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Nernst equation

We can define the electrochemical potential as:
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[K]=140 mM

[Na]=10 mM

[K]=4mM

[Na]=140mM

E=-80 mV Na

Calculations with the Nernst equation indicate 
that [Nai] should = 3,434 mM if it is at electrochemical

equilibrium. 

ATP ADP+Pi

Nao

Nao

Nai

-80mV

KiKo

Na Pump Maintains the Inward Na Gradient
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[Ca]=100 nM [Ca]=2mM

E=-80 mV Ca

Calculations with the Nernst equation indicate 
that [Cai] should = 1,176 mM if it is at electrochemical

equilibrium. 

Expected [Ca]=1,176 mM

45Ca

Extrusion not blocked by CN but depended on Nao

Ca

Na

Squid Axon

Blaustein and Hodgkin (1969)
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Ohms Law I=gV

  

ENa=RT
zF

ln
[Na+]

o
[Na+]

o

+65mV

[Na]I=10mM

[Na] o=140mM

ENa=+65mV

Driving Forces

Net Driving Force(mV)=Em+(-ENa) 
Or Em-ENa (mV)

Force Driving
Diffusion=-ENa 

Electrical Driving Force
=Em (mV)

[Na+]i=10mM [Na+] o=140mM

Em=-80mV
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Net Driving Force(mV)=Em-ENa (mV)

From Ohms Law Na current ,INa (ion flux) will be
given by:

INa=gNa(Em-ENa)

When Em=ENa     INa=0

By changing Em until INa=0 we can find ENa.

Ohms Law and Electrophysiolgy
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IK=gK(Em-EK)
INa=gNa(Em-ENa)
ICl=gCl(Em-ECl)

IK+INa+KCl=0

  

!Em=
g

k

g"
E

k
+

g
Na

g"
E

Na
+

g
Cl

g"
E

Cl

Where 
  

g! =g
K
+g

Na
+g

Cl

At the steady state (resting membrane) when there 
is no net current:

For K, Na and Cl:
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Action Potential from Different Cells
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The “sodium theory” of the action potential

Action potentials exhibit an overshoot. Thus the peak of the action potential

is well above zero. Hodgkin and Katz suggested (in 1949) that this was due to

a rapid and selective increase increase in the permeability towards sodium.Thus

gNa transiently becomes much greater than gk .How can this idea be tested?
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Depolarization

Increase in gNa

Na flux

Positive Feedback

I=Cm
dE

dt
+I
i

Current flowing through the axon 
membrane is assumed to consist of 
capacity current and Ionic current.

If the voltage is held constant  i.e
The membrane is clamped dE/dt=0
and the membrane current =ionic current
i.e I=Ii
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Voltage Clamp
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The potential at which the initial (Na current) is neither inward nor outward
is the reversal potential ENa for the Na current i.e about 117 mV.
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From traces of Na current as a function of time we can obtain
gNa by using the equation INa=gNa(E-ENa). ENa is the potential at 
which the current is nulled.


