Electrotonic Properties of Axons and Dendrites and Action Potential
10/31/2007 Wk. 5

-We study the properties of Electrotonic potentials through the use of Cable theory and Compartmental Models

Compartmental Models: breaking the portions of the cable (dendrite/axon) into smaller sections or compartments to simplify the quantification of the spread of neuronal activity

______________________________________________________________________________

Basic Assumptions Underlying Cable Theory

1. Segments are cylinders. A segment is has a constant radius.

2. Electrotonic potential is due to a change in the membrane potential.

3. Electrotonic current is ohmic. (V = IR)

4. Membrane capacitance is ignored at steady state.

5. The resting membrane potential (-70mV) can usually be ignored. Or Vm = Er.

6. Electrotonic current divides between the Internal (  ) and Membrane resistances (  ).

7. Axial current is inversely proportional to diameter.

8. Membrane current (  ) is inversely proportional to membrane surface area.

9. The external medium along the process is assumed to have zero resistivity.

10. Driving forces on membrane conductances are assumed to be constant. Ion concentrations are constant during activity.

11. Cables have different boundary conditions.

______________________________________________________________________________

Electrotonic Properties refers to:


-Ionic or chemical diffusion of neuronal activity


-This includes both into and out of the cell


-Includes the Conductance of potentials through the axial-length of the cell

_____________________________________________________________________________

-Under steady state conditions:


V =  _____ x _____

-the Electrotonic potential (V) spreading along the cable is proportional to the second derivative of the potential (    ) with respect to distance and the ratio of membrane resistance (  ) to the internal resistance (   ) over that distance.

______________________________________________________________________________

Spread of Transient Signals

Characteristic Length (  ) -critical parameter defining the length over which the electrotonic potential spreading along an infinite cable, with given values for internal and membrane resistance, decays (attenuated) to a value of .37 of the value from the site of input. 


-depends not only on the Ri and Rm but also on the diameter of a process


-the diameters of neuronal processes range from approximately _____ to ______.

-Electrotonic Properties must be assessed in relation to the lengths of Neuronal Processes

· In dendrites Characteristic length tends to be relatively___________ in comparison with the actual lengths of dendrites.

· To relate real length to characteristic length we define Electrotonic Length as:

· L = x /

-Time Constant (  ): time required for the voltage change across the membrane to reach .37 of its final value.

-the proportion of charge divided between Cm and Rm determines the rate of change of the membrane, i.e., the membrane time constant.

______________________________________________________________________________

Electrotonic Properties Underlying propagation in axons


-Impulses propagate in Unmyelinated Axons by means of Local Electrotonic Currents

-In layman’s terms; the A.P. spreads through the Ri of the axon from one compartment to the next causing a depolarization that opens Na+ channels which revitalizes the AP as it continues along the axon


-How do impulses propagate in Myelinated Axons?

-myelin makes the rate of increase in Na+ conductance with increasing membrane depolarization faster

-myelin insulates the axon, but myelin is interrupted by nodes of Ranvier, ______ ___________________________________.

-At each node, the density of voltage-sensitive Na+ channels is very____. Conversely, the internodes have a very_______ density of Na+ Channels.

____________________: the impulse is therefore actively generated only at the node; the impulse jumps so to speak from node to node

______________________________________________________________________________

Spread  v. Propagation: 

Spread = _____________________

Propagation = _______________________

