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Syllabus

• Mathematical Foundations of Neuroscience, by G. B. Ermentrout & D. H. 
Terman - Springer (2010), 1st edition. ISBN 978-0-387-87707-5


• Foundations of Cellular Neurophysiology, by Daniel Johnston and Samuel M.-
S. Wu. The MIT Press, 1995. ISBN 0-262-10053-3


• Dynamical Systems in Neuroscience: The Geometry of Excitability and 
Bursting, by E. M. Izhikevich. The MIT Press, 2007. ISBN 0-262-09043-8


• Biophysics of Computation - Information processing in single neurons", by C. 
Koch. Oxford University Press, 1999. ISBN 0-19-510491-9


• Theoretical Neuroscience: Computational and Mathematical Modeling of 
Neural Systems, by P. Dayan and L. F. Abbott. The MIT Press,2001. ISBN 
0-262-04199-5

Recommended books:



Bursting 

 Silent phase of near-steady-state resting behavior alternating   

            with an active phase of rapid, spikelike oscillations


• Bursting activity in certain thalamic cells, for example, is implicated in  

   the generation of sleep rhythms 


• Patients with parkinsonian tremor exhibit increased bursting activity in  

   neurons within the basal ganglia. 


• Cells involved in the generation of respiratory rhythms within the pre-

   Botzinger complex also display bursting oscillations



Bursting 
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Bursting 
 Spiking mechanism (INa, IK)


 Slow modulation: switch between the active and silent phases


         Example: IKCa (calcium-dependent potassium)


•  Ca2+ enters the cell during the active phase 

•  Activation of IKCa (outward)

•  Once IKCa is to large, the cell can no longer sustain spiking activity

•  Active phase terminates

•  During the silent phase, Ca2+ leaves the cell

•  Calcium-dependent potassium channels close

•  IKCa decreases

•  Once IKCa is sufficiently small, spiking resumes


  

           An outward current slowly activates, because of the buildup of Ca2+, 

           and this eventually terminates the spiking phase




Bursting 

 Spiking mechanism (INa, IK)


 Slow modulation: switch between the active and silent phases


         Example: INap (persistent sodium)


An inward current slowly inactivates, thereby weakening spiking activity



Bursting 

 Square-wave bursters: 3D system (2 fast / 1 slow) - bistability


 Elliptic bursters: 3D system (2 fast / 1 slow) - bistability


 Parabolic bursters: 3D systems (1 fast / 2 slow, 2 fast / 2 slow)



Square-wave bursters 

 Pancreatic β cells

 respiratory generating neurons within the pre-Botzinger complex




Square-wave bursters 
 Morris-Lecar model



Square-wave bursters 
 Morris-Lecar model



Square-wave bursters 
 Morris-Lecar model



Square-wave bursters 
 Morris-Lecar model



Elliptic & parabolic bursters 



Elliptic bursters 
 thalamic neurons


 rodent trigeminal neurons


 neurons within the basal ganglia




Elliptic bursters 



Parabolic bursters 

 models for Aplysia R-15 neurons




Parabolic bursters 
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Parabolic bursters 


