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Global and local changes of neuronal excitability

E-S potentiation (non-synaptic component of LTP) 
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Mechanism of E-S potentiation

• Synaptic (balance between excitation and 
inhibition), but…

- LTP in feed-forward inhibitory pathway
- persist in GABA antagonists

• Intrinsic (global change in excitability)

Sustained increase in neuronal excitability after HFS

(Aizenman&Linden, 2000)

Deep cerebellar nucleus neurons

• This is not always the case and E-S potentiation can occur without apparent
changes in cell excitability (depends how you measure it)
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Intrinsic plasticity: changes in the temporal parameters 
of neuronal firing

• LTP-intrinsic excitability mediated by mGluR5 alters reliability and timing of spike trains

(Sourdet et al., J Neurosci, 2003)

Neurons are integrating devices

Input Output

• Inputs and AP(output) generation sites are spatially distributed
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Global plasticity changes synaptic throughput

• Throughput – probability of a single synapse to evoke an action potential

Neurons have complex morphology
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PP

SCMF

Synaptic inputs onto neurons are spatially distinct

(from Sprutston, Nat Rev Neurosci, 2008)

• Are spatially distinct inputs treated similarly?

• How neurons discriminate between different inputs?

• Are distal inputs at all seen by the soma?



6

Cable theory and passive dendritic trees

Geometry
• Repeatedly bifurcate creating one or several subtrees 
• Very thin - range from a few µm near soma to less than 1 µm distally 
• Length of the arbor can vary from a few hundred µm (e.g. spiny stellate cells) 

to a few µm (e.g. α-motoneurons) 

Cable theory and passive dendritic trees

Assumptions

• Neuronal processes contain only voltage-independent components
• Membrane is passive and uniform (R and Cm only)
• Membrane insulates cytoplasm from the extracellular space 
• Cytoplasm has an ohmic resistance
• One-dimensional flow of current  (axial resistivity << membrane resistivity; 

diameter << length of process current flows parallel to the cylindrical axis)
• Inputs are currents, and currents sum linearly 

• Voltage attenuation with distance: attenuation of steady-state voltage in 
dendritic structures is strongly and asymmetrically dependent on where current 
is injected and where the voltage is measured. 
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Attenuation of synaptic inputs on pyramidal neurons

(from Sprutston, Nat Rev Neurosci, 2008)

Somatic EPSP 
for excitatory input 

of g=0.3 nS

Local EPSP 
for excitatory input 

of g=0.3 nS

Is the information flow in neurons unidirectional?

Input Processing Output

?

DENDRITES
DENDRITES     SOMA       AXON         
DENDRITES
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Propagation of action potential back into the dendrite
(antidromic spike invasion)

(Stuart&Sakmann, 1994)

Passive

Active

AP bursts evoke Ca 2+ signals in distal dendrites in vivo

(Waters et al. J. Neurosci. 2003)
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• How this can be achieved?

• What is it necessary for?

Dendrites are active cellular compartments

• Dendrites have voltage-sensitive channels
• They may be evenly or unevenly distributed 
• The distribution of these channels is age- and cell-type specific
• Dendritic Na+ channels are needed for AP propagation, but not 

initiation (in the soma)
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Back-propagating action potentials (b-AP): functional 
role

(Magee&Johnston, 1997, Science)

• Paring small EPSPs with b-AP induces LTP
• Depend on dendritic Na+ channels
• b-APs are boosted during paring

Local dendritic perfusion with TTX to prevent b-APs

EPSP – 5@100Hz
AP – 3@50Hz

(5 times @5Hz) x 2, 15s apart

Spike Time-Dependent Plasticity (STDP)

• b-AP may act as an associative signal in the synapse that link pre- and 
postsynaptic firing
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STDP in cortical neurons

(Markram et. al. 1997)

+10 ms

-10 ms

+/- 100 ms

STDP is present in the visual cortex and hippocampus

(Dan&Poo, Physiol Reviews, 2006)
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STDP

• Requires AP to propagate backward into the dendritic tree
• Presynaptic AP before post → LTP

– Presynaptic AP contributes to post-synaptic activity (associations)
• Presynaptic AP after post → LTD

– Presynaptic AP could NOT have contributed
• Implements Competition
• The width of the LTP window may reflect

(1) the duration over which the glutamate-bound NMDARs can be opened by 
the AP-induced removal of Mg2+ block

(2) the nonlinear Ca2+ dependence of postsynaptic downstream mechanisms
(3) the kinetics of dendritic channels, e.g., IA, that modulate the b-AP

Is soma the only integrating device in neurons?

Input Processing Output

DENDRITES
DENDRITES     SOMA       AXON         
DENDRITES

?
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Spikes can be initiated in the dendrites and propagate 
forward to the soma

Responses to distal synaptic stimulation

Dendritic spikes can detect coincident synaptic inputs

(Williams&Stuart, Science, 2002)
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Gating of dendritic spike propagation in a model of a 
CA1 pyramidal neuron

A B C

(Spruston, Nat Rev Neurosci, 2008)

Dendritic spikes detect coincident cell firing through 
generation of backpropagation-activated Ca2+ (BAC) spikes 

(Larkum et al., Nature, 1999)
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Cell-specific diversity of compartmentalization in 
dendrites: morphology

(Vetter et al., J Neurophysiol., 2001)

Learning rules for STDP depend on dendritic synapse 
location

(Letzkus et al., J Neurosci., 2006)

• b-AP in pyramidal neurons is decremental
• HF bursts lead to generation of distal dendritic calcium spikes
• STDP rules depend on synapse location

LTP peaks
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Dendritic mechanisms produce distinct learning rules in 
different dendritic domains of the same neuron

(Kampa et al., TINS, 2007)

Dendrites are independent computational compartments 
and different synapses have different rules for learning
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Global vs. local neuronal plasticity

• Throughput – probability of a single synapse to evoke an action potential
• EPSP kinetics would determine summation of subthreshold inputs

Synergy between intrinsic and synaptic plasticity

A B

C D

(Daoudal et al., PNAS, 2002)
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• Lasting (time-course?)
• Bidirectional
• NMDAR-sensitive
• No change in AP threshold
• Input-specific (changes did not 

spread to distal dendrites) or cell-
specific

• Functional redundancy (?)

Synergy between intrinsic and synaptic plasticity

(Campanac et al., 2008, J Physiol)

Theta-burst spiking decreases Rin and reduces cell 
excitability

(Fan et al., Net Neurosci, 2005)
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Activity-dependent decrease in excitability is due to 
increased Ih

(Santoro et al., 2000; Poolos et al., 2006)

• Mixed cation (Na+/K+) inward current
• VR; RN; cell excitability
• synaptic integration
• learning and memory
• oscillations
• Epilepsy ↓

Control

Ih blocked

(Fan et al., 2005)

Pathway-specific control of synaptic plasticity by local 
conductances

Schaffer collateral

Perforant path

(Nolan et al., 2004, Neuron)
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Summary

• Protocols that induce synaptic plasticity can also produce changes in cell 
excitability

• These changes may be global and local, and either work in synergy with 
synaptic plasticity, or act as an offset homeostatic mechanism

• Dendrites can act as independent computational units

• Different parts of dendritic tree are equipped with different  ion channels 
providing mechanisms for selective input integration


