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The proper characterization of input-output properties
of neurons is a long-standing goal in neuroscience. A
common way to study such properties is by means of
the so called f-I curve, which measures the output firing
rate of a neuron as a response of a given level of con-
stant input current [1]. In many cases, an average slope
or gain characterizing the response may be obtained.
This method is particularly interesting to understand
the response properties of neurons to slowly modulated
input, although extensions to other situations are also
possible [2].
Mechanisms able to modulate the neural input-output

properties have been extensively studied in this frame-
work. For instance, a shift in the leak conductance of
the neuron can cause subtractive effects in the f-I curve
[3]. Mechanisms responsible for other forms of gain
control, such as divisive or nonlinear effects, have been
more elusive [3,4], and only a number of them are
known [4,5].
We present here a computational model of a neural

circuit which is able to display these two types of gain
control mechanisms (i.e. divisive and nonlinear), in addi-
tion to the standard subtractive gain control. We have
considered a circuit which models the indirect feedback
pathway to the superficial pyramidal (SP) neurons, a
cerebellar-like structure found in the electrosensory lat-
eral-line lobe of the weakly electric fish. This fish is able
to generate an oscillatory electric field which is used for
prey detection and communication. Electroreceptors
located in the fish’ skin detect the modulations in the
electric field caused by stimuli, e.g. other fish, and pro-
ject to SP neurons and to another subpopulation of pyr-
amidal cells called deep pyramidal (DP) neurons. The
population of DP neurons then activates the feedback

pathway, which provides a net inhibitory signal to the
SP cells.
We have found that the effect of the contribution of

the feedback pathway is to divisively reduce the firing
rate of the SP neurons, thus acting as a divisive gain
control mechanism. This illustrates how divisive gain
control may be obtained in open-loop recurrent circuits.
In addition, we analyzed the conditions in which the f-I
response curve of the SP neurons becomes non-mono-
tonic, thus revealing a novel nonlinear gain control
mechanism which agrees with in vitro experimental
recordings in the electric fish [6].

Author details
1Department of Physics, University of Ottawa, Ottawa, ON, K1N6N5, Canada.
2Department of Cellular and Molecular Medicine, University of Ottawa,
Ottawa, ON, K1H8M5, Canada. 3Centre for Neural Dynamics, University of
Ottawa, Ottawa, ON, K1N6N5, Canada.

Published: 8 July 2013

References
1. Salinas E, Thier P: Gain modulation: a major computation principle of the

central nervous system. Neuron 2000, 27:15-21.
2. Ly C, Doiron B: Divisive gain modulation with dynamic stimuli in

integrate-and-fire neurons. PLoS Comput Biol 2009, 5:e1000365.
3. Holt G, Koch C: Shunting inhibition does not have a divisive effect on

firing rates. Neural Comput 1997, 9:1001-1013.
4. Sutherland C, Doiron B, Longtin A: Feeback-induced gain control in

stochastic spiking networks. Biol Cybern 2009, 100:475-489.
5. Abbott LF, Varela JA, Sen K, Nelson SB: Synaptic depression and cortical

gain control. Science 1997, 275:221-224.
6. Lewis JE, Lindner B, Laliberte B, Groothuis S: Control of neural firing by

dynamic parallel fiber feedback: implications for electrosensory
reafference suppression. J Exp Biol 2007, 210:4427-4437.

doi:10.1186/1471-2202-14-S1-P248
Cite this article as: Mejias et al.: Divisive and non-monotonic gain
control in open-loop neural circuits. BMC Neuroscience 2013 14(Suppl 1):
P248.

* Correspondence: jorge.f.mejias@gmail.com
1Department of Physics, University of Ottawa, Ottawa, ON, K1N6N5, Canada
Full list of author information is available at the end of the article

Mejias et al. BMC Neuroscience 2013, 14(Suppl 1):P248
http://www.biomedcentral.com/1471-2202/14/S1/P248

© 2013 Mejias 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.

http://www.ncbi.nlm.nih.gov/pubmed/10939327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10939327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9188191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9188191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19259695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19259695?dopt=Abstract
mailto:jorge.f.mejias@gmail.com
http://creativecommons.org/licenses/by/2.0

	Author details
	References

