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A neural mass model of CA1-CA3 neural network and
studying sharp wave ripples
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Abstract

We spend one third of our life in sleep. The interesting point about the sleep is that the neurons are not
quiescent during sleeping and they show synchronous oscillations at different regions. Especially sharp
wave ripples are observed in the hippocampus. Here, we propose a simple phenomenological neural
mass model for the CA1-CA3 network of the hippocampus considering the spike frequency adaptation
for excitatory neurons. The model consists of one group of identical CA1 excitatory neurons, one group
of identical CA1 inhibitory neurons, one group of identical CA3 excitatory neurons, and one group of
identical CA3 inhibitory neurons. All the recurrent connections between the neurons of CA3 network
are considered. For CA1 neurons the excitatory to inhibitory, inhibitory to excitatory and inhibitory to
inhibitory connections are considered. CA1 and CA3 neurons are connected by long-range connections
from CA3 excitatory neurons to both CAl excitatory and inhibitory neurons. We show that this simple
model can spontaneously generate the oscillations similar to the sharp waves in the CA3 network. The
duration of the sharp waves is determined by the slow dynamic of the adaptation process. The excitatory
inputs from CA3 network to the CALl network during these sharp waves induce ripples in the CAl
network due to the interaction of excitatory and inhibitory neurons. We next show that contrary to
intuition and in a very good agreement with the recent experimental findings, reduction of the excitation
increases the amplitude of the ripples while decreases the frequency of them. This model can also
spontaneously generate ripple doublets. The decrease in the excitation is associated with the increase in
the probability of observing ripple doublets. Our results shed light on our understanding of the
mechanism underlying the generation of sharp wave ripples.

Keywords: Neural mass model, Sharp wave ripples, Spike frequency adaptation.
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(Figure-2): The trace of membrane potential and ¢
parameter in different time scales (A-D). The increase in

amplitude and reduction of ripple frequency as a result of
20% decrease in excitation.
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(Figure-1): Coupled neural network consisting of excitatory
neurons (red) and inhibitory neurons (blue) which
represents hippocampal CA1-CA3 network.
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G 25 Al g ey - F
bsgio lage Boles Joo S (28,5550 b allie ol o
b ey 55 gyl cneS9n CA3 5 CAL (2lg sl
Sppe Iy h 0 Sy ek by oS ady
lyal a5 Wlosls oles arsiS Slalllas ausls )3 aslllas
Slyz e alidl o w0 e BB ) 5
g DadwoligS dladl> o1 > o aS ganl sl
Y|V ARCIRVRCT IS 1t PV JUUPNY- W LERREEL &4
oolitul 550 Lol yaie [15] o098 oo fiodd 55,55
=2 slogs slp DSFA (38,5 laiys Jaw ol 5o

bosy ol i s cwl CA3 5 CAL iol & Jé’

O 2l F ol 1Fee Jlu


http://dx.doi.org/10.52547/jsdp.18.4.81
https://jsdp.rcisp.ac.ir/article-1-1041-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.81]

53995 &b §)lwde CA3-CAL ) s Zlgel dsllbn 9 Wales ) SSadl 3 ales )i S5l )3

4

<

associated high-frequency oscillation (200 Hz)
inthe intact hippocampus: network and
intracellular mechanisms.”,J Neurosci, vol.15,
pp. 30-46, 1995.

[9] N. Maier, V. Nimmrich, A. Draguhn,” Cellular
and network mechanisms underlying spon-
taneous sharp waveripple complexes in mouse
hippocampal slices,” J Physiol, vol.550, pp.
873-887, 2003.

[10] M. Both, F. Ba'hner, OB. Halbach, A.
Draguhn,” Propagation of specific network
patterns through the mouse hippocampus,”
Hippocampus, vol.18, pp. 899-908, 2008.

[11] J. Csicsvari, H. Hirase, A. Czurko, A. Mamiya,
G. Buzsa'ki, ” Oscillatory coupling of
hippocampal pyramidal cells and interneurons
inthe behaving ra, ”,J Neurosci. Vol. 19, pp.
274-287, 1999.

[12] J. Taxidis, S. Coombes , R. Mason , MR.
Owen, ”Modeling  sharp  wave-ripple
complexes through a CA3-CAl network
model with chemical synapses,” Hippo-
campus, vol. 22(5), pp. 995-1017, 2012.

[13] M. Ghorbani, M. Mehta, R. Bruinsma, and J.
A. Levine, “Nonlinear-dynamics theory of up-
down transitions in neocortical neural
networks”,Phys. Rev. E, vol. 85, pp. 21-98,
2012.

[14] J. Gan, S. Weng, AJ. Pernia-Andrade, J.
Csicsvari, P. Jonas, “Phase-locked inhibition,
but not excitation, underlies hippocampal
ripple oscillations in awake mice in vivo
,Neuron”, vol. 93 (2), pp. 308-314, 2017.

[15] G. Buzsaki, “Hippocampal sharp wave-ripple:
A cognitive biomarker for episodic memory
and planning, Hippocampus”, vol. 25(10):
pp.1073-1188, 2015.

[16] J. Sven, M. Timme, and R. Memmesheimer,
"A unified dynamic model for learning,
replay, and sharp-wave/ripples,” Journal of
Neuroscience, pp. 16236-16258, 2015.

[17] R. Memmesheimer, "Quantitative prediction of
intermittent high-frequency oscillations in
neural networks with supralinear dendritic
interactions,” Proceedings of the National
Academy of Sciences , pp.11092-11097,2010.

[18] A. Amélie, et al. "A detailed anatomical and
mathematical model of the hippocampal
formation for the generation of sharp-wave
ripples and theta-nested gamma
oscillations," Journal of  computational
neuroscience , pp. 207-221, 2018.

O 2bo F ol VFee JLlu

sy, Sl 4 Wlgee egatar Jn, 25 gl
O Al Co wnlp See S Fie Bl
GoSsm O Selbs (il gl aiS S Clgs
el oany] jo alable Cons A 18 (> S5 ,65
Sljpd 9 Wb drwgd (1S5565 9 S ASS Jos
Pyt 55,55 5eYWB ALl Sllugs b ) 55 2loel

.)9,“.: @y s_:‘9> MT C‘}a‘ 9 LQ:&Sj»)

Sl ol
slbew! ‘L..Q,o ;s.ulJLo )9......35)4 o..\.v)Lw LchwLerM )‘
GHlF b dlas cpl o) 5o Lyedls oKl

oole slas,en 8 Coles boojgn cpl 0gd oo

VEY ol 4 ICRP = 6 o pgle &5 ldlerns

5- References &0 -0

[1] P. Anderson, et al., “Modeling sharp wave
ripple complexes through a CA3-CAL network
model  with  chemical  synapses”,Hippo-
campus,2012 May, vol. 22(5), pp.995-1017,
2011.

[2] D. Sullivan , J. Csicsvari, K. Mizuseki, S.
Montgomery, K. Diba, G. Buzsaki,
“Relationships between hippocampal sharp
waves, ripples, and fast gamma oscillation:
influence of dentate and entorhinal cortical
activity.”, J Neurosci, vol.31 (23), pp. 8605-16,
2011.

[3] G. Buzsa’'ki,” Hippocampal sharp waves: their
origin and significance”, Brain Res398, pp.242—
252, 1986.

[4] G. Buzsa’'ki,” Rhythms of the Brain”, Oxford
University Press, 2006.

[5] G. Buzsa’'ki, Z. Horvath, R. Urioste, J. Hetke,
K. Wise , ” High-frequency
network oscillation in the hippocampus”,Scien-
ce vol. 256, pp. 1025-1027,1992.

[6] A. Draguhn, RD. Traub, D. Schmitz, JGR.
Jefferys,” Electrical couplingunderlies high-
frequency oscillations in the hippocampus
invitro,” Nature vol. 394, pp.189-192, 1998.

[7] D. Schmitz, S. Schuchmann, A. Fisahn, A.
Draguhn, EH. Buhl, E.Petrasch-Parwez, R.
Dermietzel, U. Heinemann, RD. Traub,”Axo-
axonalcoupling a novel mechanism for ultrafast
neuronal communication,” Neuron vol.31, pp.
31831-840, 2001.

[8] A. Ylinen, A. Bragin, Z. Nadasdy, G. Jando, I.
Szabo, A. Sik, G. Buzsa’ki,”Sharp wave-


http://www.ncbi.nlm.nih.gov/pubmed/21452258
http://www.ncbi.nlm.nih.gov/pubmed/21452258
javascript:ShowContent\('Sullivan2011Descr'\)
javascript:ShowContent\('Sullivan2011Descr'\)
javascript:ShowContent\('Sullivan2011Descr'\)
javascript:ShowContent\('Sullivan2011Descr'\)
http://www.ncbi.nlm.nih.gov/pubmed?term=Taxidis%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21452258
http://www.ncbi.nlm.nih.gov/pubmed?term=Coombes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21452258
http://www.ncbi.nlm.nih.gov/pubmed?term=Mason%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21452258
http://www.ncbi.nlm.nih.gov/pubmed?term=Owen%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=21452258
http://www.ncbi.nlm.nih.gov/pubmed/21452258
http://www.ncbi.nlm.nih.gov/pubmed/21452258
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
http://dx.doi.org/10.52547/jsdp.18.4.81
https://jsdp.rcisp.ac.ir/article-1-1041-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.81]

B it 03,5 Jboliwl (b y8 o po
ewgd,d oy wdige  caSiils
) 055 81555 395 o] st s
L, dls olRiils 5l S5 3udg,85 839> 0
slaaie; wles,S b, ol W
9 smas a5l o liul A8 550 igh
<ol EEG g Jolw 7,15 il Gl LS Judos
el ke Hlasl aalll, Slas
maryamgh@um.ac.ir

O 2l F ol 1Fee Jlu


http://dx.doi.org/10.52547/jsdp.18.4.81
https://jsdp.rcisp.ac.ir/article-1-1041-fa.html
http://www.tcpdf.org

