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Chemical vs Electrical Communication
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Three Types of Neuronal Information Transmission

1. Chemical signals are mainly 
involved in the 
transmission of information 
between neurons. 

2. Transient electrical 
(electrochemical) signals 
are important for 
transferring information 
over long distances rapidly 
within the neuron (down 
the axon).

3. Intra-axonal transport of 
chemicals up and down the 
axon.
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Action Potentials
• Two phases;

• Depolarization
• Repolarization

• Action potentials start at axon 
hillock;

• Trigger zone has 500 channels/µm2 

(normal is 75)

Axon hillock
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Action Potential-Sequence

The depolarization is 
caused by the opening of 
voltage-sensitive sodium 
channels that allow 
sodium ions to flow into 
the cell.

The sodium channels only 
open in response to a 
partial depolarization, 
such that a threshold 
voltage is exceeded.
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Normal resting potential  - 70mV
Na+ and K+ channels closed.

Stimulus causing depolarization 
to threshold.

At – 55mV voltage gated Na+ Channels 
open, causing Depolarization.

At + 30mV voltage gated K+ channels 
open, causing Repolarization.

Action Potential

Before getting back to normal you 
end up with a hyperpolarized state.
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The cell body receives signals from the dendrites depolarizing cell to threshold.

At – 55mV the voltage gated Na+ channels open causing Na+ inflow.

At + 30mV the voltage gated Na+ channels close, 
and the voltage gated K+ channels open causing K+ outflow. 

Normal cell resting state with Na+ outside cell and K+ inside cell.
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The Absolute Refractory Period

• Brief period of time between the 
triggering of an impulse and 
when it is available for another. 

• NO NEW action potentials can be 
created during this time.

Cell 
membrane

Na+ ion channel

Inactivation gate

Activation gate
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The Absolute Refractory Period

Outside 

Na+ ion influx

RESTING STATE
-70mV to -55mV

Inactivation gate

Activation gate

DEPOLARISATION PHASE
-55mV to +30mV

Inside 
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The Absolute Refractory Period

Outside 

Na+ ion can NOT 
entre

REPOLARISATION PHASE
+35mV to -70mV

Inactivation gate
CLOSED

Activation 
gate

Reset and ready to go again
-70mV to -55mV

Inside 
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The Relative 
Refractory Period

• Period of resistance to stimulation.

• Absolute refractory period;
• As long as Na+ gates are open and 

before they are “reset” 
• No stimulus will trigger AP 

• Relative refractory period;
• As long as K+ gates are open
• While cell is in hyperpolarized 

state

• The refractory period ensures the AP 
only moves in one direction.

• only especially strong 
stimulus will trigger new AP

• Refractory period is occurring only to 
a small patch of membrane at one 
time (quickly recovers)
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Impulse 
Conduction in 
Unmyelinated 

Fibers
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The Na+/K+ Pump

• Restores normal Na+ outside cell 
and K+ inside cells.

• Restores normal resting 
membrane potential.

• Requires ATP.
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Conduction Velocity in Small, Large, 
Myelinated & Unmyelinated Fibers
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Fastest

Slowest

• Speed of signal transmission along nerve fibers;
• Depends on diameter of fiber & presence of myelin

• Large fibers have more surface area for signals 

• Speeds;
• Large, myelinated fibers = up to 120 m/sec

• Small, myelinated fibers = 3 - 15.0 m/sec

• Small, unmyelinated fibers = 0.5 - 2.0 m/sec

• Functions;
• Slow signals supply the stomach & dilate pupil

• Fast signals supply skeletal muscles & transport 
sensory signals for vision & balance



Saltatory Conduction in Myelinated Fibers
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Spike-Initiation 
Zones 

• Spike-initiation zone is 
where action potential 
starts.

• Different types of 
neurons have different 
spike-initiation zones.
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Peripheral Nerve 
Stimulation

• In an experimental laboratory setting it is 
possible to apply electricity over a nerve or 
muscle through two electrodes (anode and 
cathode). 

• This can initiate the action potential by 
opening the voltage-gated Na channels.

• This is called peripheral nerve stimulation.

• In this case, the action potential will spread 
in both directions. 

• This does not occur under normal 
physiological conditions.

Action potential spreads in both directions from site 
of stimulation
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Apply electrical 
stimulation here

A

B
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Action Potentials Summary

• Called a spike
• Characteristics of AP

• All-or-none law
• Voltage gates either open or 

don’t
• Non-decremental (do not get 

weaker with distance)

• Irreversible (once started, it 
goes to completion and cannot 
be stopped)
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Clinical Perspective - Local Anesthesia

• Lidocaine:
• Topical as jelly onto mucous 

membranes of mouth
• Injected into tissue or a nerve
• Infused into CSF in spinal cord

• Prevents action potentials by binding 
to voltage gaited Na+ channels and 
interferes with the flow of sodium so 
stops action potential signaling.
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Electrical & Chemical 
Communication
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The electrical action potential 
occurs here along the axon

Excitatory Post Synaptic Potentials (EPSPs) 
and Inhibitory Post Synaptic Potentials (IPSPs) 
occur at the dendrites due to chemical 
communication across the synapse
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Questions
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