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Ionic channels 
Ion channels: are integral proteins that span the membrane and, when 

open, Permit the passage of certain ions:  

1. Ion channels are selective; they permit the passage of some ions, but 

not others. Selectivity is based on the size of the channel and the 

distribution of charges that line it.  

EX: a small channel lined with negatively charged groups will be 

selective for small cations and exclude large solutes and anions. 

Conversely, a small channel lined with positively charged groups will be 

selective for small anions and exclude large solutes and cations.  

2. Ion channels may be open or closed. When the channel is open, the 

ion(s) for which it is selective can flow through. When the channel is 

closed, ions cannot flow through.  

3. The conductance of a channel depends on the probability that the 

channel is open. The higher the probability that a channel is open, the 

higher the conductance, or permeability. Opening and closing of 

channels are controlled by gates.  

Voltage-gated channels are opened or closed by changes in 

membrane potential. 

EX: The activation gate of the Na+ channel in nerve is opened by 

depolarization; when open, the nerve membrane is permeable to Na+ 

(e.g., during the upstroke of the nerve action potential).  

The inactivation gate of the Na+ channel in nerve is closed by 

depolarization; when closed, the nerve membrane is impermeable to Na+ 

(e.g., during the repolarization phase of the nerve action potential).  

Ligand-gated channels are opened or closed by hormones, second 

messengers, or neurotransmitters.  

Excitable Tissues, Resting Membrane Potential (RMP)& Action  

Potential (AP) 

Excitable tissues: Tissues which are capable of generation and 

transmission of electrochemical impulses along the membrane (neuron, 

muscle).  

Non-excitable tissues: have less negative RMP epithelial cells, RBC, 

Fibroblast, adipocytes. 
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potential 

A potential difference exists across all cell membranes. This is called 

Resting Membrane Potential. Inside is negative with respect to the 

outside, measured using microelectrodes and Oscilloscope and is about     

-70 to -90 mV                                                                                        

                                                                                     + + + + +  

                                                                                                    _ _ _ _ _ 
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Resting Membrane Potential 

• This depends on following factors:           

– Ionic distribution across the 

membrane 

– Membrane permeability 

– Other factors 

• Na+/K+ pump 

 Ionic distribution 
• Major ions 

– Extracellular ions 

• Sodium, Chloride                                           al Na+    Cl- 

– Intracellular ions 

• Potassium, Proteinate 

Flow of Potassium  
Potassium concentration intracellular is more 

• Membrane is freely permeable to K+  

• There is an efflux of K+ 

Entry of positive ions in to the extracellular fluid 

creates positivity outside and negativity inside 

Outside positivity resists efflux of K+ 

• (since K+ is a positive ion) 

• At a certain voltage an equilibrium is reached 

and K+ efflux stops. Nernst equation determines the potential level 

across the membrane that will exactly prevent net diffusion of an ion 

  

Ion intracellular extracellular 

Na+ 01 141 

K+ 140 4 

Cl- 4 103 

Ca2+ 0 2.4 

HCO3  10 28 
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Na/K pump: Active transport system for Na+-K+ exchange using 

energy.It is an electrogenic pump since 3 Na+ efflux coupled with 2 K+ 

influx. Net effect of causing negative charge inside the membrane. 

 
 

Factors contributing to RMP 

• One of the main factors is K+ efflux (Nernst Potential: (-94mV) 

• Contribution of Na influx is little (Nernst Potential: (+61mV) 

• Na/K pump causes more negativity inside the membrane 

• Negatively charged protein ions remaining inside the membrane 

contributes to the negativity. 

• Net result: -70 to -90 mV inside. 

Electrochemical gradient 

• At this electrochemical equilibrium, there is an exact balance between 

two opposing forces: 

• Chemical driving force = ratio of concentrations on 2 sides of 

membrane (concentration gradient). 

• The concentration gradient that causes K+ to move from inside to 

outside taking along positive charge and, 

• Electrical driving force = potential difference across membrane. 

• opposing electrical gradient that increasingly tends to stop K+ from 

moving across the membrane, 

• Equilibrium: when chemical driving force is balanced 

by electrical driving force. 

Action potential (AP) 

When an impulse is generated 

–Inside becomes positive 

– Causes depolarization 

– Nerve impulses are transmitted as AP 
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Inside of the membrane is negative during RMP and positive when an AP 

is generated. 

 

1. Initially membrane is slowly depolarized ,until the threshold level 

is reached (This may be caused by the stimulus). 

2. Then a sudden change in polarization causes sharp upstroke 

(depolarization) which goes beyond the zero level up to +35 mV. 

3. Then a sudden decrease in polarization causes initial sharp down 

stroke (repolarization). 

4. When reaching the resting level rate slows down can go beyond the 

resting level  hyperpolarization. 

5. Spike potential refer to  sharp upstroke and downstroke. Time 

duration of AP is 1 msec. 

 

 

 

 

 

 

 

 

Threshold 

 

 

 

 

All or none law 

• Until the threshold level the potential is graded, once the threshold level 

is reached AP is set off and no one can stop it ! Like a gun . 

•The principle that the strength by which a nerve or muscle fiber responds 

to a stimulus is not dependent on the strength of the stimulus. 

•If the stimulus is any strength above threshold, the nerve or muscle fiber 

will give a complete response or otherwise no response at all. 

Physiological basis of AP 

• When the threshold level is reached, Voltage-gated Na+ channels open 

up. 

- Since Na conc outside is more than the inside  Na influx will occur 

positive ion coming inside increases the positivity of the membrane 

potential and causes depolarization.When it reaches +30, Na+ channels 

closes.Then Voltage-gated K+ channels open up K+ efflux occurs , 

positive ion leaving the inside causes more negativity insid the membrane 

repolarization occurs. 
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-Since Na+ has come in and K+ has gone out membrane has become 

negative but ionic distribution has become unequal Na+/K+ pump 

restores Na+ and K+ conc slowly by pumping 3 Na+ ions outward and 2+ 

K ions inward. 

Na+ channel  has two gates activation and inactivation gates  

• At rest: the activation gate is closed 

• At threshold level: activation gate opens, Na+ influx will occur  Na+ 

permeability increases to 500 fold, when reaching +30, inactivation gate 

closes Na influx stops 

• Inactivation gate will not reopen until resting membrane potential is 

reached  Na+ channel opens fast. 

 
 

K+ channel has only one gate,At rest: K+ channel is closed, At +30  K+ 

channel open up slowly. This slow activation causes K efflux  after 

reaching the resting still slow K+ channels may remain open: causing 

further hyperpolarization. 

Refractory Period 

Relative refractory period: during this period nerve membrane can be 

excited by supra threshold stimuli. At the end of repolarizations phase 

inactivation gate opens and activation gate closes. This can be opened by 

greater stimuli strength. 

AP propagation along myelinated nerves:Na channels are concentrated  

around nodes therefore depolarization mainly occurs at nodes. Local 

current will flow one node to another thus propagation of A.P. is faster. 

Conduction through myelinated fibres also faster known as Saltatory 

Conduction.. 

 

 

 

Muscle action potentials  
•Skeletal muscle 
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• Smooth muscle 

• Cardiac muscle 

Skeletal muscle is similar to nerve action potential 

 

Cardiac muscle action potential: 

 

Phases 

Phases 

• 0: depolarization (Na+ influx through 

fast Na+ channels) 

• 1: short repolarization (K+ efflux 

through K+ channels, Cl- influx as well) 

• 2: plateau phase (Ca++ influx through 

slow Ca++ channels) 

• 3: repolarization (K+ efflux through K+ 

channels) 

• 4: resting 

Duration is about 250 msec 

Smooth muscle resting membrane potential may be about -55mV 

• Action potential is similar to nerve AP 

• But AP is not necessary for its contraction 

• Smooth muscle contraction can occur by hormones 

Depolarization 

• Activation of nerve membrane 

• Membrane potential becomes positive 

• Due to influx of Na+ or Ca++ 

Hyperpolarization 

• Inhibition of nerve membrane 

• Membrane potential becomes more negative 

• Due to efflux of K+ or influx of Cl-. 

 

 


