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Plasma 

Membrane of 

Excitable 

Tissues  

The membranes of our cells are 

separating two compartments. The 

potassium concentration is great 

inside the cell but very low outside. 

While sodium’s concentration is very 

high outside and low inside the cell.   

  

  

  

*the concentration values are not fixed, these are 

the approximal values mentioned by the doctor.  

  
  Inside   Outside   

Na+  14mmol/l  140mmol/l  

K+  150mmol/l  5mmol/l  

Therefore, there is a high tendency for sodium to move from outside to inside, as a 

sequence for the concentration gradient. Also, we have a very high tendency for potassium 

to move from inside to  outside.   

Let us assume that the membrane in this instance is permeable to potassium ions but not 

to any other ions. Because of the large potassium concentration gradient from inside 

toward outside, there is a strong tendency for extra number of potassium ions to diffuse 

outward through the membrane until they reach equilibrium (more specifically CHEMICAL 

EQUILIBRIUM). As they do so, they carry positive electrical charges to the outside, thus 

creating a MEMBRANE POTENTIAL. This potential is negative inside and positive outside 

and is preventing more potassium ions to diffuse.so the whole equilibrium will be 

electrochemical equilibrium.   

 What happens if we assumed that the membrane is only permeable to sodium?  

(following)  
  



 

 

 

  
  

Sodium ions will diffuse from outside the cell to the inside by the concentration gradient. 

Moreover, this movement will create a membrane potential that is positive inside and 

negative outside. The potential created by sodium diffusion is around +61mV and by 

potassium ions around -94mV (the sign refers to the sign inside with-regard-to outside).   

  
  

• if the membrane was permeable for both sodium and potassium → the potential will 

be negative inside with-regard-to outside.  

• if the membrane was permeable for calcium (Ca+2) → the potential will be positive 

inside with-regard-to outside.  

 



 

 

 

Usually, in excitable cells, such as neurons and muscle cells, the permeability for potassium 

ions is 200 folds more than for sodium ions. Therefore, the potential will be negative inside 

with-regard-to outside.   

  

Electrical properties of the plasma membrane  
 We can think of the membrane of our excitable cells as current circuits. Why?  

Firstly, they work as capacitance (separating our charges).  

Secondly, ions are charged particles, so we have what we call currence (ionic currence 

could be sodium currence, potassium currence,…).  

These currencies are maintained by the membrane permeability, since the lipid bilayer is 

highly resistance. So, we have resistance, conductance, membrane capacity and currence 

→→→ a COMPLETE CIRCUIT.  

  
Extra explanation from google   



 

 

 

An RC circuit is defined as an electrical circuit composed of the passive circuit components of a resistor (R) and 

capacitor (C), driven by a voltage source or current source.  

  

* The question now, can we calculate the membrane protentional?  

Here comes the Nernst Equation  

  

R (gas constant) =8.314472 (J/K.mol)  

T (absolute temperature) = t °C +273.15 (K) 

Z (valence, Na+=+1)   

                                                                     F (Faraday’s constant) = 9.6485309 ×104   

                                                                     (C/mol)  

                                                                     [C]out (outside concentration, mM)                                                                      

[C]in (inside concentration, mM)                                                                      

ln: the natural logarithm  

*Remember that this potential is just across the membrane (not across the whole cell).  

*The potential is an equilibrium potential.  

*There are two forces directing the movement of ions: chemical force (concentration 

gradient) and electrical force(the potential that is created from the movement of ions at 

equilibrium and is calculated by the nernst equation[for specific ion] ).  

*If we want to change ln to log, we multiply by 2.3  

*further explanation about the Nernst equation from the book:  

The Nernst Equation Describes the Relation of Diffusion Potential to the Ion Concentration 

Difference Across a Membrane. The diffusion potential level across a membrane that 

exactly opposes the net diffusion of a particular ion through the membrane is called the 

Nernst potential for that ion. The magnitude of the Nernst potential is determined by the 

ratio of the concentrations of that specific ion on the two sides of the membrane. The 

greater this ratio, the greater the tendency for the ion to diffuse in one direction, and 

therefore the greater the Nernst potential required to prevent additional net diffusion.  

  



 

 

 

   

Electro-chemical Equilibrium  

 

∆Gcon(the difference in energy generated by the concentration gradient)  

∆Gvolt (the difference in energy generated by the voltage across the membrane)  

-The whole process is about replacing the values and the negative sign in the equation 

comes from the opposite directions of the two variables.  

-F, R and T are all constants, we can replace them with their numerical value and the 

equation becomes →→→    

 In   

this equation the potassium was considered as the specific ion (and it applies for any other 

ion but don’t forget to consider the valence).  

If the cell was only permeable to potassium (after doing the calculations), the potential will 

equal to (-94mV).  

If the cell was only permeable to sodium (after doing the calculations), the potential will 

equal to (+61mV).  



 

 

 

  

  

E(mV) = -61.log (Cin/Cout) →from log characteristics .  

E=equilibrium potential for univalent ion.  

Ci = concentration inside the cell.  

Cout = concentration outside the cell.  

*further explanation from the book:  

When using this formula (Nernst equation), it is usually assumed that the potential in the 

extracellular fluid outside the membrane remains at zero potential, and the Nernst 

potential is the potential inside the membrane. Also, the sign of the potential is positive (+) 

if the ion diffusing from inside to outside is a negative ion, and it is negative (−) if the ion is 

positive. Thus, when the concentration of positive potassium ions on the inside is 10 times 

that on the outside, the log of 10 is 1, so the Nernst potential calculates to be −61 millivolts 

inside the membrane.  

  

-We can know the equilibrium potential either by calculations or from scientific 

experiments.  

  

-the values may be slightly different.  

-you can try calculating the potential to ensure their accuracy!  

  

  



 

 

 

Our cell membranes aren’t permeable for a 

single ion, but many ions, each ion has a 

different permeability (high for K+, low for Cl- 

and Na+).  

  

  

  

We can calculate the potential which can be 

created in this case by assuming the 

permeability for these ions by this equation. 

Valence Cl- is -1, valence for Na+ is +1   

By taking into consideration the valence you 

must switch between outside or inside.  

  

The effect of Cl- moving from outside to inside 

is like potassium moving in the reverse 

direction. The effect of a negatively charged 

particle is reversal to the effect of a positively 

charged particle. In addition to calculating 

membrane potential, we can measure it 

(voltage difference) by an instrument 

(voltmeter).  

  

The membrane potential that can be generated by adding permeability for 

many ions in our cells is called resting membrane potential. Its negative inside 

the cell and positive outside at rest. Proteins inside are neutralized by positive 

ions, inside cells everything is electroneutral, but only across the membrane the 

inside is negative compared to the outside due to the permeability (the 

determinant for the potential which can be created across the membrane is the 

high permeability for what ion. Once potassium moves from inside to outside, a 

potential close to -95 mv is created not -95 mv because the permeability of K+ is  



 

 

 

200 times more than that of Na+ (which creates a potential close to the 

equilibrium potential of K+ around -94 difference in permeabilities leads to 

different rest potentials between different cells, for example, excitable cells 

have higher permeability for K+ (rest potential close to -94mv) skeletal muscle 

cells (excitable cells) can generate up to   

-70 mv (due to lower permeability for K+ or a little bit higher for sodium).  

The main determinant in getting membrane potential generated is activity of 

potassium channels.  

Potassium channels are active at rest potential to get generation of resting 

membrane potential, so proteins have no call in determining the rest membrane 

potential.  

Some non-excitable cells have rest potential around 0 or even positive inside 

with regards to outside.   

Excitable cells generate a resting potential close to the equilibrium of K+.  

Electrogenic pump  Na+ / K+ pump because it pumps 3 Na+ outside and 2 K+ 

inside. If that pump is working alone, it can make a potential around -4 mv, 

K+/Na+ currents -85 mv *-85 + -4 = -89 mv* (around -90 mv).  

At rest very high permeability for K+ and very low for Na+.  

Na+ permeability increases by channels increasing conductors for Na+ makes the 

potential less negative, assume all Na+ channels are activated, the potential will 

try to reach +61 mv, but it is prevented, after that it could only reach +35mv.  

  

  

  

  

  

  

  

  

  



 

 

 

  
We have other types of channels (the voltage-gated channels), they can be 

activated at certain voltages and inactivated at other voltages like Na+ once their 

voltage is changed from -90 to -70 (mv) more sodium channels become 

activated.  

By activation of these channels, you get very fast shift in the potential trying to 

reach +61 mv which is the equilibrium potential for sodium, but at that voltage 

you get inactivation of these channels, in addition, you activate more potassium 

channels, and by that the potential return back very fast.  

Note: rate of activation of potassium channels is much lower than the rate of 

activation of sodium channels (activation of potassium channels is much 

slower).  

And you get highest activity as you see here   

By the activation of potassium channels, 

you get the highest activity of K+ channels 

during repolarization phase (as you see 

here).  

You must check ohm’s law, where:  

ΔV: voltage difference   

I: currence  

R: resistance  

G=1/R (which we replaced with)  
  

If you have high conductance for k+ then 

its resistance is very low and vice versa.  

So, the driving force that we are having is the voltage difference.  

The Driving force is high when its negative inside compared to outside.   

2 driving forces (for the sodium currence and all other ions with taking into 

consideration the positive and negative sides):   

-concentration gradient.  



 

 

 

-Potential (negative in positive out) high driving force for Na+ to move from 

outside to inside.  

Resting potential of -80 (increased activity of k channels)  

K+ channels force is only concentration gradient, but potential gradient is 

preventing more and more k+ because were getting close to resting potential It 

will never exceed -94 mv.  

Highest driving force for potassium is when positive inside negative out ..   

exceeding the -90 mv, now these are the forces, where we have the highest 

force for potassium? at the highest point when you activate for k+ channels u 

have more k+ moving out of the cell (concentration and potential gradient),in 

this way we are going back to the resting potential!  

So, these are what we are getting by activation of these channels and you’re 

retuning back to the resting potential  now we have this equation that we 

can use it to activate what is called the 

membrane potential, so this what we 

have by activating these channels now 

we have this equation also we can use 

it to calculate the membrane potential 

instead of using permeabilities   

here we use conductance for ions(in this case we have K, Na and Cl)  so, 

by using this equation (conductance equation).   

so, this is also another way to calculate the resting membrane potential.   

  

  

  

  

  

  

                                                   The end of the sheet..  
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