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Transcranial brain stimulation techniques have recently
sparked a strong interest in understanding the effects of
weak electric fields on neuronal network dynamics (e.g.
[1,2]). The collective dynamics of large populations of
coupled neurons can be efficiently studied using singlecompartment (point) model neurons of the integrate-andfire (IF) type [3], which allow for a systematic model
reduction at the population level [4,5], as opposed to
multi-compartment Hodgkin-Huxley type models and
complex morphologies. However, existing point neuron
models cannot adequately reproduce the effects of an electric field on the somatic membrane potential, which are
influenced by the presence of dendritic processes [2].
Here, we present an extension for IF type point neuron models to take into account the subthreshold effects
of an oscillating weak uniform extracellular field, similar
to those generated in the brain by transcranial electrical
stimulation [6]. Based on a “ball-and-stick” neuron
model (i.e., a passive finite dendritic cable with a
lumped soma at its end) we analytically calculate the
somatic membrane polarization induced by a weak
extracellular electric field using the cable equation.
From this polarization we derive an equivalent input
current for leaky IF as well as adaptive nonlinear IF
point neurons, which explicitly depends on the (soma
+dendrite) neuron model and electric field parameters.
The extended point neuron model can well reproduce the
relationships between electric field properties (intensity,
frequency) and neuronal responses (membrane polarization, sensitivity and phase), as observed by simulations of
neuron models with complex morphologies and reported
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in the experimental literature [7]. Our point neuron
model extension is simple to implement and well suited
for application in IF based neural networks.
Acknowledgements
This work was supported by the DFG Priority Program SPP1665 and DFG
Collaborative Research Center SFB910.
Authors’ details
1
Neural Information Processing Group, Berlin Institute of Technology, Berlin,
Germany. 2Bernstein Center for Computational Neuroscience Berlin, Berlin,
Germany.
Published: 18 December 2015
References
1. Ali MM, Sellers KK, Fröhlich F: Transcranial alternating current stimulation
modulates large-scale cortical network activity by network resonance.
J Neurosci 2013, 33(27):11262-11275.
2. Reato D, Rahman A, Bikson M, Parra LC: Effects of weak transcranial
alternating current stimulation on brain activity-a review of known
mechanisms from animal studies. Front Hum Neurosci 2013, 7:687.
3. Reato D, Rahman A, Bikson M, Parra LC: Low-Intensity Electrical
Stimulation Affects Network Dynamics by Modulating Population Rate
and Spike Timing. J Neurosci 2010, 30(45):15067-15079.
4. Augustin M, Ladenbauer J, Obermayer K: How adaptation shapes spike
rate oscillations in recurrent neuronal networks. Front Comput Neurosci. 2
013, 7:9.
5. Ladenbauer J, Augustin M, Obermayer K: How adaptation currents change
threshold, gain, and variability of neuronal spiking. J Neurophysiol 2014,
111:939-953.
6. Datta A, Bansal V, Diaz J, Patel J, Reato D, Bikson M: Gyri-precise head
model of transcranial direct current stimulation: improved spatial
focality using a ring electrode versus conventional rectangular pad. Brain
Stimul 2009, 2(4):201-207.
7. Deans JK, Powell AD, Jefferys JGR: Sensitivity of coherent oscillations in
rat hippocampus to AC electric fields. J Physiol 2007, 583(Pt 2):555-565.
doi:10.1186/1471-2202-16-S1-P185
Cite this article as: Aspart et al.: Extending integrate-and fire model
neurons to account for the effects of weak electric fields in the
presence of dendrites. BMC Neuroscience 2015 16(Suppl 1):P185.

© 2015 Aspart et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated.

