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The sustained activity in recurrent networks has been
under wide computational examination in studies con-
cerning, e.g., working memory and epilepsy. Synaptic
and cellular mechanisms for sustained activity have been
reviewed in [1], and the optimal structural features for
sustained activity have been sought for in [2]. In this
work, we analyze the effect of network structure and
synaptic mechanisms on the sustained high-frequency
network-wide activity, i.e., sustained network bursts. In
more detail, we assess the degree to which the neuronal
activity can be maintained by changing fine details of
network structure, given a certain set of synaptic
mechanisms (e.g., short-term plasticity).
The neurons in our study are modeled as point-neu-

rons that are activated by noisy fluctuations of the
membrane potential. Given strong enough recurrent
excitatory connections, the spontaneous firing extends
to a network-wide sustained activity. Experimental in
vitro data (e.g., [3]) show that this emergent activity dies
out and restarts spontaneously in dissociated cultures.
Several mechanisms have been suggested for ceasing the
sustained activity, namely, the delayed activation of the
inhibitory population, depletion of glutamatergic
resources, and synchronization of the excitatory popula-
tion [1,4]. The main focus of this work lies on the latter
two mechanisms. We employ the integrate-and-fire neu-
ron model with short-term depression [4] for deriving
the main results. We also use a more biophysically rea-
listic integrate-and-fire model that combines different
synaptic currents, e.g., AMPA and NMDA [5], and a yet
more detailed Hodgkin-Huxley-based model [6] to con-
firm our results. We consider four essentially different
classes of network structure: 1) an Erdős-Rényi type of

random network 2) a locally connected network, 3) a
random network with high occurrence of directed loops
of length 6, and 4) a random network with high number
of triples of nodes constituting a feed-forward loop. The
in-degree distribution of all networks is kept fixed in
order to ensure that the networks are comparable.
Our results reveal links between the network excitabil-

ity and the network structure. In purely excitatory net-
works with short-term depression, the amount of
activity is increased with the synaptic strength, first
from spontaneous tonic firing to spontaneous network-
wide bursting activity and finally to long or ceaseless
bursts. We show that the range of values of synaptic
strength for observing one of these three modes
depends on the choice of network structure. The net-
works with a high number of feed-forward loops show
an increased ability to cease the burst in the regime of
high synaptic strength, whereas the networks with a
high number of 6-loops require lower synaptic strength
in order to express ceaseless bursting activity. We calcu-
late the parameter ranges of the named three modes of
activity for several variations of synaptic currents. We
also study the effect of an inhibitory subpopulation on
the three modes. The results are discussed in compari-
son to “superbursts” that can be observed in dissociated
cultures [7]. Our results could help in identifying struc-
tures that promote sustained bursting activity and
further the understanding of contribution of different
synaptic mechanisms.

Author details
1Department of Signal Processing, Tampere University of Technology,
Tampere, 33101, Finland. 2Department of Mathematics, Tampere University
of Technology, Tampere, 33101, Finland.

Published: 8 July 2013* Correspondence: tuomo.maki-marttunen@tut.fi
1Department of Signal Processing, Tampere University of Technology,
Tampere, 33101, Finland
Full list of author information is available at the end of the article

Mäki-Marttunen et al. BMC Neuroscience 2013, 14(Suppl 1):P247
http://www.biomedcentral.com/1471-2202/14/S1/P247

© 2013 Mäki-Marttunen 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.

mailto:tuomo.maki-marttunen@tut.fi
http://creativecommons.org/licenses/by/2.0


References
1. Compte A: Computational and in vitro studies of persistent activity:

Edging towards cellular and synaptic mechanisms of working memory. J
Neurosci 2006, 139:135-151.

2. Kaiser M, Hilgetag CC: Optimal hierarchical modular topologies for
producing limited sustained activation of neural networks. Front Neuroinf
2010, 4:8.

3. Watanabe S, Jimbo Y, Kamioka H, Kirino Y, Kawana A: Development of low
magnesium-induced spontaneous synchronized bursting and GABAergic
modulation in cultured rat neocortical neurons. Neurosci Lett 1996,
210(1):41-44.

4. Tsodyks M, Uziel A, Markram H: Synchrony generation in recurrent
network with frequency-dependent synapses. J Neurosci 2000, 20(1):RC50.

5. Compte A, Brunel N, Goldman-Rakic PS, Wang X-J: Synaptic mechanisms
and network dynamics underlying spatial working memory in a cortical
network model. Cereb Cortex 2000, 10(9):910-923.

6. Golomb D, Shedmi A, Curtu R, Ermentrout GB: Persistent synchronized
bursting activity in cortical tissues with low magnesium concentration: A
modeling study. JN Physiol 2006, 95(2):1049-1067.

7. Wagenaar DA, Pine J, Potter SM: An extremely rich repertoire of bursting
patterns during the development of cortical cultures. BMC Neurosci 2006,
7:11.

doi:10.1186/1471-2202-14-S1-P247
Cite this article as: Mäki-Marttunen et al.: On the effect of network
structure and synaptic mechanisms on sustained bursting activity. BMC
Neuroscience 2013 14(Suppl 1):P247.

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

Mäki-Marttunen et al. BMC Neuroscience 2013, 14(Suppl 1):P247
http://www.biomedcentral.com/1471-2202/14/S1/P247

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/8762187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8762187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8762187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10627627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10627627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10982751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10982751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10982751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16464257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16464257?dopt=Abstract

	Author details
	References

