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Ionic balance 
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Electrical and 
chemical 
(concentration) 
gradient via 
membrane 

Introduction to electrophysiology-basic principles 



Zoran Đogaš 3 4/5/16 

Introduction to electrophysiology-basic principles 



Zoran Đogaš 4 4/5/16 

Introduction to electrophysiology-basic principles 



Zoran Đogaš 5 4/5/16 

where:  
µ0 = elektrochemical potential of ions in a defined state  
       (e.g. concentration 1 M, temperature 0 ºC, electrical potential equals 0), 
R = general gas constant, 
T = absolute temperature, 
InC = natural logarithm of concentration, 
z = number of charges (+2 for Ca++, -1 for Cl-, etc.), 
F = Faraday’s number, 
E = electrical potential. 

Electrochemical potential is defined as: 

µ = µ0 + RTlnC + zFE 
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Nernst equation  Walther Nernst, 1888 
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Nernst potential for K+ 
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Nernst potential for Na+ 
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Resting membrane potential 

Introduction to electrophysiology-basic principles 



Zoran Đogaš 10 4/5/16 

Introduction to electrophysiology-basic principles 



Zoran Đogaš 11 4/5/16 

Conductance versus 
permeability 
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Constant field equation (GHK) 
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Na+/K+ ATP-ase 
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Na+/K+ ATP-ase 
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Early years of modern neurobiology 

     
Armed with his trusty microelectrode, 

   Don Quijote seeks the secrets of the neuron 
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Action potential 
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Changes of conductance during the 
action potential 
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Action potentials 
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Different 
action 
potentials of 
non-neuron 
cells 
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Action potential in a cardiac cell 

The principal ionic currents and channels that generate 
the AP 
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Vertebrate 
CNS neuron  

axon branches 
can 
make synapses 
with about 1000 
other 
neurons 
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Types of synaptic connections 
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Synaptic connections Introduction to electrophysiology-basic principles 
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Elimination from the syn. cleft 
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Agonist actions 
Introduction to electrophysiology-basic principles 



Zoran Đogaš 30 4/5/16 

GABA (-) 
Inhibitory Amino Acid 

Excitatory Amino Acid 

GLUTAMAT (+) 

Hyperpolarization → Inhibition 

Depolarization → Excitation  

IPSP 

EPSP 
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Neuronal integration of “messages” 
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Events  
during 
the “talk”  
of the 
two 
neurons 
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Signal size depends on electrode 
distance 
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Space (length) constant 

e=2,718281... 
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Temporal summation 
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Ach receptor 
(nAChR) 

computer rendering 
imaged by cryo-
electron microscopy 
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3D protein: ACh receptor-ionic channel 

Kistler et. Al., 1982 
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Patch-clamp technique 

Erwin Naher and Bert Sakman, 1976    Nobel Price 
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 Patch-clamp 

    
     individual channels   
     “average” channel 
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patch-clamp 

- stimulus 
- sumary of 300 actions 

- 9 individual actions 
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Different Ca++-channels 

     T-transient 
     L-long lasting 
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Basics 
of EEG 



Negative wave on EEG 


