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Computational modelling predicts activity-
dependent neuronal regulation by nitric oxide
increases metabolic pathway activity
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The neuromodulator nitric oxide (NO), in addition to
regulating electrophysiological homeostasis, post-synap-
tic receptor activity, and neuronal functions through
cyclic GMP, has recently been shown to modulate the
metabolic pathway. NO down-regulates mitochondrial
activity [1] and the subsequent increase in AMP facili-
tates the activation of the phosphofructokinase enzy-
matic reaction in the glycolytic pathway [2].
Given these results, we want to better understand the

regulation of neuronal energy metabolism by NO. To do
that, we have built a computational model of energy
metabolism based on prior works, principally on a
model elucidating the control system structures of neu-
ronal metabolism [3] and another highlighting the meta-
bolic role between neuronal activity and hemodynamics
[4]. From the first we took the biochemical pathway
model, i.e. glycolysis, mitochondrial activity and regula-
tion by the astrocyte to neuron lactate shuttle. From the
second we took a model of intracellular sodium concen-
tration and pumping by Na/K-ATPase. We added the
activity dependent glutamate cycle [5], driven by electro-
physiological activity. We finally completed these models
with the previously described modulation by NO.
We have new experimental recordings of post synaptic

currents in principal cells of the mouse medial nucleus
of the trapezoid body (MNTB) in response to high fre-
quency presynaptic stimulation. To match our model to
this data we assumed the neurotransmitter released dur-
ing electrophysiological activity to be proportional to
the post synaptic current amplitude and so our gluta-
mate cycle synaptic model, described above, could be

related to the recorded EPSC amplitudes. The full meta-
bolism model was then calibrated to match actual vol-
tage clamp MNTB recordings of synapse activity, in the
control case and in the presence of 5 mM 2-deoxy-D-
glucose, blocking glycolysis, allowing only mitochondrial
activity.
Model outputs are compared between (1) the baseline

(control) conditions, (2) following conditioning with
evoked activity that increases NO levels, modifying indi-
vidually glycolysis and mitochondrial activity, and (3) in
full NO regulated conditions, in order to evaluate the
individual and mixed metabolism dynamics. Results
show that ATP production is slightly increased by NO
upregulation of glycolysis (2.5%), significantly increased
by mitochondrial inhibition by NO (12.3%) and further
increased (15.6%) when both glycolysis and mitochon-
dria are NO modulated.
This model will eventually be combined with our pre-

vious postsynaptic model that shows NO modulation
can reduce the cost of action potential generation in
MNTB neurons [6] to build a more complete model of
energy consumption during synaptic transmission.

Acknowledgements
This work was funded by BBSRC grant BB/K01854X/1 to BPG and BB/
K01899X/1 to IDF.

Authors’ details
1Computing Science and Mathematics, University of Stirling, Stirling,
Scotland, FK9 4LA, UK. 2Dept Cell Physiology & Pharmacology, University of
Leicester, Leicester LE1 9HN, UK.

Published: 18 December 2015

References
1. Erusalimsky JD, Moncada S: Nitric oxide and mitochondrial signaling: from

physiology to pathophysiology. Arterioscler Thromb Vasc Biol 2007,
27(12):2524-2531.

* Correspondence: cmi@cs.stir.ac.uk
1Computing Science and Mathematics, University of Stirling, Stirling,
Scotland, FK9 4LA, UK
Full list of author information is available at the end of the article

Michel et al. BMC Neuroscience 2015, 16(Suppl 1):P84
http://www.biomedcentral.com/1471-2202/16/S1/P84

© 2015 Michel 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.

mailto:cmi@cs.stir.ac.uk
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


2. Bolaños JP, Delgado-Esteban M, Herrero-Mendez A, Fernandez-Fernandez S,
Almeida A: Regulation of glycolysis and pentose-phosphate pathway by
nitric oxide: impact on neuronal survival. Biochim Biophys Acta 2008,
1777(7-8):789-793.

3. Aubert A, Costalat R: A model of the coupling between brain electrical
activity, metabolism, and hemodynamics: application to the
interpretation of functional neuroimaging. NeuroImage 2002,
17(3):1162-1181.

4. Cloutier M, Wellstead P: The control systems structures of energy
metabolism. J. R. Soc. Interface R. Soc 2010, 7(45):651-665.

5. Cloutier M, Bolger FB, Lowry JP, Wellstead P: An integrative dynamic
model of brain energy metabolism using in vivo neurochemical
measurements. J. Comput. Neurosci 2009, 27(3):391-414.

6. Michel CB, Hennig MH, Graham BP: Nitric oxide activity-dependent
regulator compensates synaptic depression and enhances metabolic
efficiency in the auditory brainstem. BMC Neuroscience 2014, 15(Suppl 1):
P154.

doi:10.1186/1471-2202-16-S1-P84
Cite this article as: Michel et al.: Computational modelling predicts
activity-dependent neuronal regulation by nitric oxide increases
metabolic pathway activity. BMC Neuroscience 2015 16(Suppl 1):P84.

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

Michel et al. BMC Neuroscience 2015, 16(Suppl 1):P84
http://www.biomedcentral.com/1471-2202/16/S1/P84

Page 2 of 2


	Acknowledgements
	Authors’ details
	References

