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Sharp wave-ripple complexes observed in the hippocam-
pal CA1 local field potential (LFP) are thought to play a
major role in memory reactivation, transfer and consoli-
dation. SPW-Rs are known to result from a complex
interplay between local and upstream hippocampal
ensembles. However, the key mechanisms that underlie
these events remain partly unknown. In this work, we
introduce a reduced, but realistic multi-compartmental
model of the macaque monkey´s hippocampal CA3-
CA1 network. The model consists of two semi-linear
layers, each consisting of two-compartmental pyramidal
neurons and one-compartmental perisomatic-targeting
basket cells. Connections in the network were modeled
as AMPA synapses, based on physiological and anatomi-
cal data. Notably, while auto-association fibers were pre-
valent in CA3, CA1 connectivity -inspired by recent
findings- implemented a “feedback and reciprocal inhibi-
tion”, dominated by recurrent inhibition and pyramidal
cells-interneurons synapses. SPW-R episodes emerge spon-
taneously in the CA1 subfield LFP (which is assumed
proportional to transmembrane currents across all com-
partments and medium resistivity): Episodes of short-lived
high-frequency oscillations (ripples, 80-180 Hz) on top of a
massive dendritic depolarization (< 20 Hz) with visual and
quantitative characteristics observed experimentally [1].
Concomitantly, the CA3 subfield LFP presents episodes of
quasi-synchronous neuronal bursting in the form of
gamma episodes (25-75 Hz). The model reveals a lower
bound for the minimal network that may generate SPW-R
activity, and predicts a large number of features of in
vivo hippocampal recordings in macaque monkeys [1].

Spike-LFP coherence analysis in CA1 displays reliable syn-
chrony of spiking activity in the ripple LFP frequency band,
suggesting that modeled SPW-R episodes reflect a genuine
network oscillatory regime. Interestingly, interneuronal
firing shows coherence increases concomitant with the
beginning and the end of the SPW-R event, together with
increases over gamma frequencies.
The model suggests that activity of both pyramidal

neurons and interneurons is critical for the local genesis
and dynamics of physiological SPW-R activity. Unlike
other models, we found that it is interneuronal silence,
not interneuronal firing that triggers these fast oscilla-
tory events, in line with the fact that unbalanced excit-
ability of selected pyramidal cells marks the beginning
of single network episodes. Interneuronal silence quickly
increases population firing of pyramidal cells. The inter-
neuronal population activity increases with some latency
due to the unbalanced excitatory drive, becoming pivotal
to pyramidal cell activity, and further pacing pyramidal
cells due to interneuronal fast kinetic properties. Our
modeled data suggests that this effect is possibly
mediated by a silencing-and-rebound-excitation mechan-
ism, maintaining the frequency of the field oscillation
bounded to the ripple range. The reduced model suggests
a simple mechanism for the occurrence of SPW-Rs, in
light of recent experimental evidence. We provide new
insights into the dynamics of the hippocampal CA3-CA1
network during ripples, and the relation between neuronal
circuits’ activity at meso- and microscopic scales. Finally,
our model exhibits characteristic cell type-specific activity
that might be critical for the emergence of physiological
SPW-R activity and therefore, for the formation of hippo-
campus-dependent memory representations.* Correspondence: juan.ramirez-villegas@tuebingen.mpg.de

1Department of Physiology of Cognitive Processes, Max Planck Institute for
Biological Cybernetics, Tübingen, 72076, Germany
Full list of author information is available at the end of the article

Ramirez-Villegas et al. BMC Neuroscience 2015, 16(Suppl 1):P15
http://www.biomedcentral.com/1471-2202/16/S1/P15

© 2015 Ramirez-Villegas 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.

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Springer - Publisher Connector

https://core.ac.uk/display/81730847?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:juan.ramirez-villegas@tuebingen.mpg.de
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


Authors’ details
1Department of Physiology of Cognitive Processes, Max Planck Institute for
Biological Cybernetics, Tübingen, 72076, Germany. 2Graduate School of
Neural & Behavioral Sciences, International Max Planck Research School,
Eberhard-Karls University of Tübingen, Tübingen, 72074, Germany. 3Centre
for Imaging Sciences, Biomedical Imaging Institute, The University of
Manchester, Manchester, M13 9PT, UK. 4Department of Empirical Inference,
Max Planck Institute for Intelligent Systems, Tübingen, 72076, Germany.

Published: 18 December 2015

Reference
1. Logothetis NK, Eschenko O, Murayama Y, Augath M, Steudel T, Evrard HC,

Besserve M, Oeltermann A: Hippocampal-cortical interaction during
periods of subcortical silence. Nature 2012, 491(7425):547-553.

doi:10.1186/1471-2202-16-S1-P15
Cite this article as: Ramirez-Villegas et al.: Sharp wave-ripple complexes
in a reduced model of the hippocampal CA3-CA1 network of the
macaque monkey. BMC Neuroscience 2015 16(Suppl 1):P15.

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

Ramirez-Villegas et al. BMC Neuroscience 2015, 16(Suppl 1):P15
http://www.biomedcentral.com/1471-2202/16/S1/P15

Page 2 of 2


	Authors’ details
	References

