


At rest – excess positive charge on the outside / excess negative on the inside.....

Vm = Vin - Vout

(by convention, the potential outside the cell is defined as 0 )

Vr m = Vin =  -60 mV  to -70 mV
~

Let’s remember our ions:



The Nernst equation gives a formula that relates the numerical values of

the concentration gradient to the electric gradient that balances it:

The Nernst equation has a physiological application when used to calculate the potential of an ion of

charge z across a membrane. This potential is determined using the concentration of the ion both inside and

outside the cell:

When the membrane is in thermodynamic equilibrium (i.e., no net flux of ions), the membrane potential must

be equal to the Nernst potential.

(However, in physiology, due to active ion pumps, the inside and outside of a cell are not in equilibrium !!!!!!

For that circumstance, Goldman equation is used !!!!)

V = 62 x log10 (Co / Ci)

Membrane potential (mV)

outside and inside ion concentrations



Ion Distribution and Resting Ion Channels

The actual value of the resting membrane potential in animal glial cells is mainly a reflection of the 

K+ concentration gradient, since at rest the membrane is chiefly permeable to K+, and since K+ is the 

main positive ion in the cell.

Ion Species Cytoplasmic 

Conc.(mM)

Extracellular 

Conc. (mM)

Equilibrium 

Potential (mV)

K+ 400 20 -75

Na+ 50 440 +55

Cl- 52 560 -60

A- (organic 

anions)

385 - -

(distribution along the axon of giant squid axon)

The actual value of the resting membrane potential in animal nerve cells is due to permeability towards 

three ion species: K+, Na+ and Cl- concentration gradients.



Measuring Membrane Potential :

(oscilloscope)



(Patch Clamp is different : )



Membrane Potential in Glial Cells

K+ is the major player – two factors affecting the ion flow:

1) Chemical driving force – depends on the concentration gradient;

2) Electrical driving force – depends on the potential difference

K+

K+

K+

Na+

Na+

Na+

Cl- Cl-

Cl-

A-

A-

A-

In a glial cell permeable to

only K+, the resting

potential is generated by

the efflux of K+ down its

concentration gradient

K+

K+ K+

Na+

Na+

Na+

Cl- Cl-

Cl-

A-

A-

A-

Outside accumulates a slight

+ve charge,

While the inside accumulates a

slight –ve charge;

This creates a potential

difference across a membrane,

which drives K+ to the cell, and

prevents further efflux of K+...



Membrane Potential in Nerve Cells

K+, Na+ and Cl- can move across the membrane –

only large organic anions (A-) are impermeable

K+

K+

K+

Na+

Na+

Na+

Cl- Cl-

Cl-

A-

A-

A-

Electrical  gradient

Concentration gradient

K+
K+ K+

Na+

Na+

Na+

Cl- Cl-

Cl-

A-

A-

A-

In a resting nerve cell, if

only K+ channels were

present, K+ ions would

be in equilibrium...

If Na+ channels are now

added to the resting

membrane, Na+ ions will

diffuse and this influx will

depolarize the

membrane...

Na+/K+ pump will balance

the passive flux of sodium

and potassium ions and

redistribute the ions

across the membrane...



The contribution of Cl- channels to the resting 

potential has been ignored –

Nerve cells do not have a mechanism for active 

transport of Cl- against an electrochemical 

gradient....

In these cells, resting potential is ultimately 

defined by K+ and Na+ fluxes, due to the 

presence of Na+/K+ pump to restore the ion 

distribution....

Chloride transporter in neurons – uses 

secondary active transport......

ie. No active hydrolysis of ATP is required, 

But co-transport of K+ out of the cell is 

required to transport Cl- out of the cell, 

using the energy stored int he 

concentration gradient of K+ across the 

membrane...

Chloride transporter (CFTR)



Resting Membrane Potential:



An increase in the membrane potential, leading to a less negative value, 

is called DEPOLARIZATION



An decrease in the membrane potential, leading to a more negative value, 

is called HYPERPOLARIZATION :



An decrease in the membrane potential, leading to a more negative value, is called HYPERPOLARIZATION

When depolarization reaches a critical value, called the THRESHOLD, the cell responds actively by 

opening voltage-gated ion channels, otherwise known as the all-or-none ACTION POTENTIAL.....

An increase in the membrane potential, leading to a more positivevalue, is called DEPOLARIZATION



ACTION POTENTIAL



Action potential is a temporary change in the membrane potential that is transmitted along the axon 

1- Usually initiated in the cell body 

2- Travels in one direction normally 

(Axon can potentially conduct in both directions, but connections usually prevent this...

...both directions are “possible” on the dendrites and soma....) 

3-Membrane potential depolarizes (becomes more positive) producing a spike 

4-After the peak of the spike the membrane repolarizes (becomes more negative) 

(The potential becomes more negative than the resting potential (negative afterpotential) and then 

returns to normal )

5-The action potentials of most nerves last 5-10 milliseconds (action potentials of cardiac muscle are much 

longer)



Action Potentials are Initiated by Many Different Types of Stimuli :

Sensory nerves respond to stimuli of many types: 

chemical, light, electricity, pressure, touch, stretch, etc. 

In the central nervous system (brain & spinal cord) most nerves are stimulated by 

chemical activity at synapses 



Very weak stimuli cause a small local

electrical disturbance (we will call these PSPs

– postsynaptic potentials), but do not produce

a transmitted action potential

Weak perturbations :



What does the “Action Potential” graph show?  What do we actually measure there ?

From the perspective of a single electrode:



The Action Potential Cycle

(this is initially due 

to ligand-gated ion 

channels at the 

postsynaptic 

membrane (!) ) THERE IS A 

DIFFERENCE 

BETWEEN PSP AT 

DENDRITE AND 

SOMA vs ACTION 

POTENTIAL FROM 

AXON HILLOCK 

ONWARDS !!!

(inactivation 

through 

inactivation gate –

results in refractory 

period !)





Aspects of the all-or-none law: 

(@ the axon hillock !)

If the stimulus is too low there is no action potential (this is the "none" part)

If the stimulus is above a threshold the action potential is always the same size-

it does not get larger for stronger stimuli !!!

As the action potential travels along the axon it does not die out, but stays the

same size (?)



Action Potential and Refractory Period:

If this weren’t the case, the same voltage-gated sodium channels 

would’ve been “opened” in back-propagation....



Action Potential and Refractory Period:

The refractory period of an axon is related to the period of time required so that a neuron can

generate another action potential.

Absolute and Relative Refractory Periods :

1) Absolute – from opening of voltage gated Na+ channels until sodium inactivation gates close

Cannot be stimulated at all during this time !!!!!

2) Relative – period of repolarization (including hyperpolarization)

Takes a stronger stimulus to depolarize the membrane enough to generate another action

potential

Na+ channels have to reset the activation gates

K+channels have to close - they close more slowly than Na+ channels



Reversal of ion distribution :

Potential is reversed, but Na+ had

come in, and K+ had gone out....

Electrical charge was reversed

during repolarizing phase;

but Na+/K+ antiporter (sodium-

potassium pump) has to be

activated for total restoration of

the resting potential...

(ie to pump Na+ ions out, and

pump K+ ions back in !)





Let us review: Propagation of action potentials



http://books.google.com.tr/books?id=DbahEn-

y6AoC&pg=PA76&lpg=PA76&dq=membrane+potential+oscilloscope&source=bl&ots=D0cwMzwD1c&sig=s2y68rO4NjxtTJAjD9FzChZ4SLY&hl=tr&sa=

X&ei=PhU1VN7eKrWHsQSq9oHQCw&ved=0CDEQ6AEwAg#v=onepage&q=membrane%20potential%20oscilloscope&f=false



As the action potential travels along the axon it does not die out, but stays the same size (?) :

“all-or-nothing” responses do not die out over long distances

graded responses diminish over long distances



Axon diameter and the myelin sheath affect conduction velocity.

Influence of Axon Diameter – larger diameter has lower resistance (greater cross-sectional area)

Influence of Myelin Sheath

Unmyelinated sheaths have voltage regulated channels relatively close to each other to account for ion 

leakage across the membrane, conduct impulses relatively slowly

Myelin insulates, the only place ion leakage occurs is at Nodes of Ranvier

This is also where voltage-gated Na+ channels occur, so action potentials are generated only at nodes 

and travel from node to node (saltatory conduction) – much faster than in unmyelinated sheaths



Conduction Velocity is Increased by a Myelin Sheath

Many nerves have an insulating layer called the myelin sheath (produced by Schwann cells in the peripheral

nervous system and oligodendrogliocytes in the central nervous system )

Gaps are left every few millimeters: called Nodes of Ranvier

In a myelinated nerve the impulse jumps from node to node

Advantage: conduction velocity increases 10 to 100 X

Demyelinating diseases cause sever nerve defects ; these are usually autoimmune diseases where the immune

system attacks nerves , such as Multiple sclerosis (demyelination in the central nervous system; thought to be

autoimmune)...

(this is called saltatory conduction;

if the axon is unmyelinated, then

action potential travels in continuous

conduction.



Not all neurons are myelinated ....

http://quizlet.com/26635824/neuroscience-cable-properties-of-neurons-graded-potentials-flash-cards/

Speed is not always the most important thing. Speed also takes up a bunch of space so only

important pathways are myelinated

Myelin takes up a lot of space, so brains would be HUGE if all neurons were myelinated

In addition, myelin is energetically expensive...

Fast conduction is needed for many somatic reflexes and smooth coordinated movements, so those

pathways are myelinated....



Action Potential Propagation in Dendrites

Different parts of the neuron perform

specific signaling tasks –

Axon generally carries signals over long

distances... hence simple relay mechanism

Dendrites act as sites of integration...

Dendrites have voltage-gated ion channels

such as Ca++ and K+, which conduct

synaptic transmission...

In some neurons action potential may be

propagated from site of initiation back to

the dendrite for synaptic integration...



Action Potential also occurs in muscle cells @ the neuromuscular junction

http://www.zuniv.net/physiology/book/chapter2.html



Poisons and and a drug: Tetrodotoxin (TTX) from the Japanese puffer fish blocks sodium

channels. (Puffer fish or fugu can be eaten as sushi, if one wishes to take the risk! )

Batrachotoxin, from poison arrow frogs of South America, blocks sodium channels with an

effectiveness that far exceeds that of TTX.

Verapamil is a medication used to treat high blood pressure. It partially blocks the action of

voltage-gated Calcium channels!

Studying the channel proteins:



The Synapse



Types of Synapses
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(Neurotransmitters to be discussed later)



Summing up incoming information



Neurons receive both excitatory and inhibitory signals



In neuroscience, an excitatory postsynaptic potential (EPSP) is a temporary increase in

postsynaptic membrane potential caused by the flow of positively charged ions into the

postsynaptic cell.

A postsynaptic potential is defined as excitatory if it makes it easier for the neuron to fire an action

potential. (glutamiate or acetylcholine etc)

EPSPs (like IPSPs-see below) are graded, i.e. they have an additive effect. When multiple EPSPs

occur on a single patch of postsynaptic membrane, their combined effect is the sum of the individual

EPSPs. Larger EPSPs result in greater membrane depolarization and thus increase the likelihood that

the postsynaptic cell reaches the threshold for firing an action potential.

Only one EPSP does not sufficiently depolarize the

membrane to generate an action potential.
A summation of three EPSPs generates an action

potential.

http://en.wikipedia.org/wiki/Image:Synapse_diag6.png
http://en.wikipedia.org/wiki/Image:Synapse_diag6.png
http://en.wikipedia.org/wiki/Image:Synapse_diag5.png
http://en.wikipedia.org/wiki/Image:Synapse_diag5.png


An Inhibitory Postsynaptic Potential (commonly

abbreviated as IPSP) is the change in membrane

voltage of a postsynaptic neuron which results from

synaptic activation of inhibitory neurotransmitter

receptors.

IPSPs usually result from the flow of negative ions

into the cell.

The most common inhibitory neurotransmitters in the

nervous system are GABA and glycine.

A postsynaptic potential is considered inhibitory when

the resulting change in membrane voltage makes it

more difficult for the cell to fire an action potential,

lowering the firing rate of the neuron.





1. Opening of voltage-gated sodium and 

calcium channels 

2. Influx of calcium results in the docking of 

synaptic vesicles at the presynaptic 

membrane 

3. Vesicles and membrane fuse, transmitter 

substance is released into synaptic cleft 

transmitter molecules open ligand-gated 

sodium channels in the postsynatic 

membrane.

4. Small changes of potential occur locally -

these events are called e.g. excitatory 

postsynaptic potentials (epsps). 

Epsps summate (add together) when there 

are enough synapses near together. 

This is called spatial summation. 

5. When the postsynatic membrane is 

depolarized in rapid succession, epsps also 

add to provide temporal summation. 

6. Spatial or temporal summation can 

produce an action potential in the next 

neuron.

Upon arrival of an action potential at a synapse:



Neurotransmitters are additive –

if the net effect of all the excitory neurotransmitters minus all the inhibitory ones achieves this threshold 

= 

then an action potential will be initiated. 



Question: What happens if a large EPSP is "summed" with an equally large IPSP? 

If a neurotransmitter binds to an ion channel, that channel may open up. 

Let's say two different neurotransmitters are floating around in the synapse, and one of them causes a 

Na+ channel to open and Na+ is drawn into the cell by both electrical and concentration forces. 

The other neurotransmitter affects a different ion channel, let's say it causes a Cl- ion channel to open, 

and Cl-is drawn into the cell by concentration forces. 

Na+ entering the cell causes the cell to become more positive (or less polarized since the resting 

membrane potential is negative) which is refered to as a depolarization. Cl- entering the cell would 

cause an already negative membrane potential to become even more negative, this is refered to as a 

hyperpolarization. 

Back to the original question, if these events were to happen simultaneously (Na+ moves into the 

cell, while Cl- does the same) the net effect is no change in membrane potential, and thus no action 

potential will occur. 

The important point here is that the generation of an action potential does not depend on single, 

independent inputs on the dendrites. Rather, the generation of an action potential depends on the 

summation of multiple inputs distributed over the network of dendrites. 

Answer: They cancel one another out. 
















