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Does reliable neuromodulation require that neuronal network 
parameters are tightly regulated?
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Previous experimental results and simulation studies
show that similar spontaneous electrical activity can arise
from different cellular and synaptic properties, both at the
level of single neurons and at the level of neuronal circuits
[1,2]. Neuronal circuits thus appear to have large "solu-
tion spaces" at their disposal, rather than having to fine-
tune their cellular and synaptic parameters to specific val-
ues in order to function properly. On the other hand, neu-
romodulators often have reliable and reproducible effects
on the same circuit in different animals [3]. If different
animals generate the same circuit output on the basis of
different circuit properties, how can they react in the same
way to application of a neuromodulator?

To address this question we separately simulated the cel-
lular and synaptic effects of the IA channel blocker 4-ami-
nopyridine (4-AP) and of dopamine in 452,516 models
of the pyloric pattern-generating network of crustaceans.
These three-cell circuit models differed substantially in
their cellular membrane conductance composition and in
the strengths of the seven synapses in the circuit, but all
452,516 circuit models had previously been shown to
generate spontaneous network activity that closely mim-
ics the biologically observed pyloric rhythm [2]. We then
identified those pyloric network models among the
452,516 original models that responded to application of
4-AP or dopamine in the same way that the biological cir-
cuit responds [3,4] with respect to rhythm criteria such as
period, burst frequencies, and duty cycles.

For both 4-AP application and dopamine application, we
found that only a subset of the original 452,516 network
models showed a response similar to that of the biological
circuit. This implies that although similar spontaneous
circuit activity can arise from different circuit properties,
the requirement that a circuit respond correctly to neuro-
modulation can impose additional constraints on circuit
parameters and thus decrease the size of the solution
space available to a neuronal circuit. However, the subset
of network models that performed correctly during simu-
lated application of 4-AP or dopamine contained models
that differed widely in some of their cellular and synaptic
parameters. This suggests that even neuronal networks
that need to be able to generate a variety of biologically
functional behaviors in the presence of different neuro-
modulators can do so without having to narrowly tune
their circuit parameters.

Acknowledgements
We gratefully acknowledge support from the Burroughs Wellcome Fund, 
the Sloan Foundation, and NIH R01 NS054911-01A1.

References
1. Prinz AA, Billimoria CP, Marder E: Alternative to hand-tuning

conductance-based models: construction and analysis of
databases of model neurons.  J Neurophysiol 2003, 90:3998-4015.

2. Prinz AA, Bucher D, Marder E: Similar network activity from dis-
parate circuit parameters.  Nature Neurosci 2004, 7:1345-1352.

3. Szücs A, Selverston AI: Consistent dynamics suggests tight reg-
ulation of biophysical parameters in a small network of
bursting neurons.  J Neurobiol 2006, 66(14):1584-1601.

4. Harris-Warrick RM, Coniglio LM, Barazangi N, Guckenheimer J,
Gueron S: Dopamine modulation of transient potassium cur-

from Sixteenth Annual Computational Neuroscience Meeting: CNS*2007
Toronto, Canada. 7–12 July 2007

Published: 6 July 2007

BMC Neuroscience 2007, 8(Suppl 2):P195 doi:10.1186/1471-2202-8-S2-P195

<supplement> <title> <p>Sixteenth Annual Computational Neuroscience Meeting: CNS*2007</p> </title> <editor>William R Holmes</editor> <note>Meeting abstracts – A single PDF containing all abstracts in this Supplement is available <a href="http:www.biomedcentral.com/content/pdf/1471-2202-8-S2-full.pdf">here</a></note> <url>http://www.biomedcentral.com/content/pdf/1471-2202-8-S2-info.pdf</url> </supplement>

© 2007 Vargas and Prinz; licensee BioMed Central Ltd. 
Page 1 of 2
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12944532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12944532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12944532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15558066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15558066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17058195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17058195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17058195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823140
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BMC Neuroscience 2007, 8(Suppl 2):P195
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

rent evokes phase shifts in a central pattern generator net-
work.  J Neurosci 1995, 15(1):342-358.
Page 2 of 2
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7823140
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Acknowledgements
	References

