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1. INTRODUCTION TO BIOELECTRICITY 
AND EXCITABLE CELLS 

Historical perspective: 

 Bioelectricity first discovered by Luigi 
Galvani in 1780s 

 Originally termed “animal electricity” 

 Galvani thought that a special electrical 
fluid was prepared by the brain, flowing 
through the nerve tubes into muscles 
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Modern perspective: 

 Bioelectricity is now known to obey the 
same fundamental laws of electricity in 
the atmosphere, conducting wires, 
semiconductors, etc. 

 However, there are some substantial 
differences between bioelectrical 
systems and man-made electrical 
systems. 
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Comparison of bioelectricity and man-made 
electrical systems: 

Man-made 
electrical 
systems 

Charge 
carriers are 
electrons 
within a 
conductor 

Current flow 
within 
(insulated) 
conductors 

Bioelectricity Charge 
carriers are 
ions within an 
electrolyte 

Current flow 
inside and 
outside of 
(partially-
insulated) cell 
membranes 
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Comparison (cont.): 
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Ionic flow in terms of particle movement: 

 From the perspective of chemistry, ionic 
movements are described in terms of 
moles, where one mole is: 

NA =  6.0225 £  1023 molecules, 

 Avogadro’s number. 

 Ionic flows are then described in units of 
moles per second and fluxes (here 
denoted by the lowercase letter j ) in units 
of moles per second per unit area. 
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Ionic flow in terms of charge movement: 

 From the perspective of electricity, ionic 
movements are described in terms of 
columbs, where an electron (and hence a 
univalent ion) has an electrical charge of 
1.6 £  10¡ 19 coulombs. 

 Ionic flows are then described in units of 
coulombs per second (or amperes) and 
fluxes (here denoted by the uppercase 
letter J) in units of amperes per unit area, 
e.g., amperes per cm2. 
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Converting between particle flow and 
electrical current: 
 Ionic movement can be described in 

terms of either particle flow or 
electrical current. 

 The conversion factor is Faraday’s 
constant: 
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Excitable cells: 

 Cells that can generate electrical 
potentials and currents are referred to as 
excitable cells. 

 These potentials and currents can be 
observed in the cells’ interior volume, 
across their membranes, and in their 
surrounding conducting volume. 

 Excitable cells include nerve cells 
(neurons), muscle fibers, and sensory 
receptor (transducer) cells. 
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(from Johnston 
and Wu) 

Nerve cells: 
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(from Johnston 
and Wu) 

Examples of neuron morphologies: 
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(from Guyten) 

Skeletal muscle cells: 
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(from Guyten) 

Transverse tubule-sarcoplasmic reticulum 
system for excitation-contraction coupling: 



14 (from Guyten) 

Cardiac muscle cells are interconnected via 
electrical “gap junctions”: 
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Electrical “gap junctions” in cardiac cells: 



16 (from Guyten) 

Sensory receptors: 
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(from Guyten) 

Sensory receptors (cont.): 
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(from Guyten) 

Sensory receptors (cont.): 
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Examples 
of action 
potential 
morphologies: 

(from Koch) 
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