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Outline

• Previously, dendrites thought of as:

– electrically passive
– funnels for synaptic potentials

GOAL

• To show dendrites of many neurons are not passive, but contain active
conductances, to show action potentials can therefore back-propagate up
the dendritic arbour, and to characterise these action potentials
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Summary

• patch clamp recordings of layer V neocortical pyramidal cells in slice

• observe voltage-activated sodium currents in outside-out patches

• evoke action potentials by depolarising current pulses or synaptic stimulation

• simultaneous whole cell recordings show the action potential is initiated in the
axon and then actively propagate back into the dendritic tree
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Evidence for: dendritic voltage activated Na+ channels along
the entire dendrite

a Rapidly inactivating inward current evoked in an outside-out dendritic patch 438µm from the

soma. Blocked by TTX. b Peak inward current in somatic and dendritic outside-out patches (filled

circles). Reduced by TTX (open circles).
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Evidence for: dendritic action potentials (smaller and broader
than somatic counterparts)

c Dendritic action potential (440µm from soma)in response to a step current (60pA) from whole

cell recordings. d Dendritic action potential amplitude as a function of distance from the soma.

Open symbol is the average amplitude of the somatic action potentials.
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Evidence for: initiation of dendritic action potentials usually
close to the soma (possibly the axon initial segment) (a)

Simultaneous recordings from the soma and dendrite verified by fluorescent dyes.
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Evidence for: initiation of action potentials usually close to the
soma (possibly the axon initial segment) (b)

a action potentials initiated by current pulse in soma (top) or dendrite (bottom).c action potentials

initiated by distal synaptic stimulation of layer 1. d Latency as a function of distance.
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Evidence for: 1) dendritic Na+ channels boost dendritic action
potentials. 2) not involved in initiation 3) voltage activated

Ca2+ are present in the dendrites

a Effect of intracellular Na+ channel blocker QX-314 on action potentials in the soma and dendrite

b The amplitude of the action potentials as a function of time c A dendritic Ca2+ spike evoked

from the soma
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Somatic action potentials actively invade the dendrites via the
activation of dendritic TTX-sensitive Na+ channels

a TOP: action potentials initiated by current

pulse in soma (closer than before) BOTTOM:

as above but with TTX and simulated action

potential b Amplitude attenuation of dendritic

action potentials in response to: normal

current injection (open column), inverted action

potential ( 1
10th of a normal AP) (hatched),

upright simulated AP + TTX (solid column)
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Possible computational usage

• Back propagation of a rapid retrograde signal could modulate the computational
properties of the neuron in the short and long terms.

• eg. channels opening in the dendrites could cause shunting

• The backward propagating signal may be important for induction of long term
changes in synaptic strength.

• eg. the interaction with calcium signals is interesting
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Summary of Conclusions

• initiation of action potentials is usually close to the soma (possibly the axon
initial segment)

• these somatic action potentials actively invade the dendrites via the activation
of dendritic TTX-sensitive Na+ channels

• interations with active channels (eg. Ca2+) in the dendrites is interesting and
could be computationally useful.
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