
“de lucru”, iar Ca*™* in celulele pacemaker. lonul
de K* este determinant al repolarizarii
miocardice.

4.Contractilitatea si relaxarea sarcomerului este
sub control local intrinsec, neurogen autonomic
si metabolic extrinsec.




