
Information
Band / Volume 86
ISBN 978-3-95806-654-0

Information
Band / Volume 86
ISBN 978-3-95806-654-0

Persistent firing and oscillations in the septo-hippocampal 
system and their relation to locomotion
Karolína Korvasová



Forschungszentrum Jülich GmbH
Institute of Neurosciences and Medicine (INM)
Computational and Systems Neuroscience (INM-6) 
& Theoretical Neuroscience (IAS-6)

Persistent firing and oscillations  
in the septo-hippocampal system and  
their relation to locomotion

Karolína Korvasová

Schriften des Forschungszentrums Jülich
Reihe Information / Information	 Band / Volume 86

ISSN 1866-1777		  ISBN 978-3-95806-654-0



Contents

1 Introduction 1
1.1 The function of brain oscillations . . . . . . . . . . . . . . . . . . . . 1
1.2 The hippocampal theta oscillation . . . . . . . . . . . . . . . . . . . 3
1.3 The medial septum . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4 Mathematical and computational modelling of travelling waves . . . 9
1.5 The scope of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 Persistent firing of medial septal glutamatergic neurons in
response to optogenetic stimulation 13
2.1 Optical stimulation of MSDB VGluT2 neurons induced locomotion,

hippocampal theta oscillation and persistent firing of MSDB neurons 15
2.2 Persistent activity is presumably a single-cell effect . . . . . . . . . . 17
2.3 MSDB network amplifies persistent activity . . . . . . . . . . . . . . 20
2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.5 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.5.1 Experimental procedure – in vivo recordings . . . . . . . . . 25
2.5.2 Transgenic mice . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.5.3 Virus injection and surgical procedures . . . . . . . . . . . . 25
2.5.4 Experimental procedure – in vitro recordings . . . . . . . . . 26
2.5.5 Data analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.6 Supplementary materials . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.6.1 Supplementary figures . . . . . . . . . . . . . . . . . . . . . . 29
2.6.2 Additional information to figures . . . . . . . . . . . . . . . . 29

3 Spontaneous synchronization of medial septal neurons in the
theta frequency range 37
3.1 Medial septal cells spontaneously synchronize in the theta frequency

range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.2 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45



Contents

3.3 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.3.1 Experimental procedure . . . . . . . . . . . . . . . . . . . . . 47
3.3.2 Data analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
3.3.3 Instantaneous firing rate, correlations and spectral analysis . 48

4 Framework for studying the generation of periodic travelling
waves in spiking neural networks 49
4.1 Bifurcation analysis of a neural-field model . . . . . . . . . . . . . . 52
4.2 Conditions for linearized stability in a single-population model . . . 56
4.3 Conditions for linearized stability in a two-population model . . . . 58
4.4 Validation in a network of nonlinear rate neurons . . . . . . . . . . . 58
4.5 Conditions for linearized stability in the spiking network model . . . 61
4.6 Parameter mapping between the models . . . . . . . . . . . . . . . . 64
4.7 Validation in a network of leaky-integrate and fire neurons . . . . . . 65
4.8 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.9 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

4.9.1 Derivation of the characteristic equation . . . . . . . . . . . . 69
4.9.2 Effective connectivity profile for a two-population model . . . 69
4.9.3 The principle branch of Lambert W function determines stability 70
4.9.4 Properties of the spatial profile . . . . . . . . . . . . . . . . . 71
4.9.5 Bifurcation diagram for the reduced spatial profile . . . . . . 73
4.9.6 The transfer function of the spiking model . . . . . . . . . . . 75
4.9.7 Fixing the working point . . . . . . . . . . . . . . . . . . . . 76
4.9.8 Physical units . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.9.9 Network simulation . . . . . . . . . . . . . . . . . . . . . . . . 76
4.9.10 Software and implementation . . . . . . . . . . . . . . . . . . 80

5 Discussion 81

Bibliography 87



Information
Band / Volume 86
ISBN 978-3-95806-654-0

Information
Band / Volume 86
ISBN 978-3-95806-654-0

Persistent firing and oscillations in the septo-hippocampal 
system and their relation to locomotion
Karolína Korvasová


	Introduction
	The function of brain oscillations
	The hippocampal theta oscillation
	The medial septum
	Mathematical and computational modelling of travelling waves
	The scope of the thesis

	Persistent firing of medial septal glutamatergic neurons in response to optogenetic stimulation
	Optical stimulation of MSDB VGluT2 neurons induced locomotion, hippocampal theta oscillation and persistent firing of MSDB neurons
	Persistent activity is presumably a single-cell effect
	MSDB network amplifies persistent activity
	Discussion
	Methods
	Experimental procedure – in vivo recordings
	Transgenic mice
	Virus injection and surgical procedures
	Experimental procedure – in vitro recordings
	Data analysis

	Supplementary materials
	Supplementary figures
	Additional information to figures


	Spontaneous synchronization of medial septal neurons in the theta frequency range
	Medial septal cells spontaneously synchronize in the theta frequency range
	Discussion
	Methods
	Experimental procedure
	Data analysis
	Instantaneous firing rate, correlations and spectral analysis


	Framework for studying the generation of periodic travelling waves in spiking neural networks
	Bifurcation analysis of a neural-field model
	Conditions for linearized stability in a single-population model
	Conditions for linearized stability in a two-population model
	Validation in a network of nonlinear rate neurons
	Conditions for linearized stability in the spiking network model
	Parameter mapping between the models
	Validation in a network of leaky-integrate and fire neurons
	Discussion
	Methods
	Derivation of the characteristic equation
	Effective connectivity profile for a two-population model
	The principle branch of Lambert W function determines stability
	Properties of the spatial profile
	Bifurcation diagram for the reduced spatial profile
	The transfer function of the spiking model
	Fixing the working point
	Physical units
	Network simulation
	Software and implementation


	Discussion
	Bibliography
	Leere Seite
	Leere Seite
	Leere Seite



