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V=60*log ([K+]e/[K+]i)

Músculo sartorio de rana
Conway, 1957

Vm = -72 mV

8 120

COMPOSICION CELULAR (mM)

ION
INTRA-

CELULAR
EXTRA-

CELULAR
+

+

Cl-

Ei

-71
Na 15 150 +60
K 150 5 -89

Cl-
K+ K+

Cl-

S

+-

X

µA = µ0 + RT*ln(aA) + z*F*V

1µK = µK
0 + RT*ln[K]1 + z*F*V1

2µK = µK
0 + RT*ln[K]2 + z*F*V2

En Equilibrio, 1µK = 2µK

RT*ln[K]1 + z*F*V1 = RT*ln[K]2 + z*F*V2

zF*(V1-V2) = RT*ln{[K]2/[K]1}

(V1-V2) = (RT/zF)*ln{[K]2/[K]1}

(V1-V2)  = 60*log {[K]2/[K]1}

[K+]i/[K+]e = 10, Vm = -60 mV ;

[Cl-]i/[Cl-]e = 10, Vm = + 60 mV 

Potencial de Equilibrio. Ecuación de Nernst
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Potencial de Difusión. Ecuación de Goldmann

(V1-V2) = (RT/F)*ln
K2*PK + Na2*PNa +Cl1*PCl

K1*PK + Na1*PNa +Cl2*PCl

((V1-V2) = -60*log
Ki*PK + Nai*PNa +Cle*PCl

Ke*PK + Nae*PNa +Cli*PCl
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La apertura de un canal de Na+ despolariza la membrana
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I=V/R=V*g

Ix=(Vm-Ex)/Rx

Modelo de Hodgkin&Katz

•Condensador = 1 µF/cm2 (C=Q/V)
•Resistencias + Baterias en paralelo
•Flujo = Corriente (EMF=Ei)

Em =
gK*EK +gNa*ENa +gCl*ECl

gK+gNa+gCl

I = V/R = V*g

Ii = gi * (Em – Ei)

INa = gNa * (Em – ENa);  IK = gK * (Em – EK);  ICl = gCl * (Em – ECl)

At equilibrium, ITotal = INa + IK + ICl = 0

gNa * (Em – ENa) + gK * (Em – EK) + gCl * (Em – ECl) =0

Em * (gNa + gK + gCl) = ENa*gNa + EK* gK + ECl*gCl

Em = (ENa*gNa + EK* gK + ECl*gCl)/ (gNa + gK + gCl)

Em = (Ei*gi)/gTotal (Eq. Hodgkin & Huxley)
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Bases iónicas del potencial de acción

PA

Conductancia

•1902, Bernstein:  Permeabilidad inespecífica  Colapso de Vm

1939, Curtis & Cole: gm durante PAP. 
Iónica tanto durante la despolarización
como durante la repolarización

•1939, Hogkin & Huxley: Potencial
positivo durante el pico: ENa es el único
potencial de equilibrio adecuado.
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½ Na+
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•1949, Hodkin, Huxley & Katz: Efectos del 
Na+ extracelular sobre el PA  Entrada de 
Na durante el pico.                                 
Entrada de 22Na durante el PA

•1952, Hodkin & Huxley: Pinzamiento de 
potencial.

Pinzamiento 
de potencial

Hodgkin, Huxley & Katz, 1952
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El canal 
de Na+

Neher & Sakmann

Nobel Prize 1991
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Voltage-dependent potassium channelSeizure

Voltage-dependent calcium channelTimothy syndrome

various potassium channels suspectedShort QT syndrome

Ligand-gated non-specific ion channelsRetinitis pigmentosa (some forms)

Voltage-gated sodium channelParamyotonia congenita

variousNonsyndromic deafness

Voltage-gated potassium channelNeuromyotonia

Voltage-dependent chloride channelMyotonia congenita

Ligand-gated sodium channelMyasthenia Gravis

Non-selective cation channelMucolipidosis type IV 

Ligand-gated calcium channelMalignant hyperthermia

VariousLong QT syndrome

Voltage-gated sodium or calcium channelHypokalemic periodic paralysis

Voltage-gated sodium channelHyperkalemic periodic paralysis

Voltage-gated sodium channelFibromyalgia

VariousFamilial hemiplegic migraine

Voltage-gated sodium channelGeneralized epilepsy with febrile seizures

Voltage-gated sodium channelErythromelalgia

Voltage-gated potassium channelEpisodic Ataxia 

Voltage-gated sodium channelDravet Syndrome

Chloride channelCystic fibrosis 

Inward-rectifier potassium ion channelCongenital hyperinsulinism

various, by typeBrugada syndrome

various by typeBartter syndrome (limb of Henle)

Channel typeCondition

Channelopathies

+++++++

- - - - - -

+++++++

- - - - - -

+++++++

- - - - - -

+++++++

------

+++
- - -

+++
- - -

+++
- - -+++

- - -
+++
- - -

+++
- - -

CONDUCCIÓN DEL POTENCIAL DE ACCIÓN
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A B C

LLOYD
TIPO DIAMETRO (µm) V. Conduccion (m/s) Subtipo Tipo

A 2 a 20 12 a 120  I
 II

 III

B <3 3 a 15 --
C 0,4 a 1,2 0,2 a 2,5 IV

CLASIFICACION DE ERLANGER Y GASSER

Tipos de fibras nerviosas

PRESION: A>B>C

COCAINA : C>B>A

HIPOXIA: B>A>C
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PIEL DE RANA
A gua du lce  (A p ica l) M ed io  in te rno  (B asa l)
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RESISTENCIA

(TIGHT)
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RESISTENCIA ALTA

>108 ΩΩΩΩ/cm2
BAJA

<100 ΩΩΩΩ/cm2

POTENCIAL 
TRANSEPITELIAL

ALTO
>40 mV

BAJO
<5 mV

TRANSPORTE Hipertónico
Alto gradiente

Isotónico
Bajo gradiente

TASA DE 
TRANSPORTE

BAJA ALTA

EJEMPLOS Túbulo distal
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Piel de rana
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Túbulo proximal
Intestino
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