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Electrical signals underlie the propagation of information
in the nervous system. It is known that neuronal cells
can generate electric potentials by diffusing ions across
the neuronal membrane. We have previously studied the
effects of electric charges fixed onto the inner surface of
the membrane, on the potential of the membrane surfaces of healthy and cancerous neuronal cells [1,2]. Based
on this work, we have developed a computational model
that simulates the electric potential profile across neuronal membranes. This profile shows the behavior of the
electric potential along the axis (z), perpendicular to the
membrane, from the extracellular region to the inner
cytoplasmic region. In particular, we compared the electric potential profile of the membranes of spinal ganglion
and neuroblastoma cells, during the resting and action
potential (AP) states. The spinal ganglion neurons represent healthy cells, while neuroblastomas denote tumorous neurons.
To analyze the electric potential profile of neuronal
membranes, we numerically solved the Poisson-Boltzmann
equation [1,3]. The model considers the following electric
charges: (i) fixed on surfaces of the glycocalyx and the lypidic bilayer, (ii) dissolved in the electrolytic solutions for
regions of the membrane model we have adopted, and (iii)
fixed on the cytoplasmic proteins. All parameter values are
based on measurements collected from experimental
observations [4,5].
For the resting and AP states of spinal ganglion neurons and neuroblastoma cells, simulation results indicate
that the electric potential significantly decreases along
the z axis from the extracellular region to the surface of
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the glycocalyx. The decay of the potential is more
expressive for the neuroblastoma than for the ganglion
neuron. An interesting observation is that the electric
potential continues to decrease across the glycocalyx
region of the spinal ganglion neuron. This however does
not occur for the neuroblastoma cells, whose potential
does not change in this region of the membrane.
Because there is no electric charge within the lypidic
bilayer, our results demonstrate linear variations of the
potential across the bilayer of neuronal membranes.
Furthermore, the intracellular potential of both spinal
ganglion neurons and neuroblastoma cells exponentially
increases from the inner membrane surface to the bulk
cytoplasmic region during the resting state. However,
during the AP state, the electric potential remains
unchanged in the cytoplasm.
Our simulation results match those obtained for the
membrane of the squid axon [3], whose mathematical
model is based on similar ordinary differential equations
to those of this study. Moreover, the different behavior of
the electric potential observed in the spinal ganglion when
compared to the neuroblastoma cells, in the glycocalyx
region, may explain the difference in the electrophoretic
behavior of these cells, as observed in experiments [4,5].
Author details
1
Instituto de Matemática e Estatística, Universidade do Estado do Rio de
Janeiro, Rio de Janeiro, RJ, 20550-900, Brazil. 2Science and Technology
Research Institute, University of Hertfordshire, Hatfield, Herts, AL10 9AB, UK.
Published: 8 July 2013
References
1. Pinto TM, Wedemann RS, Cortez C: A Comparison of the Electric Potential
through the Membranes of Ganglion Neurons and Neuroblastoma Cells.
Lecture Notes in Computer Science 2011, 6792:103-110.

© 2013 Pinto et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

Pinto et al. BMC Neuroscience 2013, 14(Suppl 1):P72
http://www.biomedcentral.com/1471-2202/14/S1/P72

2.

3.

4.

5.

Page 2 of 2

Pinto TM, Wedemann RS, Cortez C: Computational modeling of the
electric potential in biological membrane. A comparison between
healthy and cancerous neurons. BMC Neuroscience 2011, 12(Suppl 1):P47.
Cortez CM, Cruz FAO, Silva D, Costa L: Influence of fixed electric charges
on potential profile across the squid axon membrane. Physica B 2008,
403:644-652.
Dolgaya E, Mironov S, Pogorelaya N: Changes in surface charge of mouse
neuroblastoma cells during growth and morphological differentiation of
the cell population. Neirofiziologiia 1985, 17:168-174.
Mironov S, Dolgaya E: Surface charge of mammalian neurones as
revealed by microelectrophoresis. Journal of Membrane Biology 1985,
86:197-202.
doi:10.1186/1471-2202-14-S1-P72
Cite this article as: Pinto et al.: The behavior of the electric potential
across neuronal membranes of spinal ganglion and neuroblastoma
cells. BMC Neuroscience 2013 14(Suppl 1):P72.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

